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Objective -To study the incidence of and variation in Myocardial ischemia is the result of inadequate coro-
myocardial ischemia over 48 hours in patients with unsta- nary blood flow, promoting alterations in cellular metabo-
ble angina. lism, myocardial relaxation, and contractility, followed by

ST-Tsegment abnormalities on electrocardiogram (ST- T
Methods -Thirty-nine patients with unstable angina  segment elevation or depression), culminating in clinical ma-
underwent long-term electrocardiography for 48 hours. nifestation, i.e., angina.
The number of events and the period of time of ischemia (in Ischemic events can occur without clinical manifesta-
minutes) were analyzed for the 48 hours, in two periods of tions; in fact, most of them (60-90%) are sifehBased on
24 hours, and in periods of 4 hours. this fact, the concept of silentischemia arose, i.e., the occur-
rence of ischemic events without any clinical expression
Results We analyzed 1755.8 hours of monitoring ta-  that could identify them.
pes, and ischemic episodes were detected in 18 (46.2%) Long-term electrocardiography, due, is the most used
patients, corresponding to 173 ischemic episodes, allowing method in clinical studies for evaluating the presence of myo-
the evaluation of 1304 minutes of ischemia.only 4 of which cardial ischemia, particularly in individuals with documented
were (2.2%) symptomatic, Considering the entire period of coronary artery disea&dJsing this method, a number of stu-
time of recording and the predetermined time intervals, we dies have been conducted involving individuals with known
observed a higher number of ischemic episodes (38) and a coronary artery disease and clinical manifestations of angina.
longer duration of ischemia (315.4 minutes) between 11:00 In 1982, Johnson etiabtudying patients with unstable angina,
am and 3:00 pm. However, no significant differences occur- reported the importance of the presence of silent ischemia
red among the values in the different intervals. identifying those with more extensive coronary artery disease
and those subgroups with a worse short-term clinical course.
Conclusion L.ong-term electrocardiography over48  Similarly, Gotlieb et alshowed the importance of myocardial
hours showed a high incidence (97.8%) of silent ischemic ischemia as a prognostic factor during the first 30 days in
episodes in patients with unstable angina. No evidence of patients with unstable angina and, even in those patients who
a circadian variation of myocardial ischemia in unstable received intensive pharmacological treatment, the presence of

angina was observed. ischemia had a prognostic value higher than coronary
anatomy evaluated by angiography.
Keywords: myocardial ischemia, Holter monitoring, uns- Another interesting phenomenon is the variation in
table angina. ischemic events throughout the 24 hours of a day. Reports

exist indicating that ischemia, with or without symptoms,
has a circadian variation in either stdtler unstable angi-
na'®1 Moreover, we know neither the incidence of silent is-
chemia in individuals with unstable angina nor its variation
throughout the 24 hours of a day in our patient population.
Therefore, the purpose of this study was to investigate
the features of myocardial ischemia, evaluated with long-
Heart Institute, Hospital das Clinicas - FMUSP term electrocardiography, with regard to the incidence and
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Methods analyzed on the processor Marquette Laser SXP processor
(Marquette, Milwaukee, WI, USA, 1988) and assessed by at

We studied 39 patients, 21 males and 18 females, with a least two professionals of the Electrocardiology Unit of the
mean age of 58+10.71 years (38-75 years) and a diagnosis ofHeart Institute.
unstable angina, who were treated at the Emergency Unit of Diagnostic criteria for ischemic events: ST-segment
the Heart Institute of the Hospital das Clinicas of FMUSP, elevation >2mm or horizontal or downsloping ST-segment
from November 1993 to December 1995. At the first scre- depression >1mm, persisting for at least 1 minute, and
ening, the clinical history, a physical examination, a standard returning to the baseline for at least 1 minute. The possible
12-lead surface electrocardiogram, plasma levels of creatine events identified as described were defined as ischemic
kinase (CK-MB), BUN, creatinine, glucose, and blood cell episodes, and each one of these events was registered on
count were obtained. All the patients underwent long-term paper, with a velocity of 25mm/second, with the pattern of 1
electrocardiography (Holter monitoring) for 48 consecutive mV, using a Marquette laser printer, and then ST-segment
hours. From the beginning and during the entire study variation and the period of time of ischemia of each event
period, the patients received aspirin 100mg/day orally, were reevaluated manually.
diazepam 5mg each 8 hours orally and intravenous nitrate. Evaluation of ischemic events: 1) the total number of

We required two criteria for the diagnosis of unstable episodes and the sum of the period of time in minutes, of all
angina: 1) clinical criterion - unstable angina as a manifesta- events for each individual during the 48 hours of observa-
tion of chest discomfort or pain, radiating or not to one or tion; 2) the same evaluation described for each period of 24-
both upper limbs, neck, dorsal region, epigastrium or jaw, ac- hour recording, i.e., the first and the second periods accor-
companied or not by concomitant factors, such as swea- ding to each one of the recorded tapes; 3) the total number
ting, palpitations or sense of imminent death. It was neces- of events and the total period of time of ischemia in minutes
sary for the diagnosis that the patient had experienced afor each period of 4 hours, in the 24 hours of each one of the
clear worsening of symptoms for no more than 7 days and two days of recording, respectively from 11:00 pm to 3:00
the last episode for no more than 24 hours; 2) electrocar- am, from 3:00 amto 7:00 am, from 7:00 amto 11:00 am, from
diographic criterion - it was necessary that the electrocar- 11:00 am to 3:00 pm, from 3:00 pm to 7:00 pm, and from 7:00
diogram had at least one of the following alterations: tran- pmto 11:00 pm.

sient or persistent T-wave inversion in at least two conti- Statistical analysis - the analysis of data was conduc-
guous leads, or transient ST-segment depression >1mm inted by the Statistics Department of the Heart Institute. For
two or more contiguous leads. measures that did not have a normal distribution, the varia-

The exclusion criteria were postinfarction angina, pre- bles were presented in a descriptive manner in graphs and
vious cardiac surgery or coronary angioplasty, valvular tables containing the medians, means, standard deviations
heart disease, uncontrolled arterial hypertension, congesti- and minimum and maximum values, and the groups were
ve heart failure, hepatic and renal failure, uncontrolled diabe- evaluated by the Friedman’s téstThis procedure was
tes mellitus, signs and symptoms of hyperthyroidism, ane- performed to evaluate the variation in the number of ische-
mia, pregnancy and age <18 years or >80 years, as well as almic episodes and the duration of ischemia in the 4-hour
terations on the 12 lead electrocardiogram, such as right or intervals. Non Continuous variables were analyzed by the
left bundle branch block, Mobitz type I*2legree atrioven- nonparametric Wilcoxon’s rank sum té4twhich was
tricular block, 3 degree atrioventricular block, PRinterval  performed to compare the number of episodes and the
<0.10 second, delta wave indicative of presence an acces-duration of ischemia between the first and the second perio-
sory pathway, even in the absence of Wolf-Parkinson- ds of the long-term electrocardiographic recording, i.e., the
White syndrome, atrial fibrillation, atrial flutter, and narrow  first tape recording compared with the second one.
or wide QRS tachycardias. The calculations were processed by the SAS (statisti-

Long-term electrocardiography - technical considera- cal analysis system) and a p value <0.05 was considered sta-
tions about the examination and recordings —a two-channel tistically significant.

(CM, and CMM) portable Marquette 8000 monitor was

used (Marquette, Milwaukee, WI, USA), with wave recor- Results
ding in AM (amplitude-modulated), containing a cassette
tape for continuous 24-hour recording. After this time, the We observed 1755.8 hours of monitoring in the 39 pati-

tape was replaced by another allowing a total of 48 hours of ents, a mean of 45.02 (23.13 to 48) hours per case. We detec-
study. The monitor was connected to the patients and du- ted ischemic episodes in the long-term electrocardiograms
ring the following 48 hours the patients were instructed to of 18 (46.2%) patients. In these 18 patients, the recordings
report the occurrence of chest pain or episodes of discomfort allowed us to observe 820.88 hours of continuous electro-
similar to those that had caused them to go to the hospital. cardiographic monitoring, corresponding to a mean of
The time of any pain episode was registered in the diary of 45.6+5.76 (23.13 to 48) hours per patient (table I). In five
the long-term electrocardiography examination, in orderto patients, we could not obtain electrocardiogram tracines
verify whether a certain ischemic event had been sympto- that allowed ST-segment analysis.

matic or not. After the monitor was removed, the tapes were We detected 173 ischemic episodes in this observa-
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tion, allowing us to analyze atotal of 1304 minutes ofische- | .,
mia only 4 (2.2%) of them being symptomatic. This corres- | -
ponds to a mean of 9.61+10.66 (1 to 43) ischemic episodes| °
and 72.44+80.65 (5.7 to 184.2) minutes of ischemia per
patient. Evaluating the occurrence of ischemic events, con-
sidering the whole period of recording and the predeter-
mined intervals, we observed that there was a higher inci-
dence ofischemic events from 11:00 am to 3:00 pm, eitherin | .
the number, 38 episodes (fig. 1), or in the duration of is- | «
chemia, 315.4 minutes (fig. 2). However, no significant diffe-
rence occurred among the values of these intervals, p=0.47
for the number of episodes and p=0.43 for the period of time
of ischemia. Similarly, a higher number of episodes and a
longer period of time of ischemia occurred in the first period o
of recording, compared with the second (table I), without .
statistical significance, with p=0.42 for the number of episo-
des and p=0.35 for the duration of ischemia. Figures 1 and 2
more effectively show the distribution of these events
among the different intervals.
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Infervalos de tempo emhoras do dia, nas 24 h

Fig. 1 - Number of ischemic episodes per time interval over 24 hours of a day.

Tompo de isqueria em min.

T 202,

Discussion S -
Our results apparently show arelatively low incidence - s

of myocardial ischemia in patients with unstable angina,

considering that ischemia was present in less than 50% of

the patients. Otherwise, our results confirm the high inci-

dence of asymptomatic ischemic events (97.8%) in a popu- patients, the use of long-term electrocardiography over 48

lation of patients with unstable angina. Although our  poyrs certainly diminished the importance of evaluating
study population did not comprise a very large number of |y 39 patients.

Fig. 2 - Duration of ischemia per time interval over 24 hours of a day.

Table | - Characteristics of ischemic episodes throughout the time for each case.

Number of ischemic episodes Duration of ischemia in minutes

Case 4-hour intervals 24-hour periodg 4-hour intervals 24-hour periods

11p-3a 3a-7a 7a-1la 1la-3p 3p-7p 7p-11p TotaF 2" Total | 11p-3a 3a-7a 7a-lla 1la-3p 3p-7p 7p-1llp Total & 12"  Total

1 0 0 1 0 2 0 3 2 1 3 0 0 9.7 0 419 0 516 419 97 516
2 0 1 0 2 0 3 6 4 2 6 0 35.7 0 44.4 0 58.9 139 1003 38.7 139

6 1 5 0 0 3 2 11 9 2 11| 132 13.7 0 0 25.7 92 618 521 97 618
7 1 6 3 6 4 3 23 7 16 23 25 36.8 8 29.1 15.9 9.2 1015 19.1 824 1015
10 1 0 1 7 3 2 14 13 1 14 17 0 4 784 33.2 2441417 1275 142 1417
11 0 0 1 0 1 0 2 2 0 2 0 0 1 0 212 0 222 0 222 222
12 1 5 4 4 1 3 18 6 12 18| 105 19.1 20.4 41.7 85 98 110 614 486 110
15 0 0 0 0 3 0 3 3 0 3 0 0 0 0 612 0 612 612 0 61.2
18 0 0 2 0 5 1 8 8 0 8 0 0 8.5 0 9.6 22203 203 0 20.3
19 0 0 0 2 0 0 2 0 2 2 0 0 0 6 0 0 6 0 6 6
20 0 3 4 2 3 3 15 14 1 15 0 47 152 75 104 62 44 42 2 44
23 2 0 0 0 0 0 2 2 0 2 57 0 0 0 0 0 57 5.7 0 5.1
29 0 0 0 0 0 1 1 0 1 1 0 0 0 0 o 177 177 0 177 177
30 3 0 0 0 0 0 3 0 3 3 13.2 0 0 0 0 0 132 0 132  13.7
33 6 0 6 11 6 14 43 20 23 43 81.6 0 27.4 97.7 30.1 7309.8 174 1358 3098
37 0 0 1 0 1 0 2 0 2 2 0 0 3.2 0 45 0 7.7 0 7.7 7.1
38 0 0 0 3 0 0 3 2 1 3 0 0 0 6.4 0 0 6.4 3.7 2.7 6.4
39 4 5 3 1 0 1 14 8 6 14| 849 65.7 26.9 4.2 0 251842 26.6 1576 184.2

Total 19 25 26 38 32 33 173 100 73 178 2133 1757 1243 3154 2622 21304 735.8 568.21304.0
Mean 106 139 144 211 178 183 9.61 556 4.06 9/6111.85 9.76 6.91 1752 1457 1184 7244 40.88 3157 7244
+SD® 1.70 225 182 310 193 3.2810.66 5.66 6.4110.66| 26.39 1848 9.46 2958 17.73 21.00 80.79 49.58 46.95 80.y9
Median 0.00 0.00 1.00 050 100 1.00 450 3.50 1.50 4|50 0.00 0.00 2.10 2.10 9.05 4B 2345 1145 47.8(

Note: For comparisons among the intervals: p=0.59 for episodes and p=0,43 for duration of ischemia. For comparisons inetsvgsrOpt2 for episodes and p=0.35
for duration of ischemia. (1) standard deviation.
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Regarding the findings of the long-term electrocardio- 8:00 am and from midnight to 1:00 am) and concluded that
graphy as a function of the distribution of ischemic events the reduction in the ischemic threshold in the beginning of
throughout the 24 hours of a day, we should first point out the morning, in the absence of elevation in the baseline he-
that the option of dividing the day into 4-hour intervals and art rate and blood pressure, suggests that a reduction in the
for defining them from 11:00 pm to 3:00 am, from 3:00amto coronary vasodilation capacity or an elevation in the coro-
7:00 am and so on, was based on the previous experience ohary tonus may favor a higher incidence of ischemic events
other author§®121315-17\who reported, as a rule, a higher  during this interval. The conclusion of this study makes it
frequency of ischemic events from dawn until the firsthours  evident that different results can be obtained depending on
in the morning, the so-called circadian variation of ische- the time the observation is made. The doubt then arises
mia, with or without symptoms. This evidence was based on when one wants to know the exact time of day when a lower
studies that evaluated the incidence of acute myocardial ischemic threshold exist, and consequently an increase in the
infarction throughout the 24 hours of a &Y, which sho- incidence of ischemic events. Analyzing another sty
wed a higher incidence between 3:00 am and 8:00 am. We which the authors evaluated 32 patients with stable angina
realized, therefore, that, using these intervals of time, we continuously monitored for at least 24 hours, we verified,
would be able to detect a possible higherincidence of myo- through the figures in the manuscript, that the time with the
cardial ischemia during the dawn (3:00amto 7:00 am) period highest incidence of ischemia (related to physical effort)
and in the morning (7:00 amto 11:00 am) period. However, was from 6:00 am to noon. However, analyzing the same fi-
our data showed a higher incidence of ischemic episodes gures, another period with anincrease inischemic episodes
and alonger duration of ischemia from 11:00 am to 3:00 pm, can be noted, specifically from noon to 3:00 pm. Finally, in
based on the sum of episodes of the two recorded tapes,another study, Figueiras and Lidén observed ischemic epi-
i.e., during the 48 hours of the examination (table I). Althou- sodes through the occurrence of anginal symptoms in two
gh the comparative analysis did not demonstrate any signi- periods of the day, between 7:00 am and 11:00 am and 7:00
ficant difference in the incidence of ischemic episodes amon pm and 11:00 pm, in 193 patients with unstable angina, a
the intervals, the graphic observation of the events (figures very expressive number of patients. The analysis of sub-
1 and 2) shows a trend toward higher incidence of events in groups showed a higher incidence of angina between 11:00
the period between 11:00 am and 11:00 pm, compared with pm and 2:00 am in patients with severe, multivessel coronary
the period between 11:00 pm and 11:00 am. This was a surpri- artery disease.
sing finding because it was totally opposite to the previous In summary, although considerable evidence exist
reports in the literature cited above. We can conjecture that suggesting that ischemic episodes occur more often in the
our observation was made with a relatively small number of dawn and morning hours, particularly in the presence of a
patients whereas others studied up to 193 patntson- clinical condition of unstable angina, we should consider
clude about this circadian variation in angina and myocar- the possibility that populational variations can affect the
dial ischemia. We can also question whether this distribu- occurrence of such episodes. In our population, Solimene et
tion had some meaning in our patients, once the statistical al * did not find variations in the occurrence of ischemia
analysis failed to show significant differences among the in- during the 24 hours of a day, analyzing patients some mon-

tervals of time. ths after an acute myocardial infarction. In addition, two
To clarify this doubt, some points of concern need to other two researchefs2did not observe circadian rhythm
be addressed. In the report of Figueiras'&tial1986 16 pa- and morning ischemia after an acute myocardial infarction

tients with resting angina and severe coronary artery di- either. On the contrary, they noted an even a higher inci-
sease were evaluated to determine the angina threshold atlence of ischemia from 6:00 pm to midnight. Finally, it is
different times of the day. In the evaluation of this threshold, worth noting the experience of Beamer étarhese au-

the heart rate needed to cause an ischemic episode waghors studied 3990 individuals with a history of chest pain
used, during at least six observations and for up to 4 days. admitted to the Emergency Department of seven different
The elevation in the heart rate was obtained through a car- hospitals. Their findings confirmed a higher number of
diac pacemaker connected to the right atrium by puncture of diagnoses of acute myocardial infarction and unstable angi-
the right subclavian vein. The authors decided to perform na between 6:00 am and noon, but chest pain that was
the stimuli in the following periods: between 10:00 pmand caused by nonischemic cardiac causes and by noncardiac
1:00 am, 4:00 pm and 7:00 pm and midnight and 3:00 am. causes was also more likely to begin during the same time
Analyzing the results, the authors concluded that “patients period. It seems, therefore, that this circadian rhythm s rela-
with resting angina and severe coronary artery disease fre- ted to factors that can trigger chest pain, not restricted to is-
guently exhibit a fall in the ischemic threshold during the chemic myocardial pain.

night”. The night period referred to by the authors corres- Therefore, our patients with unstable angina showed a
ponds to the period between 10:00 pm and 1:00 am. In 1995, high incidence (97.8%) of silent ischemic episodes,
Figueiras and Lidof used the same technique to evaluate evaluated by long-term electrocardiography over 48 hours.
the ischemic threshold in patients with unstable angina and We did not find any evidence of a circadian variation in
severe coronary artery disease. However, the authors chosemyocardial ischemia in unstable angina, unlike the majority
other periods of time for their observations (from 7:00amto of previous studies, probably because of populational va-
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riations. In addition, we noted a trend suggesting a higher the afternoon period, especially between 11:00 am and 3:00
distribution of episodes and alonger duration of ischemiain pm, and not in the morning period.
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