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Prognostic Significance of Precordial ST Segment Depression During
Inferior Myocardial Infarction in the Thrombolytic Era: Results in
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Objectives. We examined the prognostic significance of precordial ST segment depression among patients with an acute inferior
myocardial infarction.
Background. Although precordial ST segment depression has
been associated with a poor prognosis, this correlation has not
been adequately quantified, partly because of small sample sizes
and methodologic limitations in previous studies.
Methods. We examined the clinical and angiographic outcomes
of 16,521 patients with an acute inferior myocardial infarction
who underwent thrombolysis in the Global Utilization of Streptokinase and t-PA for Occluded Coronary Arteries (GUSTO-I)
study. Patients were classified into those without precordiai ST
segment depression (n = 6,422 [38.9%]), those with ST segment
depression in leads V~ to V3 only (n = 5,850 [35.4%]), those with
ST segment depression in leads V4 to V6 only (n = 876 [5.3%])
and those with ST segment depression in both leads Vx to V3 and
leads V4 to V6 (n = 3,373 [20.4%]) on initial electrocardiography.

Outcome measures included postinfarction complications
(second- or third-degree heart block, congestive heart failure or
shock) and 30-day and 1-year mortality.
Results. Patients with precordial ST segment depression had
larger infarctions, more postinfarction complications and a
higher mortality rate than those without precordial ST segment
depression (4.7% vs. 3.2% at 30 days; 5.0% vs. 3.4% at 1 year; both
p < 0.001), regardless of whether ST segment depression was
noted in leads V 1 to V6 or in leads V4 to V6. The magnitude of
precordial ST segment depression (sum of leads VI to V6) added
significant independent prognostic information after adjustment
for clinical risk factors; the risk of 30-day mortality increased by
36% for every 0.5 mV of precordial ST segment depression.
Conclusions. Assessment of the magnitude of precordial ST
segment depression is useful for acute risk stratification in
patients with an inferior myocardial infarction.
(J Am Coil Cardioi 1996;28:305-12)

In 1980, Shah et al. (1) first reported that precordial ST
segment depression was a marker for increased risk in patients
with an inferior myocardial infarction. Since then, its pathogenesis and prognostic importance have been heavily debated
(2-39). Three potential etiologies for precordial ST segment
depression have been proposed: 1) that it represents purely
"reciprocal changes" resulting from inferior ST segment elevation; 2) that it results from anterior myocardial ischemia
during an inferior infarction, and thus is a marker for multives-

sel coronary artery disease; or 3) that it results from a more
extensive inferior infarction involving the posterolateral wall or
the right ventricle, or both.
The prognostic importance of precordial ST segment depression also remains unclear. Although many studies have
reported that patients with precordial ST segment depression
appear to have larger infarctions, few studies have found any
significant difference in short- or long-term survival between
those with and without this marker (40). There are several
potential explanations for this contradiction: 1) Many of these
previous series had a limited number of patients--33 of 36
studies included <100 patients--thus increasing the potential
to miss a significant outcome difference. 2) Most studies
classified patients into those with or without ST segment
depression without considering the magnitude of the ST
segment depression. 3) The pattern and lead distribution of ST
segment depression may influence its prognostic significance.
For example, Hsadia et al. (36) have reported that patients
with ST segment depression in leads V4 to V 6 have a poorer
prognosis than those whose ST segment depression is limited
to leads V 1 to V 3 (36).
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The purpose of our study was to qualitatively analyze the
pathogenesis and prognostic significance of precordial ST
segment depression in a large population of patients with
inferior myocardial infarction treated in the thrombolytic era.
Through the Global Utilization of Streptokinase and t-PA
(tissue-type plasminogen activator) for Occluded Coronary
Arteries (GUSTO-I) clinical data base (41), we had access to
detailed clinical, electrocardiographic (ECG) and angiographic information for > 16,000 patients with an acute inferior
infarction.
Methods
Patient population. The study population was drawn from
patients who had an inferior myocardial infarction and who
were enrolled in the GUSTO-I study. Patients were eligible for
GUSTO-I if they presented within 6 h of the onset of chest
pain and were found to have >-0.1-mV ST segment elevation in
two or more limb leads or >-0.2 mV-elevation in two or more
precordial leads on their initial ECG. Exclusion criteria were
limited to known contraindications to thrombolytic therapy. A
complete description of the organization and conduct of the
GUSTO-I study has been reported elsewhere (41).
Treatment strategies. Patients were randomized to one of
four thrombolytic/heparin regimens: streptokinase with either
subcutaneous or intravenous heparin, accelerated recombinant
tissue-type plasminogcn activator (rt-PA) with intravenous
heparin or both streptokinase and rt-PA with intravenous
heparin. Additional treatment--chewable aspirin (>-160 rag/day)
and beta-adrenergic blockade (intravenous atenolol, two 5-rag
doses, followed by 50 to 100 mg orally per day)--was administered to patients who had no contraindications. All other
pharmacologic and interventional treatments were administered at the discretion of the attending physician.
Electrocardiographic criteria. Enrollment ECGs were interpreted by a central Core Laboratory (Duke University,
Durham, North Carolina) without knowledge of patient outcomes. For the current study, an inferior myocardial infarction
was defined as ->0.1-mV ST segment elevation in at least two
of the three inferiorly oriented leads: II, III and aVF. Patients
who had left or right bundle branch block, ventricular paced
rhythm, evidence of a prior infarction (significant O waves in
leads that had no ST segment elevation) or uninterpretable
ECG results were excluded from this analysis because these
conditions may interfere with the classification of ST segment
deviations. Finally, a small percentage of patients had both
anterior (leads V 1 to V3) and inferior ST segment elevation.
Those patients in whom the sum (Z) of anterior ST segment
elevation ( ~ leads V 1 to V3) exceeded the sum of
inferior ST segment elevation (]~ leads II, III and aVF)
were considered to have had an anterior infarction and
were excluded from the analysis.
The degree of ST segment deviation was determined for all
leads (measured at 60 ms after the J point relative to the TP
segment). Patients who had ->0.1-mV ST segment depression
in at least two precordial leads were considered to have
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precordial ST segment depression. For the primary analyses,
patients were classified into one of four categories based on the
distribution of precordial ST segment depression--group 1 =
those with no significant precordial ST segment depression;
group 2 = those with ST segment depression in leads V1 to V3
only; group 3 = those with ST segment depression in leads V4
to V6 only; and group 4 = those with widespread ST segment
depression in both leads V 1 to V 3 and leads V 4 to V 6. This lead
distribution classification pattern was chosen to be consistent
with previous studies. Other patterns of ECG classification
(e.g., defining group 2 as those with ST segment depression in
leads V1 to V 4 and group 3 as those with ST segment
depression in leads V5 to V~ and leads I and aVL) were also
examined; however, they were less capable of discriminating
patient outcomes than our primary classification scheme.
Data collection. Baseline clinical and demographic data
were collected for all patients enrolled in the GUSTO-I
study. In-hospital clinical events were also reported prospectively by the site investigators according to standardized
definitions and included congestive heart failure, cardiogenic shock, second- or third-degree heart block, sustained
ventricular tachycardia or fibrillation requiring cardioversion, reinfarction and stroke. Angiographic data were available for 57.5% of patients who underwent diagnostic cardiac
catheterization before hospital discharge. Angiograms were
analyzed for infarct location, degree of stenosis, number of
diseased vessels, Thrombolysis in Myocardial Infarction
(TIMI) flow grade (42) in the infarct-related artery and left
ventricular ejection fraction. One-year survival data were
available for 99% of the patients.
Statistical analysis. Continuous data are summarized as
medians with 25th and 75th percentiles, and categorical variables as percentages, unless otherwise indicated. Selected
baseline characteristics and clinical outcomes were compared
among the four groups by chi-square tests for discrete variables
and by nonparametric analysis of variance (Kruskal-Wallis) for
continuous variables. The Spearman correlation coefficient
was used to summarize the relation between measurement of
inferior ST segment elevation (~ leads II, III and aVF) and
precordial ST segment depression. One-year survival
was displayed for each ST segment depression classification with Kaplan-Meier survival curves.
Logistic regression modeling was used to test whether the
distribution and magnitude of ST segment elevation or depression were predictive of 30-day mortality. Logistic regression
models were also used to examine whether these predictors
added independent prognostic information after adjustment
for other baseline clinical risk factors. The clinical risk factors
examined in these models were those previously identified by
Lee et al. (43): age, systolic blood pressure, admission Killip
class, heart rate, prior infarction, height, weight, time to
thrombolytic treatment, type of thrombolytic agent, diabetes,
hypertension, current smoking, prior bypass surgery and
known cerebrovascular disease (43).
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Table 1. Baseline ClinicalCharacteristicsby Precordial ST Segment Depression Classification
ST Segment Depression

Characteristic

No ST Segment
Depression
(n = 6,422)

Leads Vj-V 3
(n - 5,850)

Leads V4-V6
(n = 876)

Leads V1-V, + V4-V~,
(n = 3,373)

Age (yr)
Systolic BP (ram Hg)
Heart rate (beats/rain)
Male gender
Hypertension
Diabetes mellitus
Current smoking
Hyperlipidemia
Previous angina

60 (50, 68)
128 (110, 142)
70 (60, 80)
73.0%
39.9%
16.5%
43.2%
37.7%
33.4%

61 (52, 69)
128 (111, 142)
72 (61, 84)*
73.8%
35.7%*
11.6%*
46.9%*
37.3%
33.9%

61 (53, 69)
128 (110, 144)
71 (60, 82)
78.3%*
34.9%*
13.1%*
50.3%*
32.1%*
38.5%

61 (52, 69)*
127 (111,142)
72 (62, 85)*
79.5%*
34.0%*
9.2%*
54.0%*
32.4%*
34.8%

*p < 0.001 versus patients with no ST segment depression. Data are expressed as median values (25th, 75th
percentiles) or percent of patients. BP = blood pressure.

Results
Study group. Baseline ECGs were available for analysis in
38,006 (92.7%) of the 41,021 GUSTO-I patients. Of these,
18,773 (49.4%) met our definition for an acute inferior infarction. From this cohort, we excluded 567 patients (3.0%) with
left bundle branch block, 444 (2.4%) with a paced rhythm or
uninterpretable ECG and 1,241 (6.6%) with a prior Q wave
infarction, leaving 16,521 patients in our final inferior infarction cohort.
Precordial ST segment depression was present in 10,099 of
the patients (61.1%) with inferior infarction. Patients were
classified into four exclusive groups on the basis of the
presence and distribution of precordial ST segment depression: group 1 -- patients without precordial ST segment
depression (n = 6,422 [38.9%]), group 2 = those with ST
segment depression in leads Vi to V3 only (n = 5,850 [35.4%]),
group 3 = those with ST segment depression in leads V4 to
V6 only (n = 876 [5.3%]) and group 4 = those with
widespread ST segment depression in both leads V 1 to V3
and leads V4 to V6 (n = 3,373 [20.4%]). Baseline clinical
characteristics for each group are displayed in Table 1.

Patients without precordial ST segment depression (group
1) were less likely to be smokers and more likely to have
hypertension or diabetes than patients with precordial ST
segment depression (groups 2 to 4). Cardiac catheterization
results are displayed in Table 2. The overall rate of inhospital cardiac catheterization was 57.5%, with no significant difference in frequency among the four groups. The
median time from thrombolysis to diagnostic cardiac catheterization was 4 days for each subgroup. The proportion of
patients with significant (->70%) stenosis in the left anterior
descending coronary artery was similar for those with and
without precordial ST segment depression (25% vs. 24%,
p > 0.1). Similarly, the percentage of patients with multivessel coronary artery disease did not vary by the presence or
distribution of precordial ST segment depression. However,
patients who had ST segment depression in leads V 1 to V 3
were more likely to have involvement of the left circumflex
artery compared with patients in the other groups. Left
ventricular ejection fraction was significantly lower in patients who had ST segment depression in leads V1 to V3
(group 2) or widespread ST segment depression (group 4)

Table 2. CatheterizationResults by Precordial ST Segment Depression Classification
No ST Segment
Depression
(n - 3,817)
Catheterization performed
->70% stenosis
LAD
LCx
RCA
Multivessel disease
TIMI grade 3 flow
LVEF (%)

ST Segment Depression
Leads Vt-V3
(n - 3,351)

Leads V4-V~,
(11 = 497)

Leads VI-V3 z_ V4 Vh
(n - 1,851)

59%

57%

57%

55%

25%
28%
74%
29%
46%
56 (50, 65)

24%
40%*
66%*
30%
51%
54 (47, 61)*

26%
28%
77%
32%
53%
56 (50, 64)

24%
34%*
75%*
32%
48%
54 (45, 60)*

*p < 0.001 versus patients with no ST segment depression. Data presented are medians (25th, 75th percentiles) or
percent of patients. LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery.; LVEF = left
verltricular ejection fraction; RCA = right coronary artery; TIMI grade 3 flow = Thombolysis in Myocardial Infarction
grade 3 flow (42) in the infarct-related artery 90 rain after start of thrombolysis for patients in the GUSTO-I angiographic
substudy (n = 953) (45).
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Table 3. Therapy Received by Precordial ST Segment Depression Classification
ST Segment Depression

No ST Segment
Post-MI Treatment

Thrombolytic therapy
Accelerated rt-PA
SK-IV heparin

Combination
SK-SQ heparin

Aspirin
Nitrates
Beta-blockers
Calcium channel blockers
ACE inhibitors

Digitalis
Coronary angioplasty
Bypass surgery

Depression

Leads VI-V 3

Leads V4-V6

Leads Wl-W3 q- V4-V 6

(n = 6,422)

(n = 5,850)

(n = 876)

(n = 3,373)

24.8
24.7
25.6
24.9
97.5
87.5
76.8
33.9
11.6
8.7
28.2
8.5

26.1
25.6
25.0
23.3
97.7
86.2
75.8
30.6*
13.3
10.2
27.9
7.9

24.8
25.9
25.2
24.1
96.8
83.5*
73.0
32.8
13.9
8.8
27.5
8.7

25.5
25.3
26.2
23.1
97.9
84.6*
72.9*
28.4*
13.4"
11.5"
28.7
8.2

*p < 0.001 versus patients with no ST segment depression. Data are expressed as percent of patients. ACE =
angiotensin-converting en~me; Combination = recombinant tissue-type plasminogen activator (rt-PA) and streptokinase (SK) with intravenous (IV) heparin; SC = subcutaneous.

than in those who had no ST segment depression (group 1)
or ST segment depression in leads V4 to V6 only (group 3).
In-hospital treatment. All patients in this study received
thrombolytic therapy according to the GUSTO-I protocol
(Table 3). The use of aspirin and nitrates was similarly high
(overall averages 98% and 86%, respectively) in all subgroups.
Patients without precordial ST segment depression (group 1)
were more likely than those with ST segment depression to
receive beta-blockers and calcium channel blockers and were
less likely to receive digitalis or an angiotensin-converting
enzyme inhibitor, partly reflecting a greater preservation of left
ventricular function in these patients. The in-hospital use of
coronary angioplasty and bypass surgery were similar in the
four subgroups.
Outcomes. Acute clinical outcomes by precordial ST segment depression classification are displayed in Table 4. In

general, patients with inferior infarction treated with thrombolytic therapy had an excellent prognosis. Stroke occurred in
1.3% of the patients, reinfarction in 4.2% and congestive heart
failure in 11.6%; the 30-day mortality rate was 4.4%. Despite
this low overall event rate, precordial ST segment depression
remained an important predictor of poor outcomes among
patients who had inferior infarction. Inferior infarction patients who had no precordial ST segment depression (group 1)
had significantly less myocardial damage as assessed by peak
serum creatine kinase (CK) and had fewer postinfarction
complications, including second- and third-degree atrioventricular block, ventricular tachycardia or fibrillation, congestive
heart failure and cardiogenic shock, than those who had
precordial ST segment depression (groups 2 to 4). Patients
who had no precordial ST segment depression also had
significantly lower in-hospital (3.2% vs. 4.7%, p < 0.001)

Table 4. Clinical Outcomes by Precordial ST Segment Depression Classification
ST Segment Depression

No ST Segment

Peak CK (IU/liter)
Congestive heart failure
Cardiogenic shock
2°-3° AV block
VT/VF

Stroke
Reinfarction
Mortality rate
30 days
1 yr

Depresssion

Leads V1-V 3

Leads V4-V~

Leads V l - V 3 -~- V4-W6

(n = 6,422)

(n = 5,850)

(n = 876)

(n = 3,373)

1,042
(523, 1,884)
9.6%
4.1%
10.9%
7.5%
1.1%
4.1%

1,708'
(925, 2,811)
12.6%*
4.3%
11.3%
9.4%*
1.3%
4.3%

1,131"
(552, 1,933)
10.1%
4.1%
10.5%
9.8%*
1.7%
3.8%

1,506"
(810, 2,597)
13.9%*
6.8%*
14.6%*
11.6%*
1.8%
4.2%

3.4%
4.6%

4.3%*
6.1%*

4.9%*
6.5%*

6.3%*
8.9%*

*p < 0.05 versus patients with no Sq segment depression. Data are expressed as medians (25th, 75th percentiles) or
percent of patients. AV = atrioventricular; CK = creatine kinase; VT/VF = ventricular tachycardia/ventricular
fibrillation.
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Figure 1. One-year survival in patients with inferior myocardial infarction and no ST segment depression (dashed line), ST segment

depression in leads V1 to V3 (thin solid line), ST segment depression
in leads V4 to V6 (solid line with circles) or ST segment depression in
both leads V1 to V3 and leads V4 to V6 (thick solid line).

30-day (3.4% vs. 5.0%, p < 0.001) and 1-year mortality (4.6%
vs. 7.0%, p < 0.001) than patients who had precordial ST
segments depression.
Among patients who had precordial ST segment depression, those with depression in leads V i to V 3 or both V 1 to V 3
and V4 to V 6 (groups 2 and 4) had higher peak CK levels than
those with ST segment depression limited to leads V4 to V6
(group 3)--median 1,708 IU/liter and 1,506 lU/liter versus
1,131 IU/liter, respectively (p < 0.001). Postinfarction left
ventricular function was also slightly worse in groups 2 and 4
than in group 3--median ejection fraction 54% versus 56%,
p < 0.001. The difference in myocardial damage was also
demonstrated clinically by the more frequent congestive heart
failure and shock in groups 2 and 4 than in group 3. Patients
who had widespread ST segment depression (group 4) had the
highest 30-day mortality rate (6.3%) compared with those with
ST segment depression limited to leads Vt to V 3 (4.3%) or

t
1.0

I
2.0

I
3.0

Sum ST Depression, Leads Vl-V6 (mV)

Figure 2. Relation between the magnitude of precordial ST segment
depression and 30-day mortality. The probability curve is displayed
with 95% confidence limits.

leads V4 to V 6 (4.9%) and those with no ST segment depression (3.2%). This trend toward a poorer prognosis for patients
with widespread ST segment depression continued throughout
1 year, as shown in Figure 1.
ST-segment depression versus outcomes. Table 5 and Figure 2 examine the relation between the magnitude of precordial ST segment depression and patient outcomes. The 30-day
mortality rate rose nonlinearly with the increasing degree of
precordial ST segment depression (Z leads Va to V6). The sum
of precordial ST segment depression also correlated with the
amount of myocardial damage (higher peak CK measurements
and more congestive heart failure and cardiogenic shock). For
example, 19% of patients with inferior infarction in our data
set had cumulative precordial ST segment depression of ->0.8
inV. These patients had significantly higher peak CK levels
(1,934 vs. 987 IU/liter, p < 0.001) and more frequently
developed congestive heart failure (16.9% vs. 9.1%, p < 0.001)
and cardiogenic shock (7.7% vs. 3.0%, p < 0.001) than those
with little or no precordial ST segment depression. The
frequency of significant heart block and life-threatening arrhythmias also increased with the increasing degree of precordial ST segment depression. In contrast, the sum of precordial

Table 5. Clinical Outcomes by Sum of Precordial ST
Segment Depression
Sum of Precordial ST Segment Depression (mY)

Median peak CK
(IU/liter)
Congestive heart
failure
Cardiogenic shock
2°-3 ° AV block
VT/VF
Stroke
Reinfarction
Mortality rate
30 days
1 yr

<0.2
(n = 5,633)

0.2 to <0.5
(n = 4,716)

0.5 to <0.8
(n = 3,005)

->0.8
(n = 3,167)

987

1,402'

1,578'

1,934'

9.1%

10.8%*

11.8%*

16.9%*

3.9%
10.1%
7.0%
1.1%
3.9%

3.8%
11.0%
7.6%
1.3%
4.3%

4.7%
12.7%*
10.1%*
1.4%
4.6%

7.7%*
15.0% *
14.1%*
1.8%
4.0%

3.2%
4.8%

3.9%
5.4%

4.2%*
6.4%*

7.5%*
10.0%*

*p < 0.01 versus those with <0.2 inV. Data are expressed as medians (25th,
75th percentiles). Abbreviations as in Table 4.

Table 6. Thirty-Day Mortality Predictive Models

~, inferior ST elevation (leads
II, III, aVF)
No. of leads with precordial ST
depression
Y~ ST depression
Leads V1-V3
Leads V4-V6
Leads V I-V 6
Leads VI-V6+~ inferior ST
elevation

Univariate
Chi-Square

Chi-Square Adjusted for
Clinical Variables*

16.6

13.9

46.2

24.8

64.3
67.7
87.1
71.2

34.8
30.9
44.8
40.8

*Age, systolic blood pressure, admission Killip class, heart rate, previous
infarction, height, weight, time to thrombolytic treatment, type of thrombolytic
agent, diabetes, hypertension, current smoking, prior bypass surgery and history
of cerebrovascular disease. ~] - sum of.
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ST segment depression did not correlate with reinfarction or
stroke rates (p > 0.1).
Table 6 displays the relations of selected ECG variables and
30-day mortality before and after adjustment for baseline
clinical prognostic factors. The sum of inferior ST segment
elevation (Y, leads II, III and aVF) was the least significant
ECG prognostic measure tested (univariable and adjusted
chi-squares of 16.6 and 13.9, respectively). The prognostic
significance of precordial ST segment depression in leads V1 to
V3 was similar to that in leads V4 to V6. The sum of precordial
ST segment depression (~ leads V~ to V6) was the most
significant ECG predictor of 30-day mortality tested
(univariable and adjusted chi-squares of 87.1 and 44.8,
respectively). In fact, in a multivariable E C G and clinical
analysis, no other E C G predictor was significant after
accounting for this factor.

Discussion
The prognostic significance of precordial ST segment depression in patients with an inferior myocardial infarction has
been controversial, in part because of the limited size of
previous studies. On examining data from 16,521 such patients
from the GUSTO-I trial, we confirmed that those who had
precordial ST segment depression had significantly larger
infarctions, more postinfarction complications and higher mortality than those without precordial ST segment depression.
Furthermore, the degree of precordial ST segment depression
was a more powerful ECG predictor of outcome than the
amount of inferior ST segment elevation. Poorer 30-day and
1-year prognoses were found in all patients who had precordial
ST segment depression, whether the changes were in leads V1
to V 3 or leads V 4 to V 6. The best independent ECG predictor
of patient outcomes after inferior infarction was the cumulative sum of precordial ST segment depression (leads V~ to Vr,).

Pathophysiology of precordial ST segment depression.
Previous investigators have put forth a number of explanations
for precordial ST segment depression during an inferior infarction. Researchers have proposed that precordial ST segment depression is purely an ECG consequence of ST segment
elevation in the inferior limb leads, without physiologic importance (4,9,13,16,31-33). In contrast, we found that the magnitude of inferior ST segment deviation correlated only marginally with precordial ST segment depression in leads V1 to V 3
(r = -0.44) and was not correlated with ST segment depression in leads V4 to V6 (r : -0.09). We also demonstrated that
precordial ST segment depression had considerable prognostic
importance, exceeding that gained from examining the degree
of inferior ST segment elevations.
Others have proposed that precordial ST segment depression during an inferior infarction signifies anterior wall ischemia and thus is a marker for left anterior descending coronary
artery or multivessel disease (3,10,19,20,23,27). In contrast, we
found that the frequency of left anterior descending coronary
artery disease did not vary by the presence or distribution of
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precordial ST segment depression, nor did the frequency of
multivessel coronary artery disease.
Still others have hypothesized that precordial ST segment
depression is caused by posterolateral wall involvement during
an inferior infarction (1,2,6,11,29,30,35). Indeed, we found that
patients who had ST segment depression in leads V 1 to V3 had
larger infarctions, as shown by higher peak CK levels, more
congestive heart failure symptoms and worse left ventricular
ejection fractions. Likewise, we found that the circumflex
artery, which often supplies blood to the posterior and lateral
myocardium, was more often the infarct-related artery among
patients with precordial ST segment depression in leads V1 to
V 3. Thus, we conclude that precordial ST segment depression
in leads V 1 to V 3 is a marker for larger inferior wall infarctions
usually with extension to the posterolateral wall.
This explanation, however, does not appear to explain ST
segment depression in leads V4 to V 6. Despite having lower
peak CK levels and less severe left ventricular dysfunction than
patients with ST segment depression in leads V~ to V3, patients
with ST segment depression in leads V4 to V6 had similar
30-day and 1-year mortality. This apparently paradoxical result
(smaller infarctions yet poorer prognoses for inferior infarction patients with ST segment depression in the lateral precordium) is consistent with the findings of others and deserves
further investigation (36).

Prognostic significance of precordial ST segment depression. Patients who have an inferior infarction generally have a
more favorable prognosis than those who have anterior infarction. In the GUSTO-I trial, the unadjusted 30-day mortality
rate for inferior infarction patients was 5.0% compared with
9.9% for those who had an anterior infarction (43). It is clear,
however, that patients with inferior infarction are a heterogeneous group (34,40). From this large clinical series, we show
that the magnitude of precordial ST segment depression is
useful for the stratification of patients with inferior infarction
into low and high risk categories.
Few studies have been able to show that precordial ST
segment depression can predict patient outcomes (21). Our
study found that patients without precordial ST segment
depression treated with acute thrombolytic therapy were at low
risk with a 30-day mortality rate of 3.4%. In contrast, patients
with >-0.8 mV of ST segment depression, despite receiving
aggressive therapy, had a mortality rate of 7.5%, approaching
that seen in patients with anterior infarction. We also found
that a patient's risk for mortality increased in a near linear
fashion with increasing precordial ST segment depression,
whether the ST segment depression was in the anterior (VI to
V3) or lateral precordial (V4 to V6) leads. Finally, the sum of
precordial ST segment depression was a strong independent
prognostic factor even after adjustment for the magnitude of
inferior ST segment elevation and known clinical risk factors
(see previous discussion). Even after considering baseline
clinical risk factors, a patient's risk of 30-day mortality increased by 36% with every 0.5-mV increment of cumulative
precordial ST segment depression (~ leads Vl to V6).
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Study limitations. Although the present study is the largest
report on outcomes after inferior myocardial infarction, certain limitations need to be acknowledged. First, our study
patients included those eligible for thrombolytic therapy who
were selected for enrollment in a randomized clinical trial. In
general, these patients tend to be somewhat healthier and have
better outcomes than community-based populations (44).
Thus, these results should ideally be confirmed in a large,
unselected population with infarction. Second, our angiographic data were also selective, representing only patients
who underwent catheterization at the discretion of the physician. However, nearly 60% of our patients with inferior
infarction underwent catheterization without significant variation among our ECG classifications. Furthermore, these catheterization findings were similar when we limited our analysis
to those who underwent catheterization as part of the
GUSTO-I angiographic substudy (n = 953) (45).
Finally, other investigators have reported that the prognostic significance of precordial ST segment depression may
change over time, with persistent ECG changes being more
predictive (28). We analyzed the tracings available to the
clinician when acute treatment decisions were being made.
Although we may have underestimated the predictive power of
precordial ST segment depression by analyzing ECG changes
at presentation, we believe that the results reflect its prognostic
use in the emergency room setting.
Clinical implications. In conclusion, when assessing risk in
patients with acute inferior myocardial infarction, the clinician
should consider the cumulative sum of ST segment depression
in all precordial leads. Those without precordial ST segment
depression are generally at low risk for postinfarction complications or death; however, the risk for adverse outcomes
increases significantly as the magnitude of precordial ST
segment depression increases (increasing 30-day mortality by a
third with every 0.5 mV of ST segment depression).
Because the benefits from many interventions are directly
related to a patient's underlying risk for adverse outcomes,
clinicians should consider a more aggressive diagnostic and
therapeutic approach for inferior infarction patients with significant precordial ST segment depression, and a more conservative approach for those without precordial ST segment
depression. Thus, the clinician can use this easily obtainable
prognostic information from the initial ECG to help tailor
therapeutic decisions in the management of patients with
inferior myocardial infarction (46).
We appreciate the editorial assistance of Pat Williams.

References
1. Shah PK, Pichler M, Berman DS, et al. Noninvasive identification of a high
risk subset of patients with acute inferior myocardial infarction. Am J
Cardiol 1980;46:915-21.
2. Goldberg HL, Borer JS, Jacobstein JG, Kluger J, Scheidt SS, Alonso DR.
Anterior S-T segment depression in acute inferior myocardial infarction:
indicator of posterolateral infarction. Am J Cardiol 1981;48:1009-15.

311

3. Salcedo JR, Baird MG, Chambers R J, Beanlands DS. Significance of
reciprocal S-T segment depression in anterior precordial leads in acute
inferior myocardial infarction: concomitant left anterior descending coronary artery disease? Am J Cardiol 1981;48:1003-8.
4. Croft CH, Woodward W, Nicod P, et al. Clinical implications of anterior S-T
segment depression in patients with acute inferior myocardial infarction.
Am J Cardiol 1982;50:428-36.
5. Gelman JS, Saltrups A. Precordial ST segment depression in patients with
inferior myocardial infarction: clinical implications. Br Heart J 1982;48:
560-5.
6. Gibson RS, Crampton RS, Watson DD, et al. Precordial ST-segment
depression during acute inferior myocardial infarction: clinical, scintigraphic
and angiographic correlations. Circulation 1982;66:732-41.
7. Nasmith J, Marpole D, Rahal D, Homan J, Stewart S, Sniderman A. Clinical
outcomes after inferior myocardial infarction. Ann Intern Med 1982;96:
22-6.
8. Billadello J J, Smith JL, Ludbrook PA, et al. Implications of "reciprocal" ST
segment depression associated with acute myocardial infarction identified by
positron tomography. J Am Coll Cardiol 1983;2:616-24.
9. Camara EJN, Chandra N, Ouyang P, Gottfieb SH, Shapiro EP. Reciprocal
ST change in acute myocardial infarction: assessment by electrocardiography
and echocardiography. J Am CoU Cardiol 1983;2:251-7.
10. Haraphongse M, Jugdutt BI, Rossall RE. Significance of precordial ST
segment depression in acute transmural inferior infarction: coronary anglographic findings. Cathet Cardiovasc Diagn 1983;9:143-51.
11. Ong L, Valdellon B, Coromilas J, Brody R, Reiser P, Morrison J. Precordial
S-T segment depression in inferior myocardial infarction: evaluation by
quantitative thallium-201 scintigraphy and technetinm-99m ventriculography. Am J Cardiol 1983;51:734-9.
12. Pichler M, Shah PK, Peter T, et al. Wall motion abnormalities and
electrocardiographic changes in acute transmural myocardial infarction:
implications of reciprocal ST segment depression. Am Heart J 1983;106:
1003-9.
13. Wasserman AG, Ross AM, Bogaty D, Richardson DW, Hutchinson RG,
Rios JC. Anterior ST segment depression during acute inferior myocardial
infarction: evidence for the reciprocM change theory. Am Heart J 1983;106:
516-20.
14. Boden WE, Bough EW, Korr KS, Russo J. Inferoseptal myocardial infarction: another cause of precordial ST segment depression in transmural
inferior wall myocardial infarction? Am J Cardiol 1984;54:1216-23.
15. Cohen M, Blanke H, Karsh KR, Holt J, Rentrop P. Implications of
precordial ST segment depression during acute inferior myocardial infarction: arteriographic and ventriculographic correlations during the acute
phase. Br Heart J 1984;52:497-501.
16. Ferguson DW, Pandian N, Kroschos M, Marcus ML, White CW. Anglographic evidence that reciprocal ST segment depression during acute
myocardial infarction does not indicate remote ischemia: analysis of 23
patients. Am J Cardiol 1984;53:55-62.
17. Little WC, Rogers EW, Sodums MT. Mechanism of anterior ST segment
depression during acute inferior myocardial infarction: observations during
coronary thrombolysis. Ann Intern Med 1984;100:226-9.
18. Mukharji J, Murray S, Lewis SE, et al. Is anterior ST depression with acute
transmural inferior infarction due to posterior infarction? A vectorcardiographic and scintigraphic study. J Am Coil Cardiol 1984;4:28-34.
19. Roubin GS, Shen WF, Nicholson M, Dunn RF, Kelly DT, Harris PJ.
Anterolateral ST segment depression in acute inferior myocardial infarction:
angiographic and clinical implications. Am Heart J 1984;107:1177-82.
20. Tendera M, Campbell B. Significance of early and late anterior precordial
ST-segment depression in inferior myocardial infarction. Am J Cardiol
1984;54:994-6.
21. Hlatky MA, Califf RM, Lee KL, Pryor DB, Wagner GS, Rosati RA.
Prognostic significance of precordial ST-segment depression during inferior
acute myocardial infarction. Am J Cardiol 1985;55:325-9.
22. Lew AS, Maddahi J, Shah PK, et al. Factors that determine the direction and
magnitude of precordial ST-segment deviations during inferior wall acute
myocardial infarction. Am J Cardiol 1985;55:883-8.
23. Akhras F, Upward J, Jackson G. Reciprocal change in ST segment in acute
myocardial infarction: correlation with findings on exercise electrocardiography and coronary angiography. Br Med J 1985;290:1931-4.
24. Lew AS, Weiss AT, Shah PK, et al. Precordial ST segment depression during
acute inferior myocardial infarction: early thallium-201 scintigraphic evi-

312

25.
26.
27.
28.

29.
30.
31.

32.
33.
34.
35.

PETERSON ET AL.
ST DEPRESSION AND INFERIOR MYOCARDIAL INFARCTION

dence of adjacent posterolateral or inferoseptal involvement. J Am Coil
Cardiol 1985;5:203-9.
Tzivoni D, Chenzzbraum A, Karen A, et al. Reciprocal electrocardiographic
changes in acute myocardial infarction. Am J Cardiol 1985;56:23-6.
Berland J, Cribier A, Bahar P, Letac B. Anterior ST depression in inferior
myocardial infarction: correlation with results of intracoronary thrombolysis.
Am Heart J 1986;111:481-8.
Kouvras G, Spyropoulous M, Baeoulas G. The significance of persistent
precordial ST segment >0.1 mV depression in acute inferior myocardial
infarction. Angiology 1986;37:57-62.
Lembo NJ, Starling MR, Dell-Italia 1A, Crawford MH, Chaudhuri TK,
O'Rourke RA. Clinical and prognostic importance of persistent precordial
(V1-V4) electrocardiographic ST segment depression in patients with
inferior transmural myocardial infarction. Circulation 1986;74:56-63.
Pierard LA, Sprynger M, Gills F, Carlier J. Significance of precordial
ST-segment depression in inferior acute myocardial infarction as determined
by echocardiography. Am J Cardiol 1986;57:82-5.
Ruddy TD, Yasuda T, Gold HK, et al. Anterior ST segment depression in
acute inferior myocardial infarction as a marker of greater inferior, apical,
and posterolateral damage. Am Heart J 1986;112:1210-6.
Rutledge JC, Amsterdam EA, Bogren H, Arons D. Anterior ST segment
depression associated with acute inferior myocardial infarction: clinical,
hemodynamic and angiographic correlates. Am J Noninvas Cardiol 1987;1:
290-5.
Mirvis DM. Physiologic bases for anterior ST segment depression in patient
with acute inferior wall myocardial infarction. Am Heart J 1988;116:130822.
8ato H, Kodama K, Masuvama T, et al. Right coronary artery occlusion: its
role in the mechanism of precordial ST segment depression. J Am Coll
Cardiol 1989;14:297-304.
Bates ER, Clemmensen PM, Califf RM, et al. Precordial ST segment
depression predicts a worse prognosis in inferior infarction despite reperfusion therapy. J Am Coll Cardiol 1990;16:1538-44.
Putini RL, Ricci NR, Tubaro M, et al. Dipyridamole echocardiography
evaluation of acute inferior myocardial infarction with concomitant anterior
ST segment depression. Eur Heart J 1993;14:1328-33.

JACC Vol. 28, No. 2
August 1996:305-12

36. Hsadia D, Sclarovsky S, Solodky A, Sulkes J, Strasberg B, Birnbaum Y.
Prognostic significance of maximal precordial ST-segment depression in
right (V1 to V3) versus left (V4 to V6) leads in patients with inferior wall
acute myocardial infarction. Am J Cardiol 1994;74:108l-4.
37. Vermeer F, Simoons ML, Bar FW, et al. Which patients benefit most from
early thrombolytic therapy with intracoronary streptokinase? Circulation
1986;74:1379-89.
38. Bar FW, Vermeer F, de Zwaan C, et al. Value of admission electrocardiogram in predicting outcome of thrombolytic therapy in acute myocardial
infarction. A randomized trial conducted by The Netherlands Interuniversi~
Cardiology Institute. Am J Cardiol 1987;59:6-13.
39. Arnold AER, Simoons ML, Van de Werf F, et al., for the European
Cooperative Study Group. Recombinant tissue-type plasminogen activator
and immediate angioplasty in acute myocardial infarction. One year followup. Circulation 1992;86:111-20.
40. Berger PB, Ryan TJ. Inferior myocardial infarction: high-risk subgroups.
Circulation 1990;81:401-10.
41. The GUSTO Investigators. An international randomized trial comparing
four thrombolytic strategies for acute myocardial infarction. N Engl J Med
1993;329:673-82.
42. Chesebro JH, Knatterud G, Roberts R, et al. Thrombolysis in myocardial
infarction (TIMI) trial, phase i: a comparison between intravenous tissue
plasminogen activator and streptokinase. Circulation 1987;765:142-57.
43. Lee KL, Woodlief LH, Topoi EJ, et al. Predictors of 30-day mortali~ in the
era of reperfusion for acute myocardial infarction: results from an international trial of 41,021 patients. Circulation 1995;91:1659-68.
44. Cragg DR, Friedman HA, Bonema JD, et al. Outcome of patients with acute
myocardial infarction who are ineligible for thrombolytic therapy. Ann
Intern Med 1991;115:173-7.
45. The GUSTO Angiographic Investigators. The effects of tissue plasrninogen
activator, streptokinase, or both on coronary-artery patency, ventricular
function, and survival after acute myocardial infarction. N Engl J Med
1993;329:1615-22.
46. 8imoons ML, Arnold AER. Tailored thrombolytic therapy. A perspective.
Circulation 1993;88:2556-64.

