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Although prompt delivery of primary PCI is the preferred
strategy to treat patients with acute STEMI, delays in per-
forming PCI are common when patients present to emer-
gency medical services or hospitals without a cath lab. The
delay in reperfusion that results from long transfer to a hos-
pital for primary PCI increases the rates of morbidity and
mortality.

In STREAM, 1892 patients with STEMI (≥ 2 mm ST eleva-
tion in 2 contiguous leads) who presented within 3 hours of
symptom onset and who could not undergo primary PCI
within 1 hour of first medical contact were randomized to 1 of
2 strategies: 1) early fibrinolysis followed by coronary an-
giography in 6 to 24 hours or rescue PCI, if needed, or 2) stan-
dard primary PCI.

Patients from 99 sites in 15 countries were included in this trial.
The primary endpoint was a composite of death from any cause,
shock, congestive heart failure, or reinfarction at 30 days.

In the early fibrinolysis group (n = 944), patients received a
weight-based bolus of tenecteplase along with aspirin,
clopidogrel, and enoxaparin in the ambulance or emergency
room. Rescue intervention was performed if there was < 50%
ST-segment resolution in the single lead of an electrocardio-
gram or clinical evidence of failed reperfusion within 90 min-
utes after bolus. In the primary PCI group (n = 948), patients
received antiplatelet and antithrombin treatment according to
local standards, and underwent standard primary PCI.

After 20% of the planned recruitment into the study, the bolus
dose of tenecteplase was halved in patients aged ≥ 75 years to
reduce the risk of intracranial bleeding.

The median time from symptom onset to the start of
reperfusion therapy was 100 minutes in patients randomized
to the early fibrinolysis group versus 178 minutes in the pri-
mary PCI group (Fig. 1).

The early fibrinolysis strategy circumvented an urgent proce-
dure in 64% of the patients. The median time from random-

ization to angiography was longer in the pharmaco-invasive
arm versus the primary PCI group. In the 36% of the patients
who required rescue or urgent PCI the procedure was per-
formed after a median delay of 2.2 hours following bolus
tenecteplase In the remaining 64% a non-urgent angiography
was performed after a median delay of 17 hours.

Patients assigned to early fibrinolysis were more likely to
have TIMI-3 blood flow compared with the primary PCI
group (58.5% vs 20.7%, respectively) and less likely to have
complete occlusion of an artery (16.0% vs 59.3%, respec-
tively). Coronary artery bypass graft surgery was performed
about twice as often in the early fibrinolysis versus the pri-
mary PCI group (4.7% vs 2.1%, respectively; p = 0.002).

The primary composite endpoint occurred in 12.4% of pa-
tients in the early fibrinolysis versus 14.3% patients in the pri-
mary PCI group (RR, 0.86; 95% CI, 0.68 to 1.09; p = 0.24).
This 95% CI excludes a relative excess of 9% in the early
fibrinolysis group compared with the primary PCI group,
which is within the generally accepted boundaries for non-in-
feriority. The primary endpoint result was consistent across
all prespecified subgroups. There were no significant differ-
ences between groups in cardiac-specific mortality or cardiac
rehospitalization.

The overall intracranial hemorrhage rate was significantly
higher in the early fibrinolysis versus the primary PCI group

Acute Cardiovascular Care:

The STREAM Trial*
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Figure 1: Median Time to Treatment: Early Fibrinolysis Versus Primary PCI. IVRS:
interactive voice response system; PPCI: primary percutaneous coronary interven-
tion; TNK: tenecteplase.
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(0.96% vs 0.21%, respectively; p = 0.04) but was not signifi-
cantly different after the trial protocol was amended to reduce
the dose of tenecteplase in patients aged ≥ 75 years (0.54% vs
0.26%, respectively; p = 0.45).After amendament 3 fatal
strokes were observed in the pharmaco-invasive group vs 4 in
the primary PCI group.

STREAM showed that a strategy involving early fibrinolysis
with bonus tenecteplase and contemporary antithromboic
therapy offers similar efficacy as primary PCI in patients with
STEMI who present within 3 hours of symptom onset and
who could not undergo primary PCI within 1 hour of first
medical contact.. An important implication of STREAM is the
key role of prehospital systems capable of  early diagnosis,
therapy and triage at the first point of care.

The study was published online in the NEJM, March 10, 2013.

Comment by Giuseppe Tarantini, MD, PhD, Padua,

Italy & Bernard J. Gersh, MB, ChB, DPhil, FRCP,

Minnesota, USA
In the 20 years since the GISSI-1 and the ISIS-2 trials of
thrombolytic therapy were published, reperfusion therapy for
ST-elevation myocardial infarction (STEMI) has continu-
ously evolved [1]. Several meta-analyses, including random-
ized trials, have demonstrated that primary percutaneous
coronary angioplasty (PPCI) is superior to in-hospital fibrin-
olysis for the treatment of patients with STEMI, even among
patients admitted to hospitals without interventional facilities,
in which interhospital transfer is necessary [2, 3]. It is gener-
ally well accepted that PPCI is the preferred reperfusion
therapy for all when it can be performed within 90 minutes of
first medical contact by an experienced team. However, many
hospitals lack PCI facilities and few provide around the clock
staffing for these procedures. As compared to PPCI, fibrin-
olytic treatment is a therapy that is immediately available and
requires much less technical effort and equipment although it
does entail the risk of intracranial hemorrhage, lower rates of
TIMI 3 flow and a high rate of re-occlusion.

The major remaining area of controversy relates to how much
delay can be considered acceptable when transferring a pa-
tient for PPCI as opposed to the immediate administration of a
fibrinolytic drug. Crucial to this decision is the overall risk of
the patient and the duration of ischemia at the time of presen-
tation since the window of opportunity [1, 4]. It is has been
documented that the impact of treatment delays is greatest
within the first 2–3 hours of symptoms as opposed to later on
the “flat” part of the curve which relates time of reperfusion
and duration of ischemia to the magnitude of the mortality
reduction and salvage [5]. In this context, it is noteworthy that
when a fibrinolytic agent is administered in pre-hospital set-
ting, it extends the mortality benefit over that achieved with
in-hospital administration [6]. This approach to fibrinolysis
has proven feasible in various countries and is effective in in-
creasing the proportion of patients treated earlier in their
course with resultant improved outcomes [7, 8]. Furthermore,
the combination of fibrinolysis with subsequent early (but not
immediate) routine coronary angiography, the so-called phar-
macoinvasive strategy [9], has been shown to be an effective

strategy and superior to that of lytics alone combined with a
“watchful waiting” approach [10–13], although the risk of
intracranial hemorrhage remains.

In many parts of the world where access to PCI-capable cen-
ters 7 days a week and 24 hours a day is available, the pre-
ferred approach is for ambulances to bypass a non-PCI ca-
pable hospital and directly transport patients to a PPCI facility
[14]. Nonetheless, “one size does not fit all” and the preferred
reperfusion strategy will depend to a large extent on geographi-
cal and logistical constraints such as distance and weather and
regional resources [15].

Two randomized studies, GRACIA-2 [10] and WEST [16], re-
ported comparable efficacy and safety of the pharmacoinvasive
strategy versus primary PCI, but these findings could not be
considered as being conclusive since the total number of pa-
tients randomized in both studies was very low (n = 416) and as
such these trials were underpowered for clinical endpoints.

The Strategic Reperfusion Early after Myocardial Infarction
(STREAM) trial [17] is the first, large, prospective, random-
ized, multicenter, international study (15 countries) compar-
ing pre-hospital fibrinolysis with PPCI in early presenting
patients. A total of 1892 patients with STEMI who had an
onset of symptoms within 3 hours before medical contact and
who could not undergo PPCI within 1 hour were randomly
assigned to receive either PPCI or fibrinolysis (emergency
medical personnel or community hospital after amendment)
and then transported to a PCI-capable hospital. There were no
significant between-group difference in the primary end-
point of death from any cause, shock, congestive heart failure,
or re-infarction up to 30 days although the trend favored the
pharmacoinvasive group, particularly when the analysis was
confined to the majority of patients who were enrolled after an
amendment specifying a lower dose of fibrinolytic in patients
over the age of 75 years.

The authors concluded that pre-hospital fibrinolysis followed
by routine angiography within 6 to 24 hours in stable patients
or immediate “rescue PCI” in the remainder is a reasonable
alternative to PPCI when delayed by more than 1 hour. Al-
though this study was carefully performed, several issues de-
serve clarification so that the reader can better put the results
in perspective.

First, this is a moderate-sized study that has no primary hy-
pothesis in the statistical assumption and thus should be con-
sidered exploratory and limited to STEMI patients receiving
fibrinolytic therapy within 3 hours from symptom onset when
expected PPCI -related delay was longer than 1 hour, which
is, however, the subset of patients supposed to benefit more
than any other from expedite fibrinolysis.

Secondly, more than one third of the patients were enrolled in
France, where the system of primary care for emergencies is
based the Système d’Aide Médicale d’Urgence (SAMU) that
has been one of the first to promote the use of pre-hospital fi-
brinolysis through mobile intensive care units with a physi-
cian on board and systematic urgent PCI. This extensive expe-
rience in terms of patient triage in the setting of prolonged
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chest pain may not be directly applicable to other systems
delivering pre-hospital fibrinolysis [7].

Third, in the selected population of STREAM trial, the overall
rate of intracranial hemorrhage in the fibrinolysis group was
five times that in the primary PCI group (1.0% vs. 0.2%;
p = 0.04). Notably, before thrombolytic dosage amendment
3 of 37 patients (8.1%) 75 years of age or older had intracra-
nial hemorrhage, while in the same age group there were no
cases of intracranial hemorrhage (0 of 97 patients, 0%) and
differences in intracranial hemorrhage were not significant
after dosage amendment (p = 0.45). However, the rate of ma-
jor non-intracranial bleeding was not statistically different be-
tween groups. Moreover, the net adverse cardiovascular events
rate (composite of primary end-point, ischemic stroke, intrac-
ranial and major non intracranial bleeding), was also similar
between groups both before (20.5% fibrinolysis versus 19.6%
PPCI, RR 1.04; 95% CI 0.87–1.24; p = 0.6) and after throm-
bolytic dosage was reduced by amendment in elderly (19.9%
fibrinolysis versus 19.6% PPCI, RR 1.01; 95% CI 0.84–1.22;
p = 0.8). The evidence from STREAM trial seems thus to con-
firm the feasibility of a guidelines-supported pharmacoinva-
sive strategy when timely PPCI cannot be timely albeit at the
price of a non statistically significant increase in bleeding and
non statistically significant reduction in non-bleeding adverse
events.

Fourth, in the PPCI arm of STREAM trial the median delay
from symptom onset to arrival to catheterization laboratory
was considerably short (i. e. 170 min), and the study was not
designed to address the issue whether a pharmacoinvasive
approach would be preferable to PPCI in the case of longer
door-to-balloon delays. Based on the above mentioned statis-
tically non significant trend of the STREAM trial favoring a
pharmacoinvasive approach in terms of the ischemic end-
point, further studies should address whether the pharmaco-
invasive approach would be superior to PPCI in the substan-
tial subset of patients whom in the community experience
much longer PPCI-related delays. Nonetheless we need to be
mindful of the caveats and such trials that are determined by
specific time–related constrains are difficult to perform and
may not see the light of the day. In this context STREAM does
demonstrate the feasibility, efficacy and relative safety of the
pharmacoinvasive strategy.

Fifth, the hypothetical impact of individual risk on preferred
reperfusion strategy is a question that remains unanswered
after STREAM trial. Actually, it has to be considered that pa-
tients enrolled in STREAM trial were at low risk with a 30-
day mortality of 4.4%, for which risk an equivalent early mor-
tality between PPCI of fibrinolysis has been observed by pre-
vious risk-benefit analyses [4]. On the contrary, a well-docu-
mented incremental survival benefit of PPCI over fibrinolysis
has been observed in higher risk STEMI patients for PPCI re-
lated delay longer than 90 minutes [4, 18].

Sixth, 36.3% of patients in the thrombolysis arm required ur-
gent coronary angiography. This observation a substantial
rate of non-responders to fibrinolytic therapy strongly sup-
ports an approach of expedite transfer to a PCI-capable facil-
ity for every patient undergoing fibrinolysis after STEMI.

The latest ESC [19] and ACC/AHA guidelines [20] recom-
mend an early routine coronary angiogram with a view to
revascularization 3–24 h after successful thrombolysis with a
level of recommendation I (Level of Evidence: A) and II
(Level of Evidence: B) respectively. This quite demanding
recommendation is now further supported also by the results
of STREAM trial. The ongoing GRACIA-4 trial will provide
further data comparing the clinical efficacy of primary PCI
with immediate stent implantation and protective bivalirudin
versus a combined strategy of immediate thrombolysis with
tenecteplase, aspirin, clopidogrel, and enoxaparin followed
by cardiac catheterization. Cardiac catheterization and PCI
will be performed immediately if ST segment elevation has
not resolved at 90 min or next morning if reperfusion is suc-
cessful. While we await for additional data, the pivotal ques-
tion relates to the application in a clinical setting the evidence
currently available. The preferred approach remains that of
timely PPCI in a PCI-capable center, but we also have a sub-
stantial body of evidence to support the pharmacoinvasive
strategy as a valuable alternative in many regions of the world
where limitations to timely PPCI due to geographical, weather-
related and resource constraints persist despite the develop-
ment of networks. However, it should be also emphasized that
even within the confines of well-organized networks there re-
mains considerable room for improvement [21, 22]. Accord-
ingly, in Europe “The Stent for Life” Initiative is supporting
implementation of local STEMI treatment guidelines, and
helps identify specific barriers to implementation of guide-
lines and defines actions to make sure that majority of STEMI
patients have access to the optimal reperfusion strategy i.e.
PPCI. In regions with optimal STEMI networks, but with low
density of PCI-capable hospitals, STREAM trial supports the
guidelines-recommended option of a pharmacoinvasive ap-
proach for early presenters, with administration of thrombo-
lytics followed by expedite interhospital transfer.

On the contrary, avoidance of thrombolysis and rapid transfer
to a PCI facility remains advisable for patients presenting
later [23].
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