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Objective: To study the impact on outcomes of direct admission versus emergency room (ER) admission in
patients with ST-segment elevation myocardial infarction (STEMI)

Design: Nationwide observational registry of STEMI patients

Setting: 369 intensive care units in France.

Interventions: Patients were categorised on the basis of the initial management pathway (direct transfer to
the coronary care unit or catheterisation laboratory versus transfer via the ER).

Main outcome measures: Delays between symptom onset, admission and reperfusion therapy. Mortality
at five days and one year.

Results: Of 1204 patients enrolled, 66.9% were admitted direct and 33.1% via the ER. Bypassing the ER
was associated with more frequent use of reperfusion (61.7% v 53.1%; p = 0.001) and shorter delays
between symptom onset and admission (244 (interquartile range 158) v 292 (172) min; p < 0.001),
thrombolysis (204 (150) v 258 (240) min; p < 0.01), hospital thrombolysis (228 (156) v 256 (227) min,
p = 0.22), and primary percutaneous coronary intervention (294 (246) v 402 (312) min; p < 0.005).
Five day mortality rates were lower in patients who bypassed the ER (4.9% v 8.6%; p = 0.01), regardless
of the use and type of reperfusion therapy. After adjusting for the simplified Thrombolysis in Myocardial
Infarction (TIMI) risk score, admission via the ER was an independent predictor of five day mortality (odds
ratio 1.67, 95% confidence interval 1.01 to 2.75).

Conclusions: In this observational analysis, bypassing the ER was associated with more frequent and
earlier use of reperfusion therapy, and with an apparent survival benefit compared with admission via the

ER.

elevation myocardial infarction (STEMI) is centred on

the fastest possible implementation of reperfusion
therapy. Many patients with symptoms of STEMI are
identified in a prehospital setting—at their home, workplace
or in public areas—by emergency physicians or paramedics.
These patients are usually initially brought to the emergency
room (ER) before being admitted to a coronary care unit
(CCU). However, for patients who contact the medical system
upstream of the hospital and are diagnosed with STEMI
before arriving at the hospital, it is possible to bypass the ER
and admit them directly to the CCU or even directly to a
catheterisation laboratory, if available.

In France, most patients with STEMI who present out-of-
hospital are managed by mobile intensive care units staffed
by paramedics and a physician. The patient, their relatives or
friends, a physician or a paramedic may call a centralised
phone system for medical emergencies, which will usually
dispatch a mobile intensive care unit to the patient. The staff
in the mobile intensive care unit can then assess the patient,
record an ECG, start initial treatment immediately (which
may include prehospital thrombolysis) on site, and then
transfer the patient to hospital. Once the decision regarding
hospital transfer has been made, however, the patient may be
dispatched by the mobile intensive care unit to the hospital
ER or transferred direct to the CCU or even to the
catheterisation laboratory, thereby bypassing the ER. The
decision to direct the patient to the CCU or the ER rests on
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mobile intensive care unit physicians and may vary according
to local practice, CCU availability or patient characteristics.
There have been few studies on patient profiles, impact on
delays, implementation of reperfusion therapy and clinical
outcomes related to these decisions.'” Therefore we analysed
data from a large French contemporary nationwide cohort of
patients with STEMI to compare patients admitted directly to
a CCU (or to a catheterisation laboratory), bypassing the ER,
with those admitted via the ER.

METHODS

Population

The population and methods of the USIC 2000 registry have
been described in detail elsewhere.' Briefly, the objective of
the study was to gather complete and representative data on
the management and outcome of patients admitted to
intensive care units for definite acute myocardial infarction
over a one month period in France, regardless of the type of
institution to which the patients were admitted (that is,
university hospitals, public hospitals or private clinics). Of the
443 centres that treated patients with acute myocardial
infarction nationwide at that time, 369 (83%) participated in

Abbreviations: ASSENT-3 PLUS, Assessment of the Safety and Efficacy
of a New Thrombolytic-3 Plus; CABG, coronary artery bypass grafting;
CCU, coronary care unit; Cl, confidence interval; ER, emergency room;
HR, hazard ratio; OR, odds ratio; PCl, percutaneous coronary
intervention; STEMI, ST-segment elevation myocardial infarction; TIMI,
Thrombolysis In Myocardial Infarction
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the study. One physician responsible for the study was recruited
in each centre; they completed a case record form for each
patient meeting the inclusion criteria and admitted to the
intensive care unit during the recruitment period. The
physicians in charge of the patients took care of them according
to their usual practice and independently from the study. The
methods for this prospective registry are similar to those of a
previous survey carried out in France five years earlier,*”
although more data were collected in the current registry.

Patient selection

All consecutive patients admitted to the participating centres
from 1-30 November 2000 were included in the registry if
they had elevated serum markers of myocardial necrosis
higher than twice the upper limit of normal for creatine
kinase, creatine kinase-MB or troponins, and symptoms
compatible with acute myocardial infarction for 30 min and/
or electrocardiographic changes on at least two contiguous
leads with pathological Q waves (= 0.04 s) and/or persisting
ST elevation or depression > 0.1 mV, or a presumed new left
bundle branch block on the first ECG recorded. ECGs were
interpreted by local investigators at each site. The time from
symptom onset to admission to the intensive care unit had to
be < 48 h for the patient to be included in the registry. The
present analysis, however, focuses on patients with a
confirmed diagnosis of STEMI who were admitted within
12 h of the onset of symptoms. Patients who were transferred
from another hospital were excluded. Patients gave informed
consent for participation in the survey and for follow-up.
Specific instructions were given to participating physicians
not to exclude patients in a critical condition or dying and to
gather consent from the patient or their family at a later time.

Data collection and definitions

Cardiovascular history, current medications at the time of
admission, risk factors, in-hospital clinical course (including
maximal Killip class) and initial diagnostic and therapeutic
management were recorded for each patient. Prehospital
thrombolysis was defined as initiating thrombolytic treat-
ment before admission to hospital. For this analysis, direct
admission was defined as admission to either the CCU or the
catheterisation laboratory. Admission via the ER implies that
patients were initially transported to the ER, regardless of the
duration of their stay in the ER and of whether they were
subsequently transported to the CCU or to another depart-
ment. Time to admission was defined as time between
symptom onset and actual arrival in the CCU or catheterisa-
tion laboratory (not time to registration in the hospital
database), as recorded per patient’s chart or investigator
notes. The time of thrombolysis was defined as the time of
starting the infusion or bolus injection of the drug. The time
of primary percutaneous coronary intervention (PCI) was the
time of arterial puncture.

A subsequent analysis focused on patients who received
reperfusion therapy at any time during the first 12 h after
symptom onset. Reperfusion therapy was defined as pre-
hospital or hospital thrombolysis or primary PCIL

Statistical analysis

All continuous variables are given as mean (SD). All
categorical variables are described using absolute and relative
frequency distributions. Comparisons between groups were
made with one-way analysis of variance (ANOVA), with
unpaired t tests for continuous variables and ¥’ tests for
discrete variables. Multivariable stepwise logistic regression
analysis was used to assess the independent predictive value
of baseline parameters (age, sex, previous medical history,
risk factors, Killip class, infarct location and delays) on five
day mortality. Cox multivariable regression analysis was used
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for assessing predictors of one year mortality. Odds ratios
(ORs) and hazard ratios (HRs) are reported with 95%
confidence intervals (CIs) and p values. For both multi-
variable analyses, variables with a value of p < 0.15 on
univariable analyses were included in the models. Additional
multivariable regression analyses were performed, adjusting
for the simplified TIMI (Thrombolysis In Myocardial
Infarction) risk score for STEMIL.® Survival curves were
generated with the Kaplan-Meier method and compared
through the use of log-rank tests. For all tests, a value of
p < 0.05 was considered significant.

RESULTS

Patient characteristics

Overall, 1922 patients were admitted to the CCU within 48 h
of symptom onset, of which 1204 fulfilled the criteria for this
analysis (confirmed diagnosis of STEMI and admission
within 24 h of symptom onset). Of these 1204 patients,
66.9% were admitted direct to the CCU or catheterisation
laboratory whereas 33.1% were taken to the ER before
admission to the CCU. Patients admitted via the ER tended to
have slightly more severe baseline characteristics than those
who bypassed the ER, and a higher average Killip class upon
admission and with higher TIMI risk scores (table 1).

Delays and in-hospital management

Direct transfer to the CCU was associated with a shorter delay
between symptom onset and admission to the CCU or
catheterisation laboratory (244 (interquartile range 158)
compared to 292 (172) min; p < 0.001) (table 2). The use
of any reperfusion therapy was higher among patients
admitted direct to the CCU (61.7% v 53.1%; p = 0.001)
due to a higher rate of use of prehospital thrombolysis and
primary PCI than in patients admitted via the ER (fig 1). The
in-hospital management of patients was similar between the
two groups (table 1), except for a higher early use of
glycoprotein IIb/Illa inhibitors and statins in patients
admitted direct to the CCU. There was more frequent use of
coronary angiography in patients admitted direct, as well as
more frequent use of PCI, but this was related to the more
frequent use of primary PCI. After the first 24 h the use of
PCI was similar in both groups. Slightly more patients
underwent coronary artery bypass grafting (CABG) among
those who were admitted via the ER compared with those
admitted direct.

Ovutcomes

At five days, all-cause mortality was 4.9% in patients admitted
direct to the CCU compared with 8.6% (p = 0.01) in those
admitted via the ER. By multivariable analysis (tables 3 and 4,
fig 2), admission via the ER was an independent correlate of five
day mortality when adjusting for the simplified TIMI risk score
(OR 1.67, 95% CI 1.01 to 2.75) (fig 2). Subset analyses found
that the benefit of bypassing the ER on adjusted five day
mortality was consistent across sex, and was observed regard-
less of whether or not the patients had been treated in mobile
intensive care units (fig 2). There was a non-significant trend
for a greater benefit of bypassing the ER in those patients with
delays to therapy > 3 h as opposed to < 3 h after symptom
onset.

One year follow-up data were obtained in 91% of patients
(99% had one month follow-up available and 94% had six
month follow-up available). One year all-cause mortality was
lower in patients admitted direct to the CCU compared with
those admitted via the ER (11.5% v 15.6%; p < 0.05) (fig 3A),
although, after multivariable analysis adjusting for the
simplified TIMI risk score, admission via the ER was not an
independent predictor of one year mortality (table 4).
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Table 1  Patient baseline characteristics and in-hospital management of the total cohort of
patients admitted within 12 h of onset of symptoms (n=1204)
Direct admission to
ccu Admission via ER
Characteristic n=_806 (66.9%) n=398 (33.1%) p Value
Age (years)* 64.1 (14) 64.6 (15) 0.56
Agel=700years 309 (38.3%) 175 (44.0%) 0.06
Sex (female) 194 (24.1%) 120 (30.2%) 0.025
Hypertension 350 (43.4%) 180 (45.2) 0.55
Diabetes 155(19.2%) 78 (19.6%) 0.88
Hypercholesterolaemia 327 (41.3%) 159 (40.3%) 0.72
Current smoker 301 (37.4%) 131 (33.2%) 0.15
History of myocardial infarction 115 (14.3%) 65 (16.3%) 0.34
History of congestive heart failure 35 (4.3%) 19 (4.8%) 0.72
History of stroke 30 (3.7%) 21 (5.3%) 0.20
History of CABG 25 (3.1%) 14 (3.5%) 0.70
Previous PCI 63 (7.9%) 32 (8.0%) 0.91
Peripheral artery disease 58 (7.2%) 34 (8.6%) 0.41
Renal insufficiency 27 (3.4%) 21 (5.3%) 0.10
Anterior infarct 292 (36.3%) 162 (40.8%) 0.13
Killip class at admission 0.01
Missing 3 0
| 659 (82.1%) 305 (76.6%)
l-i 124 (15.4%) 88 (22.1%)
1\ 20 (2.5%) 5(1.3%)
TIMI risk score*
All patients 3.1 (2.3) 3.5(2.6) 0.03
Excluding patients with prehospital lysis 3.3 (2.4) 3.5 (2.6) 0.11
Medical treatment 48 h after admission
Oral antiplatelet agents 772 (95.8%) 377 (94.7%) 0.41
Glycoprotein llb/llla inhibitors 194 (24.1%) 55 (15.5%) 0.001
B blockers 608 (75.4%) 288 (72.4%) 0.25
ACE inhibitors 323 (40.1%) 157 (39.4%) 0.83
Intravenous inotropes 42 (5.2%) 26 (6.5%) 0.35
Statins 405 (50.2%) 163 (41.0%) 0.002
In-hospital use of angiography/revascularisation
Coronary angiography 686 (85.1%) 301 (75.6%) <0.001
PCl at any time during hospital stay (including 554 (69.9%) 212 (55.6%) <0.001
primary PCI)
PCl (after first 24 h) 182 (23.0%) 107 (28.1%) 0.06
CABG 15 (1.9%) 15 (3.8%) <0.05
Data are number (%) unless otherwise indicated.
“Data presented as mean (SE).
ACE, angiotensin-converting enzyme; CABG, coronary artery bypass grafting; CAD, coronary arfery disease;
CCU, coronary care unit; ER, emergency room; PCl, percutaneous coronary intervention; TIMI, Thrombolysis in
Myocardial Infarction.

Analysis of patients who received reperfusion therapy
In order to summarise the main results, delays and mortality
are displayed in fig 3 for each of the subsets. Among the
whole cohort, 787 (65.4%) patients received reperfusion
therapy. Admission always occurred earlier in the group
transported direct to the CCU compared with those admitted
via the ER; direct transfer to the CCU was also associated
with consistently shorter delays between symptom onset and
the start of thrombolysis (although the difference was not
significant when patients receiving pre-hospital thrombolysis
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Figure 1 Use of reperfusion therapy according to admission pathway.

CCU, coronary care unit; PCl, percutaneous coronary intervention.
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were excluded) or the start of primary PCI (table 2). To
exclude the possibility that the differences between groups
were solely driven by a more frequent use of pre-hospital
thrombolysis in the group which bypassed the ER, we
reanalysed the data after excluding these 153 patients.

Table 2 Delays from symptom onset to admission and
from symptom onset to reperfusion therapy
Direct
admission  Admission
to CCU (%) via ER (%) p Value
Delay from symptom onset to
admission (min)
Al patients 244 (158) 292 (172) <0.001
Patients receiving reperfusion 215(127) 250 (146) 0.002
therapy
Patients with reperfusion therapy 245 (164) 292 (172)  0.001
(prehospital thrombolysis excluded)
Delay from symptom onset to
reperfusion therapy (min)
Symptom onset to start of 204 (150) 258 (240) <0.01
thrombolysis
Symptom onset to thrombolysis 228 (156) 256 (227) 0.22
(prehospital thrombolysis excluded)
Symptom onset to start of PCI 294 (246) 402 (312) <0.01
CCU, coronary care unit; ER, emergency room; PCl, percutaneous
coronary infervention.
Data shown as median (interquartile range).
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Odds ratio (95% CI)

1.45 (0.82 to 2.57)

Treatment in MICU
No treatment in MICU

] 1.73 (0.86 to 3.48)

u 1.75 (0.91 to 3.34)

Admission within 3h of symptom onset —H—————

1.46 (0.74 10 2.87)

1.05 (0.43 to 2.25)

Admission>3h u 1.93 (1.14 10 3.28)
3
Total 1.60 (1.23 t0 2.08)
Lower risk Higher risk
0 1 2 3 4

Figure 2 Indffendent predictors of five day mortality for patients admitted via the emergency room compared to those admitted direct, for the whole

population an

After five days, total mortality was lower in patients who
bypassed the ER (3.8% v 8.5%; p = 0.007), even after exclusion
of patients who received pre-hospital thrombolysis. The survival
benefit was consistent regardless of whether reperfusion was
attempted by primary PCI or intravenous thrombolysis. For
patients who were treated by primary PCI, in-hospital mortality
was 3.1% v 9.0% (p = 0.02, OR 3.07, 95% CI 1.04 to 9.03) for
patients bypassing the ER versus being admitted via the ER,
respectively. Likewise, for patients treated with thrombolysis, in
hospital mortality was 4.6% v 8.1% (p = 0.12, OR 1.85, 95% CI
0.8 to 4.32) for patients bypassing the ER versus being admitted
via the ER, respectively.

One year follow-up data were obtained in 92% of patients
initially treated with reperfusion therapy. At one year,
cumulative all-cause crude and risk-adjusted mortality
showed a consistent but not significant trend in favour of
patients bypassing the ER.

In order to summarise the main results, delays and
mortality are displayed for each of the subsets in fig 3.

DISCUSSION

For patients with STEMI, direct transportation to the CCU or
the catheterisation laboratory, as opposed to admission via
the ER, was strongly associated with more frequent use of
reperfusion therapy, shorter delays to admission and shorter
delays to implementation of reperfusion therapy. All of these
factors are expected to be associated with improved clinical
outcomes in STEMI and are therefore likely to account for at
least a large fraction of the improved short-term and one year
survival seen in patients bypassing the ER. While, in theory, a
well organised ER system may achieve as high a rate of
reperfusion in as rapid a fashion and be associated with as
low a mortality as that achieved by bypassing the ER, large-
scale longitudinal analyses concur in showing that subopti-
mal delays to reperfusion therapy and missed opportunities
for reperfusion persist.”® Bypassing the ER provides a

across selected subgroups, adjusting for the simplified TIMI risk score. MICU, mobile intensive care units.

practical and simple method for reducing delays to therapy
and improving reperfusion therapy rates.

Another important finding of this analysis is that bypass-
ing the ER was associated with apparent improved survival at
five days and possibly at one year. One year mortality was
low in all groups compared with recent unselected cohorts,’
possibly because of the relatively high rate of use of PCI in
this group. This disparity was not explained by differences in
baseline characteristics, which were remarkably similar and
indeed persisted after multivariable adjustment for differ-
ences in baseline characteristics.

In the subset of patients who underwent reperfusion
therapy, bypassing the ER was still an independent correlate
of improved five day survival and was associated with a trend
for benefit up to a year, suggesting that shorter delays to
therapy are indeed key to this benefit. In fact, previous data
support the concept that prehospital identification and triage
of patients with STEMI is associated with shorter treatment
delays,” ? especially if the patients can be triaged directly to
centres equipped for PCI.’

This observation has important implications for the
organisation of prehospital care of patients with STEMI. It
suggests that systems should be implemented that allow for
direct communication between prehospital caregivers and
CCUs or catheterisation laboratories, leading to early triage of
patients with STEMI to these sites, bypassing the ER. It is
likely that electrocardiographic teletransmission systems are
one key element in this scheme.' "

These observations were made in France, a country in
which emergency physicians are usually present in the
mobile intensive care unit in the prehospital setting.
However, they have relevance to other settings. Experience
in prehospital thrombolysis has demonstrated that properly
trained primary care physicians and paramedics are able to
identify patients with STEMI and to deliver prehospital
thrombolysis safely, effectively and in a timely fashion.">* In
fact, international comparisons in the ASSENT-3 PLUS

Table 3  All-cause mortality ot day 5 with adjusted odds ratios

Direct admission

Admission via ER

TIMI risk-adjusted

(pre-hospital lysis excluded) (n=634)

Five day mortality to CCU (%) (%) p Value odds ratio 95% Cl p Value
All patients (n=1201) 4.9 8.6 0.01 1.67 1.01 to 2.75 0.04
Patients receiving reperfusion therapy (n=787) 3.8 8.5 0.007 2.47 1.2510 4.86  0.009
Patients receiving reperfusion therapy 4.5 8.7 0.03 2.15 1.09 to 4.16 0.03

CCU, coronary care unit; Cl, confidence inferval; ER, emergency room; TIMI, Thrombolysis In Myocardial Infarction.

www.heartjnl.com
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Table 4 All-cause mortality at one year, with adjusted hazard ratios

(pre-hospital lysis excluded) (n=634)

Direct Admission via ER TIMI risk-adjusted
One year mortdlity to CCU (%) (%) p Value hazard ratio 95% Cl p Value
All patients (n=1201) 11.5 15.6 <0.05 1.25 0.90t0 1.72 0.18
Patients receiving reperfusion (n=787) 8.2 12.2 0.07 1.52 0.96 to 2.43 0.076
Patients receiving reperfusion therapy 9.5 12.3 0.27 1.36 0.86 t0 2.16 0.19

CCU, coronary care unit; Cl, confidence inferval; ER, emergency room; TIMI, Thrombolysis In Myocardial Infarction.

(Assessment of the Safety and Efficacy of a New
Thrombolytic-3 Plus) trial of prehospital thrombolysis
demonstrated that countries participating in the trial in
which physicians were involved in the prehospital care
performed no better than countries in which the identifica-
tion of patients and the administration of prehospital
thrombolysis was carried out by paramedics.” Therefore,
diagnosis of STEMI and triage or implementation of
reperfusion therapy can be done effectively and safely'® in
the prehospital setting by properly trained paramedics,'” do
not specifically require physicians, and are feasible in a wide
variety of settings.” ' In fact, in the present setting, the
survival benefit of bypassing the ER was consistently
observed regardless of whether or not the patient had
actually been cared for by a mobile intensive care unit.

The magnitude of the survival advantage of direct
admission is very large, suggesting that the benefit derived
from more frequent and earlier implementation of reperfu-
sion therapy may be larger than that derived from many
sophisticated mechanical and pharmacological interventions
currently tested in the management of patients with STEMI.
These observations are consistent with previous reports that
use of emergency medical services is associated with greater
and significantly faster receipt of reperfusion therapies, and
was linked to a similar range of reduction in hospital
mortality.” ** This finding emphasises the need to focus
attention on organisational aspects of prehospital and early
hospital care in these patients. In this respect, continuous
measurement of reperfusion rates and time delays (delays to
admission and implementation of reperfusion therapy) are
probably the most important indicators of quality of care.” **
Structured programmes should be available to guide medical
and paramedical personnel, both prehospital and in the ER,
in determining where to take patients with suspected STEMI
and how to “fast-track’”” them towards reperfusion therapy,
as recommended in the European Society of Cardiology and

450
400
350
300
250
200
150
100

50

0.22 <0.01

Min

Delay from Sx onset to
reperfusion Rx

Delay from Sx onset to
admission

%

American College of Cardiology/American Heart Association
guidelines for the management of STEMIL.> **

Limitations of this analysis

There are several limitations to this analysis. Although 83% of
the French CCUs participated in this survey, participation
was voluntary and we cannot exclude the possibility that our
sample was biased towards centres with superior perfor-
mance. We also are not able to provide information regarding
patients transferred direct to the CCU with suspected STEMI
but in whom this diagnosis was later disproved. In addition,
our ability to adjust for the impact of measured and
unmeasured confounders on survival is limited. Because this
is not a randomised study, it is possible that part of the
survival advantage in favour of the group admitted direct to
the CCU may be related to selection bias or confounding,
such as an intrinsically lower risk at baseline (indeed, TIMI
risk scores were slightly higher in the group admitted via the
ER), prehospital evaluation and treatment initiation or
unmeasured differences in hospital management in favour
of patients bypassing the ER. Likewise, triage decisions may
have been influenced by co-morbidities or unmeasured
characteristics. In addition, there are other factors which
may impact on outcomes and could not be controlled for in
this analysis, such as time of day, type of destination hospital,
or type of healthcare environment (such as rural versus
urban). However, the mere fact that bypassing the ER was
associated with shorter delays to implementation of reperfu-
sion therapy could be regarded as sufficient for recommend-
ing it. The sample size is relatively limited and represents a
one month survey. Finally, we are not able to assign specific
causes to the early and late deaths, nor can we provide
information regarding infarct size or left ventricular function;
therefore the exact mechanisms of the survival benefit of
direct admission remains hypothetical, although there is a
host of data to demonstrate that earlier implementation of

188
0.05 0.07 0.27
12~
0.01 0.007 0.03
9
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Figure 3 (A) Delays between symptom onset and admission or start of reperfusion therapy. (B) Five day and one year mortality. ER, emergency room;
PCl, percutaneous coronary infervention; PHT, pre-hospital thrombolysis; Rx, therapy; Sx, symptom.
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thrombolysis or primary PCI? is associated with reduced
mortality, and that prehospital thrombolysis is very effective
in reducing mortality, particularly when patients are treated
very early (for example, within the first 2 h) after symptom
onset.”

Conclusions

In this registry, management of STEMI by bypassing the ER and
allowing for direct admission to the CCU or the catheterisation
laboratory was associated with more frequent use and earlier
implementation of reperfusion therapy. Although this observa-
tional analysis has the potential for confounding, bypassing the
ER was associated with an apparent substantial survival benefit
at both five days and one year compared with patients admitted
via the ER. These findings of shorter delays and improved
survival suggest that pathways should be established for
patients with STEMI to bypass the ER.
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