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ABSTRACT
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This study evaluated the use of multi-lead ST-monitoring in the early assessment of
patients with suspected or confirmed unstable coronary artery disease (UCAD).

   At continuous 12-lead ECG (c12ECG), the definition of an ischemic episode as a
transient ST-deviation     0.1mV for at least 1 minute resulted in a good observer agreement
(kappa=0.72) and an acceptable incidence of postural ST-changes.

   When c12ECG was performed from admission and for 12 hours in 630 patients
with suspected UCAD, 16% had ischemic episodes. At 30 days, patients with episodes
had a higher risk of cardiac death or myocardial infarction (MI) (10% vs. 1.5%). In a
multivariate analysis, troponin T  0.10mg/l and presence of ischemic episodes were
independent predictors of cardiac death or MI. When ST-monitoring and troponin T
status were combined, patients could be divided into a low-, intermediate-, and high-risk
group with 1%, 4% and 12% risk for cardiac death or MI at 30 days of follow up.

   As a part of a multicenter trial, including patients with UCAD, 1016 patients
underwent ST-monitoring with c12ECG or continuous vectorcardiography (cVCG).
Ischemia was detected in 32% and 35%, respectively. When the groups with ischemia
were compared, the groups were similar with respect to several clinical variables. Thus,
these methods seem to identify the same high-risk population.

   Of the 629 patients treated non-invasively with extended treatment of low-
molecular-weight heparin (LMWH) or placebo, 34% had ischemic episodes. In this group
at 3 months, patients administered LMWH had a significantly lower risk of death, MI, or
revascularization than patients treated with placebo (35.2% vs. 53.4%). In patients without
ischemic episodes, the outcome in the LMWH and placebo group was similar.

   Thus, multi-lead monitoring provides important prognostic information early after
admission in this population, and seems to identify patients who benefit most from
extended antithrombotic treatment.
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ABBREVIATIONS

ACS = acute coronary syndrome

AMI = acute myocardial infarction

CCU = coronary care unit

CI = confidence interval

ECG = electrocardiogram

ET = exercise test

FAST = fast assessment of thoracic pain

FRISC II = fragmin and fast revascularization during instability in

    coronary artery disease

LMWH = low-molecular-weight heparin

MI = myocardial infarction

RR = risk ratio

ST-VM = ST vector magnitude

UCAD = unstable coronary artery disease
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INTRODUCTION

Acute coronary syndrome (ACS) is

a major cause of morbidity and mortality

in Sweden and in the industrialized world

(1, 2). Patients, who present with chest

pain or other symptoms suggestive of an

acute coronary syndrome, amount today

to about 20% of all visits to the emergency

department (3).  Of the two thirds who will

be admitted, approximately 60% will be

found to have an acute coronary

syndrome, whereas the remaining 40%

will be diagnosed with other cardiac or

non-cardiac causes (4, 5). However, 2-4

% of the patients with acute coronary

syndrome are mistakenly sent home from

the emergency department, and these

patients tend to have a worse outcome than

those who are hospitalized (6-8). Thus, the

early assessment of patients with chest

pain or other symptoms suggestive of ACS

is still a difficult clinical task for the

clinician and a major health issue for the

community.

BACKGROUND

Pathogenesis of acute coronary

syndromes

Stable angina pectoris is the most

common clinical manifestation of

coronary artery disease. It occurs when

there is an imbalance between myocardial

perfusion supply and demand, and is most

often caused by atheromatous narrowing

of a coronary artery. Stable coronary artery

disease can suddenly deteriorate into an

acute coronary syndrome. In the vast

majority of patients, this begins with a

disruption or erosion of a vulnerable

atherosclerotic plaque and a subsequent

coronary thrombosis (9, 10). Plaques that

are prone to disrupt are characterized by

large, macrophage- and lipid-rich cores,

thin fibrous caps with small amounts of

collagen and smooth muscle cells, and

inflammatory infiltration within the

fibrous cap (11). Biochemical or

hemodynamic forces may then trigger the

vulnerable plaques to disrupt (11). Most

plaque disruptions seem to occur without

clinical symptoms. Autopsy data have

shown that as many as 9 % of persons

dying from non-cardiac causes have signs

of coronary plaque rupture (12). The

formation of thrombus is related the

thrombogenicity of the plaque, the degree

of blood flow disturbances, and the

balance between the thrombogenic and
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fibrinolytic systems in the circulating

blood (13). Thus, the degree and duration

of ischemia that may arise in this situation,

is determined by the severity of the

preexisting stenosis, extent and

persistence of thrombus formed,

occurrence of embolization, degree of

concomitant vasoconstriction, presence of

collaterals, and the myocardial perfusion

demand (14, 15).

Definitions and clinical manifestations

Acute coronary syndrome

encompasses a broad spectrum of clinical

conditions, from unstable angina to acute

myocardial infarction (AMI) and sudden

cardiac death.

Unstable angina is a clinical

syndrome characterized by a sudden

worsening of a previous stable angina,

new onset of severe angina or angina at

rest (16). In order to facilitate

communication about this group of

patients, several clinical classifications

have been proposed (16-19). The

classification proposed by Braunwald

(16,17) is today the most frequently used.

This classification considers severity of

symptoms (I: no angina at rest, II: angina

at rest during the last 2 months, III: angina

at rest during the last 48 hours), clinical

circumstances (A: secondary unstable

angina, e.g. secondary to anemia or

tachyarrhythmia, B: primary unstable

angina, C: postinfarction angina, i.e.

angina within 2 weeks from myocardial

infarction) and intensity of treatment (1:

no treatment, 2: standard treatment for

stable angina, 3: maximal treatment).

When present, objective signs of ischemia,

such as transient ST-segment depression

(or, less frequently, elevation) and T-wave

inversion in the standard 12-lead

electrocardiogram (ECG), or a minor

elevation of a biochemical marker of

myocardial damage not fulfilling the AMI-

criteria, will strengthen the diagnosis.

However, these signs may also be absent,

which further illustrates the difficulties in

evaluating chest pain patients.

Acute myocardial infarction is

defined as myocardial necrosis secondary

to an interruption of coronary blood

supply. However, since this can only be

confirmed histologically, the clinical

diagnosis is based on the history,
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electrocardiographic findings and

elevations of biochemical markers of

myocardial damage (20). Presence of ST-

segment elevations in the ECG on

admission is considered to be diagnostic

with a specificity of 90 % (5, 21-22).

However, at least 40-50% of patients with

AMI have a non-diagnostic ECG, i.e. no

ST-elevations, on admission (21-23). In

these patients the diagnosis can only be

certified by measurements of biochemical

markers of myocardial damage (24-26).

The most clinically useful

classification of AMI differentiates

between ST-elevation myocardial

infarction (MI) and non-ST-elevation MI.

ST-elevation MI usually develops

secondary to a thrombotic and persistent

total occlusion of a coronary artery, not

compensated by collaterals (27). Non-ST-

elevation MI is usually caused by a

coronary thrombus associated either with

subtotal or transient short-lasting

occlusions or with downstream

embolization or with a persistent total

occlusion where preformed collaterals

protect the jeopardized myocardium (28).

However, due to the insensitivity of the

standard 12-lead ECG, total occlusions to

areas with insufficient collateral flow are

not always associated with ST-elevations,

especially when the left circumflex artery

is occluded (29).

Although non-ST-elevation MI

carries a higher risk of worse outcome

compared to unstable angina, there are

several similarities between these two

conditions (30). Both conditions have a

similar pathophysiology with most often

severe coronary artery lesions and a newly

formed thrombus impeding the blood

supply leading to an ischemic, yet often

viable myocardium, at high risk of a new

thrombotic event. Irrespective of whether

or not myocardial necrosis has occurred,

these patients should be given intense anti-

ischemic and antithrombotic treatment and

be considered for coronary intervention

(31). The definition of these two diagnoses

is arbitrary as illustrated by the recently

published new definitions of acute MI

leading to that a substantial number of

previous cases of unstable angina now will

fulfill the criteria of MI (24). Therefore,

unstable angina and non-ST-elevation MI

are preferably merged into one entity –



10

unstable coronary artery disease (UCAD).

Prognosis in UCAD

The prognosis of UCAD depends on

what diagnostic criteria are used to define

the population and also the intensity of the

pharmacological and interventional

treatment. Several recent clinical trials,

including patients with symptoms

suggestive of UCAD and either objective

signs of ischemia in the ECG, raised

biochemical markers or other evidence of

ischemic heart disease, and using currently

recommended treatments (32) have been

rather consistent regarding the prognosis.

In these trials, the mortality has been 3-4

% after one month (33-38) and 5-7 % after

6 months (33-35), whereas the rate of

death or MI has been 7-11% after 1 month

(33-37, 39-40) and 13-15% after 5-6

months ( 33-35).

Acute treatment of UCAD

Both aspirin (39, 41-44) and

betablockers (45, 46) reduce the risk of

subsequent death and myocardial

infarction, and have been standard

treatment in UCAD for several years (47).

In contrast to patients with ST-

elevation MI, patients with UCAD do not

benefit from thrombolytic therapy (48,

49). In these patients, unfractionated

heparin in addition to aspirin has been

shown to reduce the risk of death or MI

by at least 30 % during ongoing treatment

(50). However, the use of unfractionated

heparin has been hampered by the need

for intravenous administration and

frequent monitoring of activated partial

thromboplastin time. Recent studies have

demonstrated at least equal efficacy of

low-molecular-weight heparins

(LMWHs) (33, 37, 40, 51, 52), which due

to high bioavailability, predictable

anticoagulant response and longer half-

life, can be administered subcutaneously

without the need for monitoring the

anticoagulant effect. A major drawback in

the treatment of these patients has been

the reactivation of disease early after

cessation of both unfractionated heparin

and LMWHs (33, 53). One of the

objectives of the Fragmin and fast

revascularization during instability in

coronary artery disease (FRISC II) trial

(54, 55) was therefore to investigate

whether prolonged treatment with LMWH

would be beneficial in this population.
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After the discovery of the binding

of fibrinogen to the platelet glycoprotein

IIb/IIIa receptor as the final common

pathway of platelet aggregation, several

glycoprotein IIb/IIIa receptor inhibitors

have been developed and evaluated in

clinical trials of UCAD patients (34-36,

38, 56, 57). It is now well established that

abciximab in addition to aspirin and

heparin reduces the risk of a cardiac event

in patients with high risk treated with

percutaneous coronary intervention

(56,57). However, in patients treated

mainly medically, the effect of these

agents has been more moderate (34-36, 38,

57)

The issue of whether early

revascularization should be performed

routinely in patients with UCAD has been

a controversy for several years. In the

Thrombolysis in Myocardial Infarction

(TIMI) IIIB study, randomization to an early

revascularization strategy resulted in less

hospital admission but no significant

reduction in death or MI compared to

randomization to a conservative approach

(58). However, the difference in proportion

of patients who actually underwent early

revascularization was small because of early

cross-over to intervention in the

conservative arm. The Veterans Affairs

Non-Q-Wave Infarction Strategies in

Hospital (VANQWISH) Trial (59), on the

other hand, found a lower risk of death or

MI during the first year of follow up in

patients randomized to a non-invasive

strategy compared to those randomized to

early revascularization. Also in this trial

the actual difference in proportion of

patients revascularized between the two

arms was small and only 44% in the

invasive versus 33% in the non-invasive

arm had revascularization procedure

during the first year. Furthermore, the 30-

day mortality after coronary artery by-pass

grafting was surprisingly high (7.7%).

Therefore, another objective of the FRISC

II trial (54,55) was to evaluate the effects

of a strategy of early revascularization

compared to a conservative (or ischemia-

guided) strategy in UCAD.

Non-electrocardiographic risk

stratification of suspected UCAD

Patients admitted because of

symptoms suggestive of UCAD

encompass a heterogeneous group that
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varies widely regarding both underlying

pathophysiology and future risk for

cardiac events. There are several reasons

for early risk stratification in this group.

Patients identified as having a high risk

of subsequent event might need a more

intense pharmacological treatment and be

considered for early intervention. Patients

with a low risk, on the other hand, may

benefit more from conservative

management with a low risk of side-

effects. Moreover, considerable economic

gains may be achieved by early

identification of patients who are at

sufficiently low risk for early transfer to a

lower level of care and early discharge.

There are several indicators of

increased risk based on the clinical history.

Thus, it is well documented that increasing

age, male gender, diabetes mellitus,

previous history of angina or MI, and

congestive heart failure indicate a higher

likelihood of UCAD and an increased risk

of subsequent cardiac events (31, 32, 47,

60, 61). Moreover, the clinical

presentation also contains prognostic

information. Recent prolonged chest pain

at rest and recurring symptoms of angina

shortly after a myocardial infarction both

portend a worse outcome (19, 62-64) .

However, although the history always is

the first step in the evaluation, in the

majority of cases it needs to be

complemented by other risk indicators.

During the last decade, new test

systems for the more sensitive and specific

biochemical markers of myocardial

damage, CK-MB(mass), cardiac troponin

T, and I, have been developed. All three

markers are important predictors of

outcome in patients with UCAD (65-75).

However, due to a higher proportional rise

in plasma, wider diagnostic time-window

(resulting in higher sensitivity) and no

cross-reactivity (resulting in higher

specificity) the troponins are somewhat

better than CK-MB(mass) in predicting

outcome (71-75). In a study by Hamm et

al. (75), the prognostic value of troponin

T and I, collected during the first 4-6 hours

from presentation, was investigated in a

fairly unselected group of 773 patients

presenting to the emergency room with

symptoms suggestive of UCAD. After 4-

6 hours from presentation, 16% and 22%

had an elevated troponin T and I,
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respectively. During 30 days of follow-

up, the rate of death or MI in patients with

elevated troponins were 19-22%,

compared to 0.3-1% for those without

elevated troponins. The short time needed

for adequate risk stratification has been

supported by a study in a more selected

population by Newby et al. (76). In that

study, 16 hours of collecting samples of

troponin T did not have any additional

prognostic value compare to 8 hours.

In order to be useful, a clinical risk

indicator should not only identify patients

with increased risk, but also identify

patients who benefit from a certain

treatment, and thereby be able to guide

treatment. There are now three studies

indicating that most of the long-term

benefit of antithrombotic treatment, i.e.

with LMWH and glycoprotein IIb/IIIa

receptor inhibitors, is seen in patients with

elevated troponin T levels (77-79).

Stress testing can be used for risk

stratification in UCAD. A symptom-

limited exercise test on bicycle ergometer

can be done safely after patients been

stabilized (80). Several studies have

shown that signs of ischemia or low

exercise tolerance at an exercise test

performed before discharge can identify

subgroups with different degree of

coronary disease according to the coronary

angiogram and different risk of adverse

outcome (81-83). However, the test cannot

be performed early in the course of

instability and is, therefore, not useful in

guiding the early management.

Coronary angiography is considered

by many as the reference method for risk

stratification in coronary artery disease.

Thus, the number of coronary arteries

involved and the severity and location of

stenoses have been shown to predict

outcome in patients with UCAD (84-86).

Furthermore, the angiogram identifies

patients known to have survival benefits

with revascularization procedures, i.e. left

main- or triple vessel disease or proximal

stenosis in the left anterior descending

artery (87). However, due to limited

availability and resources, the method is

used mainly in patients non-invasively

selected and not routinely in all patients.
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Electrocardiography during ischemia

Standard 12-lead ECG

Augustus D. Waller recorded the

first human electrocardiogram in 1887

(88). Willem Einthoven improved the

technique considerably, an important work

for which he was awarded the Nobel Prize

in medicine and physiology 1924 (89, 90).

For several years only the limb leads I, II,

and III were used. Wilson introduced the

“unipolar lead” concept 1931 and the

precordial leads 1944.

Occurrence of ST-segment

deviations during myocardial infarction or

transient episodes of angina was

recognized during the 1920’s (91-95). The

ECG registers electrical potentials that

arise during the spread of action potentials.

Thus, theoretically, the absence of ST-

segment deviation from the baseline

implies an absence of significant potential

differences during the initial plateau

(phase 2) of the action potential. During

subepicardial ischemia, ST-segment

elevation can occur by two different

mechanisms (96) which are illustrated in

figure 1. The most important mechanism

is a decreased resting membrane potential

in the ischemic area which will lead to a

diastolic “injury current” from the ischemic

subepicardial area to the normal myocardium

and to a subsequent depression of the baseline

(TQ-segment), which by an ordinary

electrocardiograph cannot be differentiated

from an ST-elevation. However, due to a

shorter action potential with decreased

amplitude there will also be a systolic “injury

current” from the normal myocardium to the

ischemic area , resulting in true ST-elevation.

During subendocardial ischemia, the same

mechanisms are involved, but the diastolic

and systolic “injury current” will go in the

other direction in relation to the exploring

electrode and thereby result in ST-segment

depression. However, ischemia-related ST-

segment depression may also occur as a

mirror change (i.e., an electrical

phenomenon) of ST elevation in the

myocardial area opposite to the surface

electrode.

It is important to obtain a standard

12-lead ECG as quickly as possible in

patients presenting to the emergency

department with symptoms suggestive of

ACS. If the ECG reveals ST-segment
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Figure 1: Illustration of the mechanisms leading to ST-elevation. Because of decreased resting membrane

potential, the ischemic area becomes less negative than the surrounding area (1). This will lead to a depres-

sion of the baseline. Because of a shorter and smaller action potential , the ischemic area will become more

negative than the surrounding area (3). This will lead to a true ST-elevation.

elevation the patient should immediately

be considered for reperfusion therapy (97).

However, in the absence of ST-elevation,

the ECG still contains important

diagnostic and prognostic information.

Presence of ST-segment depressions ⊕0.1

mV have in several studies been shown to

indicate an increased prevalence of severe

coronary lesions and a high risk of

subsequent death or MI (82, 98-105). In

addition, even presence of smaller ST-

segment depression (0.05-0.1mV) have

been related to worse outcome (103, 106).

In fact, the risk seems to increase with

increasing levels of ST-depression (104,

107). The prognostic value of isolated T-

wave inversions is still controversial.

Some studies suggest that patients with

isolated T-wave inversions have a higher

future risk compared to those with normal

ECGs (101, 108), whereas other have not

seen any difference in outcome in these

two groups (103, 104). However, new T-

wave inversions in the anterior leads have

been associated with severe proximal

stenosis of the left anterior descending
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coronary artery (109, 110).

The standard 12-lead ECG is a

simple method that is quickly performed

and readily available. However, the

standard 12-lead ECG is a “snapshot”,

unable to reflect the dynamic nature of

coronary thrombosis and myocardial

ischemia. Since 70-90% of all ischemic

episodes are silent in patients with UCAD

(111-116), even repeated 12-lead ECG

registrations during chest pain will often

be insufficient to detect all episodes of ST-

changes.

ST-segment recording with Holter

Ambulatory electrocardiography was

introduced by Holter in 1949 using

radiofrequency transmission (117). Later,

Holter considerably improved the

technique leading to the more feasible

magnetic tape recording unit in 1961

(118). The method is therefore also known

as Holter electrocardiography. It has been

well established, by cardiac catheterization

and positron emission tomography that

episodes of transient ST-depression or ST-

elevation during ST-segment recording

Table 1: Prognostic value of ST-recording with Holter early after admission because of
unstable coronary artery disease.

      Proportion

 with  Death or myocardial infarction

Author (ref)  n       TIE Follow up      TIE   No TIE

Patel 1996 (106) 212 15% In hospital 19% 2%  ***

Langer 1989 (115) 135 66% 16% 4%

Gottlieb 1986 (112) 70 53% 1 month 16% 3% **

von Arnim 1988 (114) 38 42% 31% 9%

Johnson 1982 (111) 92 23% 3 months 33% 8% *

Willcox 1990 (116) 66 11% 1 year 29% 10%

Patel 1998 (127) 212 15% 2.5 years 31% 9% ***

n: number of patients included in the study.  TIE: Transient ischemic episodes detected
as transient ST-depressions or ST-elevations. *:p<0.05, **:p<0.01, ***:p<0.001
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with Holter, with or without symptoms,

in patients with a high likelihood of

coronary artery disease most often

represent myocardial ischemia (119-123).

The value of ST-segment recording

with Holter in the UCAD population has

been examined in several studies during

the last two decades. Presence of transient

ischemic episodes has been related to a

higher rate of left main or multi-vessel

disease (111, 115, 124) and subsequent

death, MI, severe angina and need for

revascularization (106, 111-116, 124-

127). Table 1 lists the major studies

evaluating the prognostic value of ST-

recording with Holter early after

admission because of UCAD. The number

of patients identified as having transient

ischemia has varied widely (11%-66%),

mainly because of the use of different

inclusion criteria. In the studies by Patel

et al.(106, 127), 212 rather unselected

patients with a clinical diagnosis of

unstable angina pectoris underwent 48

hours of ST-segment recording. Transient

ischemic episodes were present in 15%.

The risk of death or MI in-hospital was

19% in patients with episodes, compared

to 2% in those without (p<0.001). During

long-term follow-up patients with

ischemic episodes had 4.1 fold higher risk

of death or MI. During short-term as well

as long-term follow-up, presence of

transient ischemia was an independent

predictor in multivariate models including

both clinical background variables and

ECG on admission. The incremental value

of adding ST-recording to ECG on

admission has also been shown by Langer

et al. (115), who later, in the same material,

showed that the predictive value of

ischemic episodes was present irrespective

of the number of diseased vessels in

coronary angiography and degree of left

ventricular dysfunction (128).

However, the major disadvantage

with Holter-recording is the off-line

analysis, which means that information

obtained may reflect events occurring

several hours or days earlier. This has

probably contributed to the limited use of

Holter monitoring in clinical practice.

Another problem with Holter recordings

is the use of 2-3 leads, which may result

in missed episodes of ischemia (129, 130).
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On-line multilead ST-segment monitoring

Continuous vectorcardiographic

monitoring was first performed by Hodges

et al. in 1974 (131), whereas on-line

monitoring in clinical practice was not

started until the late 1980’s (132, 133). ST-

segment monitoring with continuous

vectorcardiography has been shown useful

to detect ischemia during percutaneous

coronary intervention (134, 135), and to

assess vessel patency after reperfusion

therapy(136). In addition, ST-vector shift

during coronary occlusion has in an

experimental setting been closely related

to myocardium at risk (137). This,

however, has not been supported by a

human study (138).

The prognostic value of ST-segment

monitoring with continuous

vectorcardiography in patients with

UCAD has been evaluated in a series of

reports, all except one emanating from one

Swedish center (139-143). Andersen et al.

studied a fairly unselected group of 195

patients with UCAD (140, 141). During

24 hours of monitoring, 56 (29%) patients

had at least one transient ischemic episode

detected as a ST vector magnitude (ST-

VM) episode. During 1 year of follow up,

the rate of death or MI for these patients

was significantly higher (23%) than for

those without ST-VM episodes (10%). In

a Cox regression model, including clinical

background data, ECG on admission and

levels of CK-MB(mass), the presence of

ST-VM episodes was an independent

predictor of both death alone and the

composite endpoint of death or MI.

Similar data have been reported from the

Thrombin Inhibition in Myocardial

infarction (TRIM) trial, including a more

selected intermediate to high risk group

(142). Out of 308 patients, 99 (32%) had

at least one ST-VM episode. At 30 days

the risk of death or MI was 12% and 1%

in those with and without ST-VM

episodes, respectively. Both in the study

by Andersen et al. and in the TRIM trial it

has been possible to further classify the

patients into a low-, intermediate- and high

risk group by combining the results of

vectorcardiographic monitoring and

measurements of markers of myocardial

damage (141, 143).

Studies using ST-segment

monitoring with continuous 12-lead ECG
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were first reported in 1988 (144, 145). It

has since then been found useful for the

detection of ischemia during and after

percutaneous coronary intervention (144),

and to identify reperfusion and a better

outcome in patients treated with

thrombolysis (146, 147). However, few

studies have been performed on the

UCAD population. Klootwijk et al. have

found a higher sensitivity of 12-lead

compared to 3-lead monitoring (130), and

that occurrence of ischemic episodes

detected by continuous 12-lead ECG

predicts a worse outcome at 30 days in

patients with refractory unstable angina

scheduled for percutaneous coronary

intervention (148). Fesmire et al. have

shown that continuous 12-lead ECG in an

emergency department can increase the

sensitivity for detecting ischemia

compared to admission ECG (149). There

is still no study examining the predictive

value of continuous 12-lead monitoring in

a more unselected population with

suspected or confirmed UCAD. The

method has also been hampered by the

lack of information on the influence of

movement and other artifacts and on

observer variability, which is a major

concern with any diagnostic method that

requires visual interpretation. Moreover,

in most studies evaluating patients with

UCAD, transient ischemia detected by ST-

monitoring, has been defined as a transient

ST-change of at least 0.1 mV. However,

there is no generally accepted standard

during continuous 12 lead ECG

monitoring to detect ischemia, and

previous studies have shown that presence

of even smaller ST-depressions in the

standard 12-lead ECG has a predictive

value (103, 106).

Finally, as previously stated, a risk

indicator should, besides predicting future

risk, preferably be able to identify those

who benefit from a certain treatment.

Ischemic episodes, detected by any

method, indicates a worse outcome.

Antithrombotic treatment has been shown

to reduce the amount of ischemic episodes

detected by both continuous

vectorcardiography and continuous 12-

lead electrocardiography (148, 150).

However, it is still not clear whether ST-

segment monitoring can identify those who

benefit most from extended antithrombotic

treatment.
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AIMS

At continuous 12-lead ECG:

1. To determine the inter- and intraobserver variability when used in patients with UCAD.

2. To determine the optimal criteria of transient ischemia, with respect to observer

variability, postural changes and prognostic value.

In a population with suspected UCAD:

3. To evaluate the prognostic importance of ischemic episodes detected by continuous

12-lead ECG

4. To examine the relationship between ischemic episodes detected by continuous 12-

lead ECG and the level of troponin T, and to evaluate the prognostic importance of a

combination of these two.

In a population with confirmed UCAD:

5. To compare the incidence of ischemia detected by continuous 12-lead ECG and

continuous vectorcardiography, and to examine if the groups identified as having

ischemia belong to the same population with respect to different clinical variables.

6. To assess the value of multi-lead ST-monitoring in predicting the efficacy of extended

antithrombotic treatment.
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METHODS

Patients

In paper I three sets of patients were

included. To examine the inter- and

intraobserver variability of continuous 12-

lead ECG when used in patients with

UCAD, 100 patients included in the

ischemia-monitoring substudy of the

FRISC II trial were randomly selected (see

below). To evaluate to what extent ST-

changes may be influenced by changes in

body position, 50 patients admitted to the

coronary care unit (CCU) due to chest pain

and suspicion of acute myocardial

ischemia, were chosen. The patients had

to be clinical stable with no signs of

ongoing ischemia before inclusion. To

examine the predictive value of different

criteria of transient ischemic episodes, 630

patients included in the Fast ASsessment

of Thoracic pain (FAST) study (see below)

were chosen.

The prognostic importance of

ischemic episodes detected by continuous

12-lead ECG alone and in combination

with the level of troponin T (paper II-III)

was studied in the FAST study. This study

included consecutive patients admitted to

the CCU with a history of chest pain or

other symptoms suggestive of an acute

coronary syndrome. Exclusion criteria

were prehospital thrombolysis, presence

of ST-segment elevation on admission

ECG, ST-segment not interpretable for

ischemia (left bundle branch block,

pacemaker treatment, or ventricular

rhythm ), previous inclusion in the present

study, or failure to obtain at least 9 hours

of ST-monitoring during the first 12 hours

from admission. In Paper III, failure to

analyze troponin T after both 6 and 12

hours from admission was also an

exclusion criterion.

Of the 1194 eligible patients, 131

were excluded due to prehospital

thrombolysis or ST-segment elevation on

admission ECG, 170 because of previous

enrollment in the study, and 90 because

of an ECG not interpretable for ischemia

(LBBB 71, pacemaker 11, AV-block 5,

ventricular rhythm 2). Out of the

remaining 803 patients with an ECG non-

diagnostic of AMI but interpretable for

ischemia, 173 patients were excluded

because of less than 9 hours of monitoring.

Thus, 630 were included in the part
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investigating the predictive value of

ischemic episodes detected by continuous

12-lead ECG (paper II). In the part

examining the predictive value of a

combination of ischemic episodes

detected by continuous 12-lead ECG and

the level of troponin T (paper III), another

32 patients were excluded because of

failure to analyze troponin T at both 6 and

12 hours. Thus, 598 patients were included

in that analysis. All clinical data were

prospectively collected and entered into

the local database of the National Registry

for Cardiac Intensive Care (151). The

treatment of individual patients was left

to the discretion of the individual

physician.

To examine whether ST-segment

monitoring with continuous 12-lead ECG

and continuous vectorcardiography

identifies the same high-risk population

(paper IV), and to assess the value of

multi-lead ST-segment monitoring in

predicting the efficacy of extended

antithrombotic treatment (paper V),

patients included in the FRISC II trial were

analyzed. The FRISC II trial was a

prospective, randomized, multicenter trial,

designed to compare long-term LMWH

(dalteparin) with placebo, and an early

invasive treatment with a non-invasive

treatment. Patients were eligible for

inclusion if they had symptoms of

ischemia that were increasing or occurring

at rest or that warranted the suspicion of

acute myocardial infarction, with the last

episode within 48 h before the start of

dalteparin or heparin treatment.

Myocardial ischemia had to be verified by

ECG (ST depression   0.10mV or T-wave

inversion    0.10mV) or by raised

biochemical markers. Exclusion criteria

were: increased risk of bleeding, anemia,

indication for or treatment in the past 24

h with thrombolysis, angioplasty in the

previous 6 months, being on a waiting list

for coronary revascularization, other acute

or severe cardiac disease, renal or hepatic

insufficiency, known  clinically relevant

osteoporosis, other severe illness,

hypersensitivity to randomized drug,

anticipated difficulties with cooperation

and participation in other trials. In the

present substudies, patients with ECG not

interpretable for ischemia, i.e. left bundle

branch block and pacemaker-ECG were

also excluded. At least 18 hours of ST-

≥

≥
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monitoring, of which 16 hours fully

interpretable, was also a requirement for

inclusion.

The FRISC II trial had a factorial

design with parallel groups. Eligible

patients were started on open-label

subcutaneous dalteparin twice daily or

infusion of standard heparin. Within 72h

patients were randomly allocated to one

of 4 treatment groups; invasive treatment

and 5 days + 3 months dalteparin, invasive

treatment and 5 days dalteparin + 3 months

placebo, non-invasive treatment and 5

days + 3 months dalteparin, non-invasive

treatment and 5 days dalteparin + 3 months

placebo. Patients with previous open heart

surgery, advanced age, failing general

health, and those included after

completion of recruitment of patients to

the invasive vs. non-invasive part, were

included in the non-invasive arm and only

randomized to treatment with dalteparin

or placebo. Patients in the non-invasive

arm were treated with dalteparin 120 IU/

kg (maximum dose of 10 000 IU) twice

daily for at least 5 days. After this initial

treatment, patients with no

contraindications performed a symptom

limited bicycle exercise test. If there were

signs of severe ischemia during the

exercise test, patients were referred for

early angiography and revascularisation.

Otherwise, patients were discharged,

receiving a double-blind treatment with

twice-daily subcutaneous dalteparin or

placebo for 3 months. Women who

weighed less than 80 kg and men who

weighed less than 70 kg received 5000 IU

twice daily, and women and men who

weighed more than these values received

7500 IU twice daily.

Patients randomized to an early

invasive treatment were also treated with

dalteparin 120 IU/kg (maximum dose of

10 000 IU) twice daily until the procedure

was done. Coronary angiography was

performed within a few days of inclusion,

aiming for revascularisation within 7 days

from start of open-label treatment. The

same double-blind treatment as used in the

non-invasive group was started after

mobilization. Aspirin and beta-blockade

were given to all patients unless

contraindicated. Long-acting nitrates,

calcium antagonists, statins and

angiotensin-converting-enzyme inhibitors
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were given as needed.

In the FRISC II trial, 3489 patients

were recruited in 58 Scandinavian centers.

The ischemia-monitoring substudy

included 1133 (32%) of these patients in

24 centers. Out of 1133 patients, 117

(10%) were excluded due to a total

monitoring time < 18 hours or interpretable

monitoring time < 16 hours (74), technical

problems with floppy disks or poor quality

(43). Thus, to examine whether continuous

vectorcardiography and continuous 12-lead

ECG identify the same high risk population

(paper IV), 1016 patients were included in

the analyses. To examine if multi-lead ST-

segment monitoring can identify those

who benefit from an extended

antithrombotic treatment, the 629 patients

in the non-invasive arm were analyzed.

Standard 12-lead ECG

A standard 12-lead ECG was

obtained on admission to the CCU in the

FAST-study (paper II-III) and at inclusion

in the FRISC II trial (paper IV-V). The

ECGs were interpreted centrally and

without knowledge of patient outcome.

ST-segment depression was defined as a

depression of the ST-segment of    0.05

mV below the isoelectric line in any lead.

T-wave inversion was defined as a

negative or isoelectric T-wave in leads V2-

V6, I and II, in aVL if R>0.5mV and in

aVF if QRS was mainly positive.

Biochemical Markers

In the FAST-study (paper II-III),

blood samples were collected in EDTA-

containing tubes on admission, after 6 and

12 hours. The samples were immediately

centrifuged and analyzed at the central

laboratory. Plasma troponin T was

determined by the Enzymun-Test system

(Boehringer-Mannheim), with an upper

reference level of 0.06µg/l, and plasma

CK-MB(mass) was determined by a

double monoclonal antibody assay on the

Abbot IMx immunoanalyzer (Abbott

Laboratories), with an upper reference

level of 5 µg/l . For evaluation of the

prognostic value of troponin T we tested

the most commonly used  decision limit

for myocardial damage, 0.10 µg/l.

However, the material was also divided

according to the maximum level of

≥
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troponin T into the same five categories

(<0.06, 0.06-0.17, 0.18-0.61, 0.62-2.11 and

  2.12 µg/l), which were used in a previous

study of the prognostic value of troponin T

(72). In the FRISC II trial, blood samples were

collected at randomization, stored and later

analyzed centrally for troponin T using the

Elecsys system (Roche Diagnostics).

On-line Continuous 12-lead ECG

Monitoring with continuous 12-lead

ECG was started on admission and

performed for 12 hours in the FAST-study

Figure 2: A patient with several ST-episodes. On the left: 4 ST-trends. The reference ECG(  ) and one of the

ST-episodes (  ) are indicated by arrows. On the right: the ECG during an ST-episode on top of the reference

ECG. Bottom: numerical values in relation to reference ECG.

and for 24 hours in the FRISC II trial. To

evaluate to what extent ST-changes may

be influenced by changes in body position

( paper I), 50 clinically stable patients were

monitored in the following positions: (1)

supine (used as a reference), (2) left lateral,

(3) right lateral, (4) recumbent in a 45°

angle, and finally (5) upright 90° position.

For each body position, the patients were

monitored at least 2 minutes and until at

least 2 almost identical ECGs with no

artifacts had been obtained.

≥

↑

↓
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Conventional chest lead positioning

was used for V1-V6 while the limb-lead

positions were placed according to

Krucoff (152), i.e. lateral extent of

clavicles and iliac crests in the midaxillary

line in order to minimized limb movement

artifacts. The monitoring was performed

using the ST-Guard system ( GE

Marquette Medical Systems, Milwaukee,

USA). This system continuously collects

Episode 1

Episode 1

Episode 1

Episode 2

Episode 2

Episode 2

S E S E

S E S E

S E S E

Baseline Episode 1

Figure 3: On the left: ST-trends from lead V3, V4, and V5. An ST-episode is defined as a transient ST-

segment depression or elevation in any lead of at least 0.1 mV compared to the individual baseline, lasting for

at least 1 minute. An ST-episode is considered to start when there is a change of the ST-segment of at least 0.1

mV in at least one lead (arrow S), and to end when this change is less than 0.05 mV in all involved leads

(arrow E). These levels are used in order to avoid small fluctuations around the level of 0.1 mV, as in

episode 2, to be considered as several ST-episodes.

On the right: The precordial leads from a 12-lead ECG at baseline and during episode 1.

data from all 12 leads, and calculates each

minute from the last 10 seconds of monitoring

median QRS-T complexes. From these QRS-

T complexes a ST-trend for each lead is

constructed, stored and displayed on-line

(figure 2).

All ST-trends were stored on floppy

disks and analyzed centrally at the

department of cardiology in Uppsala. In
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the FAST study the ST-trends were

analyzed by one well trained physician

(TJ). In the FRISC II trial, 165 (50%)

trends were analyzed by one observer (TJ),

whereas 165 (50%) were analyzed by two

independent observers (TJ and JC).

Differences in interpretation between the

two observers were settled by consensus,

or by a third observer if consensus could

not be reached. Before consensus, 100

patients were randomly selected to

examine the interobserver variability. To

examine the intraobserver variability, the

same 100 patients were reanalyzed by one

of the observers (TJ) about one year later.

Analysis was done without

knowledge of clinical outcome. Artifacts

were removed before analysis. ST-

segment changes due to changes in body

position were defined as sudden ST-

segment changes with simultaneous

changes of QRS- and T-wave amplitudes.

If the first acquired ECG showed no

reversible signs of ischemia, it was chosen

as the reference. Otherwise the first ECG

after normalization was chosen. An ST-

episode was defined as a transient ST-

segment depression or elevation in any

lead of at least 0.1 mV compared to the

reference ECG, lasting for at least 1

minute. Minor ST-changes (ST-

depression 0.05-0.1 mV) were noted as

present or not, but were not further

characterized. An ST-episode was

considered to start when there was a

change of the ST-segment of at least 0.1

mV in at least one lead, and to end when

this change was less than 0.05 mV in all

involved leads. These levels were used in

order to avoid interpretation of small

fluctuations around the level of 0.1 mV

during an episode as independent ST-

episodes (figure 3). Episodes had to be

separated by at least 1 minute to be

regarded as two separate episodes. In order

to reduce the effect of heart rate, ST-

segment changes were measured at J-point

+ (1/16 x R-R interval), corresponding to

J-point + 60ms at a heart rate of 62,5 beats

per minute.

On-line Vectorcardiography

In the FRISC II trial, continuous

vectorcardiography was performed from

admission and for 24 hours with the HP-

MIDA (Hewlett Packard, Andover,

Massachusetts, USA), MIDA 1000 or
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Coronet systems (Ortivus Medical AB,

Täby, Sweden). These systems

continuously collect electrocardiographic

signals from eight electrodes positioned

according to Frank (153). The

electrocardiographic complexes are averaged

each minute to form mean

vectorcardiographic complexes in the three

orthogonal leads: X, Y and Z. The ST-VM is

then calculated from the formula: ST-VM =

(Xi2 + Yi2 + Zi2)˚ where Xi, Yi, and Zi are

the deflections of the ST-segments from the

isoelectric level 20 ms after the J point in the

three orthogonal leads (figure 4). All

electrocardiographic data, including trends are

continuously stored and displayed on screen.

Xi

Zi

Yi

X Y Z

ST-VM =   X i
2 + Yi

2 + Zi
2

Figure 4: Calculation of ST-vector magnitude

from the ST-deflections of the 3 orthogonal leads

X, Y and Z.

The trends were stored on floppy

disks and sent to the Clinical Experimental

Research Laboratory, Sahlgrenska

University Hospital / Östra (Gothenburg,

Sweden), where the trends were analyzed

by two independent well trained observers

who were blinded to all other clinical data.

Differences in interpretation were settled

by consensus, or by a third observer if

consensus could not be reached.

An ST-VM episode was

prospectively defined as a transient change

of ST-VM of at least 0.05 mV compared

to the individual baseline, lasting for at

least one minute. The duration of an ST-

VM episode was the time during which a

change of at least 0.05 mV was

maintained. Episodes had to be separated

by at least 1 minute to be considered as

two separate episodes. An illustrative

example of ST-VM episodes is shown in

figure 5.

Other investigations

In the FRISC II trial, patients

randomized to an early invasive treatment

underwent coronary angiography within

7 days of inclusion. The coronary
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angiogram was assessed by the local

investigator. This assessment was based on a

detailed evaluation form where the degree of

stenoses, TIMI flow, and presence or absence

of a visible thrombus in each vessel were

addressed. In the present substudy (paper IV),

a significant stenosis was considered present

if there was at least a 50% reduction of the

lumen diameter.

Figure 5: Upper panel: Trend curve of ST-vector magnitude (ST-VM). Lower panel: The derived 12-lead

ECG at baseline and during an ST-VM episode.

Patients in the non-invasive treatment

group who had no contraindication

performed a symptom-limited exercise

test (ET) before discharge. The ET was

performed on a bicycle ergometer, starting

at a load of 10-30 W with increments of

10 W every minute. The ET was

terminated when a high-level of exertion

(Borg rating scale 17/20) was reached or

when limiting symptoms, such as
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moderately severe chest pain (5/10) or

severe dyspnoe (5/10), occurred. The test

was also terminated if there was a ST-

depression   0.3mV, a fall in blood

pressure,    15 mm Hg measured once or

  10 mm Hg measured twice, or severe

arrhythmias. In the present substudy

(paper IV), the result of the ET was

classified into presence of ST-depression

    0.1mV or not, and according to previous

studies (81, 83), into: (1) High-risk

response: ST-depression   0.1mV in    3

leads and a low work load (<90 W for

men, < 70 W for women). (2)

Intermediate-risk response: Either ST-

depression   0.1mV in     3 leads or a low

work load. (3) Low-risk response: Neither

ST-depression     0.1mV in     3 leads nor a

low work load.

Follow up and endpoints

In the FAST study (paper I-III), the

median follow up time was 6 months

(range 1-13 months). The endpoints were

cardiac death, and cardiac death or MI at

30 days and at the end of the follow-up

period. All in hospital events were

registered in the local database of the

National Registry for Cardiac Intensive

Care. Only new MI:s occurring more than

24 hours after admission were considered

as new events. Information about death

and cause of death out of hospital was

obtained from the National Registry on

cause of death. Information on MI was

obtained from the hospital diagnosis

registry and patient records. This

information will contain the complete

information on all admissions to the only

hospital providing hospital care for acute

diseases for the present patient population.

For the diagnosis of acute MI, one of the

following should be fulfilled; (1)

pathological Q-waves developing in at

least 2 leads, (2) symptoms suggestive of

acute MI or non-diagnostic ECG-changes

and typical elevated levels of biochemical

markers with CK-MB(mass) ⊕10µg/l, (3)

symptoms suggestive of acute MI and ST-

segment elevation or LBBB and further

diagnostics not possible, or (4) signs of

acute MI at autopsy.

In the FRISC II trial all patients were

followed while in hospital and thereafter

by outpatient visits after 6 weeks, 3 and 6

months. The end points in the present

substudy (paper V) were death or MI and

≥

≥

≥

≥

≥≥

≥ ≥

≥ ≥
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death, MI or revascularization during the

treatment period of 3 months. In addition,

the same events were also assessed at 1

month from start of treatment. MI was

defined by conventional WHO criteria.

Statistics

All data analysis was performed

using the Statistical Package for Social

Sciences (SPSS 8.0 and 9.0) software. In

all papers, differences in proportions were

judged by chi-square analysis using Yates’

correction or by Fischer’s exact test as

appropriate. For non-parametric

independent data the Mann-Whitney U

test was used. A significant difference was

considered to exist at p<0.05.

In paper I, kappa statistics were used

to assess agreement for categorical data.

A kappa value of 1 will represent a perfect

agreement, whereas a kappa value of zero

will represent an agreement expected by

chance alone. For each kappa-value a 95%

confidence interval was calculated. For

quantitative data, scatter diagrams were

constructed and correlation coefficient,

mean difference and standard deviation

(SD) calculated. For the analysis of

postural ECG-changes only descriptive

statistics were used. In paper III, to

evaluate the correlation between ST-

episodes and maximal value of troponin

T the Spearman’s rank-correlation

coefficient was calculated.

In the FAST-study (paper I-III), the

Kaplan-Meier method was used to

illustrate the timing of events during

follow up. Statistical assessment was

performed using the log-rank test with

p<0.05 considered as significant. To

identify predictors of the double end point

cardiac death or MI, the univariate Cox

regression analyses were used after all

variables had been checked for

proportional hazards. The following

dichotomized variables were introduced

in the analyses: presence or not of age   70,

male gender, diabetes mellitus,

hypertension, current smoking, history of

previous MI, previous revascularization,

peak-value of troponin T   0.10µg/l, peak-

value of CK-MB(mass)   6µg/l, ST-

segment depression  0.1mV on

admission-ECG, ST-segment depression

   0.05mV on admission-ECG, isolated T-

wave inversion on admission-ECG, and

≥

≥

≥

≥

≥
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ST-episodes during monitoring. In paper

III the level of troponin T was categorized

into 5 categories (<0.06, 0.06-0.17, 0.18-

0.61, 0.62-2.11 and    2.12 µg/l). The

results were expressed as relative risk with

a 95% confidence interval together with

the p-value from the log-rank test. All

variables with a p<0.05 were then tested

in a multivariate Cox regression analysis

using forward stepwise selection.

Variables were entered if p<0.05 and

removed if p>0.10.

In the substudy of the FRISC II trial

(paper V), the Kaplan-Meier method was

used to illustrate the timing of events

during follow up. Risk ratio (RR) with

95% confidence interval (CI) was used to

express treatment efficacy. To assess a

possible interaction between presence of

transient ischemic episodes and effect of

treatment, and compare it with the

interaction between presence of ST-

depression at entry and effect of treatment,

a multiple logistic regression analysis was

used. The following terms were included:

treatment (dalteparin / placebo), transient

ischemic episodes (yes/ no), ST-

depression at entry ( yes/ no), interaction-

term 1 (treatment by transient ischemic

episodes), interaction-term 2 (treatment by

ST-depression at entry). The endpoint

used for the interaction-analysis was

death, MI, or revascularization at 3 months

from start of treatment.

Ethics

Since the FAST-study was an

observational study and all investigations

were done according to local clinical

routines including the collection of clinical

data in the local database of the National

Registry for Cardiac Intensive Care,

informed consent was considered

unnecessary according to the local ethics

committee who approved the study.

However, all patients received written

information and could refuse participation

in the present study as well as entering of

any data in the database. In the FRISC II

trial, written consent was obtained from

all patients and the protocol was approved

by all local ethics committees.

≥
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RESULTS

Observer variability (paper I)

The inter- and intraobserver

agreements were determined in 100

patients included in the FRISC II study.

The agreement using two different criteria

of an ST-episode, are shown in table 2.

When an ST-episode was defined

according to the conventional criterion

(transient ST-depression or elevation     0.1

mV), the two observers agreed in 89

patients and disagreed in 11, resulting in

Table 2A. Inter-observer. ST-episode: ST-deviation    0.1 mV
Observer 2

No ST-episodes ST-episodes Total
Observer 1 No ST-episodes 67 6    73

ST-episodes 5 22    27
Total 72 28   100

Kappa (95% confidence interval) = 0.72 (0.57-0.87)

Table 2B. Intra-observer. ST-episode: ST-deviation    0.1 mV
Observer 1 2nd time

No ST-episodes ST-episodes Total
Observer 1 No ST-episodes 73 0    73
1st time ST-episodes 3 24    27

Total 76 24   100

Kappa (95% confidence interval) = 0.92 (0.83-1.00)

Table 2C. Inter-observer. ST-episode: ST-depression    0.05 mV or ST-elevation    0.1 mV
Observer 2

No ST-episodes ST-episodes Total
Observer 1 No ST-episodes 26 32    58

ST-episodes  4 38    42
Total 30 70   100

Kappa (95% confidence interval) = 0.32 (0.17-0.47)

Table 2D. Intra-observer. ST-episode: ST-depression    0.05 mV or ST-elevation    0.1mV
Observer 1 2nd time

No ST-episodes ST-episodes Total
Observer 1 No ST-episodes 55 3    58
1st time ST-episodes 7 35    42

Total 62 38   100
Kappa (95% confidence interval) = 0.79 (0.67-0.91)

≥
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a kappa-value of 0.72. When the first and

second interpretation of observer 1 were

compared, there was an agreement in 97

patients and a disagreement in 3

(kappa=0.92). A definition of an ST-episode

as a transient ST-depression of    0.05 mV or

an ST-elevation of     0.1 mV resulted in poorer

inter- (kappa=0.32) and intraobserver

(kappa=0.79) agreement.

The concordance between the two

observers concerning the maximal ST-

deviation and total duration of ischemia in the

22 patients with ST-episodes according to

both observers, is shown in figure 6. For the

maximal ST-segment deviation, the

correlation coefficient was 0.99 (p=0.01). For

the total duration of ischemia, the agreement

was less good with a correlation coefficient
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Figure 6: Scatter diagram illustrating the

agreement between observer 1 and observer 2

concerning, maximal ST-deviation (top panel)

and total duration of ischemia (bottom panel) in

patients with ST-deviations     0.1 mV according

to both observers.

Figure 7: Scatter diagram illustrating the

agreement between observer 1 1st time and

observer 1 2nd time, concerning maximal ST-

deviation (top panel) and total duration of

ischemia (bottom panel) in patients with ST-

deviations   0.1 mV according to both

interpretations by observer 1.

≥

≥

≥

≥



35

of 0.55 (p=0.01). The intra-observer

comparison concerning maximal ST-

deviation and total duration of ischemia

resulted in correlation coefficients of 0.98

and 0.95 (p=0.01), respectively (figure 7).

Thus, the observer agreement was

good regarding presence or absence of

conventionally defined ST-episodes and

the maximal ST-deviation during an ST-

episode. However, the agreement

regarding duration of ischemia and

regarding presence or absence of minor

ST-episodes was poor.

ST-changes due to changes in body

position (paper I)

To examine to what extent ST-

changes may occur because of changes in

body position 50 clinically stable CCU

A

D

B

C

Figure 8: Four examples of ECG-changes due to changes in body position. Supine position: broken line.

Lateral position: solid line. The ST-levels are changed due to changes in the QRS and T-wave voltage. The

T-waves pulls the ST-levels upward or downward.
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Table 3.Findings in the ECG in supine position for the 50 patients in which postural ST-

changes were examined.

n %

 Normal  ECG 16 (32)

Pathological Q-waves + no ST-T changes 2 (4)

ST-segment depression 2 (4)

ST-segment depression + T-wave inversion 8 (16)

Isolated T-wave inversion 11 (22)

Left ventricular hypertrophy 9 (18)

patients were chosen. Out of these, 36

(72%) were men and the mean age was

67 (range 40-88). The findings in the ECG

in supine position are listed in table 3. The

maximal ST-segment changes in relation

to ECG location and body position are

given in table 4. The number of patients

with ST-changes during changes in body

position that fulfilled the two criteria of

an ST-episode is shown in table 5. Most

of the ST-deviations     0.1 mV occurred in

the lateral leads in ECGs with preexisting

T-wave inversions or signs of left

ventricular hypertrophy. These ECG

changes were usually accompanied by a

sudden change in the QRS-T voltage

(figure 8).

Thus, the use of minor ST-episodes

(  0.05mV-0.1mV) resulted in an

unacceptable high incidence of postural

ST-changes. Conventionally defined ST-

episodes (  0.1mV), on the other hand,

resulted in a considerable lower incidence

of postural ST-changes, of which most had

a characteristic pattern.

Occurrence of ST-episodes during

continuous 12-lead ECG (paper I, II,

IV)

The baseline characteristics, findings

in the ECG on admission, and the

diagnoses of the 630 patients analyzed in

the FAST-study are shown in table 6. A

total of 176 ischemic episodes occurred

in 100 (15,9%) patients during ST-

segment monitoring. Of these, 87 patients

had only episodes of ST-segment

depression, 5 patients only episodes of ST-

segment elevation, and 8 patients had both

≥

≥
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Table 4. Maximal ST-segment changes (mV) in relation to ECG locations and body
position.

 Position Location Median  25th-75th percentile  Range
Right lateral Anterior 0.02 0.02-0.04 0.01-0.12
position Inferior 0.02 0.01-0.02 0.01-0.12

Lateral 0.02 0.01-0.03 0-0.08

Left lateral Anterior 0.04 0.02-0.05 0.01-0.14
position Inferior 0.02 0.01-0.02 0-0.06

Lateral 0.03 0.02-0.08 0.01-0.17

45° angle Anterior 0.02 0.02-0.03 0-0.05
Inferior 0.01 0.01-0.02 0-0.05
Lateral 0.02 0.01-0.02 0-0.05

90° Upright Anterior 0.02 0.02-0.03 0-0.06
Inferior 0.02 0.01-0.03 0.01-0.05
Lateral 0.02 0.01-0.02 0-0.05

Table 5. Number of patients fulfilling the tested criteria of an ST-episode in different
body positions.

ST-depression     0.1 mV ST-depression     0.05 mV
or ST-elevation     0.1 mV or ST-elevation     0.1 mV

Right lateral position 2 (4%) 7 (14%)
Left lateral position               8 (16%)              21 (42%)
45° angle               0                1 (2%)
90° upright               0                2 (4%)

Percentage of the 50 patients examined in parenthesis

depressions and elevations of the ST-

segment. More than one episode was

present in 36 patients. The episodes were

located in the anterior or antero-lateral leads

in 62 (62%), inferior or infero-lateral leads in

9 (9%), and in both anterior and inferior leads

in 29 (29%). The median duration of ischemia

in patients with episodes was 80 minutes

(25th- 75th percentile: 30-167), while the

median value of the maximal ST-segment

deviation of each patient was 0.20mV ( 25th-

75th percentile: 0.15-0.29mV ). Sixty-one

(61%) of the patients with ST-episodes had

their first episodes at the start of monitoring,

while out of the remaining 39, the vast

majority, 36 (92%),  had their first episodes

≥
≥ ≥
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during the first 6 hours from admission. The

number of patients with ST-episodes in

relation to admission ECG and diagnosis is

shown in table 7 and 8, respectively. There

was a significantly higher proportion of

patients with ST-episodes in the group with

ST-segment depression    0.10mV and in the

group with AMI on admission compared to

the other groups (p<0.001). There were 113

(17.9%) patients who had minor ST-episodes

(ST-depression    0.05mV) not fulfilling the

criteria of a conventional ST-episode (ST-

depression or elevation    0.1mV).

The baseline characteristics of the

286 patients, who underwent ST-segment

monitoring with continuous 12-lead ECG

in the FRISC II trial, are shown in table 9.

During 24 hours of ST-segment

monitoring, there were 171 ST-episodes

Table 6. Baseline characteristics, findings in the ECG and diagnoses in patients with

suspected UCAD included in the FAST-study (n=630)

 Baseline Variables n %
Age, mean(SD), years 67 (13)
Male 375 59.5
Diabetes Mellitus 112 17.8
Hypertension 247 39.2
Current smoker 107 17.0
Previous myocardial infarction 195 31.0
Previous revascularisation 103 16.3
Previous congestive heartfailure 126 20.0
Time from onset of chest pain to admission.
Median(25th-75th percentile), hours 4,9  (2.3-10.2)
   ECG on admission
   Normal ECG 206  32.7
   ST-depression    0.05mV<0.10mV 127  20.2
   ST-depression    0.10mV 123  19.5
   Isolated T-wave inversions 51  8.1
   Other pathological ECG 123  19.5
Diagnosis within 24 hours from admission
   Acute myocardial infarction 163 25.9
   Unstable angina / Angina 192 30.5
   Other cardiac causes 64 10.2
   Non-cardiac causes / Unknown causes  211 33.5

n: number of patients. %: percentage of the study population
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in 91 (31.8%) patients. In patients with

episodes, the median duration of episodes

was 56 minutes (25th-75th percentile: 23-

130 min).

Thus, the incidence of ST-episodes

is about 15-30%, depending on the study

population.

Prognostic value of ST-episodes in

patients with suspected UCAD (paper I,

II)

In the FAST study, all patients were

followed for 30 days. During this period

there were 10 (10%) and 8 (1.5%) patients

who died from cardiac causes or had an

Table 7. Number of patients with ST-episodes in relation to ECG on admission

 n Number of patients %
with ST-episodes

 Normal ECG  206  9 4.4
 ST-depression    0.05mV<0.10mV  127 13 10.6
 ST-depression    0.10mV  123 69 54.3
 Isolated T-wave inversions  51 5 9.8
 Other pathological ECG  123 4 3.3
 Total  630 100 15.9

n: number of patients in each subgroup, defined by ECG on admission. %: percentage of

patients with ST-episodes in each subgroup.

Table 8. Number of patients with ST-episodes in relation to diagnosis within 24 hours
from admission

 n Number of patients  %
 with ST-episodes

 Acute myocardial infarction  163 67 41
 Unstable angina / Angina  192 16 8
 Other cardiac causes  64  7 11
 Non-cardiac causes /
 Unknown causes  211 10 5

 Total  630 100 15.9

n: number of patients in each subgroup, defined by diagnosis within 24 hours from

admission. %: percentage of patients with ST-episodes in each subgroup.

≥
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MI in the group with and without ST-

episodes (p<0.001), respectively. During

long-term follow up the risk of death and the

composite endpoint of death or MI was

significantly higher in patients with ST-

episodes compared to those without (log-rank

p<0.001). Patients with only minor ST-

episodes did not have a higher risk compared

to those without any episodes (figure 9, 10).

Presence of ST-episodes was a better

predictor of worse outcome than ST-segment

depression on ECG at admission. Both in

Table 9. Baseline characteristics in patients with established UCAD who underwent continuous

12-lead ECG in the FRISC II trial.

 Variable  (n=286)

Median age, years (range) 66 (42-86)

Men 209 (73.1)

Hypertension 98 (34.3)

Hyperlipidemia 44 (15.4)

Current smoker 57 (19.9)

Diabetes mellitus 43 (15.0)

Previous MI 80 (28.0)

Previous PCI 15 (5.2)

Previous CABG 31 (10.8)

Angina > 48 h 208 (72.7)

Chest pain at rest 225 (78.7)

ST-depression at entry † 155 (54.4) *

Medication on admission

   Aspirin 124 (43.4)

       1 antianginal drugs 149 (52.1)

   ACEI 42 (14.7)

MI: Myocardial infarction, PCI: Percutaneous coronary intervention, CABG: Coronary artery

by-pass grafting, LV-EF: Left ventricular ejection fraction, ACEI: Angiotensin converting

enzyme inhibitor. If not stated otherwise, the value shown are number of patients and

percentages of the group. † Evaluable in 285 patients.

≥
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Figure 9: Cumulative probability of cardiac

death in patients with suspected UCAD and no

ST-episodes (n=417), minor ST-episodes (ST-

depression    0.05-0.1 mV) (n=113), and

conventional defined ST-episodes (ST-deviation

    0.1 mV) (n=100) in the FAST-study.

Figure 10: Cumulative probability of cardiac

death or myocardial infarction in patients with

suspected UCAD and no ST-episodes (n=417),

minor ST-episodes (ST-depression    0.05-0.1

mV) (n=113), and conventional defined ST-

episodes (ST-deviation     0.1 mV) (n=100), in the

FAST-study.

patients with and without ST-segment

depression   0.10mV on admission the

occurrence of ST-episodes during monitoring

added significant prognostic information

(figure 11). In a multivariate Cox regression

model, including all characteristics shown to

be significant predictors in the univariate

analysis (table 10), only Troponin T    0.10µg/

l (p<0.001) and presence of ST-episodes

(p=0.004) were independent predictors of

cardiac death or MI.

Thus, presence of ST-episodes at

continuous 12-lead ECG is an important

and independent predictor of both short-

and long-term outcome in patients with

suspected UCAD.

Figure 11:  Cumulative probability of cardiac

death and MI  in patients with suspected UCAD

and no ST-segment depression   0.10mV on

admission-ECG and no ST-episodes (n=472), no

ST-segment depression    0.10mV on admission-

ECG and ST-episodes (n=31), ST-segment de-

pression   0.10mV on admission-ECG and no

ST-episodes (n=58), ST-segment depression

   0.10mV on admission-ECG and ST-episodes

(n=69), in the FAST-study.
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Table 10. Univariate analysis of clinical, biochemical, and electrocardiographic

predictors of cardiac death or MI in 630 patients with suspected UCAD included

in the FAST-study.

Variables Relative risk 95% CI Log-rank p

Age    70 years 2.64 1.40 - 5.01 0.002

Male 0.91 0.52 - 1.62 0.755

Diabetes Mellitus 2.62 1.44 - 4.78 0.001

Hypertension 1.46 0.83 - 2.58 0.186

Smoking 1.34 0.67 - 2.68 0.413

Previous myocardial infarction 2.17 1.23 - 3.83 0.006

Previous Revascularisation 0.99 0.47 - 2.13 0.990

Troponin T    0,10µg/l 6.95 3.67 – 13.14 <0.001

CK-MB    6µg/l 5.86 3.10 – 11.09 <0.001

ST      0,05mV on admission-ECG 3.18 1.75 - 5.80 <0.001

ST      0,10mV on admission-ECG 3.53 2.00 - 6.23 <0.001

Isolated T-wave inversions 1.62 0.69 - 3.82 0.263

ST-episodes 5.70 3.23 – 10.04 <0.001

CK-MB: Creatinin kinase, MB fraction. CI: Confidence interval. ST   : ST-

segment depression.  ST-episodes: Transient ST-segment depression or elevation

in any lead of at least 0.1mV compared to the reference ECG, lasting for at least 1

minute.
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Relation between presence of ST-

episodes and level of troponin T (paper

III)

The cumulative incidence of

troponin T     0.10 µg/l and ST-episodes at

0, 6 and 12 hours following admission in

patients with normal ECGs, ST-segment

depressions  0.05mV, and other

pathological ECGs on admission are listed

in table 11. Both troponin T    0.10 µg/l

and presence of ST-episodes were

significantly more frequent in patients

with compared to those without ST-

segment depression on admission. There

was a larger proportion of ST-episodes in

the group with positive troponin T on

admission. Of the patients with a negative tn-

T on admission but having ST-episodes

during monitoring, 62% developed positive

tn-T at 12 hours (figure 12). The correlation

between number and duration of ST-episodes,

maximal ST-deviation during an episode

and the subsequent troponin T level was

moderate (table 12).

Table 11. Cumulative incidence of tn-T     0.10 µg/l and ST-episodes at 0, 6 and 12 hours after

admission in relation to ECG on admission in 598 patients with suspected UCAD in the FAST-

study.

†  0 hours † 6 hours 12 hours

Normal ECG tn-T    0.10µg/l 9/194(4.6) 19/199 (95) 22/199(11.0)

ST-episodes 9/199 (45) 9/199(4.5)

ST-depression tn-T    0.10µg/l 64/232(27.6) 111/237(46.8) 122/238(51.3)

⊕0.05mV ST-episodes 75/238(31.5) 76/238 (31.9)

Other pathological tn-T    0.10µg/l 19/156(12.2) 32/161(19.9) 37/161(23.0)

ECG ST-episodes 6/161(3.7) 7/161(4.3)

All patients tn-T    0.10µg/l 98/582(15.8) 162/597(27.1) 181/598(30.3)

ST-episodes 90/598(15.1) 92/598 (15.4)

† Not all patients had tn-T analyzed at 0 and 6 hours following admission.
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Table 12. Relationship between number, duration, degree of ischemia detected by continuous 12-

lead ECG and maximal value of troponin T in 598 patients with suspected UCAD included in the

FAST-study.

Troponin T mg/l
   Number of ST-episodes

Median 25th-75th percentile

0 0.01 0.01-0.07
1-2 0.53 0.05-2.61

3 0.81 0.42-3.18
Duration of ST-episodes
< 1 min 0.01 0.01-0.07
1-82 min 0.35 0.04-2.55
83- min 0.91 0.16-3.05
Maximal degree of ST-deviation
< 100 mV 0.01 0.01-0.07
100-203 mV 0.17 0.03-1.0
204- mV 0.52 0.03-2.5

Spearman’s rho 0.43, p=0.01 for all three.

n=598
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Figure 12: Flow diagram showing the breakdown of patient numbers in relation to troponin T    0.10µg/l

(TnT+) or not (TnT-) on admission, presence of ST-episodes (ST+) or not (ST-) during the first 6 hours, and

troponin T    0.10µg/l (TnT+) or not (TnT-) at 6 and 12 hours after admission in the FAST-study.
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Thus, ST-episodes and the level of

troponin T seem to reflect somewhat

different pathophysiologically

mechanisms.

Prognostic value of a combination of ST-

episodes and troponin T (paper III)

When ST-segment monitoring and

troponin T status during the first 6 hours

from admission were combined, patients

could be divided into a low- (troponin T

<0.10µg/l and no ST-episodes),

intermediate- (troponin T    0.10µg/l or ST-

episodes), and high-risk group (troponin T

    0.10µg/l and ST-episodes) concerning

both short- and long-term outcome (figure

13, 14). The additional prognostic value of

12 hours compared to 6 hours of ST-

segment monitoring and analysis of

troponin T was small. Between 6 and 12

hours, ST-segment monitoring identified 2

more patients with ST-episodes, none of

whom had a cardiac event. Out of the 19

patients with their first troponin T     0.10µg/

l at 12 hours, one had a cardiac event.
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Figure 13: Proportion of patients with cardiac

death or MI at 30 days in relation to peak-value

of troponin T    0.10µg/l (TnT+) or not (TnT-),

and presence of ST-episodes (ST+) or not (ST-

), in 598 patients with suspected UCAD in the

FAST-study. Number of events and number of

patients at risk are indicated on each column.

TnT-/ST- vs. TnT-/ST+ or TnT+/ST-: p=0.03,

TnT-/ST+ or TnT+/ST- vs. TnT+/ST+: p=0.09.

Figure 14: Cumulative probability and time of

occurrence of cardiac death or MI in patients

with suspected UCAD, and troponin T <0.10µ/

l (TnT-) and no ST-episodes (ST-) (n=392),

troponin T <0.10µ/l and ST-episodes (ST+)

(n=33), troponin T    0.10µ/l (TnT+) and no ST-

episodes (n=105), troponin T    0.10µ/l and ST-

episodes (n=57), in the FAST-study.
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Thus, the combination of continuous 12-

lead monitoring and measurements of

troponin T levels is a valuable tool in the

early assessment of patients with suspected

UCAD.

Comparison between continuous 12-

lead ECG and continuous

vectorcardiography (paper IV)

In the ischemia-monitoring substudy

of the FRISC II trial, there were no

significant differences between the

baseline characteristics in the 730 patients

Table 13. Baseline characteristics in 344 patients with established UCAD (included in the FRISC

II trial) and with transient ischemic episodes detected by continuous vectorcardiography or

continuous 12-lead ECG.

Variable Continuous Continuous

 vectorcardiography 12-lead ECG

(n=253) (n=91)

Median age, years (range) 69 (41-87) 69 (44-86)

Men 173 (68.4) 67 (73.6)

Hypertension 95 (37.5) 28 (30.8)

Hyperlipidemia 32 (12.6) 12 (13.2)

Current smoker 62 (24.5) 17 (18.7)

Diabetes mellitus 35 (13.8) 12 (13.2)

Previous MI 71 (28.1) 19 (20.9)

Previous PCI 10 (4.0) 3 (3.3)

Previous CABG 21 (8.3) 6 (6.6)

Angina > 48 h 186 (73.5) 70 (76.9)

Chest pain at rest 210 (83.0) 73 (80.2)

ST-depression at entry † 158 (62.9) 65 (72.2)

Medication on admission

   Aspirin 115 (45.5) 38 (41.8)

       1 antianginal drugs 146 (57.7) 49 (53.8)

   ACEI 26   (10.3)          11   (12.1)

MI: Myocardial infarction, PCI: Percutaneous coronary intervention, CABG: Coronary artery by-pass grafting,

LV-EF: Left ventricular ejection fraction, ACEI: Angiotensin converting enzyme inhibitor. If not stated

otherwise, the value shown are number of patients and percentages of the group. † Evaluable in 251 and 90

patients. No significant differences between patients with transient ischemic episodes detected by continuous

vectorcardiography compared to those with episodes detected by continuous 12-lead ECG.
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monitored with continuous

vectorcardiography and the 286 patients

monitored with continuous 12-lead ECG,

except for a larger proportion of patients

with ST-segment depression at entry in the

c12ECG-substudy (54.4% vs. 45.2%,

p<0.05).

During 24 hours of ST-segment

monitoring, there were a total of 171 ST-

episodes in 91 (31.8%) patients  and 826

ST-VM episodes in 253 (34.7%) patients

monitored with continuous 12-lead ECG

and continuous vectorcardiography,

respectively. Patients with episodes

detected with continuous 12-lead ECG had

less episodes (median, 25th-75th percentile:

Table 14. Patients, included in the FRISC II trial because of established UCAD, with signs of myocardial

damage (elevation of troponin T     0.10µg/l), different response to predischarge bicycle exercise test, and

different extent of coronary disease at coronary angiography in relation to episodes detected by continuous

12-lead ECG and continuous vectorcardiography.

No transient ischemic episodes Transient ischemic episodes

c12ECG cVCG p c12ECG cVCG p

Troponin T    0.10µg/l 106/189 (56.1) 255/460 (55.4) ns 62/88 (70.5) 166/246 (67.5) ns

Exercise test

ST-depression    0.1mV 41/107 (38.3) 106/261 (40.6)  ns 26/43 (60.0) 72/122 (59.0) ns

ST-depression     0.1mV     3

Leads 26/107 (24.3) 59/261 (22.6) ns 19/43 (44.2) 47/122 (38.5) ns

Low work-load (<70W for

 women, <90W for men) 16/107 (15.0) 52/261 (19.9) ns 14/43 (32.6) 40/122 (32.8) ns

ST-depression     0.1mV

    3 leads or low work-load

(<70W for women,

<90W for men)  39/107 (36.4) 104/261 (39.8)  ns 28/43 (65.1)  70/122 (57.4) ns

Coronary angiography

0 VD  9/65 (13.8) 31/186 (16.7)  ns 1/39 (2.6) 5/93 (5.4) ns

1-2 VD without prox.LAD 27/65 (41.5) 81/186 (43.5) ns 18/39 (46.2) 35/93 (37.6) ns

Prox. LAD, 3 VD or LMD 29/65 (44.6) 74/186 (39.8) ns 20/39 (51.3)53/93 (57.0) ns

c12ECG: continuous 12-lead ECG. cVCG : continuous vectorcardiography. p: p-value. ns: non-significant

difference Prox. LAD: Proximal left anterior descending artery disease. LMD: Left main disease. The values

are numbers (%) within each group.

≥

≥

≥

≥

≥ ≥

≥
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1, 1-2 vs. 2, 1-4, p<0.001) but longer total

duration of episodes (median, 25th-75th

percentile: 56, 23-130 vs. 12, 4-33 min,

p<0.001) compared to patients with

episodes detected by continuous

vectorcardiography.

Troponin T was measured at

randomization in 706 patients. Out of 629

patients randomized to a non-invasive

treatment, 533 (85%) performed a

symptom-limited bicycle exercise test

before discharge. Out of 387 patients

randomized to an invasive treatment, 383

(99%) had a coronary angiogram within

7 days of inclusion. When baseline

characteristics (table 13), incidence of

myocardial damage, results of exercise test

and findings on the coronary angiogram

were compared, patients with ST-episodes

during continuous 12-lead ECG and those

with ST-VM episodes during continuous

vectorcardiography were similar with no

significant differences (table 14).

These results suggest that these two

methods identify the same high-risk

population, and that these patients can be

considered one group when multicenter

studies using both systems are analyzed.

Prognostic value of transient ischemic

episodes in patients with UCAD (paper

V)

In the 308 patients allocated to

placebo and a non-invasive strategy in the

FRISC II trial, transient ischemic episodes

detected by either continuous 12-lead

ECG or continuous vectorcardiography

predicted a higher risk of death, MI or

revascularization both at 1 month (48,5%

vs. 21.0%, RR[95%CI]: 2.31 [1.66-3.23]),

and at the end of follow up (53,4% vs.

28.8%, RR[95%CI]: 1.86 [1.40-2.46])

(figure 16). In terms of death or MI, there

was a trend towards a higher event rate in

patients with episodes of transient

ischemia compared to those without at 1

month (13,6% vs. 6.8%, RR[95%CI]: 1.99

[0.99-4.02]), but at 3 months this

difference was less pronounced (15,5% vs.

9.8%, RR[95%CI]: 1.59 [0.86-2.94])

(figure 15).

Thus, presence of episodes of

ischemia predicts a worse outcome also

in a group of already established moderate

to high risk patients. However, the
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Table 15. Baseline characteristics of patients with established UCAD (included in the FRISC

II trial) and allocated a non-invasive strategy (n=629)

No Transient ischemic episodes Transient ischemic episodes

(n=418) (n=211)

Placebo Dalteparin Placebo Dalteparin

(n=205) (n=213) (n=103) (n=108)

Median age, years (range)66(42-86) 65 (37-83) 69(41-86)    69(44-87)

Men (%)    151 (74)      141 (66) 73(71)    69(64)

Hypertension (%) 69(34)     72(34) 37(36)    42(39)

Hyperlipidemia (%) 27(13)    38(18)       12(12)    15(14)

Current smoker (%) 43(21)   47(22)       25(24)    24(22)

Diabetes Mellitus (%) 31(15)   28(13)       11(11)    17(16)

Previous MI (%) 48(23)   63(30)       20(19)    32(30)

Previous PCI (%) 9 (4)   14(7)        4 (4)      6 (6)

Previous CABG (%) 29(14)   29(14)       15(15)    12(11)

Angina >48h (%) 143(70)  155(73)       73(71)    82(76)

Chest pain at rest (%) 164(80)  173(81) 84(82)    87(81)

ST-depression at entry † 92(45) 72(34)       67(66)   75(69)

Medication on admission

   Aspirin (%) 81(40) 90(42)      39(38) 54(50)

       1 antianginal drug 104(51) 96(45)     55(53) 64(59)

   ACEI (%) 24(12) 31(15)    10(10)          13(12)

MI: Myocardial infarction, PCI: Percutaneous coronary intervention, CABG: Coronary

artery bypass grafting, LV-EF: Left ventricular ejection fraction. ACEI: Angiotensin

converting enzyme inhibitor. †: Assessed in 205 / 210 / 101 / 108.

≥
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difference in outcome in patients with and

without ST-episodes is smaller than in a

more unselected group with suspected

UCAD.

Prediction of treatment efficacy with

multi-lead ST-monitoring (paper V)

In the FRISC II trial, which has been

reported elsewhere (54), 3 months

treatment with LMWH (dalteparin) was

compared with a standard treatment of at

least 5 days with LMWH. The long-term

treatment significantly reduced the rate of

death or MI from 8.4% to 6.2% during the

first month. This risk reduction was

significant during the whole treatment

period of 3 months if revascularisation was

added to the composite end point.

However, after cessation of treatment

these benefits were gradually lost.

The baseline characteristics and the

event rates in the 629 patients included in

the non-invasive part of the substudy were

similar to the total study population (54).

Except for a somewhat higher proportion
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Figure 15: Cumulative probability of death or

myocardial infarction in patients without

transient ischemic episodes (TIE), treated with

dalteparin (n=213) or placebo (n=205), and

patients with transient ischemic episodes (TIE),

treated with dalteparin (n=108) or placebo

(n=103), in the FRISC II trial.

Figure 16: Cumulative probability of death,

myocardial infarction or revascularization in

patients without transient ischemic episodes

(TIE), treated with dalteparin (n=213) or placebo

(n=205), and patients with transient ischemic

episodes (TIE), treated with dalteparin (n=108)

or placebo (n=103), in the FRISC II trial.
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Table 16. Outcome in patients with established UCAD (included in the FRISC II trial),
allocated a non-invasive strategy (n=629).

No transient ischemic episodes   Transient ischemic episodes

Dalteparin Placebo   Dalteparin Placebo

(n=213) (n=205) RR (95% CI)  (n=108) (n=103)    RR (95% CI)

1 month

Death / MI (%) 16(7.5)    14(6.8)     1.10(0.55-2.20)  8(7.4) 14(13.6)  0.54(0.24-1.24)

Death / MI /

Revasc. (%) 48(22.5)   43(21.0)    1.07(0.75-1.55) 28(25.9) 50(48.5)  0.53(0.37-0.78)

3 months

Death / MI (%) 19(8.9)  20(9.8) 0.91(0.50-1.66) 12(11.1) 16(15.5)  0.72(0.36-1.44)

Death / MI /

Revasc. (%) 66(31.0)  59(28.8) 1.08(0.80-1.44) 38(35.2)      55(53.4)  0.66(0.48-0.90)

MI: Myocardial infarction, Revasc: Revacularisation. RR: Risk ratio. CI: Confidence interval.

of previous myocardial infarction (30% vs.

22%, p<0.05) in the dalteparin-treated

group, there were no significant

differences in terms of baseline

characteristics when the 321 patients

treated with extended dalteparin and the

308 patients treated with placebo were

compared (table 15).

The efficacy of extended treatment with

dalteparin in patients without and with

transient ischemic episodes is shown in

table 16 and in figures 15 and 16. In the

group without transient ischemic episodes

the outcome in the dalteparin and placebo

group were similar, in terms of both the

composite endpoint of death or MI, and

death, MI or revascularization. In the

group with transient ischemic episodes,

patients randomized to extended

dalteparin had at 1 and 3 months a

significantly lower risk of death, MI, or

revascularisation than patients on placebo,

a relative risk reduction of 47% at 1 month

(25.9% vs. 48.5%, p=0.001), and 34% at

3 months (35.2% vs. 53.4%, p=0.01). In

terms of death or MI, there tended to be

an early separation of the event curves

with a lower event rate in the dalteparin
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group compared to the placebo group.

However, this difference was not

significant at 1  and 3 months. When

patients were stratified according to ST-

depression at entry, a difference in

treatment efficacy was still present,

although not statistically significant,

between patients with and without

transient ischemic episodes (figure 17). In

a multivariate logistic regression analysis,

including treatment, transient ischemic

episodes, ST-depression at entry, interaction

terms for treatment and transient ischemic

episodes, and treatment and presence of ST-

0,1 1 10

         Dalteparin            Placebo
                                                   n   events (%)       n   events (%)     RR (95%CI)

No ST-depr.+ No TIE             138   43 (31.2)      113   26 (23.0)      1.35 (0.89-2.06)

No ST-depr + TIE                    33    11 (33.3)       34    17 (50.0)      0.67 (0.37-1.20)

ST-depr. + No TIE                   72    23 (31.9)       92    33 (35.9)      0.89 (0.58-1.37)

ST-depr. + TIE                         75    27 (36.0)       63    37 (55.2)      0.65 (0.45-0.95)

 Risk ratio

Dalteparin better Placebo better

Figure 17: Effects of extended treatment with dalteparin or placebo on the risk ratio for death, myocardial

infarction or revascularisation at 3 months, in patients with and without ST-depression as detected by ECG at

entry, and with and without transient ischemic episodes (TIE) as detected by multi-lead ST-monitoring.
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Table 17. Multiple logistic regression analysis concerning death, myocardial

infarction or revascularisation at 3 months of follow up in 629 patients with established

UCAD (included in the FRISC II trial) and allocated a non-invasive strategy.

Univariate Multivariate

p p

Randomized treatment (dalteparin/placebo) 0.225  0.209

Transient ischemic episodes <0.001 0.263

Interaction term (randomized treatment

by transient ischemic episodes) <0.001 0.029

ST-depression at entry 0.023 0.534

Interaction term (randomized treatment by

ST-depression at entry) 0.005 0.243

depression at entry, only the interaction

between treatment and transient ischemic

episodes was an independent predictor of

death, MI, or revascularization at 3 months

(table 17).

Thus, presence of ischemic episodes at

multi-lead monitoring identifies patients who

benefit most from extended antithrombotic

treatment. The method may therefore be used

to target antithrombotic treatment.
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DISCUSSION

Despite considerable progress in

treatment, patients with UCAD still have

a high risk of subsequent cardiac events.

However, in this heterogeneous

population both low- and high risk-groups

can be identified, which will allow an

improved tailoring of treatment to the

individual patient. Moreover, about 40%

of the patients admitted because of

symptoms suggestive of UCAD are finally

diagnosed as having other cardiac or non-

cardiac reasons for their symptoms, more

suitable for other types and levels of care

and not necessarily in the need of the

resources of a CCU. Therefore, early

correct diagnosis and risk stratification is

of utmost importance to optimize the

treatment of the individual patient and to

avoid undue utilization of costly intensive

care resources.

Occurrence of ischemic episodes,

detected as transient ST-segment

depression or elevation , early in the acute

phase, is an important diagnostic tool and

predictor of outcome. On-line multi-lead

ST-segment monitoring by continuous 12-

lead ECG or vectorcardiography was

introduced in the late 1980’s. Still, there

are few studies evaluating the usefulness

of continuous 12-lead ECG in patients

with UCAD. The aims of this work were,

therefore, to evaluate this new technology

and its prognostic value in a population

with suspected or definite UCAD.

Furthermore, we wanted to compare it

with the previously available continuous

vectorcardiography and to examine if

these methods can predict efficacy of

antithrombotic treatment and thereby be

useful in targeting patients for such

treatment.

Observer variability

A major concern with any diagnostic

method that requires interpretation is the

user-dependency of the method. ST-

segment monitoring with continuous 12-

lead ECG is now widely used in intensive

care units, coronary care units, chest pain

units and catheter laboratories. It is

therefore essential that a valid

interpretation can easily be made by

physicians or nurses after a short period

of training. Otherwise, results from studies

cannot be applied in clinical practice.
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In the present study, the agreement

between one experienced observer and one

newly trained observer was good

regarding presence or absence of

conventionally defined ST-episodes (     0.1

mV for    1 minute). The agreement was

also good concerning the maximal ST-

deviation during an ST-episode. However,

concerning the total duration of ischemia

the interobserver variability was large.

Although the large variation was partly

caused by large differences in a few

patients, this still indicates a problem with

the method. One reason for the

discrepancy was probably differences in

the evaluation of possible artifacts.

Another reason might be presence of ST-

deviation at the start of monitoring. This

will affect the selection of reference ECG,

which will influence the duration of

ischemia substantially. An additional

cause is the interpretation of probably non-

ischemic ST-changes, e.g. due to changes

in body position and heart rate.

These results are partly in line with

a previous investigation, using ST-

segment monitoring with continuous

vectorcardiography (154). Thus, the

method which requires only a short period

of training for interpretation purposes,

seems reliable as a indicator of transient

ischemic episodes and for measuring the

maximal ST-segment deviation compared

to baseline ECG. In terms of quantifying

total duration of ischemia, the method

does not seem so reliable. This raises

questions about the usefulness of

measuring duration and calculating “total

ischemic burden” as a product of time and

degree of ST-deviation (148). However,

more studies on the reproducibility of the

method are needed, particularly in a

clinical setting where several centers

participate.

ST-changes due to changes in body

position

The most common cause of non-

ischemic ST-changes in the clinical setting

is changes in body position (155). When

using ST-monitoring as a indicator of

reperfusion during thrombolysis the

patient is usually sedentary in reclining or

supine position and postural ST-change is

a minor problem. However, during ST-

monitoring in patients with unstable

coronary artery disease postural ST-

≥

≥
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changes may cause problems in the

analysis. The present study shows that

these ST-changes usually are small but

may reach significant levels, especially in

the lateral leads in the left lateral position.

These findings are consistent with

previous studies investigating positional

changes during ST-monitoring (156, 157).

The positional ST-changes can

usually be recognized by simultaneous

changes in the overall QRS-T voltage

which seems to pull the ST-level upward

or downward (figure 8). However,

ischemic QRS-changes may also be

associated with changes in QRS amplitude

(158). Thus, concerning some ST-changes

problems may arise in the differentiation

between ischemia and changes in body

position. Different solutions have been

suggested to this problem, such as the use

of body position sensors (159), the use of

mathematical algorithms, and creation of

“ECG-templates” from different body

positions which then can be used for

comparison (156).

Optimal criterion of ST-segment

change

It is well established that episodes of

transient ST-deviations   0.1 mV may

reflect transient myocardial ischemia

(119-123). However, the optimal cut-off,

resulting in the highest sensitivity and

specificity in patients with suspected or

confirmed UCAD, is not possible to

determine because of the lack of a “gold

standard” in the clinical setting. Recently,

ST-segment depression <0.1 mV in the

standard 12-lead ECG was shown to

predict a worse outcome after an episode

of unstable coronary artery disease (103,

106). Also, in a previous study, using

continuous 12-lead ECG monitoring,

transient ST-changes <0.1 mV were

suggested to have clinical significance

(130). In the present study, testing two

different criteria with respect to observer

variability, postural ST-changes and

prognostic value, the use of ST-depression

episodes <0.1 mV was not supported.

When transient ischemic episodes were

defined as ST-depression     0.05 mV or ST-

elevation    0.1 mV, the inter- and intra-

observer agreement was poor, and more

≥

≥

≥
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than 40% of the patients were considered

to have significant ST-changes when

changing body position. Furthermore,

patients with ST-depression episodes of

0.05-0.1 mV did not differ from patients

with no episodes concerning outcome. On

the other hand, the conventional criteria

of ST-episodes (  0.1 mV), resulted in

acceptable observer agreement, less

problems with positional ST-changes, and

a significant and clinically important

difference in outcome between patients

with and without such episodes.

Occurrence of ST-episodes during

continuous 12-lead ECG (paper I, II,

IV)

The incidence of ST-episodes in

previous studies using Holter or

vectorcardiographic monitoring in patients

with unstable coronary artery disease has

varied widely (11-100%), probably

mainly due to different inclusion criteria

(106, 111-116, 124-127, 139-143). In the

FAST-study, including a fairly unselected

group of patients consecutively admitted

because of symptoms suggestive of

UCAD, 16% had ST-episodes during the

first 12 hours from admission. In  the

selected group of patients with UCAD in

the FRISC II trial, 32% had episodes of

transient ischemia, which is in accordance

with a previous study, using

vectorcardiographic monitoring in a

similar population (142).

The FAST study suggested that a 6-

9 hour period of monitoring might be

sufficient to answer the question whether

ST-episodes are present or not, as the

majority (97%) of the patients with ST-

episodes had their first episode during the

first 6 hours from start of monitoring.

However, in the FRISC II trial, 89% of

the patients with ST-episodes, had had

their first episode at 12 hours of

monitoring. Thus, although it seems like

6-9 hours of monitoring is a useful tool

for early risk stratification, a longer period

of monitoring is needed to exclude

presence of ischemic episodes.

Prognostic value of transient ischemic

episodes in patients with suspected or

confirmed UCAD (paper I, II, V)

In chest pain patients with suspected

UCAD in the FAST study, presence of ST-

episodes during ST-segment monitoring

≥
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with continuous 12-lead ECG was a

significant predictor of both cardiac death

alone and the double endpoint cardiac

death or MI. Patients with ST-episodes

had a 5.7 fold risk of death or MI

compared to patients without ST-episodes.

These results are in accordance with

previous Holter-studies. However, none of

these has shown presence of ST-episodes

to be a significant predictor of death or

cardiac death alone (106, 111-116, 124-

127).

In patients with definite UCAD,

based on ECG or biochemical markers,

and allocated to a non-invasive strategy

with LMWH only for the first 5-7 days,

presence of transient ischemic episodes,

detected by either continuous 12-lead

ECG or continuous vectorcardiography,

still indicated a worse outcome. However,

the difference between those with and

without ST-episodes was less impressive.

In patients without ischemic episodes, the

risk of death or MI was still 9.8% at 3

months of follow up. Thus, in patients with

signs of ischemia on the ECG or elevated

biochemical markers, absence of ST-

episodes does not necessarily imply a

favorable outcome.

It is now well established, by the

present and previous studies, that ST-

segment monitoring adds important

prognostic information to the standard 12-

lead ECG (106, 115, 127, 140-142). There

are mainly two reasons for this. Firstly,

silent ischemia, which is mainly detected

by ST-segment monitoring, constitutes

about 70-90% of all ischemic episodes and

carries the same prognostic information

as symptomatic ischemia (111-116).

Secondly, permanent ST-T changes in the

standard 12-lead ECG are unspecific signs

which may arise from other causes than

myocardial ischemia, whereas dynamic

changes are more specific. Thus,

irrespective of the presence of ST-

depressions or not in the standard 12-lead

ECG, ST-segment monitoring can give

valuable information about ongoing

ischemia.

Previous Holter studies have shown

that presence of ST-episodes

independently predicts future risk of

cardiac events in multivariate analyses

(106, 112, 115, 127). However, these
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studies were performed without

information from the new and sensitive

biochemical markers ( CK-MB(mass) and

troponin T) which are important

prognostic markers in this population (68,

75). In the FAST study, the occurrence of

ST-episodes persisted as an independent

predictor of cardiac death or MI even

when these new biochemical markers were

included in the multivariate analysis.

These findings are in accordance with

previous vectorcardiographic studies (140,

143), where the occurrence of ST-VM

episodes was an independent predictor of

death and death or MI in a model including

clinical variables and CK-MB(mass) or

troponin T.

A limitation with continuous ST-

segment monitoring is the relatively low

sensitivity to identify all patients at risk

of cardiac death or MI (56% at 30 days in

the FAST study). This stresses that

decisions should not be based on ST-

segment monitoring alone. ST-segment

monitoring should instead be considered

as a valuable complement to clinical

evaluation and biochemical markers in the

early risk assessment.

Relation between presence of ST-

episodes and level of troponin T (paper

III, IV)

In the FAST study, there was a larger

proportion of ST-episodes in the group

with positive troponin T on admission. Of

the patients with a negative tn-T on

admission but having ST-episodes during

monitoring, 62% developed positive tn-T

at 12 hours. This indicates that ST-

episodes and the level of troponin T to

some extent mirror the same

pathophysiological mechanisms.

However, there was only a moderate

relationship between the number,

duration, degree of ST-episodes and

troponin T, and the fact that both came

out as independent predictors in the

multivariate analysis indicates that they,

at least in part, reflect different aspects of

the same pathophysiological process. This

is further supported by the findings in the

FRISC II trial, in which only 70% of the

patients with ST-episodes were troponin

T positive, and 24 % of the troponin T

negative patients had ST-episodes. It

might therefore be hypothesized that

troponin T, with its wide time-window is
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a better indicator of the instability of the

disease before the patient reaches the

hospital. Continuous 12-lead monitoring

on the other hand, might better reflect the

response to the first hours of treatment.

Another possible explanation is that ST-

monitoring reflects transient and dynamic

flow obstruction caused either by

thrombus or consecutive vasoconstriction,

whereas troponin T mainly reflects

occluding thrombi and downstream

microembolization (160, 161).

Prognostic value of a combination of

ST-episodes and troponin T (paper III)

Both continuous 12-lead ECG and

measurement of troponin T are able to

identify high-risk patients in the

population with UCAD, and the methods

seem to identify pathophysiologically

somewhat different patients. Therefore, it

is to be expected that a combination of

these two methods might further improve

the early risk stratification. When ST-

segment monitoring and troponin T status

were combined 6 hours after admission,

patients could be divided into a low-

(troponin T <0.10µg/l and no ST-

episodes), intermediate- (troponin T

    0.10mg/l or ST-episodes), and high-risk

group (troponin T    0.10µg/l and ST-

episodes) concerning both short- and long-

term outcome. In previous studies using

continuous vectorcardiography, the

combination ST-segment monitoring and

either CK-MB(mass) or tn-T has enabled

risk stratification of patients in a similar

way as in the present study (141, 143).

However, in these studies the

vectorcardiographic monitoring has been

performed in a more selected population

for a longer time.

Comparison between continuous 12-

lead ECG and continuous

vectorcardiography (paper IV)

The aim with paper IV was not to

compare the ability of continuous 12-lead

ECG and continuous vectorcardiography

to identify patients with at least one

episode of resting ischemia. This can only

be done by testing the systems “head to

head” on the same patients, which is not

easily accomplished. This kind of

comparison would require a large number

of patients, and although many centers

have one of the systems, few have both.

≥

≥
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Our aim was to examine whether the

proportions of patients identified as having

at least one transient ischemic episode, and

consequently a higher risk of subsequent

cardiac events, are comparable when the

two methods are used in the same UCAD

population. Furthermore, we wanted to

examine if these groups seem to belong

to the same population with respect to

different clinical variables.

For these objectives, we used a

uniquely large sample of 1016 patients

included in same multicenter study. Thus,

the inclusion and exclusion criteria were

the same. Patients were given the same

initial treatment and were included in the

same geographically area (Scandinavia)

with a rather homogeneous population and

treatment. Therefore, the risk that other

factors than the methods themselves

would cause differences in the detection

of ischemia was small.

Continuous 12-lead ECG and

continuous vectorcardiography detected

ischemic episodes in an equal proportion

of patients (32% vs. 35%). However,

patients with ischemic episodes detected

by vectorcardiography had significantly

more episodes than patients identified by

12-lead ECG, who, on  the other hand, had

significantly longer total duration of

episodes. This discrepancy was probably,

at least in part, caused by the different

definitions of an episode used at the two

core-laboratories. In the cVCG-substudy,

the ST-VM episode started when there

was a change of ST-VM    0.05 mV

compared to baseline, and ended when this

was no longer the case. In the c12ECG-

substudy, the ST episode started when

there was change of the ST-level     0.1 mV

compared to baseline, and ended when the

change from baseline was <0.05 mV.

These levels were used in order to avoid

small fluctuations around the level of 0.1

mV during an episode, to be considered

as several ST-episodes. Hence, an episode

with small fluctuations of the ST-level

around the level of ST-VM 0.05 mV

during cVCG and around 0.1 mV during

c12ECG would, according to these

definitions, have caused several shorter

episodes with cVCG and one longer

episode with c12ECG. However, the

differences between the two technologies

are also potential causes of this

≥

≥
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discrepancy.

When baseline characteristics, incidence

of myocardial damage, results of exercise

test and findings on the coronary

angiogram were compared, there were no

significant differences between patients

with ST-episodes during continuous 12-

lead ECG and those with ST-VM episodes

during continuous vectorcardiography. A

limitation with the present study is the lack

of statistics to show equivalence. A non-

significant p-value does not necessarily

mean that there are no differences between

the methods. However, to show statistical

equivalence an even larger sample than in

this study is needed.

Despite the similarities between the

identified patient groups with ischemic

episodes, the differences between the two

technologies should be acknowledged.

Whereas 12-lead ECG measures the ST-

level in the 12 standard leads,

vectorcardiography measures the spatial

ST-vector. It has been argued that

vectorcardiography better reflects

ischemia in the posterolateral regions

compared to the scalar ECG, and that the

12-lead ECG does not reflect the

directional changes of the spatial ST-

vector (135, 162, 163). To measure

changes in both magnitude and direction

of the ST-vector, ST-segment change

vector magnitude (STC-VM) has been

used. In a previous study, comparing

continuous vectorcardiography and

continuous 12-lead ECG during coronary

angioplasty, STC-VM was found to be

most sensitive in detecting ischemia,

whereas ST-VM and ST-episodes had

comparable sensitivities (135). However,

this study was limited by a small number

of patients and the use of signal averaging

during vectorcardiography but not during

12-lead ECG. Moreover, although high

sensitivity to detect ischemia, the STC-

VM have been shown to be less useful than

ST-VM in the early risk stratification of

patients with UCAD (140, 142).

Thus, although continuous 12-lead

ECG and continuous vectorcardiography

are two different methods, detecting

transient ischemic episodes in somewhat

different ways, the results suggest that

these two methods identify the same high-

risk population, and that these patients can
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be considered one group when both

systems are used.

Prediction of treatment efficacy with

multi-lead ST-monitoring (paper V)

Prior to now, only troponin T and I

have been proven useful in predicting

efficacy of antithrombotic treatment and,

hence, in targeting a specific therapy (77-

79). The ischemia-monitoring substudy in

the FRISC II trial is the first study to

indicate that continuous multi-lead ST-

segment monitoring can also be used to

identify patients who benefit from

antithrombotic treatment.

The main FRISC II trial

demonstrated that patients who were

administered extended treatment with

dalteparin had a reduced risk of

subsequent death or MI during the first

month compared to those who received

the established treatment of 5-7 days of

dalteparin followed by placebo (54). This

risk reduction was significant during the

whole treatment period of 3 months if

revascularisation was added to the

composite end point. The present substudy

showed that the treatment effect was most

apparent in patients with transient

ischemic episodes detected by continuous

multi-lead ST-segment monitoring. In this

group, the risk was reduced during the

active treatment period to about the same

level as those without transient ischemic

episodes. Moreover, in the interaction

analysis, including both transient ischemic

episodes, ST-depression at entry, and the

interaction between these variables and

drug-treatment, only the interaction

between drug-treatment and transient

ischemic episodes was an independent

predictor of outcome. Thus, the

occurrence of dynamic ST-segment

changes seems to have a higher predictive

value for treatment efficacy than ST-

depressions in ECG at entry.

Another interesting finding in the

present study, was that a large number of

the events in the placebo-group with

transient ischemic episodes occurred early

after the start of randomized treatment, i.e.

after the end of the initial open-label

treatment with dalteparin. This probably

reflects a reactivation of disease which has

previously been seen early after cessation

of unfractionated or LMWH treatment
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(33, 53). Because of the large

accumulation of events early after

termination of dalteparin treatment, it

might be hypothesized that patients with

initial transient ischemic episodes are

more likely to have recurrences early after

cessation of LMWH. This might be related

to a rebound increase in thrombin activity

as reported in patients discontinuing

heparin treatment (164).

The lack of treatment effect in

patients without transient ischemic

episodes is noteworthy, although it should

be interpreted with caution because of the

low number of patients and low event

rates. However, it might be speculated that

these patients have a somewhat different

pathophysiology, with less ischemic

episodes caused by coronary thrombus

formation, and therefore are less likely to

benefit from extended antithrombotic

treatment.

The future for on-line multi-lead

monitoring

Despite all clinical evidence and the

fact that on-line multi-lead monitoring was

introduced in the late 1980’s, the use of

this method in clinical practice, outside

Scandinavia, is still very limited.

However, there are several reasons to

believe that the use of on-line multi-lead

monitoring in UCAD should increase in

the future. Multi-lead monitoring has the

ability to detect ischemia that does not

necessarily result in myocardial necrosis,

and to reflect the dynamic nature of

myocardial ischemia and coronary

thrombosis. Hence, multi-lead monitoring

has the capacity to reflect the subsequent

response to pharmacological treatment

(148, 150). No other method can provide

this information immediately on-line.

These features will be valuable in the

future when the management of UCAD

becomes more tailored and targeting

treatment for the individual patient more

important.

How should multi-lead monitoring be

used?

Continuous multi-lead monitoring

can be applied to the whole spectrum of

patients with suspected or confirmed

UCAD. Based on previous and present

work the following routine (figure 18) is

recommended. Patients with ST-segment
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depressions in the ECG and / or positive

troponin T on admission (group 2), should

receive intense pharmacological treatment

and if there is no contraindication be

considered for coronary intervention

within 7 days. These patients should

during medical treatment undergo multi-

lead ST-monitoring for 24 hours. If

ischemic episodes occurs despite optimal

medical treatment, the intervention should

be done as soon as possible. If there is no

ST-segment depression in the ECG and

troponin T is negative on admission (group

1,3), ST-segment monitoring should be

performed for 12 hours. If troponin T is

still negative and no ischemic episodes

have occurred, patients with a clinical

history indicating a low risk of UCAD

(group 3) can be discharged, whereas other

patients (group 1) should perform a

predischarge exercise test. Patients in

group 1 and 3 with positive troponin T or

presence of ischemic episodes should be

treated with intense pharmacological

treatment and further monitored. If there

is no reoccurrence of ischemic episodes,

patients can be considered for coronary

intervention within 7 days. If ischemic

episodes reoccur despite of the intensified

medical treatment, intervention should be

done as soon as possible.
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Symptoms

History

                         Clinical history                                                     Clinical history
             indicating intermediate-high risk                                    indicating low risk
                            of UCAD                                                                 of UCAD

              No ST-depression               ST-depression                No ST-depression
              and Negative tn-T            and/or positive tn-T          and Negative tn-T

                            ST-monitoring                ST-monitoring                 ST-monitoring

    No ST-episodes      ST-episodes                           ST-episodes                 No ST-episodes
    and negative tn-T   or positive tn-T                      or positive tn-T            and negative tn-T

         Predischarge ET                                                                Early discharge

                                                                              ST-monitoring

                                 No ST-episodes                   ST-episodes

            Cor angio within 7 days        Cor angio as soon as possible

ASA, β-blockade
LMWH
(GPIIb/IIIa inhibitor)

ASA, β-blockade No treatment

Group 2Group 1 Group 3

ASA, β-blockade
LMWH
(GPIIb/IIIa inhibitor)

0h

24h

12h

Figure 18: Flow diagram showing how multi-lead ST-monitoring can be used in the early management of

suspected or confirmed UCAD.
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CONCLUSION

Based on the present work, the following conclusion can be made regarding multi-lead

ST-monitoring in patients with UCAD:

· At continous 12-lead ECG, ischemic episodes should be defined as a transient ST-

deviation of at least 0.1 mV lasting for at least 1 minute, since this will result in an

acceptable observer-variability, minor problems with postural changes and give

important prognostic information.

· Continuous 12-lead ECG and continuous vectorcardiography identify the same high-

risk population, and these patients can be considered one group when both systems

are used in multi-center studies.

· The incidence of ischemic episodes is about 15-30%, depending on entry characteristics

of the study population.

· Continuous 12-lead ECG monitoring during the first 6-9 hours after admission to

CCU provides important prognostic information on-line, and thereby the early risk

stratification can be improved

· A combination of continuous 12-lead ECG monitoring and troponin T is an even

more valuable tool than either one alone for risk stratification during the first hours

after admission.

· Continuous multi-lead ST-monitoring identifies patients with unstable coronary artery

disease who benefit most from extended antithrombotic treatment. Continuous multi-

lead ST-monitoring may therefore be used to target therapy in this heterogeneous

population.
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