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Pre-hospital thrombolysig: current status

and future prospects

ABSTRACT?The jmpact ©f thrombolytic therapy in
acute myocardj_a]_ infarction has been such that it now
constitutes standard therapy for patients WR© present
to hospital with acute myocardial infarction. In an
attempt to minimise the duration of ischaemia' and
subsequent impairment of contractile function, trials

of pre-hospital thrombolysis have been initiated.
These reveal time gains of up to 60 minutes but con-

vincing evidence of clinical benefit has not yet been
forthcoming. This review examines the rationale for

very early thrombolysis, in the context of the ynderly-
ing pathophysiological mechanisms. It examines the
impact ©f recent small scale studies on coronary paten-
cy, left ventricular function and infarct size and exam-
ines the potential risks. Large scale studies of pre-hos-
pital thrombolysis =¥= in progress 3nd their findings
will need to be jnterpreted i® comparison ¥ith optimal
'fast-track! ip_hogpita] treatment. The review highlights
the need for co-ordinated policies for acute manage-

ment of myocardial infarction ipyolving primary care,

the emergency medical systems and cardiac units.

Enthusiasm for wide scale administration of throm-

bolytics by general practitioners, without electrocardio-
graphic confirmation of the diagnosis, must be tem-

pered by = clear analysis ©f the potential risks and
benefits. Current evidence does not support such

Widespread clinical application’ outwith the current
evaluation studies. An urgent re-evaluation of hospital

triage of patients with acute myocardial infarction is
merited.

Inopi beneficium bis dat qui dat celeriter.

He gives the poor man twice as much good who gives

quickly.
Publilius Syrus. 1st century BC [1]

Thrombolytic therapy represents the first major
advance in the treatment Of acute myocardial infarc-

tion since the introduction of acute coronary €are a
quarter °f @ century ago. TRe impact ©f thrombolytic
therapy == mortality and morbidity has been such
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that, in the absence of contraindications, it now consti-
tutes standard therapy. If such therapy could be given
before the patient reached pogpital, would this confer
additional benefit, would the potential risks be pre-
dictable and manageable, and would pre-hospital
thrombolysis be feasible on a national scale? This
review assesses recent evidence and the llkely impact

of current studies of pre-hospital thrombolysis. Feas:l'L—
bility ©f pre-hospital thrombolysis wa= established in

Jerusalem in 1985, when a series of patients were given
intravenous streptokinase before their transfer to hos-

pital [2]. This feasibility has been reaffirmed based
upon 2 number of relatively small studies in spe-

cialised centres, and the early phases of major inter-
national trials are now underway‘

Potential benefits of pre-hogpital thrombolysis

The aims of pre-hospital thrombolysis are to minimise
the duration of ischaemia and to limit the complica-

tions of infarction. What is the evidence to Support
this approach? Experimentally, earlier treatment
results in a hlgher rate of recanalisation, earlier reper-
fusion, smaller infarction and less left ventricular dys-
function [3,4]. Clinically, there is evidence to gypport
the same findings and a lower mortality and subse-
quent morbidity [5-11].

However, not all the major placebo-controlled trials
of thrombolysis have come to the same conclusion

[12]. Furthermore, although studies in animals sug-
gested that reperfusion ©f a= occluded coronary
artery after 6 hours would not result in significant

myocardial salvage [13], the ISIS 2 study demonstrated
reduction in mortality in patients treated 12-24 hours

following the omset of gymptoms [10].

These apparent contradictions can be resolved.
First, an abrupt total occlusion in an experimental ani-
mal pytg = volume of pyocardium 2t risk, critically
dependent o= the extent of collateral gypply, Among
species With poorly developed collaterals (eg the pig o=
the gheep) the majority ©f the risk region develops
infarction, and progression to necrosis is rapid. How-
ever, in the presence of well developed collaterals very
little or even no infarction may develop despite similar
coronary artery occlusion (eg in the guinea pig °* well
collateralised canine).

The impact of collateral supply has been clearly
demonstrated in man, even in the absence of throm-
bolysis. Improved mechanical function is seen in
patients with infarction and well developed collaterals
when compared with those without, and these patients

suffer less myocardial damage [14].

312 Journal of the Royal College of Physicians of bondonVol. 25 No. 4 October 1991



Pre-hospital thrombolysis: current status and future prospects

Hypothesis. In patients without gignificant collateral per-

: : b
fusion, the time course of injury resembles the experimental
animal without collaterals. In patients with pre-existent
stenoses and collateral perfusion, a more insidious subacute
coronary artery syndrome exists with intermittent ischaemia
and delayed occlusion. Such patients present later in the nat-
ural higtory, suffer smaller ipfarcts @nd benefit from the

Y

apparently 'late' thrombolysis.

Thus, the disparity between the steep time relation-
ship predicted by animal models and the shallow time

relationship suggested by clinical trials may reflect two
populations ©f patients presenting %ith myocardial
infarction: those with poor collateral supply and an
abrupt occlusion, and those with a range of collateral
supply and intermittent occlusion. The former gyoyp
might Pe expected t° present earlier after coronary
occlusion and with more clear-cut onset of infarction.
In keeping with the animal model, they have most to

gain £rom yery early thrombolysis (within the first
hour). In the latter onset of infarction is more

group,
insidious or intermittent, and as a result of collateral
supply the time window of benefit is extended. Thus,
they may sustain gignificant Penefit from thrombolytic
therapy but this may not reflect a longer duration of
ischaemia per s=- Furthermore, reperfusion after the
first six hours may be associated with an excess early
risk of death (gn the first day) compared with placebo
treatment (ISIS 2 database). Later reperfusion may ©€
associated with accelerated jpjyry to damaged, Put
perhaps viable myocardium, 'reperfusion injury'.

Studies of pre-hospital thrombolysis that include a
majority of patients with chest pain of more than two
hours duration will include some patients with gbrupt
coronary occlusion/poor collaterals, at a time which is
too late to expect t° show benefit. They will also
include some patients with intermittent occlusion/
good collaterals in whom there is little chance of show-
ing benefit Compared with in—hospital treatment,
because time delay is less critical in this group. We pos-
tulate that, £or pre-hospital thrombolysis te Pe effec-
tive, it must not only reduce the total duration of
ischaemia but must reduce the first 60-90 minutes of
ischaemia. Although difficult, a trial Ofvery early treat-
ment (yithin the first hour) is merited.

The major mortality studies of thrombolysis have
tested relatively late therapy and have failed to test
very early treatment. In GISSI 1 the data from the first
hour were derived from a retrospective analysis, and in
ISIS 2 relatively few patients were treated within the
first hour. Indeed, in the comparison ©f streptokinase
(plus aspirin) and placebo there wexe only 36 deaths
within the first hour. This is an insufficient basis to test
very early treatment.

A further issue may Pe relevant. It is scientifically
dangerous te assume that time delay is the only differ-
ence between those presenting 'early’ and 'late'. Such
patients have not randomised themselves with respect
to time and there is evidence to suggest that the 'early'
group have larger infarctions, more severe paj_n and
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more abrupt onset [15], This is the group MOSt at risk
of extensive injury.

There is an gpparent discrepancy Petween the grigj.
nal epidemiological studies [16,17], describing the
relationship Petween time gdelay and yortality risk,
and the findings of the recent 1arge scale thrombolysis
studies. In the former, patients with the shortest delay

to presentation i® hospital had the highest risk, but
the Jarge scale mortality studies have shown little time
relationship to mortality risk e= jncreasing risk with
time delay. Among ©ontrol patients in the GISST giygy,
mortality was 12% for those pregenting within three
hours of the onset of symptoms, but 14.1% thereafter
(up to mine hours). Similarly, TF patients discharged

alive, subsequent mortality showed the same pattern:
lowest among those seen within three hours. Similar

findings were true of the ISAM study, and the ISIS 2
study showed no difference in mortality risk for the
control group for the 0-3 hours versus 3-6 hours pre-
sentations. In the placebo group ©f the ASSET study
there was a trend towards higher mortality in the 0-3
hour group (10.9%) compared with >3 hours (8.65%) .

The differences between the original epidemiologi—
cal studies and the thrombolysis studies may be
explained, in part, by the inclusion of eayrly ipedically
unattended' cardiac deaths in the former studies [17]
and the exclusion of yery garly deaths from the throm-
bolysis studies. Furthermore, certain high risk patients
have been excluded from the thrombolysis studies, for
example those with cardiogenic shock, those f5]]oying
prolonged resuscitation and those that arrive in extrem-
is. Thus, the differences may simply reflect the inclu-
sion criteria for the respective studies.

Trials of pre-hospital thrombolysis

Patient numbers are small in the published trials of

pre-hospital thrombolysis. Only = few studies have

been blinded and placebo-controlled [18-22]. Impor-
tant inter-trial variables comprise: criteria for inclu-

sion; the median delay from the onset of symptoms to

pre-hospital treatment; the thrombolytic agents; and
the medical gystems providing the pre-hospital care.
These studies are too small to demonstrate differences
in mortality. Rather, they have attempted to use surro-

gate end-points such as arterial parency [22-30], left
ventricular function (global ejection fraction and

regional infarct-related wall yovement) [18,21,26,27,
31], or infarct size (QRS scores and cardiac enzyme

release) [19,21,23,26,28].

Coronary patency (Table 1)

In a gtudy from the Netherlands, 59 patients received

0.5 MU of gtreptokinase by infusion pegun at home,
and 37 patients started treatment in hospital, = mean

of 50 minutes later [23]. Both groups proceeded

directly t° coronary angiography following admission
and received intracoronary streptokinase 2nd repeat
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Table 1. angiographic patency of infarct-related ooronary artery

Study Agent used DOT (min) Saving (min) No. treated Infarct-related coronary patency

Castaigne [18] anis, 30IU 131 (med) 49 (med) 57 (v36) 72% on admission
No comparison in-hospital v- pre-hospital
treatment

McNeill [19] rt-PA, 150 4 119 68 27 (v30) 79:6 of 24 :i.n pre-hospital group ! _, X3
64% of 25 in in-hogpital group J

Schofer [21] Uro, 2 mU 85 40 40 (v38) .

I QQQQJQQ"}ILHOS KaJI,SrOUP 1 atdischarge
- m-nospltal’ group

Sauval [24] rt-PA, 100 g 126 55 80 of 30 patients at 48 hours

Picart [25] anis, 30 IU ? 50 42 83% at day 3

Roth [37] rt-PR, 120 g 94 43 74 (v44) 82:6 of 65 in pre-hospital group 2t 72 hours
77% of 43 in in-hogpital group

Bosker [28] SK, 0.5 mU 75 50 59 (v37) 56% on admission/76% after ie. SKin o
hospital group
17% on admission/73% after i.e. SKin
in-hospital group

Kokott [29] rt-pA, 100 mg 102 ? 110 77.4% on admission/90.6% after i.e. rt-PA

Hooghoudt [30] anis, 30 IU 93 62 41 (v21) 79% of pre-hospital group ! .

78% of in-hospital group

All times are means except for Castaigne [18] where times are medians.

anis = gnistreplase; SK= streptokinase; Uro - urokinase
DOT - gelay from onset of gypptomg to treatment.

No. treated - patients receiving pre-hospital thrombolysis.

Figures in parentheses are patients receiving in-hospital thrombolysis used as a comparative group.
Those studies in italics are double-blind placebo-controlled trials.

angiography. Not gurprisingly, the initial angiogram
demonstrated patency of the infarct-related artery in
56% of the patients treated at home and in only 17%
of those beginning treatment in hospital. However, by

the time the intracoronary infusion was complete,
there was no significant difference in patency rates:

76% in the former group, 73% in the latter.

In a study from Germany, = mobile intensive care
unit was employed and rt-PA (alteplase) infusion initi-
ated outside hospital in 110 patients, at a mean of 41
minutes before arrival in the cardiac catheter laborato-
ry [29]. Patency of the infarct-related artery was seen
in 77.4% of patients one hour after the start of the
infusion. After additiomnal intracoronary rt-PA the
patency was 90.6%.

Sauval and colleagues reported 83% patency 48
hours after a pre-hospital infusion of rt-PA (100
mg/1.5 hours) in 80 patients beginning therapy =
mean of 2.1 hours after the onset of symptoms [24] .
An identical patency rate was reported 72 hours after
pre-hospital treatment with APSAC (3nistreplase 3°
iu/5 min) given in 42 patients a mean of 1.5 hours
from the onset of symptoms [25].
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In a trial conducted in Jerysalem, 83% of infarct-

related arteries were patent 6 days after pre_hospital
streptokinase infusion (0.75 MU/30 min), but this was
almost identical to the patency rates in those patients
starting treatment in hospital, albeit 55 minutes later
[26] . Another study from Israel used rt-PA infusion
(120 mg/6 hours) and demonstrated no difference in

72 hour patency between the group of 74 patients

treated outside hogpita]l and the 44 patjents randomly
assigned to treatment in the coronary ©are unit. This

was in gpite Of a gaying of 43 minutes in the delay to
treatment in the pre-hogpital group [27]. Similarly, =<
difference in patency was demonstrated after pre-hos-
pital bolus urokinase, compared With in-hospital treat-
ment, despite 40 minutes time gain [22].

Hooghoudt 2nd colleagues compared patency at
two weeks in 41 patients given anistreplase (APSAC) at
home by ambulance crew, after telephone consulta-

tion with a cardiologist, and 21 patients, recruited
according to the same selection criteria, who were

treated with anistreplase in hospital a mean of 1 hour
later [30], There was no difference in patency: 79% in

the pre-hospital group @nd 78% in the hogpital group.
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Table 2. Assessment of left ventricular ejection fraction

Study Agent used poT Saving No.
Castaigne [18]  anis, 30 IU 131 (med) 49 (med) 57
McNeill [19] rt-PA, 150 g 119 68 27
Schofer [21] Uro, 2 MU 85 40 40
Weiss [26] SK, 0.75 MU 63 55 29
Roth [27] rt-PA, 120 g 94 43 74
Villemant [31] SK, 1.5 MU ? 74 67

Pre-hospital thrombolysis: current status and future prospects

treated Estimate of left ventricular function
EF 56.7% in - i 1
(v36) EF o s pre hOSPltal group on admission n.s.
53.4% 1n ip-hospital group
(v30) EF 41% in pre-hospital group * .
EF 35% in ip-hospital group I
Regional EF 41% in pre-hospital group !
Regional EF 28% in in-hogpital group I
(v38) EF 50% in pre-hospital group ‘
o in s : at d"scharge » =
EF 57% in in-hospital group
(v84) in P QD4 SrouP
» 1n PIE2GPIE] 2t day 6, p<0.005
EF 55% in I-N0§pital group ) Yo e
(v44) EF 45% in 63 of pre-hospital group 29
EF 48% in 41 of in-hospital group ¢
(v53) EF 59% in pre-hospital group f reperfusion < 2 h

EF 48% in hogpital group if reperfusion < 2 h
EF 51% in pre-hospital group if reperfusion > 4 h
EF 49% in hogpital group f reperfusion > 4 h

EF - ejection fraction; SK - streptokinase; Ur© - urokinase; anis - anistreplase.

DOT - delay from onset of Symptoms te treatment.

No. treated - those receiving pre-hospital thrombolysis; med - median.
Figures in parentheses refer to patients receiving thrombolysis in hospital used as comparisons.

Those studies in italics are double-blind placebo-controlled trials.

These trials have demonstrated that time delay to
thrombolytic therapy === be reduced Ly about 40 min-
utes by pre-hospital treatment. Although significant
differences in early patency have been revealed by the
time gain, caution must be employed in the interpreta-
tion of the patency endpoint. Such an endpoint did
not serve to predict the results of the major large scale
mortality studies of thrombolytic agents. For example,
the TIMI 1 study revealed clear advantages for rt-PA

over gtreptokinase With respect to 90 minute coronary
but these differences have not been sub-

patency [32],
stantiated in the ]arge scale comparisons ©f the two

agents With regpect te mortality [10, 111.

Left ventricularfynction (Table 2)

Weiss demonstrated a significant improvement in glob-
al left ventricular function, as measured by angiogra—
phy six days after admission, in 29 patients given pre-
hospital streptokinase (0.75 MU) compared With the
who received treatment on arrival in hospital

group
(n -

(mean of 63 minutes after the onset of gymptoms)
84). The pre-hospital group received very early treat-
ment and achieved a time gain of 55 minutes [26].
The differences in ventricular function were particu—
larly marked in patients with anterior gyocardial
infarction.

However, other studies have, in general, failed to

confirm improvements in global ejection fractionm,
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whether measured by angiography or radionuclide
methods. A placebo-controlled study from France
employing anistreplase reported = trend (not statisti-
cally significant) ©owards greater admission ejection
fractions in 57 pre-hospital treated patients (56.7%)
compared With 43 patients who received a placebo
injection at home (53.4%) [18]. gimilarly, = placebo-
controlled trial of urokinase from Germany showed no
difference in global ejection fraction ox regional wall

movement at discharge [21].
Roth and colleagues showed no difference in global

ejection fraction on admission or on discharge as mea-
sured by radionuclide ventriculography. However, the
pre-hospital group w== relatively late after the onset of
symptoms. The 74 patients in whom treatment was
started at home had a time delay of 94 minutes com-
pared with in—hospital treatment at a mean of 137 min-
utes [27].

& double-blind placebo-controlled study £rom
Belfast using rt-PA (150 mg) failed to show significant
differences in global ejection fraction a mean of 10.7
days after gdmission, when measured by contrast ven-
triculography o= radionuclide yentriculography. The
study involved 24 patients treated at home compared
with 26 patients in hospital. However, pre-hospital
treatment was also relatively late in this study (mean
119 minutes from the onset of symptoms with a time
gain of 68 minutes over in-hogpital treatment) [19].
Nevertheless, this gtydy demonstrated = gignificant
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improvement in infarct-related regional wall move-
ment 10-14 days after infarction in those patients who
received pre-hospital thrombolysis.

In a gtydy from France, 1.5 MU gtreptokinase was
infused by anaesthetists in emergency ambulances,
and global 2n<d regional ejection fraction wexe
improved, Put only in those patients where reperfu-
sion was evident within two hours from the onset of

symptoms [31]. Thus, measurements of global ejection
fraction have not revealed consistent differences as a

result of pre_hospital treatment, despite the time gain
of 40-60 minutes in these studies. However, a trend is

apparent Cconsistent with the earlier hypothesis. Very

early treatment (median 1 hour after the onset of

symptoms) [19,26,31] does gappear t° show benefit as a
result of the time gain of 40-60 minutes. It must be
emphasised that these are relatively small studies and
similar sized studies in the early development of
thrombolytic therapy did not even show consistent
benefit of thrombolytic treatment over placebo.

In the interpretation of left ventricular function
studies, additional potentially confounding factors
must be considered. These include the compensatory
enhancement of contractility in non-infarct-related
regions resulting from maintenance of global left ven-
tricular function ([33]. Furthermore, patients with
severe left ventricular dysfunction may survive as a
result of pre—hospital treatment whereas they may have
died if treatment had been delayed until hOSpital
admission. Such patients would tend to obscure the
benefits of pre—hospital treatment.

Infarct size (Table 3)

In the gtydy from Weiss and colleagues 1P Jerusalem,
hourly creatine phosphokinase (cK) levels were mea-
sured and significantly lower peak CK levels were seen
in patientg @llocated to pre-hospital treatment. Upon
P P Y b
subgroup analysis, significant differences were restrict-
ed to patients with inferior myocardial infarction [26].
There were no significant differences in peak CK with
pre—hospital treatment in the urokinase study from
Germany [21], o= the gtudy by Roth and colleagues
[27] . However, Bosker and colleagues did show a Sig’
nificantly lower level of 72-hour hydroxybutyrate dehy-

drogenase (by 32%) 1im patients with anterior pyocar-
dial infarction and pre—hospital treatment [23,28].

Similarly, both weiss [26] and McNeill [19] showed
significant reductions in infarct size when assessed by =
QRS scoring system, either at six dayg ox at 10-14 days,

In summary, based upon cardiac enzyme release,
some but not all of the relatively small studies have

revealed that early pre-hospital treatment results in
reduced infarct size.

Feasibility ©f pre-hospital thrombolysis

The studies performed thus far have provided ample
evidence that pre-hospital thrombolysis is feasible in

urban and also in rural communities [34].
probably

Either bolus jpjection or infusion of the thrombolytic

drug has been administered by cardiologists [20],

physicians [26], anaesthetists [27], general practition-

ers [35] or paramedical a@mbulance pergonnel [36

37].

Thus, the pilot studies have demonstrated that pre-
hospital treatment is feasible and congistently achieved
approximately 40-60 minutes of time gain Compared
with + 1 to start treatment in | reducin

waiting hospital. By g
the delay to treatment, more patients may become ©li-
gible for thrombolytic therapy [38].

1t should be remembered, however, that most of the

published studies have compared pre-hospital t¥e3t-

ment with coronary ©are unit treatment. There are fre-

quently long delays between admission to hogpital 2Rd
the start of thrombolytic therapy [39]. It s important
to recognise that previous in-hospital regimens cannot

be regarded = optimal in-hospital treatment. A new
standard of in_hospital treatment is required with

rapid identification and thrombolytic administration
by = single team (the 'Fast Track' system) [40].

Potential adverse effects of pre—hospital thrombolytic
therapy

Serious adverse effects, within the first hour, are

uncommon . As with in-hospital thrombolytic adminis-
tration, the principal adverse effects are transient
hypotension 2nd symptomatic bradycardia. Ventricular
arrhythmias including ventricular fibrillation are seen
more commonly during the first hour of myocardial
infarction, and the major mortality studies demonstrat-
ed that thrombolytic treatment reduced the frequency
of major cardiovascular complications including ©ar-
diogenic shock [10].

Arrhythmias 274 cardiorespiratory arrest

Roth and ¢olleagues reported = significant difference

in the incidence of complications during transporta-
tion, with or without pre—hospital treatment. Ventricu-

lar fibrillation occurred in 2.7% with pre—hospital
treatment Compared with 4.5% without; ventricular
tachycardia in 2.7% compared with 2.3%; and prady-
cardia in 4% Compared with 4 .5% [27].

Castaigne reported ©»< out-of-hospital 9¢2th among
57 patients given intravenous anistreplase Pefore trans-
fer, and one death in the placebo-control group.
There were five hypotensive episodes during trams-
portation of the treatment group and two such
episodes among controls [18].

McNeill reported three episodes of ventricular fibril-
lation during infusion of rt-PA prior to admission to the
coronary care unit and ome gpigode during placebo
infusion. Ventricular fibrillation was no more common

during rt-PA treatment than seen in an earlier study of
acute myocardial infarction without thrombolysis [19].
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Table 3. Assessment of size of myocardial infarction

Study Agent used DOT Saving No. treated Assessment of infarct size
McNeill [19] rt-PA, 150 mg 119 68 27 (v30) QRS score < 3 in 15 of 25 pre—hospital group }
QRS score < 3 in 8 of 27 in_hogpital group <
Schofer [21] Uro, 2 mU 85 40 40 (v38) Peak CK 726 IU in pre-hospital group e
Peak CK 748 IU in in-hospital group J
Weiss [26] SK, 0.75 MU 63 55 29 (v84) Peak CK 900 TU/QRS score 4.1 in pre_hogpital group ?
Peak CK 1298 TU/QRS seore 6.4 in in hogpital group P<
Roth [27] rt-P, 120 g 94 43 74 (v44) Peak CK 1346/AUC CK 7109 in pre_hogpital group ! s
. n's"
Peak CK 1228/AUC CK 6864 in jn_hogpital group J
Bosker [28] SK, 0.5 MU 75 50 59 (v37) HBD reduced hy 32% in patients with anterior

myocardial infarction

SK= gstreptokinase; U*°

- urokinase; CK= creatine phogphokinase.

HBD - pydroxybutyrate dehydrogenase; AUC - area under CK curve.
DOT - delay from enset of gymptoms to treatment (all times are means) .

No. treated - those receiving pre-hospital thrombolytic agents.

Figures in parentheses refer to patients receiving thrombolysis in hospital used as a comparative group,

Those studies in italics are double-blind placebo-controlled trials.

Hypotension and bleeding

Hypotension appears t° P€ reported me=e frequently
among patients treated with gtreptokinase o= anistre-
plase but this has not been associated with excess mox-
tality. Bleeding during transfer to hogpital has not
been yreported = = complication, and stroke following
thrombolysis Das not been evident prior t° hospital
admission in gpy Of the studies [41]. Although wmeom-
mon, the jmpact Of stroke (0.5-1.0% incidence) may
be devastating, and fear of stroke pay restrict pre-hos-

pital thrombolysig in the USA [42].

Incorrect diagnosis

False positive diagnosis during pre-hospital evaluation
occurs, but with a yery low frequency. Castaigne and
colleagues reported six false pogitives out of 155 diag-

noses of acute myocardial infarction inm a pilot study
. , . . i i intensive
involving junior anaesthetists and mobile

care units. In the trial that followed, three patients out
of 100 were randomised to receive anigtreplase ©*
placebo but were later excluded beclause the diagnosis
of acute myocardial infarction was incorrect. The cor-

rect diagnoses were old myocardial infarction, angina

and coronary artery spasm [18]. TWO cases of peri-

carditis and one of aortic dissection were correctly

diagnosed outside hogpital [43]. In the study from
Israel, physicians ©* interns in the mobile intensive

care unit misdiagnosed two of 118 patients with sus-
pected acute myocardial infarction. Alteplase (t-PA)
infusions were gjven t° = patient with pericarditis and
to a patient whose ECG did not meet the study criteria

(271,
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There were, however, =e reported false pogitive
diagnoses among 10 patients treated Ly epergency
care physicians in Berlin [29], in 41 patients treated py
Dutch ambulance personnel in COnjunCtiOn with ECG
transmission to a cardiologist [30], °* gmong 111
patients treated py ambulance nurses ytilising comput -
er analysis of the ECG [37]. It must be stressed that
these findings concerning ™€ accuracy ©f diagnosis
cannot be extrapolated to non-ECG-confirmed diag-
noses, ©r to diagnoses M&de by non-specialist care

teams.
Studies in progress

The Grampian Regional Early Anistreplase Trial
(GREAT) 4involves 30 general practices, with a com-
bined patient population of 140,000 located moxre
than an hour from the nearest admitting cardiac cen-
tre. Entry into the trial requires = clinical diagnosis of
acute myocardial infarction without necessitating ECG
confirmation [44]. This study is likely to confirm a
large time gaving consequent upon pre-hospital treat-
ment and will potentially Pe widely applicable to
rural general practice in Britain. However, the bene-
fit/risk ratio must be defined in terms of morbidity
and portality.

A Dutch study (REPAIR) involved highly trained
paramedic ambulance personnel equipped with com-
puterised ECG recorders and a standardised question_
naire to identify contraindications to thrombolysis [36,
37]. Based ypon the ECG and the completed question-
naire, the computer advises commencement Of treat-

ment or immediate transfer to hospital based upon
pre-defined criteria. This approach, with no direct
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medical involvement, could be readily adapted for use
in a wide yariety ©f settings.

TwO ]arge-scale t¥ials Of pre-hospital therapy =< i7
progress (EMIP and MITI) and will be highly influen-
tial in the future planning of the emergency medical
treatment Of myocardial infarction.

The European Myocardial Infarction Project (EMIP)

This is a large scale (projected 5,000 patients) multi-
centred placebo-controlled double-blind trial involv-
ing intravenous anigtreplase (30 U by IV injection ever
five mlnljltes) L It is suppopted, in part, by the Epropean
Community. Entry criteria require typical cardiac chest
pain of less than six hours duration, and ECG criteria
are not defined. The majority of the participating cen-
tres will employ medically manned mobile coronary
care units. The principal endpoints are one month
and ]ong-term mortality @nd secondary endpoints
include non-fatal jip-hogpital major events, eg recur-
rent myocardial infarction. Individual centres will be
encouraged t° analyse left ventricular function and/or
infarct size. A preliminary report based ypon the data
of recruitment to EMIP (patient numbers n - 2,500)
demonstrated a time saving of approximately 60 min-
utes in the major centres contributing to the study
(France and Northern Ireland) (presentation 2° Euro-
pean Society ©f Cardiology 1990) [45].

Myocardial Infarction Triage @nd Intervention Project
(MITI)

This project involves 19 hogpitals @nd five paramedic
systems operating in the city of Seattle and the sur-
rounding Suburban area of King County » Washing-
ton state. Following == initial 'phage ' feasibility study,
patients wexe entered into the full gtydy which pegan
in November 1988 [46]. This is a randomised, non-
blinded controlled trial of oral agpirin and alteplase
infusion commenced outside hogpital and adminis-
tered by ambulance paramediCS. The diagnosis is
based ypon strict ECG criteria and validated py =
physician at the base station following telephone rane-

mission [47]. The major endpoints =re ejection frac-
tion and infarct gize, measured with radionuclide tech-

niques at three weeks.

The results of the 'phase 1 study indicate that only
107 of 2,472 patients assessed by the paramedics ™=
the criteria for administration of thrombolytic therapy;
23.9% ofall patients admitted and discharged with evi-
dence of acute myocardial infarction met both the
clinical and ECG criteria for treatment by paramedics_
There was = potential time saving ofjust ever one hour
[48].

Conclusions (Table 4)

The feasibility and gignificant time savings ©F pre-hos-
pital thrombolysis have been demonstrated in prelimi-

Table 4. The current status Of pre_hospital thrOmbOlySiS

?  Feasibility established: time savings of 40-60 minutes.

Mortality and functional jmpact: me*t yet proven.

?  pre-hospital therapy should be compared “ith optimal
'Fast Track' ip-hogpital treatment.

? Measures to reduce ip-hospital delay should be imple-
mented (these may result in similar time gavings).

2 Patient education campaigns t° reduce patient delay:

overall, effects are transient and disappointing.

Co-ordinated policies required: family practitioners;

ambulance/paramedic systems; acute admission units

and A/E departments.

? Hypothesis: shortening of ischaemj_lc time isl critical with-
in’ the first 60-90 minutes: = 40 minutes time gaipn may

only have a marginal benefit after 3 hours.

nary studies. Provided that criteria for selection and

treatment Of patients are carefully defined, and the
administering personnel trained and equipped *
resuscitation, then gafety of pre-hospital treatment

appears t© D€ acceptable. The relatively small studies
which have been completed do not reveal a clear ben-

efit in terms ofmortality. There is insufficient evidence
to support the adequacy ©f surrogate endpoints Such
as patency, left ventricular function and infarct size.
However, it must be remembered that the original
studies of thrombolysis also failed to demonstrate
objective measures of benefit in studies of similar size.

The results of the two large-scale studies (EMIp and
MITI) are awaited with interest, and optimal design
for pre-hospital thrombolysis systems ¥ill be influ-
enced by tbeir results. The design of the North Ameri-
can gtudy 1§ met directly applicable *° European <=7~
tres, and the European study (EMIP) i only currently
applicable te centres with a physician-manned moPile
coronary care unit. The GREAT study may provide =@
answer to the role of the general practitioner, particu-
larly in rural communities.

Pre-hospital thrombolysis reopens the debate about
the potential role of mobile coronary °* intensive care

units [49,50]. Thrombolytic therapy enforces a xre-
examination of current ambulance and paramedic
practice. Should the parjent be evaluated, stabilised
and thrombolysis initiated before transfer to hogpital,
or transferred with minimal delay?

The current large-scale studies should not delay the

implementation of all other means of reducing in-hos-
pital delay. Virtually all hospitals in Britain have scope
for substantial improvement. ThRe role of patient edu-
cation in minimising delay remains te be proven Put
this should not prevent future initiatives aimed at min-
imising this important component ©Ff overall delay
[51]. In this review, our hypothesis suggests that the
time savings of 40-60 minutes are potentially ™ost rel-
evant to those with yery early presentation (within
60-90 minutes), = large volume of myocardium at risk,
and the potential for very rapid treatment.

Hospital services need to develop policies £OT acute

Journal of the Royal College of Physicians of london\o\. 25 No. 4 October 1991



Pre-hospital thrombolysis: current status and future prospects

management °f myocardial infarction, including

thrombolysis. ® major emphasis 15 required, with the
aim of minimising delay and the identification of

clear-cut infarction by = 'Fast Track'

system. These

policies must consider gyep access chest paip clinics,

and poggiply direct admission to coronary care units
[52], provided that sufficient staff and beds are avail-
able to cope with 'rule out' infarction. Accident and

emergency specialists must form paypt of the co-ordi-
nated team with regpongibility for early diagnosis ©f
myocardial infarction and initiation of thrombolytic
treatment. Fgtahlishing mortality Penefit in Jarge-scale
studies has only been the first step.
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