
1204

8 Carlen PL, Wilkinson DA, Wortzman G, et al. Cerebral atrophy and
functional deficits in alcoholics without clinical apparent liver disease.

Neurology 1981; 31: 377-85.
9 Carlen PL, Wilkinson DA. Reversibility of alcohol-related brain

damage: clinical and experimental observations. Acta Med Scand
Suppl 1987; 717: 19-26.

10 Lee K, M&oslash;ller L, Hardt F, Haubek A, Jensen E. Alcohol-induced
brain damage and liver damage in young males. Lancet 1979; ii: 759-61.

11 Hill SY, Mikhael M. Computed tomography scans of alcoholics:
cerebral atrtophy? Science 1979; 204: 1237-38.

12 Harper CG, Blumbergs PC. Brain weights in alcoholics. J Neurol
Neurosurg Psychiatry 1982; 45: 838-40.

13 Harper CG, Kril JJ, Holloway R. Brain shrinkage in chronic
alcoholics: a pathological study. BMJ 1985; 290: 501-04.

14 Torvik A Brain lesions in alcoholics: neuropathological observations.
Acta Med Scand Suppl 1987; 717: 47-56.

15 Harper CG, Kril JJ. Brain atrophy in chronic alcoholic patients: a
quantitative pathological study. J Neurol Neurosurg Psychiatry 1985;
48: 211-17.

16 Harper CG, Smith NA, Kril JJ. The effects on the female brain: a
neuropathological study. Alcohol Alcoholism 1990; 25: 445-48.

17 De la Monte SM. Disproportionate atrophy of cerebral white matter in
chronic alcoholics. Arch Neurol 1988; 45: 990-92.

18 Sterio DC. The unbiased estimation of number and sizes of arbitrary
particles using the disector. J Microsc 1984; 134: 127-36.

19 American Psychiatric Association. Diagnostic and statistical manual of
mental disorders, third ed, revised. Washington, DC: American
Psychiatric Association, 1987.

20 Braendgaard H, Evans SM, Howard CV, Gundersen HJG. The total

number of neurons in the human neocortex unbiasedly estimated using
optical disectors. J Microsc 1990; 157: 285-304.

21 Pakkenberg B, Evans SM, M&oslash;ller A, Braendgaard H, Gundersen HJG.
Total number of neurons in human neocortex related to age and sex
estimated by way of optical disectors. Acta Stereol 1989; 8: 251-56.

22 Gundersen HJG, Bagger P, Bendtsen TF, et al. The new stereological
tools: disector, fractionator, nucleator, and point sampled intercepts
and their use in pathological research and diagnosis. APMIS 1988; 96:
857-81.

23 Gundersen HJG, Jensen EB. The efficiency of systematic sampling in
stereology and its prediction. J Microsc 1987; 147: 229-63.

24 Harper CG, Corbett D. Changes in the basal dendrites of cortical
pyramidal cells from alcoholic patients-a quantitative Golgi study.
J Neurol Neurosurg Psychiatry 1990; 53: 856-61.

25 Ferrer I, Fabregues I, Rairiz J, Galofr&eacute; E. Decreased numbers of
dendritic spines on cortical pyramidal neurons in human chronic
alcoholism. Neurosci Lett 1986; 69: 115-19.

26 McMullen PA, Saint-Cyr JA, Carlen PL. Morphological alterations in
rat CA1 hippocampal pyramidal cell dendrites resulting from chronic
ethanol consumption and withdrawal. J Comp Neurol 1984; 225:
111-18.

27 Tavares MA, Paula-Barbosa MM, Gray EG. A morphometric Golgi
analysis of the Purkinje cell dendritic tree after long-term alcohol
consumption in the adult rat. J Neurocytol 1983; 18: 939-48.

28 Kjellstr&ouml;m C, Conradi NG. Decreased axonal calibres without axonal
loss in optic nerve following chronic alcohol feeding in adult rats: a
morphometric study. Acta Neuropathol (Berl) 1993; 85: 117-21.

29 Hansen LA, Natelson BH, Lemere C, et al. Alcohol-induced brain
changes in dogs. Arch Neurol 1991; 48: 939-42.

Patients with suspected myocardial infarction who present with
ST depression

Department of Cardiology (H S Lee MRCP, S J Cross MRCP,
K P Jennings FRCP), Aberdeen Royal Infirmary; and Medicines
Assessment Research Unit (J M Rawles, FRCP), University of
Aberdeen, Aberdeen, UK

Correspondence to: Dr Hai Shiang Lee, Department of Cardiology,
Killingbeck Hospital, Leeds LS14 6UQ, UK

Summary
Patients with suspected myocardial infarction who present
with ST depression have a high mortality which is not reduced
by thrombolytic therapy. Despite this, there are few data on
these patients. We studied the electrocardiographic and
clinical characteristics of these patients, the diagnostic and
prognostic value of the presenting electrocardiogram (ECG),
and the reasons for the high mortality and apparent lack of
thrombolytic efficacy.
We studied all patients with suspected infarction admitted

during 1990 with ST depression. Of the 136 patients (84
men, mean [SD] age 68 [11] years), 74 (54%) had confirmed
infarction and 73 (54%) had previous infarction. 1-year
mortality was 26% for all patients, 31% for those with

confirmed infarcts, and 19% for those in whom infarction was

subsequently excluded. Patients with infarction had more

severe ST depression (mean 2&middot;5 mm [SD 1 5]) and more ECG
leads with ST depression (mean 4&middot;7 leads [1 8]) compared
with patients without infarction (1&middot;4 mm [0&middot;8], p < 0 001; 3&middot;6
leads [1&middot;7], p<0&middot;001). Sensitivity and specificity for the
subsequent diagnosis of infarction with ST depression were
20% and 97%, respectively, for at least 4 mm; and 21% and

95%, respectively, for at least 7 leads. 1-year mortality was low
in patients with 1 mm ST depression (14%) or no more than 2
leads (11%), but high in patients with at least 2 mm ST

depression (39%, p<0 001) and at least 3 leads (30%,
p=008).

Patients with suspected infarction and ST depression had a

high mean age, high incidence of previous infarction, and poor
prognosis. The presenting ECG is helpful in predicting
prognosis, and ST depression of at least 4 mm or involving at
least 7 leads is highly specific for diagnosis of infarction.

Lancet 1993; 342: 1204-07

Introduction

Although many data characterise patients with non-Q wave
infarction1-s and patients with infarction and reciprocal ST
depression,6-8 few data exist on suspected myocardial
infarction patients whose presenting electrocardiogram
(ECG) shows ST depression as the predominant feature.
The results of the GISSI9 and ISIS-2 trials10 show that

subgroups of patients with ST depression have a high
mortality of 16-19% which is not reduced by thrombolytic
therapy. It is therefore important to obtain further
information on these patients in order to understand the
reasons for the high mortality and the apparent lack of
efficacy of thrombolytic therapy. The value of the

presenting ECG in the diagnosis and risk stratification of
these patients is also important to know. We studied the
case notes of all patients with suspected acute myocardial
infarction who presented to Aberdeen Royal Infirmary
with ST depression during 1990.
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Patients and methods

Patients

All patients with suspected myocardial infarction admitted to
Aberdeen Royal Infirmary during 1990 with ST depression but
without reciprocal ST elevation (except in lead aVR) in their
presenting ECG were included. Casenotes were reviewed to
confirm the ECG findings and cardiac enzyme data. Mortality data
were obtained from the local death registry.

Methods
All ECGs were recorded in 12-lead format at a paper speed of 25
mm/s. ST depression was judged to be present if the J point was
depressed by 1 mm or more and was followed by a horizontal or
downward sloping ST segment for at least 0-08 s in 1 or more of the
12 leads. The depth of ST depression was measured at 0 08 s after
the J point. ST elevation in lead aVR was judged to be present if it
was 1 mm or more.

For the diagnosis of acute myocardial infarction, both of the
following criteria had to be fulfilled: a characteristic chest pain of
more than 30 minutes duration, and a rise of serum aspartate
aminotransferase to at least twice the upper limit of normal in our

laboratory (normal less than 31 U/L) with a characteristic rise and
fall of the enzyme.
The decision to administer thrombolytic therapy was left to the

individual clinician. In general, patients were given thrombolytic
therapy if myocardial infarction was thought likely from the history
and the admission ECG. The standard relative contraindications to

thrombolysis such as previous bleeding peptic ulceration, previous
cerebrovascular accident, and severe hypertension were known to
the clinicians.

Data analysis
The unpaired t test was used to compare the difference between
group means. The chi-square test with Yates’ correction was used
to calculate the mortality difference between the two groups of
patients.

Results

Myocardial infarction
136 patients presented with ST depression. 84 were men
and 52 were women. The mean age of the men was 66 years
(SD 11, range 35-87) compared with the mean for women of
72 (SD 10, range 47-88). 74 patients (54%) had confirmed

infarction; 48 of these were men. The figure shows the
characteristics of the patients.

Previous myocardial infarction had occurred in 73

patients (54%); 48 were men and 25 were women. The mean
age of these patients was 68 years (SD 12). In the 74 patients
with confirmed infarction during this admission, 43 (58%)
had a previous history of myocardial infarction (mean age
67 years, SD 11, 29 men, 14 women). 17 patients died during
this admission; 11 (65%) had a previous history of

myocardial infarction.

Thrombolytic therapy
Of the 74 patients with confirmed infarction on this

admission, 49 did not receive thrombolysis and 17 of these
(35%) died within 1 year. 25 patients had thrombolytic
therapy; 6 (24%) of these died. The difference in mortality
between the two groups of patients did not reach

significance (&khgr;2 == 0.46, p = 0-33).
9 of the non-infarct patients were given thrombolytic

therapy.

Prognosis (1-year mortality)
1-year mortality was 26% for all patients and 31 % for those
with confirmed infarction. It is noteworthy that those
patients who presented with ST depression in whom

myocardial infarction was subsequently excluded during
this admission had a relatively high 1-year mortality of 19 %
(48% had a previous history of myocardial infarction).

72 patients presented with ST depression of 1 mm (26 of
these had confirmed infarction). Only 10 (14%) of these
patients died within 1 year of presentation. In contrast, 25
(39%) of the 64 patients who presented with ST depression
of at least 2 mm died within 1 year; their mortality was
significantly higher than those patients with 1 mm ST

depression (&khgr;2=9.96, p < 0-001).
The 1-year mortality for patients whose presenting ECG

showed ST depression in 2 or fewer leads was only 11 % (3
deaths in 28 patients). This was much lower than the 32
deaths (30%) in the 108 patients with at least 3 leads with
ST depression (&khgr;2 = 3.23, p=0.08).
The 1-year mortality of patients with previous

myocardial infarction was 29% (21 deaths in 73 patients).
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Figure: Characteristics of patients
MI=myocardial infarction, AMI=acute myocardial infarction, and standard deviations are shown in parentheses.



1206

Table 1: Sensitivity and specificity (%) of ST depression and
number of leads with ST depression for diagnosis of acute
myocardial Infarction

Although this figure was higher than for those without a
history of previous infarction (14 deaths in 63 patients
[22%]), it did not reach statistical significance (&khgr;2=0.45,
p=038). For confirmed infarction during this admission,
mortality was 37% (16 deaths in 43 patients) in those with
previous myocardial infarction compared with 23% (7
deaths in 31 patients) in those without previous infarction
(&khgr;2=1.18,p=0.16).

Prognosis (in-hospital mortality: comparison with all

patients with infarction)
In 1990, 663 patients were admitted to the Aberdeen Royal
Infirmary with confirmed myocardial infarction. 17 in-

hospital deaths (23%) occurred in the 74 patients who
presented with ST depression. This was higher than the 94
deaths (16%) in the other 589 patients with confirmed
infarction (&khgr;2 =1.84, p = 0 17).

ECG changes and diagnosis of infarction
The ECGs of those with acute infarction had more severe
ST depression (mean 2-5 mm, SD 15) than those with
infarction later excluded (mean 1 4 mm, SD 0-8; p < 0-001).
The patients with infarction also showed ST depression in
more ECG leads (mean 4-7 leads, SD 1-8) than those
without infarction (mean 3-6 leads, SD 1-7, p < 0-001).
ST depression of at least 4 mm was 20% sensitive and

97% specific for the subsequent diagnosis of acute

myocardial infarction. For ST depression in at least 7 ECG
leads the sensitivity was 21% and specificity 95% (table 1).
Combining the severity of ST depression and the number
of leads with ST depression was no more helpful than
severity or number alone for the subsequent diagnosis of
myocardial infarction (table 2).

Table 2: Sensitivity and specificity of combined data on the
severity of ST depression and the number of leads with ST
depression for the diagnosis of acute myocardial infarction

None of the patients showed ST elevation in the ECG
recorded after admission.
ST elevation of at least 1 mm in lead aVR was present in

49 patients. 31 (63%) of these patients had myocardial
infarction subsequently confirmed. Thus 18 (37%) patients
with 1 mm ST elevation in lead aVR did not have

myocardial infarction. There were only 2 patients with ST
elevation of 2 mm (none with more than 2 mm ST
elevation); myocardial infarction was confirmed in both
patients.

Discussion
We studied patients with suspected myocardial infarction
who had ST depression as the predominant feature in their
admission ECG. We found that these ECGs were helpful in
the diagnosis of myocardial infarction and in determining
prognosis. We included patients with ST depression whose
presenting ECG also showed ST elevation in lead aVR
because, from experience, ST elevation only in this lead
does not appear to have much discriminating power in the
diagnosis of acute myocardial infarction and is largely
ignored by clinicians. Our data confirmed this suspicion:
myocardial infarction was subsequently excluded in a large
number of patients (37%) with ST elevation in lead aVR.
All patients with ST elevation in any other lead were
excluded from this study.

Willich et al" looked at a subgroup of patients with
non-Q wave infarction who presented with ST depression
without ST elevation. These patients had a high incidence
(39%) of previous myocardial infarction. Raunio et al12
reported a series of postmortem results in patients with
transmural and subendocardial infarction. 7 of these

patients had ST depression but not ST elevation in their
presenting ECG. 5 of these 7 patients had postmortem
evidence of previous infarction. Our data support these
findings with 54% of all patients having a previous history
of myocardial infarction. These results suggest that

previous myocardial damage is an important reason for the
high mortality in these patients.
For patients with confirmed myocardial infarction, an

explanation for the absence of ST elevation is the

"cancelling out" of electrical events because of infarction in
opposite myocardial planes .13-15 Thus, a new anterolateral
myocardial infarction could normalise the ECG changes of
a previous healed inferior myocardial infarction by
subtracting anterior and lateral dipole contributions from
the QRS complex resulting in ST segment and/or T wave
changes only. The large number of patients with previous
infarction in our study supports the presence of this effect in
at least some patients. ST depression can also be the only
ECG finding in transmural myocardial infarction-Raunio
et al12 documented the occurrence of ST depression
without ST elevation in 17 % of patients whose postmortem
findings confirmed the presence of transmural myocardial
infarction. Another explanation for the lack of ST elevation
in patients with infarction may be a subtotal coronary
occlusion leading to subendocardial myocardial infarction.
The mortality of the subgroup of patients with ST

depression in the GISSI and ISIS-2 trials was not reduced
by thrombolytic therapy. 9,10 Three reasons may account for
this finding. First, the number of patients with ST

depression was relatively small in both trials (224 patients in
GISSI and 571 in ISIS-2 who received thrombolytic
therapy). The confidence intervals for mortality reduction
would therefore be expected to be wide in these patients.
Indeed, this was the case in the ISIS-2 trial with an odds
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ratio for mortality reduction of 1-01 (95% confidence
interval O. 75-1 . 36). Second, in patients with ST depression,
the criteria for the administration of thrombolytic therapy
were based on clinical suspicion and not ECG changes.
This would almost certainly mean that a large number of
patients who received thrombolytic therapy in these trials
did not have an infarction. Third, since many of these

patients may have a previous myocardial infarction, a

further infarction could have destroyed a critical volume of
myocardium. Such patients might benefit from earlier

thrombolysis to limit the size of the infarction. Recently,
many groups have substantially reduced the time from
symptom onset to thrombolysis by advocating the
administration of thrombolytic therapy in the

community,16 or by improving the "door to needle time" by
fast-tracking suitable candidates for thrombolytic
therapy." These strategies may especially benefit the

patient with ST depression.
Traditionally, convex ST elevation is considered to be

highly specific for the diagnosis of acute myocardial
infarction whereas ST depression indicates ischaemia.

Although this is true for minor ST depression, our study
shows that more severe ST depression is highly specific for
the subsequent diagnosis of acute myocardial infarction.
ST depression of at least 4 mm in the presenting ECG is
97% specific (20% sensitive) for the subsequent diagnosis
of myocardial infarction. The number of leads with ST
depression is also helpful in the subsequent diagnosis of
myocardial infarction (at least 7 leads with ST depression
has a specificity of 95% and sensitivity of 21%). These
variables may be helpful in identifying those patients who
might benefit from thrombolytic therapy. Thrombolytic
therapy could then be targeted only to those patients who
are likely to be having an infarct.
The severity of ST depression and the number of ECG

leads showing ST depression are also good prognostic
indicators and should help to identify those patients who
may benefit from more intensive investigation and

management. For example, clinicians may have a lower
threshold for investigating patients with at least 2 mm ST
depression (1-year mortality 39-1%) compared with those
having 1 mm ST depression (mortality 13-9%).

It is important to note that some patients who present
with severe ST depression may have unstable angina. The
role of thrombolysis is still unclear in these patients.18,19
Studies are needed to determine if it is possible to

distinguish very quickly those patients with unstable angina
who present with ST depression from those who are
actually having an infarct. It is possible that most patients
with severe ST depression are having an infarct; ST
depression of at least 4 mm may well be an indication for
thrombolysis. Myoglobin enzymes are known to be raised
very soon after myocardial infarction 20 and rapid
myoglobin analysers can now yield quantitative results
within 6 minutes of blood collection.21,22 This technique has
promise and its use may answer some of the above questions
and, more importantly, may further refine the management
of this important group of patients.
Our study provides further insight into patients with

suspected myocardial infarction who present with ST

depression. We show that these patients have a high mean
age, a high incidence of previous myocardial infarction, and

a poor prognosis. The admission ECG is helpful in

stratifying the prognosis of these patients, and ST

depression of at least 4 mm or in at least 7 leads has a high
specificity for subsequent diagnosis of acute myocardial
infarction.

References

1 Chouhan L, Hajar HA, George T, Pomposiello JC. Non-Q- and
Q-wave infarction after thrombolytic therapy with intravenous
streptokinase for chest pain and anterior ST-segment elevation.
Am J Cardiol 1991; 68: 446-50.

2 Miranda CP, Herbert WG, Dubach P, Lehmann KG, Froelicher VF.
Post-myocardial infarction exercise testing: non-Q wave versus Q wave
correlation with coronary angiography and long-term prognosis.
Circulation 1991; 84: 2357-65.

3 Gheorghiade M, Schultz L, Tilley B, Kao W, Goldstein S. Natural
history of the first non-Q wave myocardial infarction in the placebo
arm of the beta-blocker heart attack trial. Am Heart J 1991; 122:
1548-53.

4 Schechtman K, Capone R, Kleiger R, et al. Risk stratification of
patients with non-Q wave myocardial infarction: the critical role of ST
segment depression. Circulation 1989; 80: 1148-58.

5 Gibson R, Beller G, Gheorghiade M, et al. The prevalence and clinical
significance of residual myocardial ischaemia 2 weeks after
uncomplicated non-Q wave infarction: a prospective natural history
study. Circulation 1986; 73: 1186-98.

6 Metcalfe MJ, Rawles JM, Shirreffs C, Jennings K. Six year follow up
of a consecutive series of patients presenting to the coronary care unit
with acute chest pain: prognostic importance of the electrocardiogram.
Br Heart J 1990; 63: 267-72.

7 Berland J, Cribier A, Behar P, Letac B. Anterior ST depression in
inferior myocardial infarction: correlation with results of intracoronary
thrombolysis. Am Heart J 1986; 111: 481-88.

8 Odemuyiwa O, Peart I, Albers C, Hall R. Reciprocal ST depression in
acute myocardial infarction. Br Heart J 1985; 54: 479-83.

9 Gruppo Italiano per lo studio della streptochinasi nell’infarto
miocardico (GISSI). Effectiveness of intravenous thrombolytic
treatment in acute myocardial infarction. Lancet 1986; i: 397-402.

10 ISIS-2 (second international study of infarct survival) collaborative
group. Randomised trial of intravenous streptokinase, oral aspirin,
both, or neither among 17 187 cases of suspected acute myocardial
infarction: ISIS-2. Lancet 1988; ii: 349-60.

11 Willich S, Stone P, Muller J, et al. High-risk subgroups of patients
with non-Q wave myocardial infarction based on direction and severity
of ST segment deviation. Am Heart J 1987; 114: 1110-19.

12 Raunio H, Rissanen V, Romppanen T, et al. Changes in the QRS
complex and ST segment in transmural and subendocardial MIs: a
clinico-pathologic study. Am Heart J 1979; 98: 176-84.

13 Abbott J, Scheinman M. Nondiagnostic electrocardiogram in patients
with acute myocardial infarction. Am J Med 1973; 55: 608-13.

14 Pruitt RD, Dennis EW, Kinard SA. The difficult electrocardiographic
diagnosis of myocardial infarction. Prog Cardiovasc Dis 1963; 6: 85.

15 Sugiura M, Okada R, Lizuka H. A clinicopathological study on the
subendocardial infarction in the aged. Jpn Heart J 1969; 10: 203.

16 BEPS collaborative group. Prehospital thrombolysis in acute
myocardial infarction: the Belgian eminase prehospital study (BEPS).
Eur Heart J 1991; 12: 965-67.

17 Pell A, Miller H, Robertson C, Fox KA. Effect of "fast track"
admission for acute myocardial infarction on delay to thrombolysis.
BMJ 1992; 304: 83-87.

18 Scrutinio D, Biasco MG, Rizzon P. Thrombolysis in unstable angina:
results of clinical studies. Am J Cardiol 1991; 68: 99B-104B.

19 Neri Serneri GG, Gensini GF, Poggesi L, et al. Effect of heparin,
aspirin, or alteplase in reduction of myocardial ischaemia in refractory
unstable angina. Lancet 1990; 335: 615-18.

20 Kagen LJ. Myoglobin: methods and diagnostic uses. Crit Rev Clin Lab
Sci 1978; 9: 273-302.

21 Lee HS, Cross SJ, Garthwaite P, Jennings KP. Rapid exclusion of
acute myocardial infarction in patients without ST elevation using
serial enzyme analysis with novel analysers: myoglobin, creatine kinase
and creatine kinase-MB enzymes. Br Heart J 1992; 68: 145 (abstr).

22 Mair J, Artner-Dworzak E, Lechleitner P, et al. Early diagnosis of
acute myocardial infarction by a newly developed rapid
immunoturbidimetric assay for myoglobin. Br Heart J 1992; 68:
462-68.


