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Summary
Question under study: To assess which high-risk
acute coronary syndrome (ACS) patient characteristics played a role in prioritising access to intensive care unit (ICU), and whether introducing clinical practice guidelines (CPG) explicitly stating
ICU admission criteria altered this practice.
Patients and methods: All consecutive patients
with ACS admitted to our medical emergency
centre over 3 months before and after CPG implementation were prospectively assessed. The
impact of demographic and clinical characteristics
(age, gender, cardiovascular risk factors, and clinical parameters upon admission) on ICU hospitalisation of high-risk patients (defined as retrosternal pain of prolonged duration with ECG changes
and/or positive troponin blood level) was studied
by logistic regression.
Results: Before and after CPG implementation, 328 and 364 patients, respectively, were assessed for suspicion of ACS. Before CPG implementation, 36 of the 81 high-risk patients (44.4%)
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were admitted to ICU. After CPG implementation, 35 of the 90 high-risk patients (38.9%) were
admitted to ICU. Male patients were more frequently admitted to ICU before CPG implementation (OR = 7.45, 95% CI 2.10–26.44), but not
after (OR = 0.73, 95% CI 0.20–2.66). Age played
a significant role in both periods (OR = 1.57, 95%
CI 1.24–1.99), both young and advanced ages
significantly reducing ICU admission, but to a
lesser extent after CPG implementation.
Conclusion: Prioritisation of access to ICU for
high-risk ACS patients was age-dependent, but
focused on the cardiovascular risk factor profile.
CPG implementation explicitly stating ICU admission criteria decreased discrimination against
women, but other factors are likely to play a role
in bed allocation.
Key words: acute coronary syndrome; risk stratification; intensive care; bed allocation; admission criteria;
rationing

Introduction
Acute chest pain is a frequent complaint leading to emergency room visits. Fifteen percent of
these patients suffer from acute coronary syndrome with persistent ST segment elevation on
the electrocardiogram (ECG), also called persistent ST elevation myocardial infarction (STEMI).
Another 35% of them suffer from acute coronary
syndrome without persistent ST segment elevation (ACS), also called non-ST elevation NSTEMI
and unstable angina [1]. Mortality before hospital

discharge is about 5% [2]. ACS is characterised by
the rupture of an atheromatous plaque in a coronary artery, leading to thrombus formation, occlusion of the artery or distal embolisation [3, 4]. Aggressive treatment is able to stop this process and
consequently save some viable cardiac muscle tissue. Diagnosis is based on clinical history, physical
examination, troponin blood level determination,
and ECG, which together allow the correct identification of 90% of these patients [5]. Stratifica-
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tion into different risk categories [6, 7] gives prognostic and subsequent therapeutic information [8].
Clinical practice guidelines (CPG) dedicated
to the assessment of patients with ACS have been
published in the United States in 1994 [9], and revised recently [10]. European CPG have also been
recently published [11]. These CPG recommend
that patients identified as high-risk ACS should be
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admitted to intensive care units (ICU), but bed
shortage and limited resources impose implicit rationing in every day practice. We wanted to assess
which patients’ characteristics played a role in explaining access of patients identified as high-risk
ACS to our medical ICU, and whether introducing CPG explicitly stating ICU admission criteria
changed this practice.

Patients and methods
CPG development in our institution was published
previously [12]. In short, risk stratification was divided
into 4 categories:
1. Low-risk patients: acute chest pain without ECG
modification, or cardiac enzyme elevation (troponin I blood level <0.1 mg/ml).
2. Intermediate-risk patients: acute chest pain with
transient modifications of the ECG (down-sloped
ST segment <1 mm or negative T-wave), and negative troponin I blood level (<0.1 mg/ml).
3. High-risk patients: prolonged chest pain (>20
minutes), or modification of the ECG (downsloped ST segment >1 mm), or at least one positive troponin I blood level.
4. Very high-risk patients: acute, recurrent, or refractory chest pain, or haemodynamic instability
(heart failure or cardiogenic shock), or rhythmic
instability, and transient ST segment elevation.
The high-risk group described in the European [11]
and American [10] CPG was split into high-risk and very
high-risk groups, because different treatment strategies,
which are not available in all hospitals, are used in our institution to treat these specific conditions.
All consecutive patients with ACS evaluated in our
emergency ward over the 3-month periods before and
after CPG implementation were prospectively assessed. A
research assistant (DG) reviewed medical charts and collected medical history, clinical characteristics, laboratory
tests results, ECG interpretation, and treatment modalities (including ICU admission) on the day following admission.

Two reviewers separately carried out independent
risk assessments based on laboratory tests results and independent ECG interpretation for all patients. Details of
this study methodology have been recently published [13].
The study showed that significantly more patients were
classified as suffering from atypical chest pain (39.6% vs.
47.0%, p = 0.006) after CPG implementation. CPG availability was associated with significantly more formal diagnoses (79.9% vs. 92.9%, p <0.0001), and risk stratification
(53.7% vs. 65.4%, p <0.0001) at the end of initial patient
assessment. The present study focused on high-risk and
very high-risk patients, who should have been admitted to
the ICU.
Comparisons between the two groups were carried
out with Student’s t-test for normally distributed variables,
Mann-Whitney U-test for non-normally distributed variables, and Chi-sqared test for qualitative variables. Impact
of patient’s characteristics on ICU bed allocation in highrisk and very high-risk patients was carried out with logistic regression. The study period was added as a covariate,
and interaction terms with all statistically significant variables of the first model were carried out successively, to
compute a log-likelihood ratio test and show a potential
association between ICU admission and the patients’
characteristics variable. Age was first treated as a linear,
and then quadratic variable. To assess the impact of the
squared term, a plot of the predicted probability of admission by age with and without the squared term was carried
out. Our analyses were carried out with Stata 8.0 for Windows. Statistical significance was assumed at p <0.05.

Results
During the two study periods, before and after
CPG implementation, 3284 and 3260 patients respectively, were assessed at the Medical Emergency Centre of our institution. Among them,
497 patients (15.1%) and 498 patients (15.3%), respectively, were evaluated for chest pain. Pain
of non-cardiac origin was diagnosed in 143 patients
(28.8%) before and 109 patients (21.9%) after
CPG implementation. STEMI was diagnosed in
26 patients (5.2%) and 25 patients (5.0%) in the
two groups, respectively. These two categories
were excluded from the study.
The remaining 328 patients (10.0% of all admissions during the first study period) and 364 patients (11.2% of all admissions during the second
study period) were included in this study. Their

main characteristics were similar and have been
previously published [13].
Before CPG implementation, 81 patients
(24.7%) were classified as high-risk or very highrisk patients, but only 36 of them (44.4%) were admitted to ICU. After CPG implementation, 90 patients (24.7%) were classified as high-risk or very
high-risk patients, but only 35 of them (38.9%)
were admitted to ICU. Their characteristics are
displayed in table 1. Apart from different rates in
positive family history, history of hypertension,
and events linked with their cardiovascular history,
both groups of patients were similar in the 2 study
periods. Fewer had seen a physician before presenting to the emergency room in the second period.
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Table 2 displays the odds ratios, 95% confidence intervals, and statistical significance of the
different patient’s characteristics leading to admission into ICU in the best model. CPG implementation did not change these characteristics, except
for gender, after which women were as likely to be
admitted as men.
Age did not play a significant role in either period when treated as a linear variable. However,

after adding a quadratic term (age squared) to
the regression, the coefficients “age” and “age
squared” were both statistically significant in both
periods. Plotting the probability of ICU admission on age and age squared revealed an inverse
U-shape pattern. This implies that the probability
of ICU admission was lower for both young and
old ages.

Discussion
This study showed that explicitly stating ICU
admission criteria for high-risk and very high-risk
ACS patients did not markedly change ICU bed
allocation, except for suppressing gender discrimination. Prioritisation focused on cardiovascular
risk factor profile, with age playing a significant
role along a quadratic function curve. This means
that the link between age and probability of admission to ICU is not linear, with both extremes of age
being less likely to be admitted to ICU (based on
the age distribution curve).
These results are to be related to another study
[14] carried out in the United States, which showed
that CPG for treating unstable angina were incompletely applied in elderly patients, and that performance as assessed by quality measures varied
widely among hospitals. In our study, this variability was obvious and other factors than those available for inclusion in the regression played a role in
prioritising access to ICU beds.
On the other hand, practice did not markedly

change after guideline implementation, as only a
minority of high-risk and very high-risk patients
were oriented to ICU. These results can be interpreted in two ways:
First, the fact that CPG have limited impact on
actual practice has already been shown in different
domains, including ACS [15–17]. In our hospital, CPG implementation was shown to increase
the rate of formal diagnosis and risk stratification
[13]. The impact of CPG on the later stages of
patient care is likely to be limited if structural
conditions do not allow their implementation.
ICU bed availability is obviously a major limiting
factor for admission of ACS patients, independently of their risk stratification.
Second, implicit rationing is current practice
in our country despite official denial by public
health care authority. Clinicians are used to it, and
CPG do not change this reality. In a national questionnaire survey of intensive care specialists about
factors influencing their decision to admit a pa-

Table 1

Table 2

ACS high and very high risk patients’ characteristics.

Impact of patients’ characteristics and study period on
probability of ICU admission (logistic regression).

Patient characteristics

Before
guidelines
(n = 81)

After
guidelines
(n = 90)

ICU admission, n (%)

36 (44)

35 (39)

Age squared

1.00

0.99–1.00

<0.001

Age, mean (SD)

69 (16)

68 (17)

Male gender period 1

7.45

2.10–26.44

0.002

Male gender, n (%)

49 (60)

64 (71)

Male gender period 2

0.73

0.20–2.66

0.630

Diabetes mellitus

0.58

0.19–1.76

0.338

Risk factors

Patient characteristics

Odds ratio

95% CI

P value

Age

1.57

1.24–1.99

<0.001

Diabetes mellitus, n (%)

17 (21)

12 (13)

Hypertension

0.31

0.12–0.81

0.017

Hypertension, n (%)

54 (67)

45 (50)

Family history

2.17

0.82–5.76

0.120

Family history, n (%)

29 (36)

12 (13)

Hypercholesterolaemia

4.84

1.93–12.18

0.001

Hypercholesterolaemia, n (%)

44 (54)

47 (52)

Cardiac history

2.08

0.80–5.44

0.136

Cardiac history, n (%)

14 (17)

39 (43)

Infarction history

0.40

0.11–1.38

0.146

Infarction history, n (%)

33 (31)

20 (22)

Angiography history

1.75

0.58–5.29

0.323

Angiography history, n (%)

32 (40)

20 (22)

Cardiac surgery history

0.82

0.22–2.97

0.759

Angioplasty history, n (%)

24 (30)

14 (16)

Non medical provenance

3.13

1.23–7.95

0.017

Surgery history, n (%)

14 (17)

10 (11)

Systolic blood pressure

1.01

1.00–1.03

0.093

68 (84)

55 (61)

Heart rate

1.02

1.00–1.04

0.051

Systolic blood pressure, mean (SD)

144 (25)

146 (25)

2.66

0.63–11.13

0.181

Diastolic blood pressure, mean (SD)

85 (17)

88 (16)

Log likelihood

Heart rate, mean (SD)

85 (25)

86 (23)

McFadden pseudo R2

Non medical provenance, n (%)

Period

–80.8
0.30
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tient, 82% mentioned the prognosis of the disease,
81% the acuity of the illness, and 71% patient’s
preferences [18]. Until now, in our setting, available resources allowed physicians to prioritise ICU
bed allocation on the basis of patient’s cardiovascular risk profile, and CPG supported this practice. However, this stratification for ICU admission could change as resources are getting increasingly limited. It might reach a point beyond which
cardiovascular risk profile will not be restrictive
enough to ensure patient’s selection to ICU available beds, necessitating additional criteria, which
might be of dubious validity. As physicians’ practise in ACS has been shown to differ by specialty
[19] and regions [20], explicit rationing should be
preferable to subjective selection of patients.
This study has obvious limitations: it involved
only one centre, did not extend to assessing impact
on treatment or patient outcome, and the impact
of CPG was assessed shortly after their implementation and not repeated later. In addition, ICU bed
availability at the time of allocation was not
recorded. Furthermore, patient assessment could
be refined by including signs of heart failure, and
using a risk score to add one criterion for patient
orientation to ICU. Finally, the emergency room
teams at the time of two study periods were differ-

ent, which might also influence patient’s orientation after emergency room evaluation.
However, this study has also important policy
implications. It showed that obstacles to CPG
implementation [21], such as bed availability or
compliance with CPG, should be more actively
communicated to hospital managers or of the
emergency and intensive care services, in order to
suppress them. Otherwise, CPG tend to be only
partly implemented, carrying potential to harm
patients, as well as to expose both physicians and
hospitals to litigation in the event of a patient suffering adverse consequences of not having been
treated according to the CPG. In our setting, a
proposal for implementing an acute coronary care
unit and a specific pathway for ACS patients is currently under study and should solve the present
ICU bed shortage to accommodate high-risk and
very high-risk patients with ACS.
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