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ABSTRACT
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In 101 patients with ST-elevation myocardial infarction treated with streptokinase the
additional effects of lmw-heparin (dalteparin) were investigated. The prognostic value of troponin-T
(TnT) was elucidated and the development of myocardial damage was investigated with Positron
Emission Tomography (PET).
      Dalteparin tended to provide a higher rate of TIMI grade 3 flow in the infarct-related artery at
24 h compared to placebo. In patients with signs of early reperfusion there was a higher rate of
TIMI grade 3 flow in the dalteparin group compared to placebo. There were significantly fewer
patients with ischemic episodes at 6-24 h in the dalteparin compared to placebo group.
     The increase in coagulation activity was attenuated in the dalteparin group. There was a
tendency to more ischemic episodes and lower frequency of TIMI grade 3 flow in patients with
persistent elevation of coagulation activity at 18 h. Among deceased patients the coagulation
activity was significantly higher than in survivors.
     The association between elevated TnT on admission and long-term mortality might be explained
by longer delay, episodes of chest pain during the last 24 h, less non-invasive signs of reperfusion at
90 minutes, and lower patency in the infarct-related artery at 24 h.
    Eight patients were investigated with PET at 3h, 24 h and after 3 weeks. PET outlines the infarct
region with reduced perfusion and metabolism. The oxidative metabolism in the infarct region at 3
h correlated with the water-Perfusable Tissue Fraction (PTF) and its improvement over time.

     Dalteparin seems to improve maintenance of coronary patency, which can be explained by
attenuation of the increased coagulation activity. Elevated TnT level on admission is associated
with a worse outcome, which can partly be explained by less successful fibrinolytic treatment. PET
investigations might to be a useful method in future trials evaluating new agents in the treatment of
acute myocardial infarction.
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Was it worth it?
Yes it’s worth living for
Was it worth it?
Yes it’s worth giving more

Tennant/Lowe, PSB
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    Ischemic heart disease is the leading
cause of death worldwide (1). However,
over the last decades treatment has
improved dramatically. One major step
forward in the routine treatment of acute
ST-elevation myocardial infarction was the
introduction of intravenous fibrinolysis (2,
3). The best results have been obtained in
patients with restoration of coronary blood
flow in the infarct-related artery within the
first hours after onset of symptoms (4, 5).
Patients without reocclusion and with a
maintained complete blood flow in the
infarct-related artery have the most
favourable effect of fibrinolytic treatment
(6-8). After reperfusion with fibrinolytic
drugs, there is a risk of reocclusion of
about 5-10 % in hospital (4) and another
10-20 % during the subsequent 2-3 months
(9, 10). It is also known that treatment with
fibrinolytic drugs activates the coagulation
system (11-14) which might be one reason
for the risk of early reocclusion.

In patients with ST-elevation
myocardial infarction determination of the

levels of biochemical markers are not
needed to guide treatment or to support the
diagnosis. However, the biochemical
marker troponin T (TnT) is a very sensitive
marker of myocardial damage. Elevation of
TnT on admission has been found useful as
a prognostic factor in acute ST-elevation
myocardial infarction (15-17). The
underlying mechanisms for the association
between an elevated TnT level on admission
and mortality are however, not fully
understood.

 After acute myocardial infarction there
is a variable recovery of myocardial
perfusion, metabolism and function, which
is difficult to monitor in the clinical
setting. With Positron Emission
Tomography (PET), detailed serial
investigations of myocardial perfusion,
microcirculation and oxidative metabolism
have become possible. An increased
understanding of the determinants of the
development of myocardial damage in the
infarcted myocardium might thereby be
obtained.

Introduction
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Pathogenesis of acute myocardial
infarction

 Almost all myocardial infarctions
result from coronary atherosclerosis,
generally with superimposed coronary
thrombosis. During the natural evolution of
atherosclerotic plaques an abrupt and
catastrophic transition may occur,
characterised by plaque rupture. There
seems to be three major determinants of a
plaque’s vulnerability to rupture; the size
and consistency of the lipid rich
atheromatous core, the thickness of the
fibrous cap covering the core and the
ongoing inflammation and repair process
within the fibrous cap (18). After plaque
rupture there is exposure of substances that
promote platelet activation and
aggregation, thrombin generation and,
ultimately, thrombus formation (19-22).
Plaque rupture is considered to be the
common pathophysiological substrate of
the acute coronary syndrome (21). A
dynamic process ensues plaque rupture, at
times evolving to a completely occlusive
thrombus, typically producing ST segment
elevation on the electrocardiogram (ECG).
If the thrombosis is less obstructive, not
totally occlusive, ST-depression and/or T
wave inversion on the ECG is commonly
seen (23, 24). Patients presenting with

typical chest pain and ST-elevation are
candidates for urgent reperfusion
treatment.

Treatment of ST-elevation
myocardial infarction

A steady decline in the mortality rate
from acute myocardial infarction has been
observed across several population groups
during the past 30-40 years (25, 26). In the
pre-coronary care unit (CCU) era the 30-
day mortality was estimated to be 30 % in
patients with acute myocardial infarction.
Implementation of the CCU concept with
defibrillation, advanced monitoring, and
beta blockade 20-30 years ago reduced the
mortality to around 15 %. A further
reduction in mortality was ushered in by
the reperfusion era during the last 15 years.
By combinations of fibrinolysis, primary
PTCA, and aspirin the 30-day mortality rate
has landed at 6-8 % in recent clinical trials
(3, 27-30). However, further improvement
regarding early restoration of
microcirculation, maintained patency in the
infarct-related artery and avoidance of late
reocclusion are warranted.

Reperfusion treatment
The primary goal of fibrinolytic therapy

is rapid, complete and sustained restoration

Background
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of the infarct-related artery blood flow to
prevent myocardial cell death, reduce
infarct size, preserve organ function and
reduce early and late mortality. In a meta-
analysis  of nine placebo controlled trials
with more than 1000 patients in each,
encompassing a total of 58,600 patients, it
was concluded that for each hour of delay
in administering fibrinolysis therapy 1.6
additional lives were lost for every 1000
patient treated (31). Since 1987, when the
Thrombolysis in Myocardial Infarction
(TIMI) trial was published the TIMI grade
flow classification to estimate the blood
flow in the infarct-related artery is used
worldwide (32) (Table 1). Based on the
angiography substudy of the GUSTO-I trial,
comparing streptokinase and alteplase as
fibrinolytic agents in ST-elevation
myocardial infraction, 90 minutes patency
in the infarct-related artery correlated with
a mortality reduction. Thus patients with
TIMI grade 0-1 flow at 90 min had a 30-
day mortality of 8.9 % whereas patients
with TIMI grade 3 flow had a 30-day

mortality of 4.4 % regardless of
fibrinolytic treatment (3).

In the GUSTO-I trial there was a 10 %
survival benefit with alteplase vs
streptokinase (5). In two other large-scale
trials, GISSI-2 and ISIS-3, there were,
however, no significant differences in the
effects of streptokinase and alteplase in 35-
day mortality (33, 34). Those studies have
though later been criticised for not using
intravenous unfractionated heparin (UFH)
in the alteplase groups (35). However, the
choice of fibrinolytic regimen seemed to
be less important for the overall probability
of stroke-free survival, as the fibrin
specific regimens (e.g. alteplase) that
provided more rapid reperfusion raised the
risk of cerebral haemorrhage (36).
Streptokinase still remains the most
common fibrinolytic agent globally. At the
time when our study was planned
streptokinase was the dominating
fibrinolytic drug and primary PTCA was not
an alternative as reperfusion treatment in
Sweden.

Table 1, The TIMI grade flow classification to estimate the blood flow in the infarct-related artery, from the

Thrombolysis in Myocardial Infarction trial (32)

0 no perfusion
1 penetration without perfusion
2 partial perfusion
3 complete perfusion
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Aspirin
At plaque rupture platelets adhere to

the exposed collagen and are activated,
aggregate by fibrinogen binding and
promote the formation of thrombosis.
Aspirin treatment irreversibly inhibits
platelet cyclooxygenase and the formation
of thromboxane and, thereby, attenuates
platelet aggregation. The beneficial effect
of aspirin treatment in acute myocardial
infarction is well documented (29, 37, 38).
In the large scale ISIS-2 trial, evaluating the
effects of aspirin, streptokinase and
combined theraphy vs placebo, aspirin
reduced the mortality rate to the same
extent as streptokinase whereas the
combined treatments had an additive effect
(29). Therefore, aspirin is now an
established standard therapy in all patients
with coronary disease (37 ).

Unfractionated heparin (UFH)
The need for UFH as an adjuvant to

fibrinolytic treatment is not well
documented. In the short-term perspective,
UFH seems to reduce the reocclusion rate
of opened infarct-related arteries (39, 40)
especially in combination with alteplase
(5). However, so far no long-term effect
of UFH, intravenous or subcutaneous, in
addition to fibrinolysis and aspirin has been
proven. Therefore, available evidence from
clinical trials does not justify the routine
addition of UFH to aspirin and fibrinolytic
treatment in acute myocardial infarction
(33, 34, 36, 41). Accordingly the current

guidelines from ACC/AHA do not
recommend intravenous UFH as a routine
adjuvant to streptokinase treatment (42).
Any short-term effect of UFH infusion
tends to disappear because of an increased
rate of recurrent unstable angina,
myocardial infarction and need for urgent
interventions early after discontinuation.
This reactivation phenomenon has been
described in both unstable angina (43-44)
and after fibrinolysis early after cessation
of intravenous UFH (45).

Low molecular weight (lmw) heparin
Lmw-heparin might be an alternative to

intravenous UFH as an adjuvant to
fibrinolytic treatment. Lmw-heparin
compared to UFH has several practical
advantages. Lmw-heparin has a greater and
more predictable bioavaibility than UFH,
and can therefore be given as a
subcutaneous weight-adjusted standard
dose without laboratory monitoring (46-
50).

One placebo-controlled study in
patients with unstable coronary artery
disease treated with aspirin has shown that,
lmw-heparin significantly reduced the risk
of death and myocardial infarction (51).
Furthermore, two studies have shown that
lmw-heparin is at least as effective as
intravenous UFH in the acute phase of
unstable coronary disease (46,48). In two
small studies in patients with ST-elevation
infarction receiving fibrinolytic treatment
it has been indicated that it might be safe
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to combine streptokinase and lmw-
heparin(52, 53). In a third study including
one hundred patients treated with
streptokinase, the addition of lmw-heparin
was compared to UFH. After reduction of
the dalteparin dose to 100 units per kg body
weight every 12 h the bleeding
complications were reduced to an
acceptable rate, which did not significantly

exceed that of UFH (54).
Therefore, we aimed to investigate

whether subcutaneous lmw-heparin, could
be safely added to streptokinase and
aspirin, to improve patency, avoid post-
fibrinolytic ischemic episodes and
maintain TIMI grade 3 flow in the infarct-
related coronary artery.

Prothrombin

Thrombin

Fibrinogen

Plasminogen

Fibrin

Plasmin

D-dimer

Streptokinase

tPA

Lmw-heparin

UFH

Antithrombin

F1+2

TAT

F IX

F IXa

F X

F Xa

Tissue factor - F VIIa

Fig 1. Simplified illustration of the coagulation cascade, initiated by the tissue factor-FVIIa complex.The
markers measured in the present study in ellipses. Pharmacological agents in rectangles.  Broken arrows
indicate inhibition.
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Coagulation and fibrinolysis
The coagulation system is a series of

procoagulant and anticoagulant proteins
circulating in the plasma as proenzymes or
pro-factors (55). The activated coagulation
factors are rapidly formed by proteolytic
cleavage of one or two peptides. The
activated factor then activates another
factor in the coagulation cascade (Fig 1).
When a plaque rupture occurs the exposure
of tissue factor and the formation of the
tissue factor VIIa complex initiates the
extrinsic cascade leading to activation of
factor Xa which converts prothrombin to
thrombin. Thrombin then activates platelets
and converts fibrinogen to fibrin.
Simultaneously the fibrinolytic system is
activated by tissue plasminogen activator
that converts plasminogen to active
plasmin. Plasmin degrades fibrin to
degradation products, one of which is D-
dimer.

Coagulation activity post fibrinolysis
Apart from inducing a pronounced

activation of the fibrinolytic system
fibrinolytic treatment also activates the
coagulation system with increased
thrombin generation and activity (14, 56-
58). It has been suggested that this
increased thrombin generation and activity
might be due to direct stimulation of the
clotting cascade by plasminogen activator
or by plasmin (59, 60). This elevation in
coagulation activity that remains for at least

18-24 h after cessation of fibrinolytic
treatment might be one explanation for the
increased risk of early reocclusions and for
failure in maintaining patency in the
infarct-related artery (12, 56, 61).

Coagulation inhibition
Thrombin activation during fibrinolytic

treatment can be attenuated if UFH is given
as an adjuvant treatment (11, 14), which
improves early patency of the infarct-
related artery (39, 40). The anticoagulant
effect of UFH is primarily due to its ability
to accelerate the formation of thrombin-
antithrombin complexes. The inhibitory
effect in coagulation activity by lmw-
heparin is predominantly related to
inhibition of factor Xa activity and thereby,
a reduction in thrombin generation. It has
been suggested that lmw-heparin by acting
at an earlier stage in the coagulation
cascade could suppress thrombin
generation more effectively, rather than
inhibit thrombin activity once thrombin has
already been generated. From a previous
trial it had been reported that dalteparin
attenuated the increase in coagulation
activity to the same levels as UFH during
fibrinolytic treatment (54). Our study
further investigates the additional effect of
combining dalteparin to streptokinase and
aspirin concerning changes of coagulation
activity as related to ischemic episodes,
coronary patency and mortality.
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     In the present study we have measured
the following markers of coagulation
activity:

Prothrombin fragment 1+2 (F1+2) a
polypeptide released from prothrombin
during its conversion to thrombin by the
factor Xa, thus reflecting thrombin
generation. The normal half-life in plasma
is 60-90 minutes. F1+2 is predominantly
measured by monoclonal antibody methods
(62).

Thrombin-antithrombin complex (TAT) is
formed when antithrombin binds and
inhibits the active site of thrombin. This
binding is markedly increased in the
presence of UFH. TAT is considered as a
marker of thrombin generation and activity.
The normal half-life in plasma is 5-15
minutes. ELISA: s are commonly used to
assay TAT (62).

D-dimer is a fibrin degradation product
containing cross-linked gamma-chains and
is the final product of the coagulation and
fibrinolytic cascade. D-dimer will always
show a pronounced increase during
pharmacological treatment with large
doses of fibrinolytic agents as a result of
an increased production and a degradation
of fibrin. When the effect of the
fibrinolytic agent has disappeared the D-
dimer level mainly reflects activation of the
coagulation system. Normal plasma half-
life is 15-30 h. Both semiquantitative latex

agglutination methods and more sensitive,
quantitative ELISA: s are available (62).

Non-invasive methods
In patients with chest pain typical ST-

segment elevation in the ECG is a highly
specific diagnostic criteria for acute
myocardial infarction (63) and identifies
patients who benefit from fibrinolytic
treatment (2, 64). In these cases there has
been no need for biochemical markers of
myocardial infarction, either to obtain the
diagnosis or to guide the initial treatment.
However, to monitor the occurrence of
early reperfusion following of the levels
of biochemical markers can be useful.
Furthermore, the occurrence of
reocclusion, the size of the myocardial
infarction, and the prognosis can be
indicated by different non-invasive
methods.

Biochemical markers as signs of
reperfusion

 Ischemia in myocardial tissue during
an acute myocardial infarction leads to
disruption of the cell membrane and cell
death. When the cell membranes have lost
their integrity, cellular markers diffuse into
the interstitium and subsequently reach
circulation where they can be detected. The
release of markers probably does not
always reflect cell death but also reversibly
damaged cells (65-68).

One non-invasive method to detect
early reperfusion is to obtain serial
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analyses of biochemical markers that
demonstrate a rapid increase early after
reperfusion. The more rapid release may
be due to an accelerated cellular leakage
caused by reperfusion rather than increased
regional blood flow (69). Myoglobin,
which is the most rapid marker of
myocardial infarction, has turned out to be
the best biochemical marker to detect early
reperfusion in the infarct-related artery
(70, 71).

Vector ECG
In order to follow the dynamic process

after fibrinolytic treatment with repeated
episodes of reperfusion and reocclusion,
different techniques for continuous ECG
monitoring have been developed. Studies
with continuous ST-monitoring by vector-
ECG or continuous 12-lead ECG in
patients with acute ST-elevation infarction
have shown that ST-changes relate to
reperfusion in the infarct-related artery
(72-74). In patients without collaterals,
early ST-segment resolution on vector
ECG identified patency in the coronary
artery with an accuracy of 88 % (74).
Furthermore, early ST-elevation resolution
was a predictor of outcome regardless of
the type of fibrinolytic treatment (75, 76).
Repeated ST-episodes after fibrinolytic
treatment have been found to indicate
severe ischemia (77). Accordingly, in
patients with ST-elevation infarction both
30-day and 1-year mortality rates were
significantly increased in those with

compared to those without ST-segment
shifts 6-24 h after initial ST-resolution
(75).

TnT as prognostic marker
It is now well established that an

elevated TnT level is an indicator of adverse
prognosis in non-ST-elevation acute
coronary syndrome (78-80). In a few
previous studies in patients with ST-segment
elevation myocardial infarction elevated
TnT on admission has also been shown to
be associated with raised mortality (15-17).
The underlying mechanisms for the
association between elevated TnT level on
admission and mortality are not well
understood. Therefore, in the present study
the level of TnT on admission was related
to demographic data, continuous vector-
ECG monitoring, other biochemical
markers of myocardial damage, coronary
angiography after 24 h and echocardiogram
in order to elucidate the reasons for the
relation between TnT and long-term
mortality.

Echocardiography
Echocardiography after a myocardial

infarction gives information about
localisation of the infarct, left ventricular
(LV) dysfunction and ejection fraction.
Even in the fibrinolytic era, LV-dysfunction
remains the single most important predictor
of mortality after acute myocardial
infarction (27, 28). In the GISSI-2 trial
there was a curvi-linear relationship
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between LV-ejection fraction and survival
after fibrinolytic treatment of acute
myocardial infarction. Among patients with
ejection fraction below 40 % the 6-month
mortality was markedly increased (33).

Positron Emission Tomography (PET)
PET is a nuclear method using isotopes

incorporated in natural substances such as
water, acetate and glucose. After
administration to patients the
disintegration of the isotopes can be
detected by the tomograph resulting in a
three-dimensional “picture” over time.
PET can be done in order to obtain detailed
measurements of the development of
perfusion, metabolism and damage in the
myocardium by repeated investigations
during and after a myocardial infarction.
However, as PET is a technically
demanding, tedious and costly method it is
seldom used in the acute phase of coronary
disease. Most previous PET studies in
patients with acute myocardial infarction
have been performed late in the infarct
process. Some have performed
investigations 18-24 h after reperfusion
treatment but not earlier (81, 82).

In Uppsala the PET centre is located at
the hospital area, which made it possible
to investigate patients with acute
myocardial infarction very early after the
start of fibrinolytic treatment. In our study
we planned to evaluate the development of
myocardial perfusion, oxidative
metabolism, and water-Perfusable Tissue

Fraction (PTF) by repeated investigations
with PET from the acute stage (at 3 h) to
the healing phase (at 3 weeks) in patients
with acute ST-elevation myocardial
infarction treated with fibrinolysis.

Coronary angiography - an invasive
method

The golden standard to show patency
in the infarct-related artery is still coronary
angiography. The treatment goal is to obtain
TIMI grade 3 flow as early as possible
(Table 1) (32). There is also prognostic
information to be obtained in a coronary
angiogram, which enables visualisation of
the extent of coronary disease and grade
of stenosis. After reperfusion treatment by
fibrinolysis current treatment guidelines
(42) recommended coronary angiography
only if the patient demonstrates signs of
ischemia, e.g. at an exercise-test before
discharge.
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Aims of the study

The aims of this study, in streptokinase treated patients with acute ST-elevation
myocardial infarction, were to investigate:

          - if lmw-heparin (dalteparin) compared to placebo influences early
reperfusion,  post-reperfusion reocclusion episodes and
maintained patency in the infarct-related artery

          - if lmw-heparin (dalteparin) attenuates coagulation activity

          - if coagulation activity is related to ischemic episodes, patency in
the infarct-related artery and mortality

          -  the  mechanisms behind the prognostic value of TnT on admission

          - oxidative metabolism and its relation to the development of
myocardial perfusion and myocardial damage with PET
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Patients and design
The BIOMACS II study (BIOchemical

Markers in Acute Coronary Syndromes)
was a prospective, multicentre, double
blind, randomised and parallel-group trial.
One hundred one patients were recruited
at three Swedish hospitals (Falun,
Linköping and Uppsala) between May 1993
and May 1995 (paper I-III). Patients with
chest pain during the last 12 h suggesting
acute myocardial infarction, and with ST-
elevation or new or previously unknown left
bundle branch block were eligible for
inclusion in this study.

The main exclusion criteria were
contraindication to streptokinase, ongoing
treatment with UFH or lmw-heparin, any
condition that made early coronary
angiography or early revascularization
unsuitable or contraindicated and age over
80.

Immediately after inclusion patients
were randomised and received the first
subcutaneous injection of the study drug
dalteparin/placebo (100 U/kg) which was
given just before start of fibrinolysis. A
second subcutaneous injection of 120 U/
kg was given 12 h later. No further dose of
dalteparin was given after evaluation of
primary end-point by coronary angiography

at 24 h. Maximum dose at each occasion
was 10,000 U.

Patients were given 300 mg aspirin as
an oral bolus and thereafter 75 mg orally
daily. Immediately after injection of
dalteparin/placebo, 1.5 million Units
streptokinase was given intravenously as an
infusion during 60 minutes. Nitroglycerin
infusion was started during or early after
streptokinase infusion unless
contraindicated and continued for at least
24 h, until and during the coronary
angiography. Beta-receptor blockers, ACE-
inhibitors, calcium channel inhibitors and
other drugs were given at the discretion of
the responsible physician.

 In paper IV eight patients were
included (only in Uppsala). Five patients
were from the BIOMACS II study and three
patients with the same inclusion and
exclusion criteria as in the BIOMACS II
study, but after this study was closed, were
included. The three “extra” patients were
treated as patients in the BIOMACS II study
but with the following exceptions, one was
treated with alteplase followed by UFH
infusion in 48 h and the other two patients
received streptokinase but without placebo/
dalteparin.

Material and methods
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Blood samples
Blood samples were obtained

immediately before the start of treatment
and after every 15 minutes until 180
minutes and after 3, 4, 6, 12, 18, 24, 48
and 72 h. Venous blood was collected in an
EDTA tube and in a citrate tube and
centrifuged at 2000xg for 10 minutes. The
plasma was then immediately frozen in
aliquots at -70 °C. The samples were then
transported on dry ice to the core
laboratory and stored at –70 °C until
analysed.

Marker of reperfusion
Myoglobin was analysed from blood

samples at inclusion and at 90 minutes by
a radiommunoassay (83). A relative
increase of myoglobin T90-T0/TO >4 (T90
is the value at 90 minutes and T0 is the value
before fibrinolysis) (71) or a slope of
increase of myoglobin >150 µg/L/hour
(70) was regarded as a sign of reperfusion.

Markers of myocardial damage
To calculate the size of the infarction

the maximal level of TnT, myoglobin and
CK-MB were determined from blood
samples at arrival, then every 15 minutes
until 180 minutes and from 3, 4, 6, 12, 18,
24, 48 and 72 h. (CK-MB was analysed only
from blood samples at arrival, 6, 12, 18,
24 and 72 h). TnT was determined with use
of the Enzymun-test (Boehringer-
Mannheim, Germany) (84), myoglobin by
a radiommunoassay (83) and CK-MB with

the Abbot “IMx” immunoassay (85).
 As a prognostic factor TnT was

analysed from the blood sample on
admission. We chose 0.1 µg/L as the cut-
off value (15).

Markers of coagulation activity
Prothrombin fragment 1+2 (F1+2)

nmol/l (Elisa), Thrombin-Antithrombin
complex (TAT) µg/l (Elisa) and D-dimer µg/
l (Elisa) were analysed from plasma
samples at inclusion and at 2, 6, 18, 24 and
48 h.  D-dimer levels were determined up
to a maximum of 600 µg/l. All analysis were
performed with commercial kits from
Behringwerke, Marburg, Germany.

Vector-ECG
Immediately after start of treatment

monitoring with continuous vector-ECG
was started and continued until the coronary
angiography was done after 20-28 h.
Vector-ECG was recorded by the 8 lead
MIDA-system (Ortivus Medical AB, Täby,
Sweden). The recordings were stored on
diskettes and evaluated by two external
experts without any knowledge of patient’s
characteristics and randomisation. The ST
vector magnitude (STVM) was calculated
as described in Fig 2. A reduction of
STVM, >50 % if  STVM was >200 µV
during the initial 120 minutes or a reduction
of STVM >25 % if STVM was 100-200 µV
from the start, was regarded as indicative
of early reperfusion (72). We also analysed
the percentage resolution of the ST vector
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Fig 2. The three orthogonal vector cardiographic leads x, y, and z. The ST-vector magnitude is the deviation of

the ST-segment from baseline measured at 20 ms after the J point. Modified from (86).

magnitude (STVM) level between baseline
and 90 minutes as a sign of reperfusion.
Ischemic episodes were defined as a
reversible increase of STVM > 50 µV from
the patient’s own baseline for > 1 minute
(86).

Coronary angiography
Coronary angiography was performed

20-28 h after inclusion in 93 of 101
patients. Of the 8 patients without  coronary
angiography three died before the planned
investigation and five had contraindications
to the procedure. Five and three
standardised projections of the left and
right coronary arteries, respectively, were
used and recorded on 35-mm cinefilm. The
evaluation was made retrospectively by
consensus of two investigators without
knowledge of patient data. The TIMI grade
flow (32) and grade of stenosis in the
infarct-related artery, which was identified
in relation to ECG-changes, were

determined. In paper IV coronary
angiography was performed in all eight
patients.

Echocardiography
 An echocardiography was performed

20-28 h after inclusion and before the
coronary angiography. Standard projections
for visual estimation of LV-function,
ejection fraction and wall motion score for
each of the 16 regions, were obtained and
recorded on a videotape for later evaluation
done by one clinical physiologist without
knowledge of the patients. Each segment
was given a score in the range 1 to 4, using
1 = normal wall motion, 2 = slight-
moderate hypokinetic wall motion, 3 =
severe and 4 = paradoxical wall motion
(dyskinesi).
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PET
PET was performed at three occasions,

3 h, 24 h, and 3 weeks after the start of
fibrinolysis at the PET centre localised at
the hospital area. At the investigation at 3
h, an ambulatory cardiac care unit staffed
by a nurse and cardiologist was used for
transporting and monitoring of the patient
during the investigation. PET at 24 h was
always done immediately before the
coronary angiography.

After positioning and a 10-minute

transmission scan, a bolus of 15O-H2O was
injected intravenously. Then, at 3 h, 1-11C-
acetate was injected. At 24 h and after 3
weeks, the 15O-H2O scan was followed by
a fluorodeoxyglucose (18F-FDG) scan,
prepared with an oral glucose load of 75
grams. All images were corrected for
decay, scatter and attenuation. Early first-
pass images were summed on all occasions
and corrected for within-study motion if
needed (87). Motion between the 15O-H2O
scan and the subsequent metabolic scan was

Fig 3. The left ventricle and segmentation of the myocardium according to the four Regions of Interest (ROI).
Infarct zone (< 50% of max activity), excluding, border infarct zone (~ 10 mm surrounding the infarct zone),
border remote zone (~ 10 mm surrounding the border infarct zone) and remote zone (the rest of the myocardial
wall).
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avoided by a validated co-registration
routine (88), comparing heart cavity
locations. From the 1-11C-acetate scans,
the images with the highest myocardial
activity (approx. 2-5 min. after injection)
were summed to delineate the myocardium.
From the FDG scans, the last 3 frames from
35-50 min. after injection were summed.
These high count images of the myocardial
wall were used to co-register all 18F and 15O
activity frames and the reconstructed
attenuation correction maps to the summed
11C image. The goodness of fit of the co-
registration was checked statistically (88)
and by visual inspection.

The late summed images of the 1-11C-
acetate scan were used for definition of
Regions of Interest (ROI). Images were
realised using a short axis view of the LV
with 8-9 consecutive slices comprising the
LV-wall from base to apex. A freehand line
was drown through the central wall in each
slice and expanded to form 10-mm wide
rings, thus covering most of the LV-wall.
The ring-formed ROIs were segmented into
infarct zone (< 50% of max activity),
excluding border infarct zone (~ 10 mm
surrounding the infarct zone), border
remote zone (~ 10 mm surrounding the
border infarct zone) and remote zone (the
rest of the myocardial wall) (Fig 3). All
ROIs were copied to all other scans of the
same patient and time-activity curves were
generated for subsequent analysis. In some

cases ROIs were reshaped manually
because of changes in LV size between
serial studies.

Absolute values of segmental
myocardial blood flow were calculated
from 15O-H2O time-activity curves by a
validated compartmental model (89). This
model estimates myocardial blood flow
and corrects for arterial blood spillover and
partial volume effects and thereby
estimates the fraction of tissue in ml/ml
within the ROI capable of rapidly
exchanging labelled water. This parameter
is also known as the water-Perfusable
Tissue Fraction (PTF) (90) when corrected
for tissue density, in which case a unit of
g/ml is used.

The mono exponential clearance rate
of 11C from the myocardium was calculated
from time-activity curves of the acetate
scans from 7-17 minutes after injection
(Fig 4). The absolute value of the exponent,
named kmono, was taken as an index of
segmental oxidative metabolism. Kmono
was converted to absolute values of oxygen
consumption (MVO2) by a previously
published regression equation (91).
Parametrical images of myocardial
glucose utilization rate were made from
pixel-wise Patlak analysis, using plasma
values of 18F as input function and a lumped
constant of 0.67 (92). Segmental estimates
of myocardial glucose utilization rate were
read directly from the ROIs.
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Fig 4. Plot of myocardial tissue time-activity curves from one patient, show uptake and clearance of 1-11C-
acetate in the remote and the infarct region. The monoexponetial clearance rate of 11C from tissue is fitted from
7-17 minutes after injection and is named kmono. In the remote region, the clearance rate is nearly 10% per
minute. In the infarct region, the corresponding rate is only 2.4% per minute.

Clinical events and follow-up
Baseline clinical data were recorded on

all the patients. Particular attention was
paid to cardiac history; previous chest pain,
episodes of repeated chest pain the last 24
h before the qualifying infarct pain started
and delay (time from start of the qualifying
infarct pain to first blood sample). Clinical
events were reinfarction, death or
revascularization (PTCA or CABG).
Revascularization was performed only if
there were symptoms or signs of
spontaneous or exercise induced ischemia.
Each patient stayed in hospital during the
acute phase and had a follow-up visit after
21 days. In 1998 all the patient records

were controlled for new events, death,
reinfarction or revascularization (PTCA or
CABG). The National Registry on
Mortality was checked and a follow-up
telephone contact was done if required. The
mean follow-up time of the surviving
patients was 3.5 years (range 2.4-4.5
years).

Statistics
Baseline demographics and outcome

results were expressed as percentages or
medians and range/interquartiles as
appropriate. Chi-square or non-parametric
Mann-Whitney tests were used for
comparisons between the different groups.
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In cases with less than five expected in any
cells, Fischer test was used to evaluate
significance.

In paper III, cumulative hazard functions
were generated by the Kaplan-Meier
method with differences examined by the
log-rank test. Cox univariate regression
analysis was used to estimate the relative
risk of death for different factors. To
explore the relationship between TnT and
long-term mortality several multivariate
models which included sex, age, TnT and a
fourth factor with a p-value < 0.10 in the
univariate analysis were used. Because of
the few endpoints (deaths) in this study no
more than four factors could be included
in the multivariate models.

In paper IV, non-parametric Spearman
correlation test was used. Friedman two-
way analysis of variance by ranks was
applied to investigate if there existed a
significant difference between the three
points of time. If there existed a significant
difference Wilcoxon’s matched-pairs
signed ranks test was used to decide which
points of time differed statistically from
each other.

For all statistical evaluations a two-
sided value of p<0.05 was considered to
be statistically significant.
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Table 2, Baseline characteristics and clinical events until follow-up day 21

Placebo Dalteparin

 n=47 n=54

Male, % 77 65

Age, years* 64 (41-78) 68 (54-77)

Body weight, kg * 78 (55-130) 78 (51-104)

Current smoker, % 30 35

Hypertension, % 36 18

Diabetes mellitus, % 13 7

Previous myocardial infarction, % 11 17

Angina > 1 month, % 23 22

Chest pain during the last 24 h, % 34 32

Angina  < 1 month , % 36 30

Time from symptoms to treatment, h † 2.8 (1.7-5.1) 3.2 (2.0-5.1)

Medication at entry, %

Aspirin 19 13

Betablockers 26 11

Digitalis 8 2

ACE-Inhibitors 14 2

Diuretics 19 15

Calcium Antagonists 19 13

Nitrates 11 9

Outcome, %

Bleedings 2 9

Reinfarction 4 15

Revascularization 26 18

Death 13 7

* Median (range), † Median (interquartile range)
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The effects of dalteparin on
reperfusion, ischemic episodes and
maintained patency (Paper I)

There were some (non-significant)
differences in the baseline characteristic
between the dalteparin-treated and the
placebo-treated groups (Table 2).

Subcutaneous dalteparin, added to
streptokinase and aspirin, had no effect on
the non-invasive indicators of early
reperfusion, as evaluated by the rise of
myoglobin during 90 minutes or as the
regression of ST-elevation at vector-ECG
monitoring during 120 minutes (Table 3).

In one patient in each of the treatment
groups the antegrade perfusion was
recorded as TIMI grade 0 flow in the
database used in the analysis for the
publication (Paper I). The antegrade
perfusion has been reassessed in both these

patients to TIMI grade 3 flow. These
changes did, however, not influences the p-
values and the conclusions remained
unchanged.

The dalteparin group tended to have a
higher rate of TIMI grade 3 flow in the
infarct-related arteries at the time of
coronary angiography. In patients with signs
of early reperfusion based on myoglobin
or vector-ECG, there was a higher rate
(significant concerning myoglobin) of
TIMI grade 3 flow after 24 h in the infarct-
related artery in the dalteparin group
compared to the placebo group (Table 4).

Ischemic episodes 6-24 h after the start
of treatment were significantly fewer in
the dalteparin compared to the placebo
group and especially among patients with
vector-ECG signs of early reperfusion
(Table 5).

Results

Table 3, Non-invasive signs of reperfusion

Placebo Dalteparin       n p

Myoglobin, relative increase * 18/45 (40 %) 16/52 (31 %)       97 0.34

Myoglobin, slope increase † 26/45 (58 %) 30/52 (58 %)       97 0.99

Vector-ECG‡                                                        26/33 (79 %)     30/43 (70 %)           76                0.38  

*T90-T0/T0>4 (71),†> 150 µg/L/hour (70), ‡A reduction of  STVM, >50  %/120 min or >25 %/120 min if
STVM was >200 µV or >100 µV (72)
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Table 5, Post-fibrinolytic ischemic STVM episodes 6-24 h in all patients and in subgroups with non-

invasive signs of reperfusion treated with placebo vs dalteparin

Placebo             Dalteparin        n                        p  

All patients with Vector-ECG  12/32 (38 %) 7/43 (16 %) 75 0.037

Patients with non-invasive signs of early reperfusion

Reperfusion signs with myoglobin* 5/13 (38 %) 1/12 (8 %) 25 0.16

Reperfusion signs with myoglobin † 7/18 (39 %) 5/24 (21 %) 42 0.20

Reperfusion signs with Vector-ECG ‡                 10/24 (42 %)     3/29 (10 %)       53                      0.01  

*T90-T0/T0>4 (71), † > 150 µg/L/hour. (70), ‡A reduction of  STVM, >50  %/120 min or >25 %/120 min if

STVM was >200 µV or >100 µV (72)

Table 4, TIMI grade 3 flow 24 h after start of fibrinolysis in infarct-related arteries in all patients and in

subgroups with non-invasive signs of reperfusion treated with placebo vs dalteparin

Placebo                    Dalteparin             n                   p  

All patients with angiography 23/43 (53 %) 35/50 (70 %)      93 0.10

Patients with non-invasive signs of early reperfusion

Myoglobin, relative increase * 9/18 (50%)  11/13 (85%)      31 0.066

Myoglobin, slope increase † 13/26 (50%)  21/27 (78%)      53 0.035

Vector-ECG ‡                                                12/23 (52%)              22/30 (73%)           53                 0.11  

*T90-T0/T0>4 (71) , †> 150 µg/L/hour (70), ‡A reduction of STVM, >50  %/120 min or >25 %/120 min if

STVM was >200 µV or >100 µV (72)
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Safety and events
There was no significant difference in

clinical outcome between the two groups.
There were no cerebral bleedings. Five of
the six bleedings occurred in the dalteparin
group and most of them were minor
(haematoma related to the puncture sites
in the femoral arteries). There were more
reinfarctions in the dalteparin group and
five of eight occurred between 24-72 h
after termination of dalteparin. Regarding
deaths and revascularization, there were no
significant differences (Table 2).

Coagulation (Paper II)

The effect of dalteparin on coagulation
activity

 F1+2, TAT and D-dimer levels showed
no significant differences in the baseline
levels between the dalteparin and the

placebo group (Fig. 5-7). The expected
increase of F1+2, TAT and D-dimer levels
after fibrinolytic treatment were
significantly attenuated at 2, 6 and 18 h (D-
dimer only at 18 h) in the dalteparin group
compared to placebo. However, after 24 and
48 h there remained no significant
differences between the two groups (Fig.
5-7).

Coagulation activity in relation to
outcome

Ischemic episodes during 6 to 24 h
appeared in more patients with F1+2 and
TAT levels above compared to below the
median at 18 h (Table 6). There was also a
tendency to a lower frequency of TIMI
grade 3 flow in the infarct-related artery in
patients with TAT and D-dimer levels above
the median at 18 h. Furthermore, in patients

Fig 5. Box plots giving 10th, 25th, 50th, 75th and 90th percentiles of F1+2 levels at 0, 2, 6, 18, 24 and 48 h. Unfilled and
filled boxes illustrate levels from patients treated with placebo and dalteparin respectively . The time for injection
of placebo/dalteparin is indicated with ↑↑↑↑↑ . SK = Streptokinase infusion.
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Table 6, Post-fibrinolytic ischemic STVM episodes at 6-24 h and TIMI grade 3 flow at 24 h in relation to levels

of F1+2, TAT and D-dimer above or below the median level at 18 h.

≤ median* > median* n p

STVM episodes†

F 1+2 7/41 (17%) 12/32 (38%) 73 0.048

TAT 6/37 (16%) 13/36 (36%) 73 0.053

D-Dimer 10/40 (25%) 9/33 (27%) 73 0.83

TIMI grade 3 flow‡

F 1+2 30/47 (64%) 26/44 (59%) 91 0.64

TAT 32/45 (71%) 24/45 (53%) 90 0.082

D-Dimer 32/47 (68%) 24/44 (54%) 91 0.18

* F 1+2 median 0.88 (range 0.35-31.8), TAT median 8.95 (range 2.5-254) and D-Dimer median 137 (range 15-600). †
Ischemic episodes were defined as a reversible increase of STVM > 50 µV from the patient’s own baseline for > 1
minute during 6-24 hours. ‡ TIMI grade 3 flow at 24 hours in the infarct related artery.

Fig 6. Box plots giving 10th, 25th, 50th, 75th and 90th percentiles of TAT levels at 0, 2, 6, 18, 24 and 48 h. Unfilled and
filled boxes illustrate levels from patients treated with placebo and dalteparin respectively. The time for injection
of placebo/dalteparin is indicated with ↑↑↑↑↑ . SK = Streptokinase infusion.
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without a reduction in F1+2 levels between
6 and 18 h compared to those with, there
was an increased mortality, 4/19 vs 3/72,
p=0.03.

In the seven patients who died after the
18 h blood sample, F1+2 level in this
sample was higher, 1.7 (0.88-4.4) nmol/L
(median (25th to 75th percentile)) than in
survivors 0.86 (0.65-1.48) nmol/L,
p=0.02. The TAT levels at 18 h showed the
same trend with 39.6 (3.9-67) µg/l vs 8.6
(4.7-23.2) µg/l, p=0.09 as well as the D-
dimer level, 530 (220-600) µg/l vs 132
(56-307) µg/l, p=0.02 in deceased vs
surviving patients.

TnT (Paper III)

Baseline characteristics by TnT status on
admission

Admission TnT was available from all

included patients. In table 7 the baseline
characteristics according to TnT level on
admission are shown. Forty-five percent of
the patients had TnT <0.1 µg/L (TnT (-))
and 55 % had TnT ≥0.1 µg/L (TnT (+)). The
median value in the TnT (+) group was 0.34
µg/L, (interquartile range, 0.19-1.39). The
time from start of infarct pain to sample
(delay) was longer in the TnT (+) group.
There were also more patients with
repeated chest pain during the last 24 h
before start of the qualifying chest pain in
the TnT (+) group. Of those with compared
to those without repeated chest pain, 85 %
(28/33) had an elevated level of TnT on
admission compared to 41 % (28/68) (p=<
0.001). Patients with compared to without
repeated chest pain had a longer delay, mean
6.1 h vs 3.3 h (p=<0.001).

Fig 7. Box plots giving 10th, 25th, 50th, 75th and 90th percentiles of D-dimer levels at 0, 2, 6, 18, 24 and 48 h. Unfilled
and filled boxes illustrate levels from patients treated with placebo and dalteparin respectively. The time for
injection of placebo/dalteparin is indicated with ↑↑↑↑↑ . SK = Streptokinase infusion.
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Table 7, Baseline characteristics and comparison of outcome between variables in all patients according to

troponin-T (TnT) concentration on admission

Variable TnT, <0.1 µg/L (n=45)    TnT, ≥0.1 µg/L (n=56)      p

Age, median (range) 67 (41-78) 65 (37-78) 0.70

Male, % 71 70 0.87

Hypertension, % 24 29 0.64

Diabetes, % 9 11 0.76

Current smoker, % 38 29 0.33

Previous myocardial infarction, % 16 12 0.66

Previous angina > 1month, % 33 14 0.023

Repeated chest pain during the last 24 h, % 11 50 <0.001

Time from start of infarct pain to sample (delay), h* 2.0 (1.5-3.1) 4.2 (2.6-8.2) <0.001

Electrocardiogram on admission

Q-waves, % 13 25 0.14

Anterior ST-segment elevation, % 42 58 0.11

Non-invasive signs of reperfusion at 90 min and ischemic ST-episodes at 6-24 hours

Myoglobin, relative increase**(n=44+53), % 52 21 0.001

ST-vector magnitude***(n=33+34) 64 (46-72) 51 (38-63) 0.03

≥ 70 % reduction of  ST-elevation****(n=33+34), %        36 18                 0.08

Presence of ST-episodes after 6-24 h, (n=38+37), % 21 30 0.39

Coronary angiogram at 24 hours

TIMI grade ≥ 2 flow in IRA (n=43 and 50), % 88 72 0.05

TIMI grade 3 flow in IRA (n=43 and 50), % 72 54 0.07

Infarct size measurements

Creatine Kinase-MB max, µg/L* 174 (76-294) 234 (106 -440) 0.21

Myoglobin max, µg/L* 1646 (644-3353) 1623 (506-3091) 0.77

Troponin T max, µg/L* 16.0 (4.2-29.4) 19.1 (9.6-27.6) 0.16

Troponin T day 3, µg/L*  4.3 (0.3-9.8) 5.2 (0.9-12.9) 0.46

Q-waves after 24 h, % 43 43 0.98

Ejection fraction < 45 % at 24 h (n=41 and 49), % 32 41 0.37

Mortality, follow-up 2,5-4,5 years

3 week-mortality, % 4 14       0.10

Mortality, total, % 9 25       0.04
* median (interquartile range). **T90-T0/T0>4 [14]. ***The percentage reduction of ST Vector Magnitude level
between baseline and 90 minutes, median (interquartile range). ****Proportion with ≥ 70 % reduction of  ST
Vector Magnitude level between baseline and 90 min.
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Non-invasive signs of reperfusion,
maintained patency and infarct size by
TnT status on admission

The proportion of patients without
signs of reperfusion at 90 minutes,
evaluated with rise of myoglobin, was
higher in the TnT (+) group than in the TnT
(-) group (Table 7). Also the percentage
resolution of the ST-segment elevation
evaluated with STVM after 90 minutes in
the TnT (+) group was less compared to the
TnT (-) group (Table 7).

There was also a lower rate of patency,
defined as TIMI grade 2-3 flow (p=0.05),
and a strong trend towards lower rate of
TIMI grade 3 flow in the infarct-related
artery after 24 h in the TnT (+) group (Table
7).

There was no significant difference in
the size of the infarcts between the two TnT
groups regardless of which method was
used to determine the infarct size.

However, patients with TnT in the
highest quartile on admission had more
frequently an ejection fraction less than 45
% compared to the patients with TnT in the
three lower quartiles, 67 % vs 28 %
(p=0.001). The infarct size measured by
TnT maximum was also significantly larger
in the group with TnT in the highest quartile
compared to the lower three quartiles on
admission (p=0.02).

TnT and mortality
There was a trend towards increased

mortality after 3 weeks in the TnT (+) group
compared to the TnT (-) group and after the
total follow-up period this difference
reached significance (Table 7).

Considering the TnT (+) group
separately, late ischemic episodes as
recorded with continuous vector-ECG
monitoring 6-24 h after start of fibrinolysis
identified a group of patients with a
pronounced increase in mortality (Fig. 8).

Fig 8. Kaplan-Meier cumulative hazard survival curves according to presence or absence of ischemic episodes
on vector-electrocardiogram 6-24 h after start of treatment in patients with TnT ≥0.1 µg/L on admission (log
rank p=0.048).
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Cox regression models were used to
estimate the relation to long-term mortality
regarding TnT and other known risk factors.
In the univariate model TnT, repeated chest
pain, delay, Q-waves on admission and
reduced LV-function turned out as factors
significantly related to long-term mortality.
Also TIMI grade 3 flow tended to be related
to mortality, p=0.07. When different
multivariate models with the most
important factors from the univariate
analysis (p-value < 0.10) were analysed and
adjusted for sex, age and TnT only two
factors, less than TIMI grade 3 flow and
reduced LV-function remained significant
(Table 8). However, although TnT did not
reach significance in any of the different
multivariate models its relative risk was
>2.2 in all models.

PET  (Paper IV)
The small cohort of eight patients in

the PET study was heterogeneous regarding
time to fibrinolytic treatment (1,5-12 h),
infarct size, signs of early reperfusion and
TIMI grade 3 flow (6 of 8). Three were
women, 74-76 years old and five were men,
48-61 years old. In one patient (patient 6)
the myocardial damage was so small that
the infarct area was included in the border
infarct area.

Myocardial perfusion and metabolism
The mean relative perfusion (expressed

as the fraction of perfusion in the remote
area) decreased successively closer to the
infarct area and without any significant
recovery over time (Fig. 9). The level of
oxidative metabolism (only determined at

Table 8, Cox multivariate regression analysis regarding long-term mortality including sex, age and troponin-T

(TnT) on admission together with a factor known after 24 hours with p-value <0.10 from the univariate analysis

Variables Relative Risk 95 % C.I. p-value

Model 1: TnT ≥0.1 µg/L      2.38 0.6-8.8 0.19
n=90 Ejection fraction < 45 %      5.56 1.5-20.7 0.01

Female      1.90 0.6-6.2 0.28
Age, for each year of age      1.05 0.96-1.1 0.29

Model 2: TnT ≥0.1 µg/L      2.26 0.6-8.6 0.23
n=93 TIMI grade flow <3      3.39 1.01-11.4 0.048

Female      2.52 0.8-8.4 0.13
Age, for each year of age      1.05 0.97-1.14 0.21
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3 h) decreased successively closer to the
infarct area and the lowest values were
found in the infarct area (Fig. 10). The rate-
pressure-product at 3 h in each patient
correlated with the simultaneous global
oxidative metabolism (r = 0.79, p=0.02).
Glucose utilization, as evaluated by FDG

at 24 h and 3 weeks, was not correlated to
myocardial perfusion. The mean level of
relative FDG uptake at 24 h was higher than
the corresponding level of the relative
oxidative metabolism at 3 h (p=0.051). No
differences between the relative FDG at 24
h and after 3 weeks were found.
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Fig 9. Myocardial blood flow (MBF) in the border remote, the border infarct and the infarct region expressed as
a fraction of the remote region at 3 h, 24 h and after 3 weeks. There were no significant differences within the
three regions at the different occasions according to Friedman two-way analysis of variance by ranks. .  ^ =
Patient number 1,  ] =patient number 2,  ë  =patient number 3 ,  R  = patient number 4, S  = patient number 5,
W  = patient number 6, P = patient number 7,  O= patient number 8.The mean values are shown with  − .
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Fig 10. Oxidative metabolism at 3 h in the border remote, the border infarct and the infarct region expressed as
a fraction of normal values in the remote region. Symbols as in Fig  9.
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Fig 11. PTF in the border remote, the border infarct and the infarct region expressed as a fraction of the remote
region at 3 h, 24 h and after 3 weeks. There were significant differences within the three regions at the different
occasions according to Friedman two-way analysis of variance by ranks, in the border remote region p=0.002, in
the border infarct region p=0.01 and in the infarct region p=0.03. Wilcoxon’s matched-pairs signed ranks test was
used to decide which points of time differed from each other, shown in the figure. Symbols as in Fig 9. The mean
values are shown with −  .

The water-perfusable tissue fraction
(PTF) and myocardial damage recovery

The relative proportion of PTF in the
border regions and the infarct region
(expressed as the fraction of PTF in the
remote region) increased significantly
from 3 h to 3 weeks in all regions. The
dispersion was wide in the infarct region.
However, in the almost normal border
remote region the PTF levels showed less
dispersion around the mean (Fig. 11)
supporting the validity of this estimation.

In the infarct region the correlation
between the relative oxidative metabolism
at 3 h and the relative PTF was; r =0.96, p =

<0.01, r=0.79, p=0.04 and r=0.75, p=0.052
at 3h, 24 h, and 3 weeks respectively. In
contrast there was no consistent correlation
between the relative myocardial perfusion
at 3 h and the relative PTF at different times
(except at 24 h, r=0.79, p=0.04). There was
no positive correlation between the relative
oxidative metabolism or the myocardial
perfusion and the relative PTF in both
border areas. However, FDG extraction at
24 h was correlated to the PTF at the same
time, (r=0.89, p=0.007) but not to the PTF
after 3 weeks (r=0.43, p=0.34).
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Lmw-heparin as an adjuvant to
streptokinase treatment (Paper I)

This was the first study that evaluated
the influence of lmw-heparin, in addition
to streptokinase and aspirin on early
reperfusion and patency in acute
myocardial infarction with ST-elevation.
The golden standard to show patency is still
coronary angiography. However,
indications of early reperfusion can be
obtained, by vector-ECG or continuous 12-
lead ECG (72, 73). Another alternative is
to obtain frequent blood samples that
demonstrate a rapid increase in levels of
biochemical markers i.e. myoglobin (70,
71).

Early reperfusion
In previous studies the rate of TIMI

grade 3 flow after 90 minutes and 24 h was
reported to be about 30 % and 50 %
respectively in patients treated with
streptokinase, including those with
spontaneous reperfusion (4, 32). This
corresponds fairly well with the 62 % TIMI
grade 3 flow in the infarct-related artery
after 24 h in the total group of 93 that
underwent angiography in the present study.
Regarding non-invasive signs of
reperfusion, the relative increase of
myoglobin (71) suggested a 35 % rate of

early reperfusion compared to the slope
increase of myoglobin (70), which
indicated a rate of early reperfusion of 58
% at 90 minutes. Vector-ECG indicated an
optimistic rate of early reperfusion of 74
% after 120 minutes. Unfortunately no
early coronary angiography was performed,
which make the non-invasive results
difficult to validate. Although the non-
invasive indicators of reperfusion are
uncertain, there were no indications of any
effects of the dalteparin treatment on early
reperfusion. This might be related to the
use of subcutaneous injections, since a
therapeutic level of antifactor-Xa is not
reached until around 1 -2 h after the first
dose of lmw-heparin (52). In order to
explore possible early benefits of lmw-
heparin an intravenous bolus dose will be
needed.

Patency and maintained patency
Reperfusion occurs spontaneously, as

described in a study prior to the fibrinolytic
era, in which the patency in the infarct-
related coronary artery was 13 % at 0-4 h
and 35 % after 12-24 h after the onset of
symptoms (93). On the other hand the total
reocclusion rate after reperfusion
treatment of ST-elevation infarction has
been reported to be 5-30 % depending on

Discussion
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sort of fibrinolytic treatment and
adjunctive therapies that have been used. (3,
4, 9, 10,  94). However, early, complete and
maintained patency in the infarct-related
arteries are key factors in order to improve
outcome in ST-elevation myocardial
infarction.

In our trial patients with acute
myocardial infarction treated with
streptokinase and aspirin, the one-day
adjuvant treatment with dalteparin tended
to improve the rate of TIMI grade 3 flow in
the infarct-related artery at 24 h. The
improvement was most convincing and
statistically significant in patients with non-
invasive signs of early reperfusion.
Furthermore, the indication of
improvement in coronary blood flow was
supported by less post-fibrinolytic
ischemic episodes in the dalteparin group
and especially among patients with non-
invasive signs of reperfusion. Thus,
adjuvant treatment with dalteparin seems to
improve patency in culprit coronary
arteries, after successful reperfusion by
fibrinolytic treatment.

Choice of reperfusion therapy
The benefit from fibrinolytic treatment

is wellestablished in patients with ST-
elevation myocardial infarction (2, 3, 29).
However, the choice of fibrinolytic
regimen seems to be less important for the
overall probability of stroke-free survival,
as the fibrin specific regimens that provide
more rapid reperfusion raise the risk of

cerebral haemorrhage (36). However, there
are at the moment two new fibrinolytic
agents released for clinical use. Reteplase,
given as a double intravenous bolus of 10
U 30 minutes apart, was compared to
frontloaded alteplase in the GUSTO-III trial
including 15,059 patients. The two
treatment arms had similar mortality rate
at 30-days as well as at 1-year follow-up
(28, 95). Tenecteplase is another new
fibrin-specific agent administrated as a
single weight adjusted bolus dose. It was
compared to alteplase in the ASSENT-2
study randomising 16,949 patients with
similar 30-day mortality rates (27). The
rate of haemorrhagic stroke was similar but
the non-cerebral bleeding complications
were fewer in the tenecteplase group than
in the alteplase group. The single dose
administration makes tenecteplase an
attractive treatment alternative, especially
in the emergency room and prehospital
setting. The four most common
fibrinolytic treatments are presented in
Table 9.

Primary angioplasty is an alternative
treatment to fibrinolysis in acute ST-
elevation infarction and is beeing used
more frequently. Primary angioplasty has
been shown to have advantages to
fibrinolytic treatment with regard to higher
rates of patency in the infarct-related artery
after 90 minutes, lower mortality, less
reinfarction and less cerebral
haemorrhages after 30 days and after 6
months (30, 96). In a small study comparing
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primary stenting of the infarct-related
artery and optimal primary angioplasty, it
was found that primary stenting restricted
the culprit leasion was related to a
significantly lower rate of adverse events
and lower rate of restenosis or reocclusion
after six months (97).  “Rescue” PTCA is
sometimes used when fibrinolytic
treatment has failed despite the lack of
documentation as to benefits in long-term
outcome (98).

The platelet glycoprotein IIb/IIIa
receptor blocker abciximab is a potent well-
documented treatment to reduce ischemic
complications to PTCA in patients with
unstable angina (99). In patients with ST-
elevation myocardial infarction abciximab
has been combined with a reduced dose of

fibrinolytic treatment compared with
traditional full dose fibrinolysis. In two
smaller studies (100, 101) there was a
higher rate of TIMI grade 3 flow in the
abciximab group. However, in the GUSTO-
V trial with 16,588 randomised patients
there was less in hospital reinfarctions but
no difference in 30-day mortality when
abciximab were added to reteplase and UFH
(102). In the ASSENT-3 trial 6,095 patients
with acute ST-elevation myocardial
infarction were randomised to evaluate
efficacy and safety of the following three
regimes; full-dose tenecteplase and
enoxaparin for a maximum of 7 days, half-
dose tenecteplase with weight-adjusted
low-dose UFH and 12-h infusion of
abciximab or full-dose tenecteplase with

Table 9. The four most common fibrinolytic agents

Agent Streptokinase Alteplase Reteplase Tenecteplase

Administration

time

60 min 90 min DB, 30 min SB

Standard dose 1,5 milj E 100 mg 10 U x 2 30-50 mg

Plasma t ½,min 15-25 4-8 13-16 15-19

Antigenicity Yes No No No

Adjuvant

treatment

Aspirin Aspirin

UFH

Aspirin

UFH

Aspirin

UFH

Risk of

intracranial

haemorrhage

+ ++ ++ ++

TIMI grade 3

flow at 90 min

30 % 55 % 60 % 60 %

DB = Double dose, SB = Single dose
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weight adjusted UFH for 48 h. Both in the
enoxaparin and abciximab groups there
were reductions of in hospital reinfarction
but no difference in mortality compared to
the UFH group. There were no differences
in cardiac events but less bleeding
complications were seen  in the enoxaparin
than in the abciximab group (103).
Therefore, it was concluded that in light of
its ease of administration, tenecteplase plus
lmw-heparin (enoxaparin) seems to be an
attractive treatment combination for
further studies.

Recently the direct anti-thrombin
bivalirudin was compared to UFH as an
adjuvant  to   streptokinase   treatment   in
17,073 patients included in the randomised
HERO-2 trial. In that trial there were less
reinfarctions although no difference in 30-
day mortality (104).

Even if there today are several
alternative therapies for early reperfusion
in acute ST-elevation infarction,
streptokinase remains the most common
fibrinolytic agent globally. If streptokinase
treatment could be improved by the
combination of adjuvant antithrombotic
agents, e.g. lmw-heparin, this might be a
less expensive and convenient alternative
for global routine treatment.

The inhibition of coagulation
activity (Paper II)

Our results confirmed that
streptokinase in patients with acute
myocardial infarction, apart from inducing

a pronounced activation of the fibrinolytic
system also activates the coagulation
system with increased thrombin generation
and activity as previously observed (14, 56-
58). In addition the present study showed
that dalteparin compared to placebo
reduced both F1+2 and TAT levels as an
expression of both a reduction in thrombin
generation and activity in accordance with
a few previous reports (54, 105). Similar
findings with the attenuation of F1+2 and
TAT have also been obtained when using
dalteparin compared to placebo in unstable
coronary syndromes (106).

Coagulation activity and clinical events
In order to elucidate the possible

clinical consequences of different levels
of coagulation activity, these were related
to outcome. In patients with higher levels
of coagulation markers at 18 h there was a
trend towards  more ischemic episodes and
less TIMI grade 3 flow in the infarct-
related artery.  These findings suggest that
patients with remaining activation of the
coagulation system after cessation of
fibrinolysis have a raised risk of
reocclusion.  In deceased patients
compared to 21-day survivors higher levels
of coagulation markers were noted at 18 h
indicative of increased activity. These
results are in concordance with a previous
study demonstrating that high levels of
F1+2 at 12 h tended to have a higher rate
of death or reinfarction (58). Along these
lines, it is noteworthy that dalteparin
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reduced the levels as well as the dispersion
of coagulation activity and was also
associated with less ischemic episodes and
a trend to a higher rate of TIMI grade 3 flow
in the infarct-related artery. These findings
are clinically relevant and indicate that
adjuvant treatment with lmw-heparin might
be important to attenuate the activated
coagulation system associated with
fibrinolytic treatment and thereby, reduce
the risk of reocclusion. In the recent
ASSENT-3 trial of prolonged (maximum of
seven days) treatment with enoxaparin as
an adjuvant to fibrinolytic treatment in
acute myocardial infarction a reduction of
ischemic complications was found (103),
which is in accordance with our findings.
One interesting question that arises if there
is a class effect (lmw-heparin) or if those
results are specific for the different lmw-
heparin agents. Further studies are needed
to answer this question.

TnT as a prognostic factor (Paper
III)

In patients with acute coronary
syndromes it is known that there is a
relation between the maximal TnT level and
mortality (78-80, 107). However, in
patients with acute ST-elevation infarction,
increased levels of TnT on admission have
been found to be associated with an
increased long-term mortality (17). This
prognostic value of the TnT level on
admission was verified in the present study.

In the group of patients with acute

myocardial infarction and ST-segment
elevation different cut-off levels (0.1 and
0.2 µg/L) have been used in previous studies
(15-17).  In our study a cut-off level of 0.1
µg/L was pre-specified. However, the post-
hoc analysis in the present study suggests
that concerning long-term mortality, a
higher cut-off level would be a better
discriminator since ≥0.43 µg/L (upper
quartile) identified the group with the
highest risk. This is in accordance with the
results of Stubbs and co-workers (17)
showing that a level of 0.2 was a better
discriminator than 0.1 or 0.05 as a cut-off
value regarding risk of subsequent events
in patients with ST-elevation myocardial
infarction.

Repeated chest pain and TnT
It is known that unstable angina occurs

in about 40 % of patients the days preceding
a myocardial infarction (108). In our study
episodes of chest pain during the last 24 h
before start of the infarct pain was strongly
related to elevated TnT on admission. An
explanation for this might be short transient
episodes of thrombotic occlusions or
microembolisation in the coronary artery
with small myocardial damage resulting in
TnT elevation preceding the final total
occlusion. TnT can be detected in the
circulation after 3-4 h and stays elevated
for 10-14 days in patients with myocardial
infarction (109, 110). The index infarct in
these cases could therefore represent an
early reinfarction, a circumstance known
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to be associated with an adverse prognosis
(111). Repeated chest pain was found to be
a risk factor regarding long-term mortality
in univariate analysis in the present study.
Some previous studies have also shown that
preinfarct angina before the acute
myocardial infarction is a significant risk
factor long-term mortality (112, 113).
However, other smaller studies have found
preinfarct angina to be associated with a
better outcome and recovery of LV-
function (114, 115). The beneficial effect
of preinfarct angina in the latter studies has
been interpreted as an example of
preconditioning (116-119). However, in
those studies simultaneous analyses
regarding myocardial damage with TnT and
long-term follow-up regarding mortality
were not performed.

Reperfusion, patency and TnT
Non-invasive signs of reperfusion after

90 minutes were lower in the TnT (+) group
compared to the TnT (-) group which also
has been described earlier (17). The
occurrence of ischemic episodes on
vector-ECG 6-24 h after start of
fibrinolysis, indicating episodes of
reocclusion, identified a subgroup in the
TnT (+) group with the highest mortality.
These results, together with a strong trend
of a lower rate of TIMI grade 3 flow in the
infarct-related artery at 24 h in the TnT (+)
group, support the hypothesis that elevated
TnT on admission predicts less successful
fibrinolytic treatment and raised risk of

early reocclusion.

Infarct size and TnT
TnT elevation on admission, using a cut-

off of 0.1 µg/L was not significantly
associated with infarct size. However, if
0.43 µg/L (upper quartile) was used as a cut-
off, elevated TnT on admission was
associated with a larger infarct size as
estimated by TnT maximum or reduced LV-
function. Reduced LV-function after
myocardial infarction is a well-known risk
factor for long-term mortality (120), which
was also the case in the present study.
Reduced LV-function was an independent
risk factor, but not TnT in the multivariate
model including both these factors. These
findings suggest that a larger infarct size,
resulting in a poorer LV-function, might be
one explanation for the raised mortality in
the TnT (+) group.

PET (Paper IV)
This is the first study in which patients

with ST-elevation myocardial infarction
have been investigated with PET as early
as 3 h after the start of fibrinolytic
treatment. In previous PET studies patients
have been investigated at the earliest 18-
24 h after fibrinolytic treatment (81, 82).
Our very early investigation with PET
provided a unique opportunity to study the
development of perfusion, metabolism and
damage in the infarcted myocardium.
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Myocardial perfusion and metabolism
The wide dispersion of the levels of

myocardial perfusion in our trial,
especially by the infarct area, has been
observed in previous groups (81, 121). The
perfusion in the remote area and the border
remote area in the present study was at the
same level as previously found in healthy
individuals (121, 122). As expected, the
mean perfusion was lower in the infarct and
in the border infarct region compared to
the other regions. However, there was no
improvement over time in any of the
regions regarding perfusion despite TIMI
grade 3 flow in the majority of patients.
Considering that in one patient (patient 6)
with PTCA at day six showed an increased
perfusion after 3 weeks it might be
hypothesised that remaining stenosis
might be a contributing factor to the poor
recovery of tissue perfusion in many
patients.

The fact that we found a correlation
between the total oxidative metabolism and
rate-pressure-product, two established
measures of workload (123), supports the
validity of our 1-11C-acetate analyses. In a
previous small trial similar markedly
decreased oxygen consumption in the
infarct area was found (124). Furthermore,
they did not find any significant
improvement in oxidative metabolism from
day 2 to day 7. Presuming that oxidative
metabolism in our study did not increase
significantly, the relative glucose
utilization in the infarct area at 24 h was

less reduced than the oxidative
metabolism. This might indicate that
glucose in the infarct area, at least in some
cases, is metabolised anaerobically many
hours after infarction suggesting persisting
ischemia at the intracellular level that might
be related to post-ischemic mitochondrial
damage in surviving myocytes. Even if
glucose utilization is an alternative to
predict myocardial function after a
myocardial infarction, oxidative
metabolism seems to be a more accurate
predictor of myocardial function,
especially early after myocardial infarction
(124, 125).

PTF and myocardial damage recovery
In earlier studies the water-perfusable

tissue index was found to be a prognostic
indicator for recovery of regional
contractile function after revascularization
in patients with chronic ischemic heart
disease and LV-dysfunction (121). In a more
recent report (126), the PTF moiety was
found to correlate with histochemical
findings in an experimental animal model
of old infarction. The PTF was able to
distinguish between normal tissue,
subendocardial and transmural infarctions.
However, to our knowledge, PTF has never
been used to follow the evolution of
regional damage and recovery in a setting
of acute myocardial infarction. The fact that
the proportion of PTF in the remote area
showed a narrow dispersion at a high level
supports the validity of our PTF
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measurements. Thus, our data suggest that
the reduced PTF seen in the infarct centre
and the border zones early after infarction
primarily reflects a pronounced reduction
in the intramural fraction of perfused
tissue. As might be expected a gradient of
diminished perfusion from the periphery
towards the centre of infarction at 3 h was
found. Somewhat surprising however, was
the trend towards normalisation of PTF
after 3 weeks, with almost full recovery
even in the infarct zone.
Neovascularisation, hypertrophy of
remaining myocytes and reduction of
intramural oedema might be explanations
for this finding. Our results also
demonstrated that the proportion of PTF
was related to the level of residual oxidative
metabolism from 3 h to 3 weeks after start
of fibrinolysis. In contrast, the regional
glucose utilization at 24 h correlated to the
PTF at 24 h but not to the PTF after 3 weeks.
This supports the notion, that relatively high
FDG uptake early after infarction to some
extent might reflect residual ischemia, not
necessarily reflective of subsequent
recovery. High myocardial FDG-uptake has
also be reported in inflammatory
processes (127, 128). In contrast the
remaining oxidative metabolism after 3 h
seems to be one main predictor of the
infarcted myocardium. This estimate might
therefore be a useful marker for studies of
the effects of new interventions in acute
myocardial infarction.

After the beginning of the thrombolytic
era a lot of research has been focused on
earliest possible complete reperfusion of
the infarct-related coronary artery. In a
previous PET study the recovery of LV-
contractile function was highly dependent
on adequate myocardial tissue perfusion
(129). However, achievement of TIMI
grade 3 flow in the epicardial infarct-
related artery does not seem to be enough.
In a trial with 11 patients with metabolism/
perfusion mismatch and TIMI grade 3 flow
in the infarct-related artery, six of seven
patients with PTCA showed LV-function
recovery compared to none out of four
patients with no PTCA (130). Furthermore,
a recent multivariate analysis study revealed
that oxidative metabolism in the
successfully reperfused myocardium was
the only significant predictor for the
recovery of LV-function at three months
after an acute myocardial infarction (82).
Our results demonstrating that the oxidative
metabolism already at 3 h is related to the
current and future proportion of PTF in the
infarct area seems to fit into the same
concept. Thus it might be suggested that
only patients with both TIMI grade 3 flow
and an adequate level of oxidative
metabolism will show a complete recovery
while those with poor oxidative
metabolism will need further early
treatment measures despite re-established
TIMI grade 3 flow.
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Lmw-heparin seems to be an attractive, safe, convenient and potent adjuvant treatment
to fibrinolysis and aspirin in patients with acute ST-elevation infarction. Improved in
coronary blood flow was supported by less post-fibrinolytic ischemic episodes in the
dalteparin group and especially among patients with non-invasive signs of reperfusion. In
future studies prolonged treatment with the lmw-heparin treatment should be investigated
in order to prevent late reocclusions and avoid early reactivation. Furthermore, this treatment
strategy will facilitate a reduction in treatment delay by the convenient combination of
bolus anticoagulation and bolus fibrinolysis as reperfusion treatment.

Fibrinolytic treatment induces a pronounced elevation in coagulation activity, which is
attenuated by dalteparin treatment. Remaining high coagulation activity seems to be
associated with a higher risk of early reocclusions as indicated by more ischemic episodes,
lower rate of TIMI grade 3 flow and higher mortality. Also these findings emphasise the
need for further evaluation of prolonged anticoagulation treatment in combination with
fibrinolysis in acute ST-elevation myocardial infarction.

Elevated TnT level on admission was confirmed to be related to long-term mortality.
This elevation of TnT was associated with preceding episodes of chest pain, longer delay
and less successful fibrinolytic treatment. These findings suggest an underlying more severe
prothrombotic plaque rupture that was difficult to stabilise by the used treatment measures.
When TIMI grade flow and LV-function were known these factors were stronger risk factors
for mortality than the TnT level. However, the information from TnT level at entry could be
useful to improve the selection of the immediate treatment of the individual patient to
obtain more effective early reperfusion, better maintained patency, and improve re-
establishment of the microcirculation.

The oxidative metabolism, but not myocardial perfusion at 3 h, correlated to PTF and
its development over time in the infarct area. These findings indicate that further development
of reperfusion treatment is needed, aiming for earlier and more complete restoration of
myocardial perfusion and oxidative metabolism. A detailed evaluation of the development
of myocardial perfusion and metabolism by PET technology might be one way to test new
treatment modalities before embarking on large-scale clinical trials.

Summary and implications
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