ASSOCIATION BETWEEN PREINFARCTION ANGINA AND A LOWER RISK OF RIGHT VENTRICULAR INFARCTION

ASSOCIATION BETWEEN PREINFARCTION ANGINA AND A LOWER RISK
OF RIGHT VENTRICULAR INFARCTION

HiRoTO SHIRAKI, M.D., Tsutomu YOSHIKAWA, M.D., TosHIHISA ANzAl, M.D., KoJi NeGisHI, M.D.,
TeTsuo TAKAHASHI, M.D., YAsusHI AsSAKURA, M.D., MakoTo AkAisHI, M.D., Hibeo Mitamura, M.D.,
AND SATOSHI OGAwA, M.D.*

ABSTRACT

Background Right ventricular infarction occurs in
conjunction with inferior myocardial infarction caused
by proximal occlusion of the right coronary artery.
However, right ventricular infarction occurs infre-
quently, and the reasons for this are uncertain.

Methods We retrospectively assessed the associa-
tion between preinfarction angina and right ventric-
ular infarction, as well as the short-term outcome, in
113 patients with a first acute inferior myocardial in-
farction caused by right-coronary-artery occlusion.
The association between the timing of angina during
the week before infarction and the clinical outcome
was also assessed.

Results The absence of preinfarction angina pre-
dicted the development of right ventricular infarction
(odds ratio, 6.3; 95 percent confidence interval, 2.7 to
15.1; P<<0.001), complete atrioventricular block (odds
ratio, 3.6; 95 percent confidence interval, 1.4 to 10.3;
P=0.01), and combined hypotension and shock (odds
ratio, 12.4; 95 percent confidence interval, 4.5 to
40.6; P<0.001). Angina 24 to 72 hours before infarc-
tion was most strongly associated with reductions in
the rates of right ventricular infarction (adjusted
odds ratio, 0.2; 95 percent confidence interval, 0 to
0.8; P=0.02) and combined hypotension and shock
(adjusted odds ratio, 0.1; 95 percent confidence inter-
val, 0 to 0.5; P=0.02).

Conclusions Preinfarction angina was an inde-
pendent predictor of the absence of right ventricular
infarction in patients with acute inferior myocardial
infarction. The patients with preinfarction angina also
had better short-term outcomes than those without
preinfarction angina. (N Engl J Med 1998;338:941-7.)
©1998, Massachusetts Medical Society.

IGHT ventricular infarction results from

occlusion of the right coronary artery

proximal to the marginal branches that

perfuse the anterior wall of the right ven-

tricle.12 However, the anterior free wall of the right

ventricle is involved less frequently than the posteri-

or wall in patients with inferior myocardial infarc-

tion.h34 Furthermore, right ventricular infarction

occurs less often than would be expected on the ba-

sis of the frequency of proximal occlusion of the

right coronary artery.>¢ The explanations for the

pathological findings and for the relative infrequen-
cy of right ventricular infarction are uncertain.

Recent studies suggest that patients with prein-

farction angina have smaller infarcts”® and better
prognoses®1¢ than those without angina. Several
mechanisms have been proposed to explain these
benefits in patients with anterior infarction. How-
ever, it is unclear whether preinfarction angina in
patients with inferior infarction has the same bene-
fits.8:1217:20 We hypothesized that preinfarction angi-
na may reduce the incidence of right ventricular
infarction and improve the clinical outcome in pa-
tients with acute inferior myocardial infarction.

METHODS
Study Design

We retrospectively reviewed the medical records of more than
527 consecutive patients admitted to our coronary care units be-
tween January 1992 and March 1996 with a suspected first acute
myocardial infarction. Patients were eligible for inclusion in the
study if they had acute inferior myocardial infarction caused by
right-coronary-artery occlusion, diagnosed on the basis of elec-
trocardiography, including the use of right precordial leads, per-
formed within 10 hours after the onset of infarction. A total of
113 patients met these criteria.

Acute inferior myocardial infarction was defined as the pres-
ence of typical chest pain lasting for more than 30 minutes; ST-
segment elevation of more than 0.1 mV in two or more of leads
II, 111, and aVF; and a serum creatine kinase concentration that
was more than twice the upper limit of the normal range. Stand-
ard 12-lead and right precordial electrocardiograms were ob-
tained immediately after admission. Right ventricular infarction
was defined as ST-segment elevation of more than 0.1 mV in lead
V. The infarct-related artery was identified by coronary angiog-
raphy during hospitalization.

Patients who met the inclusion criteria were divided into two
groups according to the presence or absence of angina during the
week before infarction. Preinfarction angina was defined as one
or more episodes of typical chest pain lasting less than 30 minutes
during the week before infarction. The preinfarction interval was
further divided into three categories: within 24 hours, within 24
to 72 hours, or within 72 hours to 1 week before infarction. The
presence or absence of angina during these three periods was de-
termined by the attending physicians who had interviewed the
patients or their families at least twice: at the time of admission
and within the following seven days.

The size of the infarct was estimated on the basis of peak and
total serum creatine kinase values. These two values were normal-
ized by dividing them by the upper limit of normal serum creatine
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kinase activity at each institution.’* The results are expressed as
normalized units. Serum creatine kinase activity was monitored
every 6 hours during the first 24 hours after admission. Total se-
rum creatine kinase activity was defined as the area under the
curve for the creatine kinase concentration over a period of 24
hours, divided into four 6-hour blocks, as shown by the following
formula:

1
UpCK ;

3
S Lcxi+cxii)xs,
=0 2

where CK, and CK; are the creatine kinase values at admission
and at six-hour intervals after admission, respectively, and UpCK
is the upper limit of the normal range of creatine kinase activity
at each institution.!

The cardiac index, right ventricular end-diastolic pressure, and
pulmonary-capillary wedge pressure were determined in the ab-
sence of catecholamine therapy. The cardiac index was measured
five times by the thermodilution method and was calculated as
the average of three values, with the maximal and minimal values
excluded.

Coronary angiography was performed during hospitalization
to visualize the culprit lesion, the degree of stenosis, and the ex-
tent of coronary artery disease. Coronary collaterals were graded
on the basis of coronary angiographic findings in the acute phase
with the use of a scoring system described by Rentrop et al.2! The
site of occlusion of the right coronary artery was defined as prox-
imal or distal on the basis of the origin of the marginal branch.

Statistical Analysis

We compared the infarct size, hemodynamic measurements,
rate of in-hospital mortality, and incidence of major complications
(right ventricular infarction, complete atrioventricular block, and
combined hypotension and shock) in the group of patients with
preinfarction angina and the group without angina. Fisher’s exact
test or the chi-square test was used to examine the associations
between preinfarction angina and the categorical variables. The
mean values for continuous variables were compared with use of
Student’s t-test. Descriptive results are expressed as means £SD.

We performed multiple logistic-regression analyses with prein-
farction angina, triple-vessel disease, and the site of occlusion of
the right coronary artery included as independent variables and
with the occurrence of right ventricular infarction, complete atri-
oventricular block, combined hypotension and shock, and in-hos-
pital death included as dependent variables. The association be-
tween the timing of preinfarction angina and the clinical outcome
was further assessed with unconditional logistic-regression analy-
ses after adjustment for potential confounders. Odds ratios were
calculated with corresponding 95 percent confidence intervals.
All P values were determined with two-tailed tests.

RESULTS
Characteristics of the Patients

Of the 527 consecutive patients who were admit-
ted to our institutions with a first acute myocardial
infarction, 158 were confirmed to have inferior my-
ocardial infarction caused by occlusion of the right
coronary artery. Forty-five patients were excluded
because right precordial electrocardiograms were
not obtained within 10 hours after the onset of in-
farction. Of the 113 patients who met the inclusion
criteria, 62 had preinfarction angina, and 51 did
not. The frequency of angina (55 percent) was
slightly lower than that in the entire study popula-
tion (56 percent).

There were no significant differences in age, sex,
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TABLE 1. CHARACTERISTICS OF 113 PATIENTS WITH ACUTE
MYOCARDIAL INFARCTION, ACCORDING TO THE PRESENCE
OR ABSENCE OF PREINFARCTION ANGINA.*

PATIENTS
PATIENTS WITHOUT
WITH ANGINA  ANGINA
CHARACTERISTIC (N=62) (N=51)
Age — yr 63+10 6112
Sex — M/F 49/13 41/10
Coronary risk factors — no. (%)
Diabetes mellitus 22 (35) 21 (41)
Smoking 41 (66) 30 (59)
Hypertension 30 (48) 26 (51)
Hypercholesterolemia 21 (34) 22 (43)
Preadmission medications — no. (%)
Aspirin 4 (6) 5(10)
Nitrates 3(5) 2 (4)
Beta-blockers 9 (15) 5 (10)
Calcium-channel blockers 13 (21) 14 (27)
No. of vessels with marked stenosis — no. (%)t
1 17 (27) 20 (39)
2 26 (42) 20 (39)
3 19 (31) 11 (22)
Site of occlusion of RCA — no. (%)
Proximal 40 (65) 38 (75)
Distal 22 (35) 13 (25)
Score for coronary collaterals — no. (%)}
0 10 (34) 16 (52)
1 6 (21) 8 (26)
2 12 (41) 7 (23)
3 1(3) 0
Acute-phase reperfusion therapy — no. (%)§
PTCA 16 (44) 24 (62)
Thrombolysis 22 (61) 20 (51)
CABG 2 (6) 0

*None of the characteristics differed significantly between the patients
with and those without preinfarction angina. Plus—minus values are means
+SD. Some patients may have had more than one coronary risk factor, may
have received more than one medication before admission, or may have re-
ceived more than one type of reperfusion therapy in the acute phase. RCA
denotes right coronary artery, PTCA percutaneous transluminal coronary
angioplasty, and CABG coronary-artery bypass grafting.

tThe degree of coronary-artery stenosis was determined according to
the criteria proposed by the American Heart Association. Marked stenosis
was defined as more than a 75 percent reduction in the diameter of the
vessel.

$The acute-phase coronary angiogram was used to score collaterals on a
scale of 0 to 3 (0, distal filling; 1, filling of side branches only; 2, partial
filling of the distal epicardial segment; and 3, complete filling of the distal
epicardial segment). Data on collaterals were available for 29 patients with
angina and 31 without angina.

§Data on reperfusion therapy were available for 36 patients with angina
and 39 without angina.

coronary risk factors, preadmission medications,
elapsed time from the onset of infarction to the ini-
tial electrocardiogram, reperfusion therapy, and the
extent of coronary artery disease between the pa-
tients with preinfarction angina and those without it.
There was a trend toward more abundant collaterals
in the patients with angina, but the difference was
not statistically significant. The distribution of cul-
prit lesions was similar in the two groups (Table 1).
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Clinical Outcomes

Right ventricular infarction, diagnosed on the ba-
sis of the presence of ST-segment elevation in lead
Vi of the electrocardiogram, was found in only 43
of 78 patients with proximal occlusion of the right
coronary artery (55 percent). Of these 43 patients,
22 (51 percent) had ST-segment elevation in lead V.

ST-segment elevation in lead V,; was noted less
frequently in patients with preinfarction angina than
in those without angina (27 percent vs. 71 percent,
P<0.001) (Table 2). The frequency of ST-segment
elevation in leads V, and V,; was also significantly
lower in patients with angina than in those without
angina (6 percent vs. 39 percent, P<0.001). In ad-
dition, the patients with angina were less likely than
those without angina to have complete atrioventric-
ular block (11 percent vs. 33 percent, P=0.004) or
combined hypotension and shock (8 percent vs. 53
percent, P<<0.001). However, the rates of in-hospital
mortality did not differ significantly between the
two groups (Table 2).

The patients with preinfarction angina had a signif-
icantly higher cardiac index than those without angi-
na (3.5£1.2 vs. 2.7%0.8 liters per minute per square
meter of body-surface area, P=0.03) and significantly
lower right ventricular end-diastolic pressure (5+4 vs.
8*4 mm Hg, P=0.03). The pulmonary-capillary
wedge pressure did not differ significantly between
the two groups. The infarct size, estimated on the
basis of enzyme studies, was significantly smaller in
the patients with angina than in those without an-
gina (peak serum creatine kinase activity, 1415 vs.
22+19 normalized units; P=0.02; total serum cre-
atine kinase activity, 226*+184 vs. 335+285 nor-
malized units; P=0.02) (Table 3).

There was no significant difference in the elapsed
time from the onset of chest pain to the first electro-
cardiogram between patients with and those without
ST-segment elevation in lead V,;. The patients with
ST-segment elevation in lead V,;; had a lower cardiac
index than those without ST-segment elevation
(2.8£0.9 vs. 3.8x1.1 liters per minute per square
meter, P=0.004) and higher right ventricular end-
diastolic pressure (8+4 vs. 43 mm Hg, P=0.003).
However, the pulmonary-capillary wedge pressure
was similar in the two groups. The patients with ST-
segment elevation in lead V,; had higher peak cre-
atine kinase activity than those without ST-segment
elevation (22+19 vs. 14*14 normalized units, P =
0.01), as well as higher total serum creatine kinase
activity (347274 vs. 213+195 normalized units,
P=0.004) (Table 4).

Multiple logistic-regression analysis indicated that
the absence of preinfarction angina was a stronger
predictor of the development of right ventricular in-
farction (odds ratio, 6.3; 95 percent confidence
interval, 2.7 to 15.1; P<<0.001) than the presence
of proximal occlusion of the right coronary artery

TABLE 2. ELECTROCARDIOGRAPHIC FINDINGS AND CLINICAL
OUTCOME, ACCORDING TO THE PRESENCE OR ABSENCE
OF PREINFARCTION ANGINA.

PATIENTS PATIENTS
WITH WITHOUT
ANGINA ANGINA
OuTCoME (N=62) (N=51) P VALUE*
no. of patients (%)
ST-segment clevationt
Lead V,, 17 (27) 36 (71) <0.001
Leads V, and V,; 4 (6) 20 (39) <0.001
Complete atrioventricular 7 (11) 17 (33) 0.004
block
Combined hypotension and 5(8) 27 (53) <0.001
shockt
In-hospital death 3 (5) 5 (10) 0.26

*The chi-square test or Fisher’s exact test was used to compare the two
groups.

tST-segment elevation was defined as an elevation of more than 0.1 mV,
as measured 0.08 second after the J point.

$Combined hypotension and shock was defined as a systolic pressure of
less than 80 mm Hg at the time of admission to the hospital.

TABLE 3. TIME TO ELECTROCARDIOGRAPHY, CREATINE KINASE
ACTIVITY, AND HEMODYNAMIC VARIABLES, ACCORDING TO
THE PRESENCE OR ABSENCE OF PREINFARCTION ANGINA.*

PATIENTS  PATIENTS
WITH WITHOUT
ANGINA ANGINA
VARIABLE (N=62) (N=51) P VaLue
Time to electrocardiography (hr)t 21+x24 19*18 0.62
Serum creatine kinase (normalized
units)f
Peak 14x15 22x19 0.02
Total 226+184 335+285 0.02
Hemodynamic variables§
Cardiac index (liters/min/m?) 3512 2.7x0.8 0.03
Pulmonary-capillary wedge pressure 11+8 136 0.34
(mm Hg)
Right ventricular end-diastolic 5+4 8+4 0.03

pressure (mm Hg)

*Plus—minus values are means =SD. P values were calculated with Stu-
dent’s t-test.

tTime to electrocardiography denotes elapsed time from the onset of
acute myocardial infarction to the initial electrocardiogram obtained on
admission.

$Serum creatine kinase values were normalized by dividing them by the
upper limit of normal serum creatine kinase activity at each institution.

§Hemodynamic data were available for 24 patients with angina and 16
without angina.
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TABLE 4. TIME TO ELECTROCARDIOGRAPHY, CREATINE KINASE
ACTIVITY, AND HEMODYNAMIC VARIABLES, ACCORDING TO THE
PRESENCE OR ABSENCE OF RIGHT VENTRICULAR INFARCTION.*

PATIENTS PATIENTS
WITH RIGHT ~ WITHOUT RIGHT
VENTRICULAR  VENTRICULAR
INFARCTION INFARCTION P
VARIABLE (N=53) (N=60) VaLuet
Time to electrocardiography (hr) 21%2.1 2.0x£22 0.79
Serum creatine kinase (normalized
units)f
Peak 22*19 14+14 0.01
Total 347+274 213+195 0.004
Hemodynamic variables§
Cardiac index (liters/min/m?) 2.8+0.9 3.8*1.1 0.004
Pulmonary-capillary wedge 13+7 9+7 0.08
pressure (mm Hg)
Right ventricular end-diastolic 8+4 4*3 0.003

pressure (mm Hg)

*Right ventricular infarction was defined as ST-segment clevation of
more than 0.1 mV in lead V. Plus—minus values are means =SD.

1P values were calculated with Student’s t-test.

fSerum creatine kinase values were normalized by dividing them by the
upper limit of normal serum creatine kinase activity at each institution.

§Hemodynamic data were available for 23 patients with right ventricular
infarction and 17 without right ventricular infarction.

(odds ratio, 3.0; 95 percent confidence interval, 1.2
to 8.1; P=0.02). Furthermore, the absence of pre-
infarction angina was an independent risk factor for
complete atrioventricular block (odds ratio, 3.6; 95
percent confidence interval, 1.4 to 10.3; P=0.01)
and combined hypotension and shock (odds ratio,
12.4; 95 percent confidence interval, 4.5 to 40.6;
P<0.001). No independent clinical factor was found
to predict in-hospital death (Table 5).

Adjusted analysis of the association between the
timing of angina and the clinical outcome indicated
that the presence of angina 24 to 72 hours before in-
farction was most strongly associated with decreased
rates of right ventricular infarction (odds ratio, 0.2;
95 percent confidence interval, 0 to 0.8; P=0.02)
and combined hypotension and shock (odds ratio,
0.1; 95 percent confidence interval, 0 to 0.5; P=
0.02). However, there was no significant association
between the timing of angina and the development
of complete atrioventricular block (Table 6).

DISCUSSION

In our study, the absence of preinfarction angina
was an important predictor of the occurrence of
right ventricular infarction in patients with acute in-
ferior myocardial infarction. In general, the inci-
dence of right ventricular infarction is lower than
would be expected on the basis of the frequency of
proximal occlusion of the right coronary artery.>¢
Furthermore, the anterior wall of the right ventricle,
which is primarily perfused by right ventricular
branches arising from the proximal portion of the

944 - April 2, 1998

right coronary artery, is involved less frequently than
the posterior wall.l3# As compared with the left ven-
tricle, the right ventricle has several characteristics
that may protect it from ischemia: a lower oxygen re-
quirement due to its smaller muscle mass and work-
load and a greater oxygen supply due to more ex-
tensive collaterals, in addition to direct diffusion of
oxygen from the right ventricular cavity.62223 These
factors may limit the size of right ventricular infarcts
but do not fully explain the distinct differences in
clinical characteristics between patients with and
those without right ventricular infarction.

ST-segment elevation in lead V,; has been consid-
ered the most sensitive and specific diagnostic mark-
er of right ventricular infarction.2427 In our study,
ST-segment elevation in lead V,; was less frequent
in patients with preinfarction angina than in those
without angina. ST-segment elevation in lead V,; was
also less frequent in patients with angina than in
those without angina. Although this abnormality is
dependent on the magnitude of concomitant, op-
posing inferoposterior forces causing injury,28:2 its
presence indicates at least the involvement of the an-
terior wall of the right ventricle in patients with
inferior myocardial infarction. Furthermore, multi-
variate analysis indicated that the absence of prein-
farction angina was a stronger determinant of the
development of right ventricular infarction than the
site of occlusion. Thus, preinfarction angina may
help explain the relative infrequency of right ventric-
ular infarction and may also be associated with a di-
minished tendency for the infarction to extend to
the anterior wall.

In our study, the patients without preinfarction
angina were three times as likely to have complete
atrioventricular block as those with angina. Many
investigators have shown an association between
complete heart block and overall infarct size.30-3!
Therefore, the lower incidence of complete atrioven-
tricular block in our patients with angina may reflect
the smaller infarcts in these patients. Furthermore,
preinfarction angina may have provided some pro-
tection against the subsequent ischemic burden on
the atrioventricular node.

The incidence of combined hypotension and
shock was also substantially lower in the patients
with preinfarction angina than in those without an-
gina. Despite the similar pulmonary-capillary wedge
pressure in the two groups, the patients with angina
had a lower right ventricular end-diastolic pressure
and a higher cardiac output than those without an-
gina. These hemodynamic results may indicate that
cardiac output was influenced more by the magni-
tude of right ventricular dysfunction than by that of
left ventricular dysfunction. Therefore, the lower in-
cidence of right ventricular infarction in patients
with preinfarction angina seems to be associated
with a lower incidence of hypotension and shock in
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TABLE 5. ODDS RATIOS FOR RIGHT VENTRICULAR INFARCTION, COMPLETE ATRIOVENTRICULAR BLOCK, COMBINED
HYPOTENSION AND SHOCK, AND IN-HOSPITAL DEATH.*

RIGHT VENTRICULAR COMPLETE
INFARCTION ATRIOVENTRICULAR HYPOTENSION AND SHOCK IN-HosPITAL DEATH
Risk FACTOR (N=53) Brock (N=24) (N=32) (N=8)
ODDS RATIO P ODDS RATIO P ODDS RATIO P ODDS RATIO P
(95% CI) VALUE (95% CI) VALUE (95% CI) VALUE (95% CI) VALUE
Triple-vessel disease 0.9 (0.3-2.2) 0.74 04 (0.1-12) 0.14 0.5 (0.1-1.5) 0.2 0.4 (0-2.6) 043
Proximal occlusion of RCA 3.0 (1.2-8.1) 0.02 24 (0.8-9.0) 0.16 2.2 (0.7-7.3) 0.17 3.0 (0.5-58.0) 0.31
Absence of angina 6.3 (2.7-15.1) <0.001 3.6 (1.4-10.3) 0.01 12.4 (4.5-40.6) <0.001 1.9 (04-9.7) 041

*P values and odds ratios were determined by multivariate logistic-regression analysis. The odds ratios are for patients with the risk factor
in question as compared with those without it. CI denotes confidence interval, and RCA right coronary artery.

TABLE 6. ASSOCIATION BETWEEN THE TIMING OF PREINFARCTION ANGINA AND THE SHORT-TERM OUTCOME.*

RIGHT VENTRICULAR INFARCTION
(N=53)

INTERVAL BETWEEN ANGINA
AND ONSET OF INFARCTION

ODDS RATIO (95% CI) P VALUE

24 Hr

Univariate analysis — 0.003

Multivariate analysis 0.7 (0.2-2.1) 0.47
24-72 Hr

Univariate analysis — <0.001

Multivariate analysis 0.2 (0-0.8) 0.02
72 Hr-1 wk

Univariate analysis — 0.002

Multivariate analysis 0.8 (0.2-3.8) 0.74

COMPLETE ATRIOVENTRICULAR BLOCK

HYPOTENSION AND SHOCK

(N=24) (N=32)

ODDS RATIO (95% CI) P VALUE ODDS RATIO (95% CI) P VALUE
— 0.12 — 0.002
0.5 (0.1-1.8) 0.30 0.4 (0.1-1.5) 0.18
— 0.20 — 0.001
0.4 (0.1-2.0) 0.32 0.1 (0-0.5) 0.02
— 0.54 — 0.02
2.3(0.4-18.3) 0.38 2.1(0.2-26.2) 0.52

*P values were determined by logistic-regression analysis. Some patients had angina in more than one preinfarction interval. The odds
ratios are for patients with angina during the interval in question, as compared with those without angina. Values are adjusted for age and
sex and for the presence or absence of triple-vessel disease, proximal occlusion of the right coronary artery, hypertension, hypercholesterole-

mia, diabetes, and smoking. CI denotes confidence interval.

such patients. Complete atrioventricular block lead-
ing to bradycardia and loss of atrioventricular syn-
chrony accounts in part for the development of hy-
potension and shock.3? Furthermore, contraction of
the posterior interventricular septum is believed to
be important to compensate for the loss of contrac-
tility of the right ventricular free wall and maintain
cardiac output.3?

Many authors have suggested that preinfarction
angina has a favorable rather than a harmful effect
on the clinical outcome. A smaller infarct,”8 better
preservation of left ventricular function %12 a lower
incidence of shock,'* less frequent reocclusion after
thrombolysis,!! and more rapid reperfusion3* have
been reported in patients with preinfarction angina
as compared with those without angina. Several
mechanisms have been proposed to account for these
favorable outcomes.8121720 The use of antianginal
drugs and a shorter interval between the onset of in-
farction and hospitalization were unlikely to account
for our findings, since the two groups of patients did

not differ significantly with respect to preadmission
medications and elapsed time before hospitalization.

When considered separately as a risk factor, angina
within 24 hours before infarction was associated
with a significant reduction in the rate of right ven-
tricular infarction and a more favorable outcome.
These findings suggest that ischemic precondition-
ing plays a part in the protective effects of preinfarc-
tion angina.®!* Our analyses also suggest that angina
24 to 72 hours before infarction was a more power-
ful predictor of the absence of right ventricular in-
farction and combined hypotension and shock than
angina within 24 hours. Therefore, it is possible that
a delayed adaptive mechanism plays a part in these
favorable outcomes. The effects of delayed ischemic
preconditioning have been identified in experimen-
tal models.?537 Ischemic preconditioning occurs ap-
proximately 24 hours after the ischemic insult and
lasts much longer than the classic preconditioning
effect reported by Murry et al.l7? However, the clini-
cal significance of delayed preconditioning has not
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yet been established in patients with myocardial in-
farction.

Mpyocardial ischemia induced by gradual coronary
occlusion may facilitate the development of collater-
al circulation.3$% In our study, the patients with
preinfarction angina had more extensive develop-
ment of collateral circulation than those without an-
gina, although the difference was not statistically
significant. Coronary angiographic studies do not
provide information on microcirculation through
vessels less than 100 wm in diameter.*® Therefore, it
remains possible that collateral circulation is respon-
sible in part for the infrequency of right ventricular
infarction in patients with preinfarction angina. The
anterior portion of the right ventricle has a dual
blood supply that consists of right ventricular branch-
es from the left anterior descending artery and the
conus branch of the right coronary artery.! An asso-
ciation between preinfarction angina and the devel-
opment of these intercoronary collaterals would also
help explain our finding that ST-segment elevation
in lead V| was noted less frequently in the patients
with preinfarction angina than in those without an-
gina. These combined mechanisms may have led to
more favorable outcomes in the patients with prein-
farction angina.

In 50 percent of patients with inferior myocardial
infarction, ST-segment elevation visible on the initial
electrocardiogram disappears within 10 hours.2¢ In
our study, the elapsed time from the onset of infarc-
tion to the initial electrocardiogram was similar in
the patients with and those without ST-segment el-
evation in lead V,;. Hemodynamic measurements
and infarct size differed significantly between the
two groups. In our study, as in previous studies,?427
ST-segment elevation of more than 0.1 mV in lead
V,x Was a reliable marker of additional right ventric-
ular infarction with inferior myocardial infarction.

Zehender et al. reported that right ventricular in-
farction is an independent predictor of the short-
term outcome in patients with inferior myocardial
infarction.?” In our study, the absence of preinfarc-
tion angina was the most powerful independent pre-
dictor of the three chief complications of inferior
myocardial infarction, because the development of
right ventricular infarction itself was also closely as-
sociated with preinfarction angina, as were complete
atrioventricular block and combined hypotension
and shock.

Our results establish the importance of preinfarc-
tion angina as an independent predictor of the ab-
sence of right ventricular infarction in patients with
acute inferior myocardial infarction. Moreover, pre-
infarction angina is associated with better short-term
outcomes in patients with acute inferior myocardial
infarction. The delayed effect of angina may be re-
sponsible in part for these favorable outcomes; how-
ever, the underlying mechanisms are still unclear.
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APPENDIX

In addition to the authors, the following investigators participated in the
study: S. Hori, T. Miyazaki, K. Fukuda, S. Inoue, S. Iwanaga, S. Ishikawa,
N. Tsutsumi, T. Meguro, K. Miyazaki, H. Nishimura, T. Adachi, M. Shi-
mada, S. Abe, F. Tkeda, Y. Wainai, and M. Asanagi.
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