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ABSTRACT
Objectives: Quantitative risk assessment in unstable
angina (UA) and non-ST-elevation myocardial infarction
(NSTEMI), by using cardiac risk scores, is
recommended in international guidelines. However,
a gap between recommended care and actual practice
exists, as these instruments seem underused in
practice. The present study aimed to determine the
extent of cardiac risk score use and to study factors
associated with lower or higher cardiac risk score use.
Setting: 13 hospitals throughout the Netherlands.
Participants: A retrospective chart review of 1788
charts of patients with UA and NSTEMI, discharged in
2012.
Primary and secondary outcomes: The extent of
cardiac risk score use reflected in a documented risk
score outcome in the patient’s chart. Factors
associated with cardiac risk score use determined by
generalised linear mixed models.
Results: In 57% (n=1019) of the charts, physicians
documented the use of a cardiac risk score. Substantial
variation between hospitals was observed (16.7–87%),
although this variation could not be explained by the
presence of on-site revascularisation facilities or a
hospitals’ teaching status. Obese patients (OR=1.49; CI
95%1.03 to 2.15) and former smokers (OR=1.56; CI
95%1.15 to 2.11) were more likely to have a cardiac
risk score documented. Risk scores were less likely to
be used among patients diagnosed with UA (OR=0.60;
CI 95% 0.46 to 0.77), in-hospital resuscitation
(OR=0.23; CI 95% 0.09 to 0.64), in-hospital heart
failure (OR=0.46; CI 95% 0.27 to 0.76) or tachycardia
(OR=0.45; CI 95% 0.26 to 0.75).
Conclusions: Despite recommendations in cardiac
guidelines, the use of cardiac risk scores has not been
fully implemented in Dutch practice. A substantial
number of patients did not have a cardiac risk score
documented in their chart. Strategies to improve cardiac
risk score use should pay special attention to patient
groups in which risk scores were less often documented,
as these patients may currently be undertreated.

BACKGROUND
In the past decade mortality rates in acute
coronary syndromes, including unstable

angina (UA) and non-ST-elevation myocar-
dial infarction (NSTEMI), decreased signifi-
cantly due to substantial improvements in
treatment possibilities.1 2 Despite these
advancements, these conditions still account
for a large part of the annual deaths world-
wide and are expected to be the leading
cause of death and to account for the largest
disease burden worldwide by 2020–2030.3–5

Part of these deaths may be prevented, as
it has previously been reported that a
substantial number of patients were not
treated according to the current standards of
care.6–8 Patients with diabetes mellitus, renal
insufficiency, signs of heart failure and
patients aged 75 years or older were often

Strengths and limitations of this study

▪ This multicentre study is the first to provide thor-
ough insight into the extent of cardiac risk score
use in clinical practice by reviewing patient
charts in 13 hospitals throughout the
Netherlands.

▪ Generalised linear mixed models were used to
study hospital-related and patient-related factors
associated with lower or higher cardiac risk
score use.

▪ The results can serve as a basis for future
improvement initiatives aimed to enhance cardiac
risk score use in practice, by tailoring strategies
to patient groups in which risk scores are less
often documented.

▪ It was not possible to study associations
between the extent of cardiac risk score use and
the occurrence of adverse patient outcomes (eg,
death) due to practical constraints.

▪ Using retrospective review of medical charts as
the underlying method of data collection made it
impossible to determine the actual influence of
cardiac risk score use on clinical decision-
making of healthcare providers involved in the
management of patients with unstable angina or
non-ST-elevation myocardial infarction.
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neglected guideline recommended care.6 On the other
hand, patients presenting to academic hospitals and to
hospitals with revascularisation facilities onsite (eg, per-
cutaneous coronary intervention (PCI) or coronary
artery bypass grafting (CABG)) were more often treated
in accordance to the guidelines.7 9 Patients diagnosed
with UA or NSTEMI can be treated with medication or
invasive procedures such as PCI or CABG. According to
international cardiac guidelines, the decision to treat
such patients with one or the other may be made on the
basis of a quantitative assessment of the patient’s risk of
reinfarction or death.10–12 To assist clinicians in identify-
ing patients at high risk of adverse cardiac events that
would benefit most from invasive therapies, several
instruments have been developed.10–12 The GRACE
(Global Registry of Acute Coronary Events),13 14 TIMI
(Thrombolysis in Myocardial Infarction),15 FRISC (fast
revascularisation in instability in coronary disease),16

PURSUIT (Platelet glycoprotein IIb/IIIa in Unstable
angina: Receptor Suppression Using Integrilin)17 and
HEART risk scores18 are examples of validated cardiac
risk scoring instruments. In estimating risk, these instru-
ments incorporate and combine several diagnostic ele-
ments including a patient’s history, biomarkers and ECG
findings, and can be used in the emergency department
or coronary care unit. The predictive validity of these
instruments was reported to be good.16 19 20 Previous
research found that cardiac risk scores were effective in
identifying patients at high risk for cardiac events.21 22

However, a gap between recommended care in the
guidelines and actual practice seems to exist, as it has
been suggested before that cardiac risk scores are not
routinely used in clinical practice.21 23 24 This possibly
contributes to perpetuating the ‘treatment risk paradox’,
in which patients with low risk of adverse cardiac events,
opposite to cardiac guideline recommendations, were
more likely to receive invasive cardiac treatment com-
pared with high-risk patients.6 25–30 Prior to creating
future improvement initiatives aimed to increase cardiac
risk score use, knowledge about the extent of this gap
and associated factors is necessary. The present study,
therefore, aimed to determine the extent of cardiac risk
score use in Dutch clinical practice and to study factors
associated with lower or higher cardiac risk score use.

METHODS
This study concerns a cross-sectional multicentre study.
A detailed description of the study protocol has been
published previously.31 Where required, approval from
hospitals’ local ethics board was obtained.

Setting
In 2008, all hospitals in the Netherlands committed
themselves to the implementation of a quality improve-
ment programme aimed to enhance patient safety in
Dutch hospitals. The programme comprised several
themes, including the theme ‘Optimal care for Acute

Coronary Syndromes’ which, among other things, aimed
to increase the application of cardiac risk scores in clin-
ical practice.32 A random selection of 40 hospitals parti-
cipated voluntarily in the evaluation of the nationwide
quality improvement programme. By a multistage
random sampling procedure, initially 12 hospitals were
selected from the pool of 40 hospitals to participate in
the current study (ie, evaluation of cardiac risk score
use). Three PCI-capable hospitals declined participation,
for which three additional PCI-capable hospitals were
selected. Additionally, one hospital was selected to
obtain optimal diversity in onsite revascularisation facil-
ities and teaching status. The final sample consisted of
13 hospitals, of which 2 university hospitals, 7 tertiary
teaching hospitals and 4 general hospitals. Bed capacity
in the hospitals varied between 200 and 1200 beds.

Data collection
The primary study outcome was the extent to which
cardiac risk scores were used in the management of
patients with UA and NSTEMI, reflected in a documen-
ted risk score outcome in the patient’s chart. Data were
collected monthly by means of retrospective chart
review.
Potentially eligible charts were selected from the hos-

pitals’ billing system based on diagnostic-related group
codes for UA and NSTEMI. All patients discharged in
2012, 18 years or older, with a diagnosis of UA or
NSTEMI (as confirmed in the discharge letter) were
considered for inclusion. Charts of patients who were
transferred in from another hospital were excluded, as
these patients were initially treated elsewhere and there-
fore the necessary data could not be obtained. In add-
ition, charts of patients who provided insufficient
information regarding the discharge diagnosis, who
were hospitalised for an elective procedure, or who had
an underlying illness or condition, other than a coron-
ary stenosis, causing UA or NSTEMI (eg, anaemia) were
excluded.
Charts of patients were selected per month in chrono-

logical order of discharge, until the screening capacity
of the chart abstractors was reached. Charts of poten-
tially eligible patients were manually reviewed to confirm
a discharge diagnosis of UA or NSTEMI. In case a
patient’s final discharge diagnosis was unclear, a phys-
ician of the cardiology department was consulted. The
following patient-related and hospital-related informa-
tion was registered on standardised data extraction
forms: demographic characteristics, cardiac history,
presence of cardiac risk factors, presenting symptoms,
biochemical and ECG findings and treatment practices.
In addition, information regarding cardiac risk score use
was registered, including the use of a validated risk score
(yes/no), date of application, type of risk score used
and risk score outcome and classification. Besides
patient-related information, the following hospital
factors were registered: teaching status (yes/no) and the
presence of onsite revascularisation facilities.
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The data were entered into a database using fixed
entry fields (BLAISE V.4.7, Statistics Netherlands) and
data reliability checks were conducted. To ensure reli-
able data extraction, more than 5% (103/1933) of the
charts were screened by two chart abstractors independ-
ently. The total percentage of agreement between these
abstractors was 95.1%, and ranged for the variables of
interest (table 1) between 80.6% (ECG findings) and
100% (gender), indicating good to excellent data
reliability.

Missing data
In total, 1.5% of the values in the data set were missing,
ranging from 0.1% to 22% per variable. Eleven variables
had no missing values, including cardiac risk score use.
Despite the small amount of missing data and the
spread of missing data in the data set, a complete case
analysis would have led to a large loss of information
and power. Therefore, missing values were imputed
using a multiple imputation procedure following the
approach of van Buuren and Groothuis-Oudshoorn,33

resulting in five imputed data sets. In imputing missing
values, it was assumed that the data were missing at
random. The estimated values were corrected for the
variables ‘hospital’ and ‘cardiac risk score use’ as these
variables were of primary interest in the analyses. By
means of the Kolmogorov-Smirnov test, and density and
residual plots, it was determined whether the missing at
random assumption was sustainable and the imputed
values were plausible. In addition, a sensitivity analysis
was conducted by comparing the results from the ana-
lyses of the imputed data with the results of a complete
case analysis. Between these models, only small differ-
ences were found. The missing value analyses and their
imputations were conducted in R (V.3.0.2 for Microsoft
Windows) using the MICE package.33 34

Data analysis
Sample characteristics were calculated using descriptive
statistics, and included frequencies and percentages for
categorical variables, and means and SDs for continuous
variables. Associations of independent variables (table 1)
with the use of cardiac risk scores (yes/no) were studied
with a generalised linear mixed model (GLMM), taking
into account the clustering of data within hospitals.35

ORs, that are based on median probabilities over hospi-
tals for cardiac risk score use, are presented. To facilitate
interpretation, relevant explanatory variables were trans-
formed into categorical variables (ie, age, heart rate and
systolic blood pressure). Furthermore, month of dis-
charge was represented by a categorical variable with 12
levels in every model, to account for the fact that chart
abstractors were present on hospital departments to
abstract data. In univariate analyses, associations between
cardiac risk score use and the independent variables
were tested. All variables with a significance level of
p≤0.15 were entered in a multivariable model. Variables
significantly associated (p≤0.05) with cardiac risk score
use in the multivariable model were considered import-
ant in predicting risk score adherence. In addition,
based on previous literature two factor interactions with
onsite revascularisation options, teaching status, age and
gender were tested. All analyses were conducted in R for
windows (V.3.0.2) using the package lme4 on pooled
data of five imputed data sets.34 The script of the pool
function in MICE was rewritten for pooling GLMM
models.

RESULTS
Study population
A total of 1933 charts of patients with a confirmed diag-
nosis of UA or NSTEMI were screened. Of these, 145
(7.5%) were excluded from the study as these

Table 1 Independent variables in generalised linear mixed model

Patient characteristics Patient characteristics Patient characteristics

Demographics

▸ Age

▸ Gender

Presenting factors

▸ Heart rate

▸ Systolic blood pressure

▸ Resuscitation at admission

▸ Cardiogenic shock

▸ In-hospital heart failure

▸ ST deviations on ECG

Discharge diagnosis

▸ UA

▸ NSTEMI

Cardiac history

▸ Coronary artery disease

▸ Peripheral vascular disease

▸ (Unstable) angina pectoris

▸ Acute myocardial infarction

▸ Previous CABG

▸ Previous PCI

▸ Revascularisation/AMI <6 months

Risk factors

▸ Diabetes mellitus

▸ Hypertension

▸ Renal failure

▸ Chronic heart failure

▸ Positive family history

▸ Smoking

▸ Former smoker

▸ Hypercholesterolaemia*

▸ Obesity (BMI >30)

▸ Coronary stenosis ≥50% (in history)

Hospital characteristics

▸ Presence of revascularisation options

▸ Teaching status

*Defined as statin use prior to admission, or described in patients history (elevated cholesterol levels, hyperlipidaemia or
hypercholesterolaemia).
AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft surgery; NSTEMI, non-ST-elevation myocardial
infarction; PCI, percutaneous coronary intervention; UA, unstable angina.
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concerned patients transferred from one hospital to
another, leaving 1788 patients for further analysis
(figure 1). The majority (62.6%) of these patients had a
discharge diagnosis of NSTEMI (table 2). Males
accounted for 66.9% of the patients, and more than a
third (35.9%) of the patients were aged 75 years or
older. Three-quarters (75.3%) of the total population
underwent coronary catheterisation. The average length
of hospital stay was 5 days (SD=4.97).

Cardiac risk score use
In 57% of the patient charts, a cardiac risk score was
documented, though substantial variation between hospi-
tals was observed, that is, 16.7–87% (table 3). Six out of
the 13 hospitals used more than one risk scoring instru-
ment to calculate a risk score, being the following:
GRACE (12/13 hospitals), TIMI (3/13 hospitals), FRISC
(1/13 hospitals) and the HEART risk score (6/13

hospitals; table 3). The variance component for the
random hospital effect in the GLMM ranged between
1.29 and 1.31 in the five imputed data sets, confirming
the great variety between hospitals in the use of cardiac
risk scores. When, for instance, the effects for two hospi-
tals are equal to the 5th and 95th centiles of the normal
distribution with variance 1.3 for hospital effects, the OR
of one hospital relative to the other for cardiac risk score
use is 42.6.
In univariate analyses, 15 patient-related factors were

significantly (p≤0.15) associated with cardiac risk score
use (table 4). No significant associations with hospital-
related factors were found (teaching status p=0.25,
onsite revascularisation facilities p=0.67). In multivari-
able analyses, patients with obesity (OR=1.49; 95%CI
1.03 to 2.15; p=0.04) and former smokers (OR=1.56;
95% CI 1.15 to 2.11; p≤0.01) were more likely to have a
cardiac risk score documented. Conversely patients with

Figure 1 Inclusion and

exclusion procedure of chart

selection and screening

(NSTEMI, non-ST-elevation

myocardial infarction; UA,

unstable angina).
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UA (OR=0.60; 95% CI 0.46 to 0.77; p≤0.01), in-hospital
heart failure (OR=0.46; 95% CI 0.27 to 0.76; p≤0.01),
tachycardia (OR=0.45; 95% CI 0.26 to 0.75; p≤0.01) or
who had been resuscitated at admission (OR=0.23; 95%
CI 0.09 to 0.64; p≤0.01) were less likely to have a cardiac
risk score documented (table 4).

Interactions
Besides the interactions with onsite revascularisation
options, teaching status, age and gender, it was decided

to also test whether interactions with former smoker
were present. This, because an unexpected significant
association between former smoker and risk score use
was found. Significant interactions were found between
the variables former smoker and discharge diagnosis
(p=0.03), age and previous PCI (p=0.02), age and
in-hospital heart failure (p=0.04), age and history of per-
ipheral artery disease (p=0.03), and age and heart rate
(p=0.04; table 5).
Looking at the interaction effects with age, it was

found that patients aged 75 years or over presenting
with a previous PCI had a higher odds of cardiac risk
score documentation compared with patients without a
previous PCI (OR=1.53; 95% CI 1.00 to 2.34; p=0.05). In
contrast, older patients were less likely to have a cardiac
risk score documented in case they presented with heart
failure (OR=0.29; 95% CI 0.14 to 0.57; p<0.001), with a
history of peripheral artery disease (OR=0.47; 95% CI
0.24 to 0.91; p=0.02) or with tachycardia (OR=0.20; 95%
CI 0.08 to 0.52; p≤0.001).

DISCUSSION
This study aimed to provide insight in the extent of
cardiac risk score use in Dutch hospitals as recom-
mended by international cardiac guidelines. In addition,
associations with patient-related and hospital-related
factors were studied. Substantial variation between hospi-
tals’ cardiac risk score use was observed, with in approxi-
mately 40% of patient charts a cardiac risk score was not
documented. Several patient-related factors including a
diagnosis of UA, the presence of in-hospital heart
failure, tachycardia and resuscitation at admission were
associated with a lower likelihood of cardiac risk score
use. Although evidence is not conclusive, the probability
of cardiac risk score use was often lower in older patients
(≥75 years) with additional conditions, such as
in-hospital heart failure, a history of peripheral artery
disease or tachycardia.
Previous studies also reported advanced age, heart

failure and tachycardia as important predictors of lower
guideline adherence in patients with acute coronary syn-
dromes.6 36–41 Moreover, several of these studies also
reported a decreased likelihood of survival.37 38 40

Implying that patients at high risk for adverse cardiac
outcomes are less likely to receive guideline recom-
mended care. However, according to the European
guidelines, these high-risk subgroups of patients benefit
most from early invasive treatments.10 It may, however,
be discussed to what degree an invasive treatment may
be desired in these high-risk subgroups of patients. Also,
it could be questionable to what degree risk stratification
using a cardiac risk score adds value in deciding on the
treatment for these patients, for example, in the case of
resuscitation the decision for a certain procedure may
be evident. The European Society of Cardiology guide-
lines, however, do not take these circumstances into
account and recommend to estimate risk levels with a

Table 2 Patient and admission characteristics of study

sample

Baseline characteristics (pooled data)

(n=1788) n (%)*

Age (<75 years) 1146 (64.1)

Gender (male) 1196 (66.9)

Discharge diagnoses (NSTEMI) 1119 (62.6)

Length of hospital stay (days) (mean±SD) 5±4.97

Systolic blood pressure (mm Hg)

High (≥160) 552 (30.9)

Normal to slightly elevated (81–159) 1236 (69.1)

Low (≤80) 0 (0)

Heart rate (bpm)

Tachycardia (≥110) 103 (5.8)

Normal (51–109) 1634 (91.4)

Bradycardia (≤50) 51 (2.8)

Resuscitation at admission 33 (1.9)

Cardiogenic shock 7 (0.4)

In-hospital heart failure 103 (5.8)

ST deviations on ECG 810 (45.3)

History of coronary artery disease 252 (14.1)

History of peripheral vascular disease 131 (7.3)

Previous (U)A 432 (24.1)

Previous MI 499 (27.9)

Previous PCI 523 (29.3)

Previous CABG 289 (16.2)

MI or PCI/CABG 6 months prior to

admission

125 (7)

Diabetes mellitus 451 (25.2)

Hypertension 936 (52.4)

Renal failure 88 (4.9)

Chronic heart failure 101 (5.7)

Hypercholesterolaemia† 986 (55.1)

Obesity (BMI>30) 203 (11.3)

Smoking 427 (23.9)

Former smoker 350 (19.6)

Coronary stenosis (≥50%) 192 (10.8)

Positive family history 618 (34.6)

Coronary catheterisation 1346 (75.3)

Management strategy

Pharmacological therapy 754 (42.2)

(scheduled) PCI 846 (47.3)

(scheduled) CABG 188 (10.5)

*Data are presented in n (%), unless stated otherwise.
†Defined as statin use prior to admission, or described in patients
history (elevated cholesterol levels, hyperlipidaemia or
hypercholesterolaemia).
BMI, body mass index; CABG, coronary artery bypass grafting;
MI, myocardial infarction; PCI, percutaneous coronary
intervention; (U)A, (unstable)angina.
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cardiac risk scoring instrument for every patient sus-
pected of UA/NSTEMI.10

Obese patients and former smokers were more likely
to have a cardiac risk score documented. The association

of former smoking and the use of a cardiac risk score,
however, was unexpected and difficult to explain. There
are no indications for partial confounding with other
factors in the model as ORs for former smoker in

Table 3 Adherence to cardiac risk score use per hospital (pooled data)

Hospital

ID*

Teaching

status

PCI/CABG

options

Screened

charts, n†

Risk score use, n

(%)§

Type of risk score used¶

GRACE TIMI FRISC HEART

1 No No 84 14 (16.7) X – – –

2 Yes Yes 109 22 (20.2) X X – –

3 No No 110 26 (23.6) X – – –

4 No No 171 57 (33.3) – – – X

5 Yes Yes 132 46 (34.8) X – – X

6 Yes No 53 19 (35.8) X – – –

7 Yes Yes 145 79 (54.5) X – X X

8 Yes Yes 182 108 (59.3) X – – X

9 Yes Yes 96 68 (70.8) X – – –

10 Yes Yes 140 107 (76.4) X – – X

11 Yes Yes 108 87 (80.6) X X – X

12 No No 205 166 (81.0) X X – –

13 Yes No 253 220 (87.0) X – – –

Total – – 1788 1019 (57%) – – – –

*Ranging from lowest to highest scoring hospital.
†Large variation in screened patient charts per hospital is explained by differences in the amount of monthly admission for UA/NSTEMI.
§Risk score use is represented by (one or more) documented risk score outcome(s) in the patient’s chart.
¶Several hospitals calculated more than one risk score per patient, using different risk scoring instruments.
CABG, coronary artery bypass grafting; FRISC, fast revascularisation in instability in coronary disease; GRACE, global registry of acute
coronary events; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial Infarction.

Table 4 Univariate and multivariable associations between risk score documentation in patient charts and hospital-related

and patient-related factors (pooled data; n=1788)†

Univariate associations Multivariable associations

OR (95% CI) p Value OR (95% CI) p Value

Hospital factors

Teaching status 2.15 (0.59 to 7.85) 0.25 NA NA

Onsite revascularisation facilities 1.32 (0.38 to 4.60) 0.67 NA NA

Patient factors‡

Discharge diagnosis (reference NSTEMI) 0.65 (0.52 to 0.83) ≤0.01** 0.60 (0.46 to 0.77) ≤0.01**
Age (reference <75 years) 0.76 (0.61 to 0.96) 0.02* 0.86 (0.67 to 1.11) 0.24

Resuscitation at admission 0.25 (0.10 to 0.67) ≤0.01** 0.23 (0.09 to 0.64) ≤0.01**
In-hospital heart failure 0.38 (0.24 to 0.62) ≤0.01** 0.46 (0.27 to 0.76) ≤0.01**
History of coronary artery disease 0.65 (0.47 to 0.89) ≤0.01** 0.87 (0.59 to 1.27) 0.46

History of peripheral artery disease 0.72 (0.47 to 1.09) 0.12 0.81 (0.53 to 1.26) 0.35

Previous (U)A 0.83 (0.64 to 1.07) 0.15 1.00 (0.75 to 1.34) 0.98

Previous MI 0.77 (0.61 to 0.98) 0.03* 0.89 (0.68 to 1.18) 0.43

Previous PCI 0.83 (0.65 to 1.05) 0.13 1.07 (0.80 to 1.43) 0.66

Renal failure 0.54 (0.33 to 0.90) 0.02* 0.72 (0.42 to 1.23) 0.23

Obesity (BMI>30) 1.49 (1.05 to 2.13) 0.03* 1.49 (1.03 to 2.15) 0.04*

Smoking 1.23 (0.95 to 1.60) 0.11 1.16 (0.86 to 1.55) 0.33

Former smoker 1.48 (1.12 to 1.97) ≤0.01** 1.56 (1.15 to 2.11) ≤0.01**
Coronary stenosis (≥50%) 0.65 (0.46 to 0.93) 0.02* 0.81 (0.54 to 1.22) 0.31

Heart rate (bpm) (reference normal)

Tachycardia 0.46 (0.28 to 0.76) ≤0.01** 0.45 (0.26 to 0.75) ≤0.01**
Bradycardia 0.85 (0.44 to 1.63) 0.62 0.92 (0.46 to 1.86) 0.82

*p≤0.05.
**p≤0.01.
†Pooled p value based on normal approximation.
‡Only variables (patient characteristics) with p≤0.15 in the univariate analyses are presented in this table. Reference category is ‘no’, unless
stated otherwise.
BMI, body mass index; CABG, coronary artery bypass grafting; MI, myocardial infarction; NA, not applicable; PCI, percutaneous coronary
intervention; (U)A, (Unstable)Angina.
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univariate and multivariable models are sizeable and
similar. Possibly, former smoking is an alias for some
other underlying and unknown variable. For instance,
former smoking is seen as an indication of a former
more high-risk lifestyle and that way affects judgement.
Further research may provide more insight on this.
Another interesting finding, that contrasted the findings

of previous studies, was that a hospitals’ teaching status or
the presence of onsite revascularisation facilities were not
significantly associated with cardiac risk score use.7 36

These differences may be explained by the relatively small
number of hospitals participating in the present study
compared with previous studies. A large variation between
hospitals in adherence scores regarding cardiac risk score
use was found. The large component of variance,
explained by the random hospital effect, suggests that
cardiac risk score use in patients presenting with the same
characteristics may heavily depend on which hospital the
patient is presented in, and that other factors, beside a
hospital’s teaching status or onsite revascularisation

facilities, are of influence. Common barriers in the imple-
mentation of cardiac risk scores, including the absence of
necessary resources for implementation and cultural dif-
ferences, may explain this substantial variation.42 Also, it
has been suggested that physicians find the evidence
underlying cardiac risk scores unconvincing.24 To increase
the use of cardiac risk scores in clinical practice several
implementation strategies, which pay explicit attention to
patients with suspected UA, may be employed. A recent
improvement initiative in the USA for instance, in which
continuous education was the primary intervention, led to
a significant increase in cardiac risk score documentation
in patients with UA and NSTEMI.43 The use of continuous
education has proven to be effective in achieving change
in practice, however, it is recommended to also take into
account facilitating factors and barriers on a patient, pro-
vider and organisational level.44 Therefore, further
research is needed to carefully understand factors that
explain the variation between hospitals’ cardiac risk score
use.

Table 5 Estimated ORs and 95% CIs for significant (p≤0.05) interactions terms added to multivariable model of GLMM

(pooled data)†

OR CI 95% p Value‡

Former smoker*discharge diagnosis

Discharge diagnosis (UA vs NSTEMI) within former smoker (no) 0.52 0.40 to 0.69 <0.001**

Discharge diagnosis (UA vs NSTEMI) within former smoker (yes) 1.00 0.59 to 1.71 0.98

Former smoker (yes vs no) within discharge diagnosis (UA) 2.28 1.43 to 3.61 <0.001**

Former smoker (yes vs no) within discharge diagnosis (NSTEMI) 1.19 0.81 to 1.75 0.38

Age*previous PCI

Age (≥75 vs <75 years) within previous PCI (no) 0.71 0.52 to 0.96 0.02*

Age (≥75 vs <75 years) within previous PCI (yes) 1.30 0.84 to 1.99 0.23

Previous PCI (yes vs no) within age (<75 years) 0.84 0.58 to 1.19 0.32

Previous PCI (yes vs no) within age (≥75 years) 1.53 1.00 to 2.34 0.05*

Age*in-hospital heart failure

Age (≥75 vs <75 years) within in-hospital heart failure (no) 0.92 0.71 to 1.20 0.54

Age (≥75 vs <75 years) within in-hospital heart failure (yes) 0.32 0.12 to 0.85 0.02*

In-hospital heart failure (yes vs no) within age (<75 years) 0.84 0.39 to 1.82 0.66

In-hospital heart failure (yes vs no) within age (≥75 years) 0.29 0.14 to 0.57 <0.001**

Age*history of peripheral artery disease

Age (≥75 vs <75 years) within history of peripheral artery disease (no) 0.93 0.72 to 1.21 0.60

Age (≥75 vs <75 years) within history of peripheral artery disease (yes) 0.34 0.14 to 0.80 0.01**

History of peripheral artery disease (yes vs no) within age (<75 years) 1.28 0.70 to 2.32 0.42

History of peripheral artery disease (yes vs no) within age (≥75 years) 0.47 0.24 to 0.91 0.02*

Age*heart rate

Age (≥75 vs <75 years) within heart rate (normal) 0.91 0.70 to 1.18 0.47

Age (≥75 vs <75 years) within heart rate (tachycardia) 0.28 0.09 to 0.85 0.03*

Age (≥75 vs <75 years) within heart rate (bradycardia) 1.25 0.31 to 5.00 0.75

Heart rate (tachycardia vs normal) within age (<75 years) 0.67 0.34 to 1.30 0.23

Heart rate (bradycardia vs normal) within age (<75 years) 0.81 0.33 to 2.01 0.65

Heart rate (tachycardia vs normal) within age (≥75 years) 0.20 0.08 to 0.52 <0.001**

Heart rate (bradycardia vs normal) within age (≥75 years) 1.12 0.38 to 3.27 0.84

*p≤0.05.
**p≤0.01.
†All four ORs per interaction term are presented in the table to form an impression of the nature of the interaction. For instance, two separate
ORs for former smoker no versus yes for patients with UA and NSTEMI and two separate ORs for UA versus NSTEMI for former smoker no
and yes. These four ORs are all shown, because when interaction between two factors is added to the model, the OR of one factor may
depend on the level of the other factor.
‡p Value indicates if OR is significantly different from one.
GLMM, generalised linear mixed model; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; UA,
unstable angina.
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Study limitations
Several limitations potentially affect the interpretation of
the results of this study.
First, the use of cardiac risk scores was measured by

screening charts on the documentation of a cardiac risk
score. As a result, it is unknown to what degree a cardiac
risk score influenced physicians’ decision-making regard-
ing appropriate management strategies. However, it is
plausible that when a cardiac risk score was documen-
ted, it was also used in practice.
Second, four predictors reported in previous studies

of risk score use, that is, aspirin use prior to admission,
creatinine level, troponin level and biomarkers, were not
considered in the present study. These data could not
be abstracted reliably. As a result, the precision of the
model reported in this study might be smaller compared
with other studies. In addition, it was not possible to reli-
ably extract at what time point a risk score was recorded.
The time registered in the patient’s file was often impre-
cise (ie, time was entered retrospectively and did not
represent the actual time point at which the risk score
was used) or lacking. Making it impossible to provide
any additional contextual information regarding the use
of cardiac risk scores in clinical practice.
Third, in two hospitals, the method of selection of

patient charts differed, as in these hospitals it was not
possible to select patients based on the hospital’s billing
system. This could have influenced the selection of
patients. However, their effects may be limited as it
appeared that the random effects of these two hospitals
were well in range with those of the other hospitals.
Fourth, it was not possible to extract all data from the

charts at one time point per hospital. Therefore, monthly
data collection visits were deemed necessary. For this
reason, the reported associations were corrected for month
of discharge. However, the frequent presence of the
researchers onsite may have led to more awareness of the
healthcare providers using cardiac risk scores, and as a
result have higher adherence scores than hospitals not par-
ticipating in the evaluation of the quality improvement pro-
gramme. This overestimation of adherence rates can also
be a result of the fact that the evaluation of the improve-
ment programme took place in a cohort of highly moti-
vated hospitals, as they all voluntarily agreed to participate.
Finally, three of the randomly selected hospitals

declined participation in this study, which may have
introduced selection bias. Hospitals that declined partici-
pation were possibly lagging behind in implementation.
The actual use of cardiac risk scores in practice might
therefore be even lower than estimated in this paper.

CONCLUSIONS
The results of the present study indicate that cardiac risk
scores have not been fully implemented in Dutch clin-
ical practice, as a substantial number of patients had no
risk score documented in their chart. The large vari-
ation between hospitals could not be explained by the

presence of onsite revascularisation facilities or a hospi-
tals’ teaching status, as well as by several patient-related
factors that were associated with higher or lower usage
of cardiac risk scores in clinical practice. It is recom-
mended that further research should focus first on
explanatory factors for differences between hospitals,
which could provide a basis for future improvement
initiatives in which strategies are targeted towards
patient groups in which risk scores were less often docu-
mented, as these patients may currently be
undertreated.
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