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Abstract
Objective—To investigate the feasibility of
primary coronary angioplasty as a treat-
ment option in patients with acute myo-
cardial infarction after initial diagnosis in
a local community hospital.
Setting—Referral centre for interven-
tional treatment of coronary artery dis-
ease.
Methods—During a five year period, 520
candidates for primary coronary angi-
oplasty were treated in our institution, 104
after transfer from a community hospital.
The transferred patients and the non-
transferred patients (n = 416) were com-
pared with regard to baseline clinical
characteristics, time interval from symp-
tom onset to treatment, and clinical
outcome at six months.
Results—In this setting, the influence of
transportation on total ischaemic time
was limited, and there was no diVerence in
clinical outcome between the transferred
and the non-transferred patients. Clinical
outcome was mainly dependent on the
indication for transfer.
Conclusions—Safe and expedient trans-
portation may facilitate the more wide-
spread use of primary angioplasty in
patients with acute myocardial infarction.
A large randomised multicentre trial is
needed to compare the relative merits of
intravenous thrombolytic treatment in a
local hospital with primary angioplasty
after transfer in selected high risk patients
with acute myocardial infarction.
(Heart 1997;78:333–336)
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Several randomised trials have recently shown
that primary coronary angioplasty—defined as
angioplasty performed on the infarct related
vessel—during the early hours of acute myocar-
dial infarction, without the use of thrombolytic
agents, oVers certain advantages over
intravenous thrombolytic treatment.1–4 Rapid
and sustained patency of the infarct related
vessel is obtained in most patients, resulting in
a lower mortality and less reinfarction without
exposing them to the bleeding risks associated
with thrombolytic treatment.5 The major limi-
tation of primary angioplasty as first line treat-
ment of acute myocardial infarction is its

restricted availability. Even in Europe and
North America, most hospitals do not have
facilities for coronary angioplasty. For patients
admitted to a hospital without angioplasty
facilities this implies transportation to a hospi-
tal with interventional cardiology services. The
time loss and the risks associated with trans-
portation might negate (part of) the benefits of
primary angioplasty compared to thrombolytic
treatment. To compare intravenous thrombo-
lytic treatment in a local facility with primary
coronary angioplasty after transportation to a
referral centre for interventional treatment of
coronary artery disease, a multicentre ran-
domised trial is currently planned in The
Netherlands. This trial will enrol selected high
risk patients with acute myocardial infarction
with a substantial risk of adverse clinical events.
To investigate the feasibility, safety, and

logistic implications of the emergency trans-
port of these categories of patients we per-
formed a retrospective analysis of all patients
who underwent such a procedure in our
institution. To put the clinical outcome of these
transferred patients into perspective, we made
a comparison with the primary angioplasty
patients admitted directly to our hospital,
although it is clear that the baseline character-
istics of these two groups of patients are diVer-
ent. However, at present more appropriate data
for comparison are not available.

Methods
The Weezenlanden Hospital is a referral centre
for interventional treatment of cardiac diseases.
Four interventional cardiologists perform 1600
coronary angioplasties per year and four
thoracic surgeons perform 1400 cardiac surgi-
cal procedures per year. In our referral area, we
and 14 other hospitals serve a population of 1.4
million. Transportation from most referral
hospitals to our hospital is possible within 40
minutes, as the ambulance services are well
organised and cooperative, and are used to
working in close collaboration with coronary
care units and catheterisation laboratories.
Transportation of patients for elective and
urgent coronary angioplasty procedures for
stable and unstable angina is daily routine.
TraYc congestion is rare in our part of The
Netherlands. During the night and weekend an
interventional cardiologist and catheterisation
staV are on call. There are two catheterisation
laboratories. There is 24 hour surgical back up.
When a telephone call is received from a refer-
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ring physician during the daily programme, it is
always possible to have one of the two rooms
prepared the moment the patient arrives in our
hospital. The transported patients are accom-
panied by well trained paramedics from the
ambulance services. In cases of marked haemo-
dynamic or electrical instability, a physician
from the referring hospital travels with the
patient.

PATIENTS

Between August 1990 and April 1995, 729
patients with symptoms of acute myocardial
infarction and ST segment elevation on at least
two contiguous electrocardiographic leads pre-
sented to or were referred to our institution. Of
the patients who presented directly to our hos-
pital, 87% participated in one of our trials.1 2 4 6

Thrombolytic treatment was given to 205
patients and 520 were candidates for primary
angioplasty. Of these 520 patients, 416 pre-
sented directly to our hospital, and 104 were
initially admitted to another hospital without a
catheterisation laboratory or angioplasty exper-
tise and were transferred by ambulance for
immediate angiography with a view to primary
angioplasty after an initial diagnosis of acute
myocardial infarction had been made at the
local facility. When the decision to transfer was
made, the patient was included in this analysis,
irrespective of whether primary angioplasty
was actually performed. None of the trans-
ported patients participated in one of our
reported trials,1 2 4 6 as the decision to go for
primary angioplasty had already been made
and communicated to the patient as well as to
relatives by the referring physician. Transferred
patients were directed immediately towards the
cardiac catheterisation laboratory to avoid
additional delay resulting from a second
assessment in an emergency room or coronary
care unit.

Indications for transfer
In all the 14 hospitals that transferred these
patients, thrombolysis is the first choice reper-
fusion treatment for acutemyocardial infarction.
Predefined indications for transfer for primary
coronary angioplasty were: contraindications to
thrombolytic treatment, with electrocardio-
graphic evidence of a large myocardial territory
at risk (31%); Killip class 3 or 4 (14%); and
anterior wall infarctions with 2 mV cumulative
ST segment elevation (67%).

MAIN OUTCOME MEASURES

Time of symptom onset, times of hospital
admission, and transfer time, defined as time
between first and second hospital admission,
were recorded. Clinical end points, defined as
previously described,1 and additional revascu-
larisation procedures were assessed at six
months to compare the transferred and the
non-transferred patients.

STATISTICS

Data are expressed as mean (SD). Categorical
data were analysed by Fisher’s exact test or the
÷2 test. Continuous variables were analysed by
the unpaired Student t test. A p value of < 0.05
was considered statistically significant.

Results
INITIAL TREATMENT AND CLINICAL

CHARACTERISTICS

One patient with cardiogenic shock died
during transportation and one patient in the
non-transferred group died in the emergency
room shortly after admission. Coronary angi-
ography was performed in all other patients
(n = 518). Primary angioplasty was performed
in 486 patients (94%) with a procedural
success rate, defined as previously described,4

of 97%. A conservative approach was followed
in 23 patients (4.4%) and nine patients (1.7%)
had emergency coronary artery bypass grafting
without an attempt at angioplasty. Baseline
characteristics of the two patient groups are
shown in table 1. Complications in the
transferred patients during coronary angiogra-
phy and angioplasty occurred in 15 cases
(14.4%). Two patients died during the proce-
dure in cardiogenic shock, despite extensive
resuscitation eVorts. Six patients needed defi-
brillation and one needed a temporary pace-
maker for third degree atrioventricular block.
Major dissections occurred in five patients and
were managed by bail-out stenting (three
patients) or, in the presence of severe triple
vessel disease, by coronary artery bypass graft-
ing (two patients). Two patients had allergic
skin reactions and hypertension probably due
to the contrast agent. In the transferred
patients, hospital mortality was 6.7%, in-
hospital reinfarction occurred in 2.9% of
patients, and additional revascularisation pro-
cedures were performed in 17.3%. Four
patients underwent a second angioplasty
procedure—in two of them because of signs of
reocclusion—and 14 patients had coronary
artery bypass grafting for triple vessel or left
main disease.

TRANSPORTATION AND TIME DELAYS

One patient died during transportation (1%).
This patient was already in profound cardio-
genic shock before being transported. During

Table 2 Time between symptom onset and first balloon
inflation

Hours Non-transferred (%) Transferred (%)

0–2 11 6
2–4 52 52
4–6 22 20
>6 15 22

Table 1 Baseline characteristics and initial treatment

Non-transferred
(n = 416) p

Transferred
(n = 104)

Age (years; mean (SD)) 61 (11) NS 59 (11)
Male (%) 78 NS 77
Previous MI (%) 19 NS 22
Anterior MI (%) 42 < 0.001 67
Killip class 3 or 4 (%) 6 < 0.05 12
CI for thrombolysis (%) 13 < 0.001 31
Multivessel disease (%) 60 NS 59

Initial treatment
Primary angioplasty (%) 93 NS 98
Conservative approach (%) 4 NS 1
Emergency CABG (%) 3 NS 1

MI, myocardial infarction; CI, contraindication; CABG, coronary artery bypass grafting.
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transportation 10 patients (9.6%) were in car-
diogenic shock. All were on inotropic support.
One patient needed mechanical ventilation
before transportation, and one additional
patient was intubated during transport. In
addition to the 14 patients who were in Killip
class 3 or 4 before transportation, two patients
required treatment for hypotension (fluid
expansion and intravenous dobutamine). Ven-
tricular tachycardia occurred in one patient
and was treated with intravenous lignocaine.
Two patients were defibrillated for ventricular
fibrillation during transportation. No other
adverse events occurred during or as a result of
transportation. Travel distances of the trans-
ferred patients were < 25 km in 61%, between
25 and 50 km in 30%, and > 50 km in 9%.The
time from symptom onset to first balloon infla-
tion in the two groups of patients is shown in
table 2. As patient delay7 is the predominant
determinant of time to treatment in patients
treated after six hours, the detailed analysis of
time delays shown in table 3 is restricted to
patients treated within six hours. DiVerences in
baseline characteristics (table 1) may be
responsible for the shorter time from symptom
onset to initial hospital presentation of the
transferred patients (table 3), as sicker patients
tend to call for help earlier after symptom
onset. An additional 28 minutes is gained back
from the time lost during transfer by rapid
in-hospital transfer to the catheterisation labo-
ratory. As a result of these diVerences, the time
delay between first and second hospital admis-
sion is not reflected in the comparable total
ischaemic periods of 196 and 200 minutes in
the two groups of patients, as shown in table 3.

CLINICAL OUTCOME

Clinical outcome at six months is shown in
table 4. The high percentage of patients in the
transferred group with baseline characteristics
known to be associated with a higher risk of
untoward events8–10 results in a somewhat
higher incidence of revascularisation proce-
dures, non-fatal recurrent infarction, and
death, although none of these diVerences
reached statistical significance.

Discussion
Outcome after myocardial infarction can be
improved by prompt reperfusion of the infarct
related coronary artery. Primary coronary
angioplasty and thrombolysis are complemen-
tary methods of reperfusion treatment and
both strategies are still evolving. Angioplasty
equipment and technique (stents?), improved
dosing regimens and new drugs for thromboly-
sis, and improved adjunctive treatment such as
antithrombin and antiplatelet agents for both
types of treatment are ongoing developments
that can be expected to improve outcome
further, and will influence the balance between
these methods of treatment, along with eco-
nomic and logistic issues. Emerging data
support a role for primary coronary angi-
oplasty, where it is available and accessible, but
the extent and limitations of this role require
further clarification.11–18 At this moment the
large majority of patients with an acute
myocardial infarct is admitted to hospitals
without a catheterisation laboratory or angi-
oplasty expertise, even in Europe and North
America. This means that additional transpor-
tation, with inherent risks and time delay, will
be necessary for many patients if a strategy of
primary coronary angioplasty is introduced
into clinical practice.
Several trials are currently being prepared to

compare optimal thrombolytic treatment at a
local hospital, or even prehospital thrombo-
lysis, with primary coronary angioplasty after
transfer to a hospital with interventional cardi-
ology. Although not yet based on evidence from
randomised trials, transfer of selected patients
may be appropriate if the benefits of primary
angioplasty are likely to outweigh the risk of
transportation and the negative impact of the
additional time delay. Patients with contraindi-
cations for thrombolytic treatment and a large
myocardial territory at risk, patients with
extensive anterior wall infarctions, and those
with clear evidence of haemodynamic instabil-
ity during the early hours of infarction may
benefit from this approach. Emergency inter-
hospital transport of patients during the early
hours of acute myocardial infarction has been
described as feasible and safe.[19 20] However,
in these previous reports patients usually had
thrombolytic treatment before transportation
to a tertiary facility for coronary angiography.
Mortality and morbidity during transportation
were low but the additional time delay averaged
more than two hours, resulting in arrival in the
catheterisation laboratory around six hours
after symptom onset. In particular, if myocar-
dial salvage is one of the goals of the therapeu-
tic strategy then the time to reperfusion is cru-
cial. In contrast with these previous reports,19 20

in our setting a large proportion of patients is
treated within the time frame that makes myo-
cardial salvage possible, as 58% of transferred
patients had a first balloon inflation within four
hours and 78% within six hours after symptom
onset. As primary coronary angioplasty results
in a patency rate—defined as TIMI 3 flow4—of
more than 90%, in theory this would be better
than thrombolytic treatment at a local facility,21

in particular if less than one hour is lost in

Table 3 Time delays of patients treated within six hours

Non-transferred
(n = 416)

Transferred
(n = 104)

Symptom onset to hospital admission 129 (69) 91 (60)
Admission local community hospital–admission WZL 70 (27)
Admission WZL–first balloon inflation of primary
coronary angioplasty procedure 67 (28) 39 (31)

Total ischaemia time 196 (74) 200 (62)

All times are in minutes (SD); WZL, hospital De Weezenlanden.

Table 4 Clinical outcome at six months

Non-transferred
(%) (n = 416) p

Transferred
(%) (n = 104)

Re-PTCA 12.5 NS 12.5
CABG 13.7 NS 17.3
Re-MI 2.6 NS 3.8
Death 6.7 NS 8.7

Re-PTCA, repeated percutaneous transluminal coronary angi-
oplasty; CABG, coronary artery bypass grafting; Re-MI, recur-
rent myocardial infarction.
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transfer. This is a strong argument in favour of
a large multicentre study.

LIMITATIONS

It should be recognised that the transferred
patients were selected for this treatment by the
referring physicians on the basis of limited
available information, usually consisting of a
(short) history, the most pertinent findings
from physical examination, and a 12 lead elec-
trocardiogram. Although no patients were
transferred who did not fulfil one of our prede-
fined indications, we do not know how many
patients who fulfilled these criteria were not
transferred, as we have no systematic data con-
cerning all hospital admissions with myocardial
infarction in the referring hospitals. In particu-
lar, we do not know how many patients were
deemed too sick to transfer, although personal
communication from the referring physicians
suggests that this is rare. Although some refer-
ring hospitals have portable intra-aortic bal-
loon pumps, they are used very seldom for this
indication, as the additional delay resulting
from the insertion procedure before transpor-
tation oVsets the advantage of this support
device.

CONCLUSIONS AND CLINICAL IMPLICATIONS

Our data show that, at least in certain circum-
stances, primary coronary angioplasty after
transportation to a referral centre for interven-
tional treatment of cardiac disease can be used
in patients initially admitted to a hospital with-
out angioplasty facilities. The risk of death due
to transportation is low and the eVect on total
ischaemic time (time from symptom onset to
balloon inflation) is small. A large randomised
multicentre trial is needed to compare the rela-
tive merits of intravenous thrombolytic treat-
ment in a local hospital with primary angi-
oplasty after transfer in selected high risk
patients with acute myocardial infarction.
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