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Abstract Background: There is conclusive evidence from
large scale randomized clinical trials (RCTs) that several
treatments administered in the acute phase of a myo-
cardial infarction (AMI) reduce mortality. However,
only a minority of patients admitted with AMI receives
at the appropriate treatments.
Objectives: This study aims at (1) describe the utilization
patterns for AMI; (2) determine the appropriateness
of prescribing, measured as adherence to the ACC/
AHA guidelines; and (3) determine which factors are
associated with the administration of thrombolytic
agents.
Methods: The study was a multi-center survey carried
out in ten countries (nine European and one Canadian
province) over a 3-month period. Data were prospec-
tively collected by clinical pharmacists. All consecutive
patients admitted to the participating hospitals during
the study period with a diagnosis of suspected AMI were
included in the study. Rates of use were calculated as
``overall utilization'' and ``adjusted utilization'' (e.g.,
accounting for eligibility).
Results: Data were available on 1976 patients from 56
participating centers. The mean age of the patients was
65 years (range 25±95, SD � 12.6) and 29.7% were
women. Adjusted utilization rates were 63.7% for
thrombolysis, 88% for aspirin, and 65.9% for b-adren-
ergic blocking agents. The most utilized thrombolytic
agent was streptokinase (65.9%). The main reasons
given by physicians for not administering thrombolysis

was the delay from chest pain onset to admission. Pa-
tients admitted to teaching hospitals were less likely to
receive aspirin than patients admitted to general hospi-
tals (adjusted rate 90.1% vs 86%, P � 0.007), but they
were more likely to undergo a primary invasive proce-
dure (11.0% vs 2.5% P � 0.001). Multivariate analysis
showed that age greater than 74 years, delay, prior
myocardial infarction, and Killip scale were correlated
with the non-utilization of thrombolysis.
Conclusion: Recommended treatments are still under-
utilized in patients with AMI. Increased utilization is
required, particularly for elderly people. There is a wide
variability among hospitals with di�erent a�liations
(teaching vs non teaching), demonstrating the di�erent
patterns of practice in various settings.
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Introduction

In the last decade the management of acute myocardial
infarction (AMI) has changed dramatically. Numerous
large-scale, randomized controlled trials (RCTs) have
presented conclusive evidence of the bene®cial e�ects of
certain medical therapies. Thus, thrombolysis [1, 2] and
aspirin [2] administered on arrival at the emergency
department, as well as b-adrenergic blocking agents [3]
and angiotensin-converting enzyme (ACE) inhibitors [4,
5] during the ®rst 24 h of hospitalization, are well-rec-
ognized lifesaving treatments in patients without con-
traindications [6], because of their bene®cial e�ects in
decreasing mortality in this patient population. National
and international evidence-based guidelines for the
management of patients with AMI have been published
[6, 7]. The issue of representativeness of patients in
RCTs often justi®es the di�culties in the transferability
of the trials' results to routine practice [8]. In the case of
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AMI, many large-scale trials were designed to resemble
routine daily practice, with no strict inclusion criteria.
However, speci®c subpopulations (e.g., the elderly) are
still underrepresented [9]. Several examples of the impact
of trials' results on clinical practice have been published
in the international literature [10, 11].

Given the substantial reduction in mortality, few
question the value of the routine use of these treatments
in all eligible patients admitted with AMI. However,
failure to administer recommended treatments in a
portion of the eligible population is attested by several
reports. Accordingly, it is of considerable importance to
determine whether all eligible patients receive the treat-
ments. While the oldest studies relied on administrative
claims or registry data, [10, 12] and for this reason were
not able to examine the reasons for withholding rec-
ommended treatments, three recent studies carried out
in di�erent countries and care settings have analyzed the
rates of utilization based on eligibility criteria [13±15]. In
a European study, it was estimated that 20% of the
patients apparently eligible for thrombolysis did not
receive the treatment [13]. In a study carried out in New
Zealand, 49.7% of the admitted patients were eligible for
thrombolysis, and 43.5% received it [15]. In a recent US
based study, the degree of adherence to the national
guidelines [6] for AMI management was evaluated. The
proportion of eligible patients not receiving recom-
mended treatment was 28% for thrombolytic agents,
47% for b-adrenergic blocking agents and 12% for
aspirin [14].

Another important and interesting issue in the man-
agement of AMI is the variability of treatment practices.
The in¯uence that the practice setting may have in tak-
ing the decision to perform certain procedures and to
administer pharmacological treatments was tested and
con®rmed in several reports. Di�erences in management
and practice patterns were found in populations from
di�erent countries [16], among physicians with di�erent
specialties [17], or simply among patients admitted to
di�erent hospitals [18].

As part of their duties, hospital pharmacists routinely
evaluate the prescribing behavior of physicians in their
hospitals. However, of the published studies on AMI
treatment utilization, very few employed hospital phar-
macists as monitors of clinical practice [19], even though
the importance of hospital pharmacists in drug use
evaluations in MI has been emphasized [20].

The following analysis will describe the utilization of
treatments in a population with suspected AMI admit-
ted to a sample of hospitals in ten di�erent countries.
The objectives of this analysis are threefold:

1. To describe utilization patterns for AMI management
2. To determine the appropriateness of prescribing

measured as adherence to the American college of
cardiology/American Heart Association (ACC/
AHA) guidelines

3. To determine which factors are associated with ad-
ministration of thrombolytic agents

Materials and methods

Study sample

All consecutive patients admitted to the participating hospitals with
a diagnosis of suspected AMI during a 3-month period in 1996
were included in the study. The suggested diagnosis of suspected
AMI followed the WHO de®nition [21]. However, the treating
clinician's diagnosis of AMI was accepted without revision, since
the main objective was to analyze practice patterns made on the
basis of that diagnosis.

Participating hospitals

The study involved patients from ten countries, both in Europe and
in North America. This investigation was generated from a col-
laboration between the Italian Society of Hospital Pharmacy
(SIFO) and the European Society of Clinical Pharmacy (ESCP).
Thus, participating hospital pharmacists were identi®ed through
the SIFO/ESCP pharmacists' network. A pharmacist from each
country was selected as coordinator. The main responsibility of the
country coordinators was to serve as a link between the coordi-
nating center and the participating hospitals in their country. Each
country coordinator was mainly responsible for the identi®cation
of the participating hospitals (e.g., contact of hospital pharmacists
known to be interested in the cardiology ®eld and in collaborating
in a pharmacoepidemiological survey), the exchange of information
among the participating centers, in order to assure the continuity
and quality of the data collection, and the sending of the forms to
the coordinating center.

Data collection

In each participating hospital, the pharmacist(s) in charge of the
study prospectively collected information on all patients admitted
consecutively to their hospital with a diagnosis of suspected AMI.
The sources of information were the patient's chart and the direct
involvement of the physicians and nurses in charge of the patients.
Standard data collection forms were used in all centers. The forms
included information on:

1. The patient's demographics (age, gender, race)
2. Clinical pro®le on admission (delay from onset of symptoms to

hospital arrival, Killip scale, methods of MI diagnosis, infarct
location, clinical history)

3. Pharmacological treatments and additional procedures admin-
istered in the acute phase, with required explanation when the
treatments were not administered

4. Clinical events and complications during hospitalization
5. intrahospital outcome and date of outcome
6. drugs prescribed on discharge

Furthermore, general information on the hospital (e.g., geo-
graphical location, number of beds, presence of guidelines for AMI
management) was retrieved. Forms were checked for completeness
at the coordinating center before data entry. Country coordinators
were contacted in the case of missing data. In the ®nal analysis the
proportion of missing data was very low, and was mainly due to a
lack of routine collection of some clinical variables in several centers
(e.g., Killip scale, delay from onset of symptoms to hospital arrival).

Eligibility for recommended treatments

In the case of failure of administration of recommended treatments,
(e.g., thrombolytics, aspirin, and b-adrenergic blocking agents), the
pharmacist was required to collect adequate information to explain
the reason for not administering such treatments, and was re-
sponsible for interviewing the physician in charge or checking the
information in the patient chart. Absolute and relative contrain-
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dications for recommended treatments (thrombolysis, aspirin, and
b-adrenergic blocking agents) were derived from the ``ACC/AHA
guidelines for the management of patients with acute myocardial
infarction'' (Table 1) [6]. Using these data, patients were classi®ed
as having or not having absolute or relative contraindications for
these treatments. Furthermore, for thrombolysis, performance of
primary percutaneous transluminal coronary angioplasty (PTCA)
or bypass was considered a documented reason for not giving
thrombolytic therapy. For ACE inhibitors, for simplicity of the
data collection form, no questions were asked about reasons for
not administering the agents or the presence of speci®c contrain-
dications to the treatment. However, the results from the major
large-scale RCTs on ACE inhibitors in AMI patients [4, 5] suggest
that early treatment (e.g., within 24 h) signi®cantly reduces mor-
tality, and that the subgroup of patients who bene®t most are those
with an anterior infarction. Thus, for ACE inhibitors, an analysis
was performed to verify whether the subgroup that would bene®t
most received the treatment.

Following the analysis of eligibility, patients who did not re-
ceive the treatments were divided as follows: patients with a doc-
umented contraindication [e.g., a contraindication recognized by
the (ACC/AHA) guidelines], patients with a non-documented
contraindication (e.g., a contraindication not recognized by the
guidelines) and patients for whom the reason for not administering
the therapy was unknown. Both absolute and relative contraindi-

cations were considered as documented. Furthermore, the utiliza-
tion rates for recommended treatments were given as:

1. Overall utilization rate, calculated as the number of patients
receiving the therapy during the ®rst 24 h, divided by the total
number of patients admitted with suspected AMI

2. Adjusted utilization rate, calculated as the number of patients
receiving the therapy during the ®rst 24 h, divided by the pa-
tients potentially eligible (e.g., taking into consideration relative
and absolute contraindications).

Factors associated with recommended treatments utilization

A multivariate analysis in the patient population potentially eligible
for thrombolytic treatment was conducted. Age, gender, delay from
onset of symptoms, presence of previous MI and Killip scale were
used as explanatory variables. Results are expressed as odds ratios
and 95% con®dence intervals.

Statistical analysis

The v2 square test was utilized for testing di�erences in the distri-
butions of categorical variables. ANOVA was used to test di�er-

Table 1 List of absolute and
relative contraindications for
recommended treatments
(ACC/AHA Guidelines) [6].
ACC American college of car-
diology, AHA American Heart
Association

Thrombolytic agents
Contraindications: clinical pro®le at presentation
Time to admission >12 h
Lack of ECG criteria

Medical contraindications
Previous hemorrhagic stroke at any time
Other strokes or cerebrovascular events within 1 year
Intracranial neoplasm
Active internal bleeding (does not include menses)
Suspected aortic dissection

Cautions ± relative contraindications
Severe uncontrolled hypertension on presentation (BP > 180/110 mmHg)
History of prior cerebrovascular accident or known intracerebral pathology not covered in

contraindications
Current use of anticoagulants in therapeutic doses
Recent trauma (within 2±4 weeks) including:

head trauma
traumatic or prolonged (>10 min) cardiopulmonary resuscitation
major surgery (<3 weeks)

Noncompressible vascular punctures
Recent (within 2±4 weeks) internal bleeding
For streptokinase/anistreplase: prior exposure or prior allergic reaction
Pregnancy
Active peptic ulcer
History of chronic severe hypertension

Oral aspirin
Absolute contraindications
Known hypersensitivity
Gastrointestinal bleeding

Cautions ± relative contraindications
Blood dyscrasias
Severe hepatic disease
History of bleeding peptic ulcer

b-Adrenergic blocking agents
Contraindications
Heart rate less than 60 bpm
Systolic arterial pressure less than 100 mmHg
Moderate or severe left ventricular failure
Signs of peripheral hypoperfusion
AV conduction abnormalities
Severe chronic obstructive pulmonary disease
History of asthma
Severe peripheral vascular disease
Insulin-dependent diabetes mellitus
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ences in the mean of continuous variables. The chosen level of
signi®cance was 0.05. Multiple logistic regression technique was
used to assess the relative likelihood of receiving thrombolysis
based on a set of clinical characteristics. Data were analyzed using
the SAS System for Windows [22].

Results

Characteristics of the sample

During the study period, 1976 patients were recruited
from 56 hospitals. Patients were admitted to an average
of 5.6 hospitals per country (range 1±12). Sample size
per country ranged from 84 (Norway) to 451 patients
(Italy; Table 2). Patients were 29.7% female, and the
mean age with (SD) was 65 (12.6). Women were older
than men (Fig. 1): 70% of the female sample was >65
years old, while the same age group made up 42.1% of
the male patient population. The sample di�ered sig-
ni®cantly among countries regarding mean age and
gender distribution (Table 2). The proportion of female
patients ranged from 17.2% (Spain) to 39.6% (United
Kingdom, UK), while the average age ranged from 58.4
years (Turkey) to 70.3 (Norway). Table 3 lists the gen-
eral characteristics of the sample. About 21% of the
population was older than 74 years, 60% of the patients
reached the hospital within 6 h from the onset of chest
pain, and their clinical history included diabetes for 24%
and a previous MI for 23%. Two hundred and thirteen
patients (10.8%) died during hospitalization.

Use of recommended treatments

The overall utilization rate for thrombolytic therapy was
39.5%. The rate varied among countries ranging from
10.7% (Norway) to 81.5% (UK; Table 4 and Fig. 2a).
After adjusting the utilization rate for patient eligibility,
the proportion of treated patients was 63.7% (range
22.0% Norway, to 95.2% UK). The agent most fre-
quently used was streptokinase (n � 514, 65.7%), fol-
lowed by rt-PA (n � 253, 32.6%), anistreplase

(n � 10, 1.3%) and urokinase (n � 3, 0.4%). Strepto-
kinase was the preferred agent in almost all countries,
with the exception of Canada, Italy and Germany. For
the majority of the patients treated with rt-PA the drug
administration followed the ``global utilization of
streptokinase and tPA for occluded coronary arteriesn''
(GUSTO) schedule (84.9% [23]). Primary PTCA was
performed in 107 patients (5.4%), while bypass was
performed in 26 patients (1.3%). The eligibility-adjusted
utilization rate for thrombolysis was 53.0% for women
versus 67.5% for men [odds ratio (OR) 0.542,
P � 0.0001, 95% CI � 0.42±0.70]. When the rate was
adjusted for age, the di�erence was not signi®cant any-
more (OR � 0.76, P � NS, 95% Cl � 0.58±1.0).

The reasons stated by physicians for withholding
recommended treatments were classi®ed according to
the ACC/AHA guidelines reported in Table 1. Out of
the 1195 patients who did not receive thrombolysis, for
426 (35.6%) physicians reported a non-documented
contraindication, while for 20 (1.7%) the reason was
unknown (Table 5). Among the documented contrain-
dications, delay from onset of symptoms to admission
was the most frequent justi®cation, followed by lack of
ECG criteria.

The overall rate of utilization of aspirin during the
®rst 24 h was 82.6%, with a range among countries from
37.9% (Yugoslavia) to 96.5% (UK; Table 4). This rate
reached 88% when it was adjusted by eligibility. The
only country with an obvious di�erence in the utilization

Table 2 Distribution of the
sample and demographic char-
acteristics by country

Country/state Number of Number of Average age Gender
centers patients (SD, years) (% female)

Canada (Ontario) 4 128 67.5 (13.0) 38.1%
Czech Republic 12 385 67.0 (11.8) 36.4%
Germany 6 105 63.3 (14.4) 35.2%
Italy 11 451 65.1 (13.2) 24.6%
Norway 1 84 70.3 (10.8) 39.3%
Spain 6 274 64.5 (13.0) 17.2%
The Netherlands 4 106 62.9 (12.8) 28.9%
Turkey 5 136 58.4 (10.9) 25.7%
United Kingdom 2 146 65.4 (11.3) 39.6%
Yugoslavia 5 161 63.9 (11.1) 29.8%

Total 56 1976 65.1 (12.6) 29.7%

Chi-square for gender among countries = 51.68, df = 9, P = 0.001.
ANOVA for age among countries, F = 8.27, P = 0.0001

Fig. 1 Distribution of the sample by gender and age (proportion
within each gender)
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of aspirin was Yugoslavia (Fig. 2b), while the rates for
all the other countries were around 80% or above. For
the majority of patients who did not receive aspirin
during the ®rst 24 h, physicians reported non-docu-
mented contraindications (60.9%, 204/335). History of
bleeding peptic ulcer was the most frequent justi®cation
for not administering aspirin (Table 5).

b-Adrenergic blocking agents (either oral or intrave-
nous) were administered to 783 patients (39.6% overall
rate, 65.9% adjusted rate). In this instance, Norway had
the highest adjusted utilization rate (90.7%) followed by
Italy and Czech Republic (Fig. 2c). The majority of
patients who did not receive b-adrenergic blocking

agents had a contraindication to the drugs (788/1193,
66%, Table 5). Left ventricular failure, bradycardia and
low systolic arterial pressure were the most common
reasons.

Teaching and general hospitals di�ered signi®cantly
in the adjusted prescription rate of aspirin, while the
rates of thrombolysis and b-adrenergic blocking agent
utilization did not reach statistical signi®cance (Table 6).
Patients admitted to a teaching hospital were more likely
to receive a primary invasive procedure [(e.g., PTCA and
bypass) general hospitals 25/992, 2.5%, vs teaching
hospitals 108/979, 11.0%, P � 0.001].

Table 3 General characteristics of the sample. MI myocardial in-
farction

Number of patients (%)
(n = 1976)

Agea (years)
<55 468 (23.7%)
55±64 455 (23.0%)
65±74 633 (32.0%)
>74 409 (20.7%)

Genderb

Male 1384 (70.0%)
Female 586 (29.7%)

Hours from onset of symptomsc

<1 280 (14.2%)
1±3 641 (32.4%)
3±6 296 (15.0%)
6±12 218 (11.0%)
12±24 221 (11.2%)
>24 229 (11.6%)

Infarct location
Inferior 850 (43.0%)

Killip scaled

I 1283 (64.9%)
II 350 (17.7%)
III 123 (6.2%)
IV 61 (3.1%)

Previous MI e

Yes 455 (23.0%)
No 1517 (76.8%)

Diabetesf

Yes 475 (24.0%)
No 1497 (75.8%)

Events during hospitalization
Reinfarctiong 82 (4.5%)
Post-Ml anginah 258 (13.1%)
In-hospital mortality ratei 213 (10.8%)

a 11 missing values (0.6%) f 4 missing values (0.2%)
b 6 missing values (0.4%) g 166 missing values (8.4%)
c 91 missing values (4.6%) h 166 missing values (8.4%)
d 159 missing values (8.0%) i 11 missing values (0.6%)
e 4 missing values (0.2%)

Table 4 Utilization rates of re-
commended treatments during
the ®rst 24 h of hospitalization.
ACE angiotensin converting
enzyme

Treatment Overall Range among Adjusted Range among
utilization rate countries utilization rate countries

Thrombolylic agents 39.5% (781) 10.7%±81.5% 63.7% 22.0%±95.2%
Aspirin 82.6% (1632) 37.9%±96.5% 88.0% 40.4%±99.3%
b-Adrenergic blocking agents 39.6% (783) 21.9%±70.3% 65.9% 39.0%±90.7%
ACE inhibitors 26.6% (526) 11.0%±40.6% ± ±

Fig. 2 Utilization rates (overall and adjusted) of recommended
treatments by country. CN Canada, CZ Czech Republic, GE
Germany, IT Italy, NL Netherlands, NO Norway, SP Spain, TU
Turkey, UK United Kingdom, YU Yugoslavia
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ACE inhibitors were administered to 524 patients
(26.5%). With regard to infarct location, 32.7% (215/
658) of patients with anterior infarction received an
ACE inhibitor, versus 23.7% (309/1306) of patients with
any other infarct location (P � 0.001).

Factors associated with thrombolysis utilization

In the multivariate analysis (Table 7), older age, delay
from onset of symptoms, prior myocardial infarction,
and Killip scale, all emerged as independent variables
correlated with the non-utilization of thrombolytic

therapy in potentially eligible patients. In particular, the
odds of receiving thrombolytic therapy for a patient
older than 74 years were 0.18 times the odds of an in-
dividual younger than 55. Patients presenting between 1
to 6 h from onset of symptoms were 44% less likely to
receive the treatment compared with patients arriving
during the ``golden hour''. This likelihood decreased by
78% when the delay was greater than 6 h. Patients with
a history of previous infarction were 41% less likely to
receive thrombolysis versus individuals without MI in
their history.

Discussion

The main objective of this study was to describe the
utilization patterns for AMI management in a sample of
hospitals in diverse settings of care. Utilization studies
on this matter often analyze prescribing patterns in a
single institution [24] or in a limited number of hospitals
[16]. The peculiarity of this study was to have available
data collected with a standard procedure in a sample of
hospitals in ten countries, utilizing clinical pharmacists
as monitors.

Table 5 Reasons for not ad-
ministering recommended ther-
apiesa. PTCA percutaneous
transluminal coronary angio-
plasty

Reason Number of patients not
receiving the therapy

Proportion

Thrombolysis n = 1195
Documented contraindications 749 62.7%
Time to admission >12 h or unknown 491
Primary PTCA or bypass 133
No initial ECG criteria 96
Absolute medical contraindications 35
Cautions ± relative medical contraindications 81

Non-documented contraindications 426 35.6%
Unknown reasons 20 1.7%
Aspirin n = 335
Documented contraindications 113 33.7%
Absolute contraindications 32

Hypersensitivity 22
Active gastrointestinal bleeding 10

Cautions ± relative contraindications
History of bleeding ulcer 81

Non-documented contraindications 204 60.9%
Unknown reasons 18 5.4%
b-Adrenergic blocking agents n = 1193
Documented contraindications 788 66.0%
Moderate or severe left ventricular failure 265
Heart rate less than 60 bpm 190
Systolic arterial pressure less than 100 mmHg 174
Severe chronic obstructive pulmonary disease or asthma 146
AV conduction abnormalities 94
Insulin-dependent diabetes mellitus 68
Signs of peripheral hypoperfusion 47
Severe peripheral vascular disease 86

Non-documented contraindication 374 31.4%
Unknown reason 31 2.6%

a Patients who did not receive each of the three recommended therapies are divided into three groups:
``documented contraindication'', ``non-documented contraindication'' and ``unknown reason''. Within
the documented contraindications a patient may be counted more than once if he/she has more than
one contraindication. Thus, the subtotals of the documented contraindications may be higher than the
number of patients because of multiple answers

Table 6 Adjusted utilization rates of recommended treatments by
hospital type. NS not signi®cant

Treatment Adjusted utilization rates P-value

Teaching hospitals General hospitals

Thrombolytics 378/604 (62.6%) 403/623 (64.7%) NS
Aspirin 797/927 (86%) 835/927 (90.1%) 0.007
b-Adrenergic
blocking agents

430/640 (67.2%) 353/548 (64.4%) NS
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Despite wide recognition that several treatments are
life-saving if administered in patients with AMI, a large
proportion still do not receive them in clinical practice.
Even after adjusting the utilization rate by patient eli-
gibility, there is still a fraction of eligible patients who do
not receive thrombolysis (36.3%), aspirin (12%) and b-
adrenergic blocking agents (34.1%). Regarding aspirin
and b-adrenergic blocking agents, the proportion of
patients is very similar to the ®ndings of a recent US
study [14]. However, several other studies found lower
utilization rates for aspirin [25, 26]. The adjusted rate for
thrombolysis is very close to the most recent European-
based study [13], higher if compared with a nationwide
French survey [27], while it is low compared with studies
conducted in the US and New Zealand [15, 24].

Older age (>74 years) and a later arrival at the
hospital (6±12 h) continue to be the greatest risk factors
for not receiving thrombolysis, despite the very consis-
tent ®ndings of major trials and of meta-analysis that the
bene®t of treatment in these subpopulations is very well
established [28, 29]. Regarding age, encouraging trends
in the use of thrombolytics in older patients were re-
ported in a study conducted in Massachussets [30].
However, despite these encouraging trends, elderly pa-
tients are still signi®cantly less likely to receive
thrombolytic therapy.

The early debates on the optimal time window for
obtaining a patent artery and the adoption of the nar-
rower time limit in some major trials may have in¯u-
enced the attitudes of clinicians, already inclined to be
more interested and aggressive in younger and more
acute patients. The low transferability of the controlled
evidence for this important and at risk fraction of the
AMI population is a major iatrogenic and avoidable
variable for the outcome of AMI patients. A similar
(though less impressive) observation applies (with no
obvious explanation at hand) to other at risk groups

such as patients with previous MI and those with signs of
ventricular dysfunction (Killip >1). Regarding delay,
since decision time (e.g., the time that the patient spends
in deciding to seek help) is 50-fold higher in patients
presenting after 12 h versus patients presenting at the
hospital within 2 h [31], patient education covering the
most evident signs and symptoms of an AMI might re-
duce this delay and improve treatments and, conse-
quently, the outcome. As far as the age bias is concerned,
women are particularly disadvantaged due to older age
at presentation, as con®rmed in previous studies [32].

Variability in prescribing habits among care settings
was another important result of the present study. While
there was no signi®cant di�erence in the administration
rate of thrombolysis and b-adrenergic blocking agents
between teaching and general hospitals, a simple treat-
ment like aspirin was administered more frequently to
patients admitted to general hospitals, while invasive
procedures were performed more frequently in patients
admitted to teaching hospitals. While there is no con-
clusive explanation for the di�erence found for aspirin,
the higher performance of revascularization procedures
in teaching hospitals is to be expected, since it requires
facilities and specialist personnel that might not be
present in general hospitals.

The unbalanced samples from di�erent countries do
not allow an in-depth discussion of the di�erences in
AMI management among countries. However, some
macroscopic behavior may be highlighted and proposed
as hypothesis testing in further studies. For example,
huge di�erences in the prescription of recommended
treatments may be an indicator of the in¯uence of cul-
tural and organizational issues on the transferability of
trials' results. Many patients admitted to Yugoslavian
hospitals did not receive thrombolytic treatment because
of lack of availability of the drugs, rather than because
of any other plausible contraindication to the treatment,

Table 7 Multiple logistic re-
gression model for predicting
the use of thrombolysis in pa-
tients potentially eligible. MI
myocardial infarction

Explanatory variable Parameter
estimate

Standard
error

P Odds ratio 95% Con®dence
interval

Intercept 2.3172 0.2578 0.0001
Age (years)
<55 1
55±64 )0.2320 0.2037 NS 0.79 0.53±1.18
65±74 )0.5640 0.1903 0.0030 0.57 0.39±0.83
>74 )1.7026 0.2248 0.0001 0.18 0.12±0.28

Gender
Male 1
Female )0.2460 0.1585 NS 0.78 0.57±1.07

Delay from symptoms
£1 h 1
1±6 h )0.6212 0.1965 0.0016 0.54 0.37±0.79
>6 h )1.5359 0.2370 0.0001 0.22 0.14±0.34

Previous MI
No 1
Yes )0.6752 0.1633 0.0001 0.51 0.37±0.70

Killip )0.2244 0.0928 0.0156 0.80 0.67±0.96

Number of observations = 1112; v2 test for covariates: 194.471, df = 8 (P = 0.0001). Association of
predicted probabilities and observed responses: concordant = 72.6%; discordant = 24.6%;
tied = 2.8%; and Somer's D = 0.481
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and this fact explains the low utilization rate for
thrombolysis. On the other hand, the low aspirin usage
in Yugoslavia is probably due to a lack of routine
practice. In the same way, the high utilization rate of
thrombolytics in Italy may be easily correlated to the
long tradition of research in the AMI ®eld, with RCTs
involving a high proportion of Italian hospitals [1, 4, 33].
Among all the countries, Norway and the UK present
very unique utilization patterns. However, due to the
low number of centers participating in the study from
these countries, any hypothesis or assumption on these
results may be misleading.

The results of the present study can only be consid-
ered in light of the limitations associated with the study
design. First, the representativeness of the sample is
questionable. We collected data from hospitals in ten
countries, but the wide variability in sample size among
countries as well as the small number of centers and
patients recruited for certain countries do not allow us to
claim that the samples are representative of the pre-
scribing situation in each country. This might be as-
serted for countries like Italy, with a centralized
government-based health care system, for which a large
population is available, with a typical mix of urban and
rural settings and of teaching and non-teaching hospi-
tals. The same argument is hard to support for countries
like Norway or UK, for which we collected data from
just one and two hospitals, respectively. Thus, the gen-
eralization of the results to the whole situation and
pattern of practice of these countries is arguable.

A common issue that characterizes multicenter stud-
ies is the completeness of the data. The present study
was designed with a coordinator in each country, in
order to be able to strictly control for missing data.
Despite the di�culties in communication among phar-
macists and coordinators from di�erent countries, the
missing data in the ®nal sample are very limited com-
pared with previous studies involving clinical pharma-
cists as monitors [19], and they concern speci®c clinical
information that are not routinely collected by clinicians
in some hospitals. On the other hand, when the infor-
mation was missing for many patients (e.g., the left
ventricular ejection fraction, originally included in the
data form to assess the appropriateness of use of ACE
inhibitors), the variables in question were not included
in the analysis. In light of all these considerations, the
peculiarity of the study was to allow a standard data
collection on current practice patterns in several coun-
tries though the network of hospital pharmacists be-
longing to very diverse settings and situations of care.

In conclusions, the current study has shown that
several proven e�cacious therapies for AMI are un-
derutilized in a sample of European and North-Ameri-
can hospitals. Analysis of practice patterns is a very
important step in the clinical quality improvement pro-
cess. This kind of activity will facilitate the involvement
of hospital pharmacists in the clinical management of
the patients in those countries in which this task is not a
routine part of pharmacists' activities.

Appendix: S.I.F.O./E.S.C.P. Study Group
on Acute Myocardial Infarction Management
S.I.F.O. = Societa' Italiana di farmacia Ospedaliera
E.S.C.P. = European Society of Clinical Pharmacy

Country Coordinators

Antonio Addis (Toronto, Canada); JirÏ i VlcÏ ek (Fakultni Nemoc-
nice, Hradec KraloveÂ , Czech Republic); Roland Radziwill (Fulda,
Germany); Marilena Romero (S. Maria Imbaro, Italy); Isabel
Castro Istanbul (Barcelona, Spain); Fikret V. Izzettin (Istanbul,
Turkey); Ruzica Velickovic (Beograd, Yugoslavia)

Participating clinical centers

Canada (Ontario)

Suzanne Wighardt (Humber River Regional Hospital, Downs-
view), Jin Huh, Brenda Kisic, Glen Pearson (The Toronto Hospi-
tal, Toronto), Patricia Mosnia (Wellesley Hospital, Toronto), Paul
Oh (Sunny Brook Health Science Centre, Toronto)

Czech Republic

Karel Macek, JirÏ õÂ Zajic (Fakultni Nemocnice, Hradec KraloveÂ );
JirÏ õÂ Vitovec (St Ann, Bmo); Blanka VicÏ kovaÂ (University Hospi-
tal, Ostrava); Rostislav PolaÂ sÏ ek, Miroslav Starec, (Hospital
Praha, Praha), Ludvik Beran (Novy Bydzov Hospital, Novy
Bydzov), Sona ZajõÂ cÏ kovaÂ , (JicÏ õÂ n Hospital, JicÏ õÂ n), Zdenka SÏ terbaÂ -
kovaÂ (HavlõÂ cÏ kuv Brod, Brod), Milan Provaznik (PolõÂ cÏ ka Hospital,
PolõÂ cÏ ka), Irena VranaÂ (Hospital Most, Most), Otto HoraÂ k, Petr
VojtisÏ ek (Pardubice Hospital, Pardubice), Jana KrejcÏ ovaÂ (Pra-
chatice Hospital, Prachatice), Josef Drazka, Frantisek Kulic
(Masarykova Nemocnice, UstõÂ N. Labem)

Germany

Annette Freidank, Gerhard Schreiner (Staedtisches Klinikum,
Fulda); Angela Hendricks (Krankenhaus Siegburg, Siegburg); Sa-
bine Konder, (Sankt Marien Hospital Buer, Gelsenkirchen);
Thanke Mehrtens (Henriettenstiftung Hannover, Hannover);
Ruedinger Kilian, Michaela Klenk, Thomas Mandel (Staedtiches
Krankenhaus, Heilbronn), Cornelia Eberhardt (Krankenhaus
Moabit, Berlin)

Italy

Antonio Orsini (Ospedale Val Vibrata, S Omero), Laura Zeuli
(Ospedale A. Cardarelli, Napoli), Alba Plescia (Ospedale Infermi,
Rimini), Mario Greco, Lucia Terranova, (Ospedale S. Andrea, La
Spezia), Domenica Di Benedetto, Silvia Meriggi (Ospedale S. Pa-
olo, Milano), Adriano Giglioni, (Ospedale Civilie, Macerata),
Marisa Dell' Aera, Michele Lattarulo (Ospedale Policlinico, Bari),
Benito Rambaldi (Ospedale S. Chiara, Trento), Roberta Rampazzo
(Ospedale P. Cosma, Camposampiero), Rosa Moscogiuri (Ospe-
dale SS. Annunziata, Taranto), Giacomo Levantesi (Ospedale Ci-
vile, Vasto)

Norway

Biorg Ek, Marianne Vestereng (Oestfold Central Hospital, Fred-
rikstad)
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Spain

Xavier Bosch, Nuria Corominas, Marta Sitges (Hospital Clinic,
Barcelona); Patricia Bravo, Montse Cols, Laura Tuneu (Hospital
Santa Cruz y San Pau, Barcelona); Maria Sagales, Pablo Velasco
(Fundacio Hospital Asil de Granollers, Granollers); Ana Iruin,
Idoia Mitxelena, Maite Sarobe (Hospital de Navarra, Pamplona);
Jordi Almirall, Teresa Gurrera (Consorci Sanitari Mataro, Mata-
ro); Juan Jose' Tortajada (Hospital Dr. Peset, Valencia)

The Netherlands

Frans M.P. Lindelauf, Laura Wansink, (St. Jansdal Hospital,
Harderwyk); Rob J.De Jong, Mathieu M. Tjoeng, (Ziekenhuis
Eemland Amersfoort, Amersfoort); Niels F. Muller, M. Van
Rossem (Rodekruis Ziekenhuis, The Hague); Martin Schuiten-
maker (Ziekenhuis de Heel, Zaandam).

Turkey

Nukhet Ozdinc Mesut Sancar, (Marmara University Hospital, Is-
tanbul), Okan Yillar, Sibel Ozyazgan, (Istanbul University Hos-
pital Cerrahpasa, Istanbul), Sundus Ibis, (Turkiye Yuksek Ihtisas
Hospital, Ankara), Mahmut Ozdemir, Yasemin Aktan, (Osman-
gazi University, Eskisehir), Nadi Arslan, Abdulmelik Yileiz. Ilgin
Karaca, (Firat University Hospital, Elazig)

United Kingdom

Steve McGlynn (Glasgow Royal In®rmary, Glasgow), Susan
Fielding (Derbyshire Royal In®rmary, Derby)

Yugoslavia

Stanko Radulovic, Ruzica Velickovic, Mihajlo Zdravkovic (KBC
Zverzdara, Beograd), Biljana Cicric, Vesela Radonijic, (Military
Medical Academy, Beograd), Slobodan Jankovic (KBC Kraguj-
evac, Kragujevac), Sasa Kanjevic, Rada Protic, (Bolnica Valjevo,
Valjevo), Branka Terzic, Lila Vuckovic (KBC Srbije Urgent Cen-
ter, Beograd)
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