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The silence often of pure innocence 
Persuades when speaking fails 

The Winter's Tale 
II,ii,4l 
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Silent ischemia has become a topic which has generated a lot of publicity, 
several hundred articles in the medical literature, and major selling 
campaigns for equipment and pharmaceuticals. The fanfare over silent ischemia 
has led some to think that this is a major medical problem and others to feel 
that it is a merchandising ploy by equipment manufacturers and pharmaceutical 
companies. The current level of understanding of silent ischemia will be 
reviewed in the following discussion. Though silent ischemia can be defined 
in various manners, for this presentation we will be describing painless 
episodes lasting for more than one minute and causing more than a 1 mm change 
in the ST segment from baseline, or a painless episode causing pathologic, 
hemodynamic, or radionuclide changes consistent with ischemia. An attempt 
will be made to evaluate several questions concerning silent ischemia. I:!! 
silent ischemia real? What are the potential mechanisms involved in silent 
ischemia? What is the frequency o f silent ischemia? Is :!lilent i:!!chemia 
important? How do you detect silent ischemia? How can silent ischemia be 
treated? Who should be screened for silent ischemia? Can treatment of :!!ilent 
ischemia alter outcome? 

IS IT RJ:AL? 

The presence of silent myocardifl infarctions has been noted since the 
landmark article of Herrick in 1912 . There have been many reports of silent 
myocardial infarctions sinc e that time. The Framingham study has noted ~~~ 
presence of silent infarctions in various reports in 1970, 1973, and 1984. 
From the Framingham studies, it appears that there are a significant number of 
silent myocardial infarctions. Table 1 shows the incidence of silent 
myocardial infarctions reported in the late:!lt Framingham report from their 26 
year data base. 

Table 1. Ten-Year Incidence (Rate per 1000) of Myocardial Infarctions Among 
2272 Men and 2845 Women at Risk. According to Age and Sex* 

Women 
Unrecognized All Unrecognized All 

_A~g~e~----------AI~n~f~a&r~c~t~"L---------*I~nufua~r~c~t~s~----------~I~n~~s~--------•I.~n~fua~r~c~t~sL-____ _ 
30-34 2.6 (1) 12.9 (5 ) 0.0 (0) 2.2 (1) 
35-44 6.5 (8) 38 . 2 (47) 2.6 (4) 5 . 2 (B) 
45-54 16.6(31) 71.2(133) 2.9 (7) 13.0 (31) 
55-64 28.2(45) 107.9(172) 17.9(40) 47.1(105) 
65-74 53.8 (37) 141.0 (97) 21.3 (23) 55.7 (60) 
75-84 60.2(811 12.8 (151 34.0 (91 128.3 (341 

*Figures in ParenthesP.s Indicate the Number of Actual Events 
N Engl J Med. 311:1144, 1984/Kannel 

The incidence of silent myocardial infarctions paralleled the incidence of 
all myocardial infarctions and progres sively increased with age. These 
infarctions were documented by the deve lopment of diagnostic interval changes 
in the electrocardiogram. There were either diagnostic loss of R waves or the 
development of a significant Q wave that were not present on previous 
tracings. Review of the records revealed that one half of the:!!e silent 
myocardial infarctions were absolutely silent, with no symptoms of any kind 
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being recorded. The other half of the silent myocardial infarctions were 
extremely atypical, so that neither the patient nor the :f-h/"ician suspected 
that the patient was having an acute myocardial infarction. -

Cabin and Roberts have also shown that many pat i ents who are found to have 
myocardial infarctions at post mortem examinatio!f do not retrospectively have 
histo rical evidence of myocardial infarctions. In the Cabin and Roberts 
study, patients without adequate histories were excluded. Other pathologic 
studies J'ave also documented that silent myocardial infarctions have 
occurred. - 1 0 

Chierchia and co-workers have intensively studied fourteen patients 
admitted to the coronary care unit with rest angina.11 Catheters were placed 
in these patients so that left ventricular pressure or wedge pressures could 
be measured along with arterial pressures . The pressures were correlate d with 
ECG changes measured by continuous recordings. Pressures and LV dP / dt were 
also continuously recorded. There were 293 episodes of transient ST segment 
changes or T wav e changes . Of the 293 episodes of ECG changes, 247 we re 
silent or not associated with symptoms . In Table 2 are the hemodynamic 
changes for these silent episodes. 

Table 2. Hemodynamic Changes During Transient Asysmptomatic Episodes of ST 
Segment or T Wave Changes 

Increase in LVEDP or PADP Fall in dP/dt 
!mm Hal MQ;:e tban lQQ !!!Ill HaL :~ 

Category n >5 3 or 4 <2 n Contract Relax 
ST~ 61 54 6 1 50 50 49 
ST! 81 43 14 24 55 44 43 
T~ 105 59 17 29 105 83 79 
Total 247 156 37 54 21Q 17 

ST changes were greater than 0 . 15 mV, T wave changes were pseudonormalization 
JAm Call Cardiel 1:924, 1983/Chierchia 

As can be seen from T~ble 2, the majority of the episodes were accompanied 
by hemodynamic changes of both elevation of left sided filling pressures as 
well as LV dP/dt, strongly suwsting that these silent episodes of ischemia 
were hemodynamically important. 

Hirzel and co-!orkers found similar changes in a cath lab study involving 
bicycle exercise . 1 They matched 36 patients with angina pectoris and without 
pain as to the number of vessels involved, ejection fraction, etc. The only 
difference between the two groups was the level of exercise achieved . The 
asysmptomatic patients exercised to 130 watts compared to· 97 watts for those 
with angina pectoris. Both groups had similar heart rates, blood pressures, 
ST segment changes, LVEDP, and changes in e j ection fraction . Both groups had 
similar falls in ejection fraction. There were also similar changes in wall 
motion ab~ormalities. Levy and Fox have also reported similar hemodynamic 
findings . 1 Hence, there is strong hemodynamic evidence that these silent 
episodes are a real finding of ischemia . 

., 



-3-

Several l!tudies have looked at radionuclide ventricular function, both 
globally and with wall segment measurements . Cohn and co-workers have the 
best study comparing both global and regional functio~ in a group of patients 
with angina and those with ischemia but not angina. 14 Results are shown in 
Table 3. 

Table 3. Radionuclide Ejection Fraction in Patients With Silent Ischemia and 
wit!J. ~~BtQm2tiQ Angina 

Silent Ischemia p Angina pectorill 
116 patients) 124 patients) 

Global 
Rest 0.60 ± 0.04 NS 0.53 ± 0.04 
Exercise 0.54 ± 0.04 NS 0.47 ± 0.04 

Anteroseptal region 
Rest 0.60 ± 0.04 NS 0.51 ± 0.04 
Exercise 0.56 ± 0 . 04 NS 0.45 ± 0.04 

Apical region 
Rest 0.65 ± 0.06 NS 0.57 ± 0.05 
Exercise 0.62 ± 0.06 NS 0 .52 ± 0.05 

Inferoposterior region 
Rest - 0.70 ± 0.07 NS 0.66 ± 0.05 
Exercise 0.64 ± 0.04 NS 0.59 ± 0.05 

NS - not significant; p -probability. JAm Coll Cardiel 1:931/Cohn 

As can be seen in the Table, there were almost identical 6% decreases in 
ejection fraction with angina and silent ischemia. There were identical 
decreases in regional wall motion abnormalities. In a far more complicated 
study, Faebender and co-workers found similar incidence~ of wall motion 
abnormalities in patients with angina and silent ischemia . 15 They evaluated 
the presence and absence of previous infarctions and the number of vessels 
involved and found similar changes with both angina and silent ischemia. Wall 
motion abnormalities were found in all groups in more than 50% of patients. 
There were no differences in hypokinesia, akinesia, dyskinesia or the number 
of regions/patient between those patients with angina and those with silent 
ischemia.l5-19 

Deanfield and co-workers have descr~~~ wall motion defects on rubidium-82 
scans in patients with silent ischemia. - 1 A patient with exercise-induced 
angina is shown in Figure 1. In the upper left panel is shown the effect of 
exercise with a major filling defect, angina, and ST segment depression. The 
middle panel shows the same ST segment change and the same filling defect but 
no angina with a cold pressor test. The right hand panel shows the s~e 
filling defect and ST segment changes without pain in an unprovoked episode. 
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Control Cold Control Unprovoked 

Angina 0 Angina 0 
Angina 0 Angina 0 

Figure 1. The tomographic · slices for a single patient through the midleft 
ventricle showing the regional myocardial uptake of rubidium-82 in the 
posterior wall, free wall, anterior wall and interventricular septum of the 
left ventricle. This demonstrates the distribution of regional perfusion 
during control, cold, pressor, unprovoked ST depression and exercise. 
Evidence of regional ischemia occurred d u ring all three tests and supported 
the ST segment changes as evidence o f ischemia, whether or not chest pain 
occurred. Am J Cardiel 54:1195, 1 984/Deanfield 

A similar patient is shown who developed similar filling defects and ST 
segment changes with mental arithmetic as with exercise. With arithmetic 
there was no angina; exercise did induce angina.2 1 

PATIENT NO.9 

Control 

angina -ve 

Control 

angina -ve 

Men:al 

ar i thmetic 

angina -ve 

Exercise 

Figure 2. Changes in regional 
myocardial uptake of rubidiurn-82, and 
ECG in relation to chest pain before 
and after mental arithmetic or 
exercise. Control scans show 
homo geneous regional cation uptake. 
Pat ient No. 9 sho ws anterior and 
free-wall ischemia and ST segment 
depression with mental arithmetic and 
exercise; but angina, only after 
exercise (-ve negative; +ve 
positive). Lancet 2:1001, 
1984 / Deanfield 
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Shea, Deanfield and co-workers have described s~lar filling defects 
without pa~~ in angina patients during mastication and after smoking 
cigarettes. . Also, abnormal Thallif;f.-;?01 scans have been reported by two 
other groups during silent ischemia. - 5 In patients with silent ischemia, 
cath lab :ftfudies have shown abnormal lactate production in the~' 
individuals. Distante has also shown defects using echocardiography . 
Hence, silent ischemia appears to be a real phenomena that can be documented 
by most of the techniques we have available. 

Another area in which silent ischemia might play a role is in sudden 
death. There have been several reports of patients having ventricular 
fibrillation with Holter monitors attached. Many of these reports have shown 
ST segment ch~~~ at the time of sudden death or just prior to the episode of 
sudden death. - Similar ST segment changes have been found in patients 
having bradycardic or asystolic arrest.33-34 

Perhaps the best study looking at the ~elation of sudden death to silent 
ischemia is one by Sharma and co-workers. 3 Sharma studied 15 patients who 
were resuscitated from out-of-hospital ventricular fibrillation. All 15 
patients had severe coronary artery disease. Six of the 15 patients had 
symptoms of angina or myocardial infarction. Eleven patients had no history. 
At cardiac catheterization all had significant coronary artery disease. In 
those patients with no symptoms, exercise produced a significant depression of 
the ST segment of 1. 8 mm, as compared to a non-significant depression of 0. 7 
mm in patients with angina. In those patients with silent ischemia, there 
were increases in LVEDP, LV end diastolic volume, LV end systolic volume and a 
9% decrease in LV ejection fraction. Due to variability, the 9% decrease in 
ejection fraction was not significant. All changes were as great or greater 
than those patients who had angina. Hence, this suggests that silent ischemia 
may induce sudden death. One example of sudden death is shown in Figure 3. 

It is also interesting to note that all reductions in mortality are with 
anti-ischemic therapy and not from anti-arrhythmic therapy. This raises the 
question as to the importance of ischemia in the pathogenesis of sudden death; 
the ischemia may be either silent or symptomatic. 

Therefore, silent ischemia appears to be a real finding and not just an 
artifact of Holter monitoring. There is evidence that silent ischemia is real 
in every way that we can measure ischemia. There is ECG evidence of silent 
myocardial infarctions, as well as pathologic evidence. There is hemodynamic 
evidence of ischemia in these patients; there is metabolic evidence. Abnormal 
exercise angiograms, radionuclide ventricular scans, wall motion 
abnormalities, rubidium and thallium scans all support the evidence that 
silent ischemia is real. The possible role of silent ischemia in sudden death 
is frightening. Hence, silent ischemia is real. 
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A. 10:53 A.M. MODIFIED Vl I Shortly after Leavmg Clinic) 

~MODIFIED V5 ' . ' 

C. 12:32 P.M . MODIFIED Vl (At Time of Collapse) -·- ·--·- -- --- ····- · ·--------

Figure 3. (A) The subject's first ventricular premature depolarization, 
which was detected approximately a half hour after he left the clinic. No 
significant ST segment changes were noted at the time of this late-cycle 
premature depolarization. (B) The second form of ventricular premature 
depolarization, which was uniformly early-cycle and associated with increased 
ST segment elevation and convex ST segment morphology. (C) The 
electrocardiogram at the instant of the subject's collapse. The same 
early-cycle ventricular premature form detected earlier initiated a four-beat 
run of ventricular tachycardia, whic h rapidly degenerated to ventricular 
flutter-fibrillation. Am J Med 74:148, 1983/Savage 

PATHOGENESIS OF SILENT ISCHEMIA 

!'or the purpose of this discussion, only patients with coronary artery 
disease will be discussed. Patients with Prinzmetal's angina and other 
syndromes will not be considered. To try to get a perspective on the possible 
pathogenesis of silent ischemia, certain concepts on the development of 
ischemia need to be reviewed. 

All of the steps leading to ischemia and 
simultaneously. Ischemia and angina are <~.ctually the 
events. Hill and Pepine have reviewed the events in 
which is shown in Figure 4.36 

angina do not occur 
end of a cascade of 
the ischemic cascade 
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MYOCARDIAL 0 SUPPLY DEMAND 

! 
Reg•onal pO .. 

t 
Anaeroo•c glycolySIS 

• Lactate prOductton and accumulalton 

t 
Intracellular pH 

t 
D•sordered calc•um flux 

t 
Ven tncular relaxation Jregtonal) 

t 
Ventncular contract1h!y treg•onal) 

t 
Systolic wall lh•ckenmg 

t 
LV volume (global) 

t 
LVEDP 

t 
Subendocard•al blood flow 

Electrocard•ographrc Changes 

Reso1u11011 

Figure 4. Ischemic cascade. (A increased; decreased LV - left 
ventricular; LVEDP - left ventricular end-diastolic pressure; MI - myocardial 
infarction. Cardiology Clinics 4:621, 1986/Hill and Pepine 

As can be seen, the symptoms of ischemia are the last steps in the 
cascade; and electrocardiographic changes are the next to the last step in the 
cascade. The metabolic, hemodynamic, and wall motion abnormalities precede 
the symptoms and the electrocardiographic changes. An example of these 
differences in timing is shown in Figure 5 from a study by Sigwart and 
co-workers; this was the order of events in a group ~) ~~tients when a balloon 
catheter was inflated in patients' coronary arteries. -

ISCHEMIA 

~ 10 20 30 Tsec 
Occlusion 

Figure 5. Appearance of events during transient coronary occlusion. In 
Silent Myocardial Ischemia, Springer-Verlag, Berlin, 1984/Sigwart 
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This figure shows that it takes a certain amount of time for each event to 
occur, even with a complete occlusion of a coronary artery that is going to 
cause ischemia. Hence, no matter how great the rnism~t~h is between myocardial 
oxygen supply and demand, there is a time element involved. Each step takes a 
certain amount of time or, in other words, there i5 a certain time threshold 
no matter how intense the stimulus to precipitate ischemia.38- 4 0 

In a similar fashion there is also an intensity threshold. Intensity 
means a certain amount of myocardial oxyyen demand in a patient with a limited 
myocardial oxygen supply. Hence, each of these events has an intensity 
threshold just like the time threshold . In other words, there is a certain 
minimum threshold of intensity for each ste~ in the cascade that can cause the 
d"'fect to occur, no matter how long that intensity is maintained. In a 
similar fashion, there is a minimum threshold of time that is required no 
matter how strong the intensity is.38-40 

From exercise testing studies that have been done by many authors, there 
is a reproducible threshold that wiJ 1 cause angina. M~seri and co-workers 
have diagramed this relationship as shown in Figure 6.41-4Z 

15 
METS 

10 
A ------------- ---------

12 18 

Hours 

24 

Fixed 
Residual 
Coronary 
flow 
Reserve 
IHighl 

Figure 6. Fixed coronary reserve concept in which a lower than normal, 
fixed coronary reserve (broken line) exists as a result of coronary 
atherosclerosis. Ischemia consistently occurs when demand (solid line) 
increases as a result of increases in activity and exceeds the coronary 
reserve (B) . Despite increased activity and demand, ischemia does not occur 
if the associated demand does not exceed the fixed threshold (A) . Am J 
Cardiol 56:30E, 1985/Maseri 

Thus, when a person exercises, there is a heart rate and blood pressure 
product where the patient repeatedly develops ECG changes and angina. This 
model holds up well when exercise is the cause of the angina or ischemia. 
However, this model begins to break down when spontaneous angina and silent 
ischemia are examined. Most episodes of spontaneous angina and silent 
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ischemia occur at much lower heart rate and blood pressure products, 
suggesting that the threshold for angina or ischemia has changed. Thi:!l 
concept of a variable threshold has been graphically shown by Maseri and 
co-workers and is shown in Figure 7.41-42 

IS 

METS 

10 

12 

Hours 

18 24 

Variable 
Res idu,al 
Coronary 
Flaw 
Reserve 
IHiqhl 

riqure 7. Concept of variable coronary reserve in which mechanisms that 
transiently interfere with coronary blood flow produce transient decreases of 
the coronary reserve, e v en though the upper limit is still fixed at a 
subnormal level by the underlying fixed coronary artery obstruction (broken 
line). As in Figure 6, increases in demand (solid line) beyond the fixed 
threshold will always result in ischemia (B). However, levels of activity 
that do not result in ischemia at some times (A) may result in ischemia at 
other times (C) because of the occasio nal reduction of coronary reserv e by 
these transient mechanisms. On o t her occasions, the coronary flow may be so 
reduced that ischemia occurs during the resting state (D) . Am J Cardiel 
56:30E, 1985/Maseri 

Hence, our evolving concept of ischemia and angina is that there are both 
alterations in myocardial oxygen demand as well as alterations in myocardial 
supply; and both sets of alterations can trigger ischemia and angina in the 
correct sets of circumst.ances. With this as a background, considerations of 
the causes of silent ischemia will be approached. Possible mechanisms for 
silent ischemia include anat omical dif f erences, differences in the duration of 
pain, differences in the magnitude of ischemia, differences in heart rate, 
blood pressure, and physical activity, differences in pain threshold, 
psychological differences, endorphins, and Circadian rhythms. 

One po:!lsibility is that silent ischemia represents smaller 
ischemia than t hose causing angina or a difference in anatomy. 
Roberts reviewed pathologic myoc ardial infarctions and looked 
clinical histories retrospec tively.5 Table 4 shows the 
characteristics from this study. 

areas of 
Cabin and 
at their 

anatomical 
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Table 4. Myocardial Infarct (HI) Size, Location, and the Number of Major 
Coronary Arteries Narrowed in Patients With and Without a History 
of Myocardial Infarction _~ a Healed Transmural MI_at Necrops~ -

+ Histo ry of 0 History of p value 
MI 

Patients (n) 33 28 
HI Size (%) Range 1-55 1-23 <0.001 
MI Size (%) Mean 17 7 <0 . 001 

Location 
Anterio r 16 5 <0.01 
Posterior 15 22 <0.025 
Septal 1 1 NS 
Lateral 1 0 NS 

Patients with 76-100% 
Obstructions in Coronary 
Arteries by Cross-section 

Left Main 6 8 NS 
Left Anterior Descend 32 24 NS 
Left Circumflex 23 21 NS 
Right 32 28 NS 

Am J Cardiel 50:677, 1982/Cabin and Roberts 

Cabin and Roberts have shown that silent myocardial infarctions are more 
frequent with posterior or inferior myocardial infarctions than with anterior 
myocardial infarctions . They have also suggested that the silent myocardial 
infarctions may be smaller than the painful infarctions. This may be due to 
the fact that inferior myocardial infarctio ns are more likely to be confused 
with indigestion than anterior infarctions. Patients with large myocardial 
infarctions also may be more likely t o have secondary symptoms such as 
weakness, diaphoresis, etc . and therefore may be more likely to obtain medical 
assistance, even when the symptoms of pain are very atypical or abllent. 
Another factor is that thill study is retrospective for clinical history. 
Patients may not have mentioned sympt omll they confused with indigest\on to 
their family all eft~· as they would mention pain in the chest. In 
comparillon, the Framingham data has shown no differences in location between 
anterior and inferior Jnyocardial infarc tions when the subjects could be 
interviewed in detail. 4:l One needs to be cogni zant that ECG'" in patients 
with inferior myocardial infarc tions are more likely to revert to normal or 
baseline than anteri or myocardial infarctions (25% vs. 10%); thus, analysis of 
ECG' s as was done in the Framingham trial may underestimate the incidence of 
inferior myocardial infarct ions as compared to anterior inf~rctions. The 
Framingham data base was a larger data base than that of Cabin and Roberts, 
and the potential biases were probably less in the Framingham data. Hence, 
there is no convincing data that l ocation is a cause of silent myoca;-dial 
infarctions, though some questions remain be cause of conflicting data . ~l- 4 :J 

The majority of studies have suggested that there is no difference in the 
number of vessels involved with othero:~clerosis between those patients with 
silent ischemia and angina.5,1 4,4l,4 4- 4 !:> However, Gleichmann and co-workers 
did find a difference. In 22 patients with one-vessel coronary artery 
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disease, three patients had wall motio n abnormalities and chest pain while 
eleven patient" had wall motion abno rmalities and no pain. With two-ve,sel 
coronary artery disease, seven of 18 patients had both wall motion 
abnormalities and chest pain as compared to six of 18 patients with wall 
motion abnormalities and no pain. With three vessel coronary artery dise8se, 
six of 12 patients had wall motion abnormalities and che"t pain wh{J-e only 
three of 12 patients had wall motio n abnormalities and no pain. This 
sugge,ts that ischemia with. one vessel disease is more likely to be "ilent 
while ischemia with three vessel disease is more likely to be associated with 
pain. Midwall and co-workers did notice major differences between those 
patients who had angina pectoris p r ior to myo c a rdial infarction ver"u" those 
who had no angina pectoris prior to myocardial infarction. 46 Patients with no 
angina pectoris prior to myocardial infarction tended to be younger and 
female . Those with no prior angina had a 46% inc ide nce of collaterals at cath 
versus a 71 % incidence for those with prior angina pectoris . In tho"e 
patients with no prior angina pec toris the incidence of one, two, and three 
vessel disease was 60 %, 29%, and ll% respectively ; while in those patients 
with prior angina pectoris the incidenc e was 9 %, 53 %, and 38 % respectively . 
All of these differences were significantly different. But this may represent 
a different phenomena than silent isc hemia, and drawifflT too many inferences 
from this study to silent is c hemia should not be d o ne. Hence, the majority 
of the "tudies have not shown a difference in distribution of coronary artery 
disease. 

When hist orical factors are examined, three factors have been raised in 
some of the studies : these factors are diabetes mellitus, hypertension, and 
ECG changes. Both the study by Ca b in and Ro berts and the ~ramingham studies 
have shol{n t.hllt silent myor.ardial infarctions are more common i n 
diabetics.L• 4 • 5 • 43 Cabin and Roberts reported that the incidence of diabetes 
mellitus was 15% in clinicall:S recognized myocardial infarctions and 43% in 
silent myocardial infarctions. From the ~ramingham data, the incidence of 
myocardial infarctions were increased in both men and women by the presence of 
diabetes mellitus. The incidenc e inc reased both in silent and painful 
infarctions. The inci dence of silent myo cardial infarctions was 39% in 
diabetic men and 18% in non-diabetic men. However, in women the incidence of 
silent myocardial infarctions in diabetics was 17% as compared to 37% in non 
diabetics . This reversal of the relat i onship in women can not be explained. 
However, it is important to note that very few studies have enough patients to 
look at women as a separate subgroup; the studies that do have large numbers 
of women find that women have a different history and prognosis for coronary 
artery dise~~e. Most of our data is limited to men with a few women added to 
the series. ~rom the ~ramingham data, hypertension increases the risk of 
silent myocardial infarction; 35% of the infarctions in hypertensive men are 
silent as compared to 50% of the infarctio ns in hypertensive women. Even when 
you exclude diabetes, anti-hypertensive therapy, and left ventricular 
hypertrophy on ECG, hypertensio~ increases the incidence of "ilent myocardial 
infarctions as shown in Table 5.43 
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Table 5. Proportion of Myocardial Infarctions Unrecognized by Hypertensive 
Status. Excluding Possible Predisposing Conditions 

Hypertensive 
Status 

Normal 
Mild 
Definite 

Percentac;r~=.a.T;dial Infarct..inn.:l_ Unrecoc;rni~d___ 
Excluding Excluding Excluding 

__ __.D"-"~ .. • <!~tics @ t,i-HBP Therapy LVH 
Men Wo men Men Women Men Women 

18.5 
28 . 3 
33 2 

30.7 
36.1 
48.1 

17.8 
30.2 
34.8 

26.6 
35.5 
48.5 

19.6 
30.1 
32 . 7 

29.0 
35.3 
50.5 

Cardiel Clinics 4:583, 1986/Kannel 

Medalie and Godbourt showed that left ventricular hypertrophy and left 
axis deviation on ECG were also important. They showed that the five year 
incidence of silent myocardial infarction in a group of patients with a 
systolic blood pressure greater than 160 along with left ventricular 
hypertrophy and left axis deviation was 250 per 1,000.47 

Several studies have shown no differences in left ventricular ejection 
fractions, hemodynamic characteristics, or wall motion abnormalities between 
silent ischemia and angina pectoris. From these studies it is apparent that 
the amount of muscle at risk with silent ischemia is as large or larger than 
what is found with angina pectoris.ll-26 

Several studies have tried to look at the intensity or duration of 
ischemia to see if there is a difference between silent ischemia and angina 
pectoris. Chierchia and co-workers did show both differences in duration and 
intensity in a group of patients with unstable angina pectoris studied in the 
coronary care unit. 11 In Figure 8 are shown the findings in 14 patients with 
unstable angina who had 293 episodes of ischemia; 247 of the episodes were 
silent, and the rest were associated with pain .. 

Cecci and co-workers studied 32 patients with classic effort induced 
angina and looked at the duration of episodes and the magnitude of ST segment 
depression after 24 hour Holter monitoring. The duration of ischemia in the 
symptomatic episodes was 7' ± 5'42". The duration of ischemia in asymptomatic 
episodes was 4'12" ± 2'30", which was significantly less (p<O.OOl). The mean 
magnitude of maximal ST segment depression was 3.3 ± 1.7 mm ~n the symptomatic 
episodes versus 2.5 ± 1 mm in the asymptomatic (p<O.OOl) . 4tl Thus, from the 
mean data there is a suggestion that silent ischemia is of lesser magnitude 
and duration. Therefore, silent ischemia could be ischemia that reaches the 
threshold of ECG or radionuclide ischemia but not the threshold for angina 
pectoris. However, when other data is examined this can not be the total 
explanation. 
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l'igure 8. Comparison of symptomatic and asymptomatic episodes of ST segment 
and T wave changes. The mean values and standard deviation are plotted for 
the duration of epi,odes, the increases in left ventricular end-diastolic 
(LVEDP) (or pulmonary artery diastolic [PADP)) pressure and reduction" of left 
ventricular peak contraction (C) and relaxation (R) dP/dt. P values for 
comparison of symptomatic and asymptomatic episodes: * - <0. 01. ** - <O. 001. 
Overall, asymptomatic episodes were shorter and were accompanied by lesser 
degrees of left ventricular impairment, ST or ~ + transient ST segment 
elevation or depres-sion: T A - transient pseudonormalization or peaking of 
inverted or flat T waves; TOT - total. JAm Coll Cardiel 1:924, 1983/Chierchia 

When individual patients are examined, the suggestion that silent ischemia 
is "imply lower intensity and duration does hold up. Figure 9 shows a patient 
reported by Deanfield and co-workers. 20 This patient had many episodes of 
silent ischemia and one episode of angina. The episodes of angina had a lower 
heart rat.e and less ST segment depression than most of the silent episodes. 
Hence, less intenaity ia not the only answer. Also, aome of theae silent 
episodes lasted 40 minutea, suggesting that duration could not be the 
explanation. 
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Figure 9. Typical 24 hour ambu latory electrocar diographic r ecording s howing 
ll episodes of ST s egment depression , only one of which was accompanied by 
angina . The episodes throughout the day and night lasted u p to 40 minutes. 
Am J Cardiel 54:1195, 1964 / Deanfield 

Deanfie1d and co- workers also reported histograms of heart rate and 
duration 1f ST s egmeLt changes in patients with both a n gina and silent 
ischemia . 2 Figure 10 sho ws the histogram for number of episodes versus 
duration of ST depression . Figure 11 sho ws the heart rate h i stograms for 
these e p isodes . Th e r e is a higher percentage of silen t ischemic episodes of 
brief durat i on than those o f angina . Ho wever, the majority of the s ilent 
episodes are of as great a duratio n as the episodes assoc i ated with pain. 
Clearly, the heart rate for mo st of the e p isodes is lower with silent ischemia 
than with angina . However, there is a l o t of crossover, with many individual 
patients having higher heart rates without pain than with pain . 
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Figure 10. Hi stogr am showing d u ration of symptomatic and a symptomatic 
episode s of ST depression. Lancet 2:753, 1963 / Deanfield 
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Figure 11. Histogram showing heart rates dur i ng symptomatic 
Lancet, 2:753, 1983 / Deanfield asymptomatic episodes of ST depression . 

and 

Schang and Pepine have shown that the ~~stribution of asymptomatic 
episodes occurs mainly at low level activities. This suggests that silent 
ischemia can not be just effort that reaches the threshold for ischemia but 
does not reach the threshold for perception of angina pectoris. As many of 
the episodes occ ur at rest, there must be another mechanism at work. The 
distribution is shown in Figure 12. 
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Figure 12. Activity at the onset of 310 asymptomatic episodes of ST 
depression. Almost three-fourths of these painless ischemic events occurred 
during very light activ ity. Am J Cardiel 39:396, 1977/Schang 

The best insight into whether silent ischemia is just a difference in 
thresholds was given by Cecci and co-workers. 48 By exercise testing they 
identified three groups of patients: tho se whose angina precedes or coincide s 
with ST depression, those in whom the ST depression precedes angina by 10 to 
60 seconds, and those in whom ST depressio n precedes angina by more than 60 
seconds. Table 6 shows the data . There are many patients who have a delay 
between ~. he ST depression and angina. The patients with the most delay have 
the greatest percentage of silent ischemia. This is the strongest evidence 
that silent ischemia may just be ischemia that does not reach the pain 
perception threshold . 
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Table 6 Re~ult~ of Stress Testing and Holter Monitoring 

Stre:t:t Testing Holter Monitoring 
Finding Patient (n) Episodes (nl Ratio 

Symptomatic Asympt~o~roa~~t~i~c~--~s~ym~pto:Asymp~ 

Angina first or 
simultaneous 11 27 17 1:0.62 

ST precedes pain 
10-60 seconds 10 11 12 1; 1. 09 

ST precedes pain 
>60 seconds 16 16 87 1:5.43 

J Am Cell Cardiel 1:934, 1983/Cecci 

It therefore a~pears that some of the episodes of silent ischemia can be 
labeled as not having +: he intensity or time to reach the pain perception 
threshold; however, th~~ do es not c o rrelate with the majority of the 
episodes. The only factor that is seen in the majority of the episodes is 
that the heart rate is usually less with silent ischemia than with angina . 
Thus, it appear" that subangina threshold ischemia does account for a number 
of the epi,.odes of silent ischemia but not all of the episodes. 

Another possibility is that either the sensory input to the brain of pain 
is abnormal or there is an alteration in pain threshold. The best studied 
group are patients with diabetes mellitus. Diabetes causes a doubling of the 
incidence o~ ?_ijent myocardial infarctions and ischemia over 
non-diabetic". r 4 r r 3 raerman and co-workers have shown that there are 
abnormal nerve fibers !8 the infarcted hearts of diabetics with painless 
myocardial infarctions. Theron and co-workers looked at the type of 
diabetes and the presence of autonomic and/or peripheral neuropathies in 139 
diabetic". They found similar increased incidences of silent myocardial 
infarctions in insulin dependent as well as non insulin dependent diabetics. 
The increased incidence of silent infarctions was similar in those with and 
without autonomic neuropathy and with and without peripheral neuropathy; 
howeve~1 it should be ;:,ointed out that the numbers in each sub-group were 
small. 

In non-diabetics there is also evidence of abnormal pain perception. The 
be"t study is one by Droste and Ro skamm . 52 They studied 22 men with 
symptomatic myocardial ischemia and 20 men with asymptomatic myocardial 
ischemia. They found differences in thresholds and/or tolerance for 
electrical stimuli, cold pressor tests, and ischemic pain tests as shown in 
Figures 13-15. Thus, it appears that some individuals with silent ischemia 
have an altered pain threshold or tolerance for different types of pain. 
Hence, they have an altered pain threshold; or, as has been coined, a 
"defective warning system.• 
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Figure 13. Electrical pain threshold in symptomatic and asymptomatic patients 
determined according to Notermans' procedure. n = nwnber of patients; p -
probability; x - mean value ± standard error. J Am Call Cardiol 1:940, 
1983/Droste 
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Figure 14. Cold pressor test: group differences for threshold and tolerance 
levels (stimulus intensity - hatched columns; subjective experience of pain 
solid columns). n.s. - not significant. JAm Call Cardiol 1:940, 1983/Droste 
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Figure 15. Ischemic pain test: group differenc es for threshold and tolerance 
levels (st i mulus intensity = hatched columns; subjective experience of pain = 
solid columns). JAm Call Cardiol 1:940, 1983/Droste 

An example of loss of sensory input into the pain perception mechanism is 
cardiac transpla"!fj'tion, where it has been shown that ischemia can occur 
without symptoms. Thus, there are patients in whom there is a diminished 
perception of pain, either by disruption of the sensory fibers due to 
transplantation or possibly due to myocardial infarction. The causes of other 
decreased pain perception in other patients is not known. 

The role of endorphins has been controversial.5 4-6l Early studies showed 
that naloxone in uncontrolled trials could lower the pain threshold in angina 
patients <1-Pd 11-lter the threshold for ischemic arm pain in patients with silent 
ischemia !>S, 58 However, other studies could not reproduce these 
results. ~G-5?' 59 Recently two studies measured the levels of endorphins in 
matched groups of patients with angina pectoris and with silent ischemia . 
They found that exercise increased the endorphin~ ~n both groups by a similar 
degree and that naloxone made no difference. bU-b 1 Hence, it appears that 
endorphins are not the cause of silent ischemia, in spite of early enthusiasm 
for this concept. The reason for the altered perception of pain in some of 
the patients is unknown, though diabetes and transplantation clearly increase 
the incidence of silent ischemia and silent infarction. 

Psychological changes could alter the pain threshold . This is a distinct 
possibility though it is not well studied. Several years ago Dr. Gunnar 
Blomqvist and I were doing a series of drug st11dies with experimental drugs 
for the treatment of angina. In a multiple cro ssover design that lasted three 
years, we found the patients to be very reproducible as to time when they got 
angina on the bicycle. At the end of the study, I gave the patients a placebo 
but told them that this was the best medication that we had found to date. 
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Over the next week they reported no angina. On exercise 'testing, they could 
do abo ut 25 % more exercise before experiencing pain; however, the ST 
depression occurred at the same time. They perceived the pain at 1 to 1.5 mm 
greater ST depression than normal . Hence, psychological changes can alter the 
pain threshold. 

Many other stimuli can trigger silent ischemia. As noted earlier, silent 
ischemia in angina patients can occur unprovoked or provoked by many stimuli. 
Cold pressor te~ts, . ~3~~~1 arithmetic, smoking, and masticatt~n have been 
shown to be stJ.mulJ.. Recently, Rozanski and co-workers reported a 
study in 39 patients with oath documented coronary artery disease and 12 
controls. During mental stress 23 patients (59%) had wall motion 
abnormalities and 14 patients (36%) had falls in ejection fraction greater 
than 5%. Math, the Stroop word test and reading all caused wall motion 
abnormalities in some patients. Reading caused the least number of patients 
to have wall motion abnormalities (10%). Nearly all of the patients who had 
wall motion abnormalities with exercise also had wall motion abnormalities 
with giving a speech. Exercise and speech making caused significantly more 
wall motion abnormalities, and the severity of the abnormalities were greater, 
as was the extent of wall motion abnormalities. The mechanism by which mental 
stress causes silent ischemia is unclear. As these activities do not greatly 
increase heart rate, these cases can no t be explained easily as effort induced 
ischemia that is sub-threshold for pain recognition . There must be diminution 
of blood supply through a change i n vascular tone. There is also evidence 
that silent ischemia is markedly increased in unstable angina, which p~~b~~ly 
also causes an increase in vascular resistance and a decrease in supply. -

Circadian rhythms have also been investigated lite Circadian rhythms of 
silent ischemia and angina pectoris are different.~5 - The highest incidence 
of silent ischemia is between 6 and 10 AM . Angina, on the other hand, peaks 
in the afternoon. The Circadian rhythm for silent ischemia is very similar to 
that seen for myocardial infarction, unstable angina, and sudden death, but 
differs from angina. There is extreme cross-over between angina and silent 
isc hemia. · Therefore, even though there are differences, this can not be a 
cause of silent ischemia. 

There are many potential causes of silent ischemia. Alterations in pain 
perception are clearly one cause. There probably are patients with abnormal 
sensory input from the pain fibers. Many diseases could destroy the pain 
receptors or fibers. These include diabetes and neuropathies. Potentially, 
myocardial infarctions could destroy s ome of the pain receptors or fibers. 
Similarly, it is potentially possible for hypertension and left ventricular 
hypertrophy to destroy pain receptor or fibers due to stretch of the 
ventricle. The central center could also be abnormal. Temporary 
psychological changes in pain threshold are probably acting to distract the 
central center or to suppress it with different types of feedback. It is 
known that there are feedback mechanisms that decrease the pain perception 
with chronic high input. Possibly hypertension and left ventricular 
hypertrophy work in this manner. Misinterpretation of pain is also a 
significant problem. It is well kno wn that a patient may use denial or may 
misinterpret the pain as indigestion. However, these are not the only 
factors. Half of the patients with silent myocardial infarction did have some 
sy~ptoms, but these were tiredness, fatigue, night sweats, and other symptoms 
that in no way would be construed as cardiac in nature. 
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Sub-threshold effort has already been discussed. Unstable angina will be 
discussed later . It is possible that these may be related to pain 
perception. From other · types of pain, we know that pain perception is 
dependent not only on the intensity of the pain stimulus but also on the 
frequency of that stimulus. If cardiac pain was transmitted on a beat by beat 
basis, then a slower heart rate could lower the frequency sensory input. This 
lower frequency might not be sufficient to trigger the recognition of pain. 
This is an interesting hypothesis. It could explain the fact that 
administration of beta adrenergic blocking agents in acute myocardial 
infarction markedly reduces the pain reported by the patient . An additional 
factor is chronicity of pain causing a feedback that alters the pain threshold 
to that stimulus. This feedback could explain why hypertension and left 
ventricular hypertrophy have an increased incidence of silent ischemia. 

Table 7. Causes of Silent Ischemia 

Abnormal pain perception 
Decreased sen~c~y input to pain center 

Diabetes melliLc ' 
Polyneuropathies 
Cardiac transplantation 
Myocardial infarction? 
Hypertension? 
Left ventricular hypertrophy? 

Altered pain threshold in pain center 
Permanent 

Stroke 
Increased threshold - individual variation 
Other neurologic syndromes? 

Temporary 
Pyschological alterations 
Endorphins? ? 

Due to feed back from chronic stimulation? 
Hypertension? 
Left ventricular hypertrophy? 

Misinterpretation of pain 
Lack of knowledge about pain 
Denial 
Incorrect integration in pain recognition center 

Increased myocardial oxygen demand 
!'ailure to reach pain threshold 

Due to inadequate intensity 
Due to sho rt duration 
Due to both intensity and duration 

Lack of stimulating the trigger that causes pain 
Heart rate?? 

Decreased myocardial oxygen supply 
Psychological triggers 

Mental stress 
Aritlunetic 
Speech making 

Unstable angina pectoris 
Myocardial infarction 
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PREVALENCE OF SILENT ISCHEMIA 

The prevalence of silent ischemia depends on the 
Silent myocardial infarction has best been studied by 
Table 8 shows the percentage of transmural myo cardial 
silent. It is clear that f o r InO'lt age groups the 
myocardial infarctions is 30-35%.2,4,43 

syndrome in question . 
the Framingham study. 
infarctions that were 

incidence of silent 

Table 8. Percentage of Myocardial Infarctions That Were Unrecognized, 

30-44 
45-54 
55-64 
65-74 
75-84 
85-94 

Acc ording to Ag x 

28.6 
17.9 
25.4 
29.1 
41.9 
33 . 3 

* Age at infarction. N Eng! J Med 311:1144, 1984/Kannel 

0.0 
41.2 
30.5 
34.7 
35.7 
45.5 

Silent infarctions, therefo re, account for a sizable percentage of all 
infarctions. The Framingham data may actually underestimate the frequency. 
Patients with recognized infarctio ns had serial hospitalization ECG' s 
reviewed. People with silent infarctions did not have serial hospital ECG's, 
only ECG' s every few years. It is known that 10% of anterior myocardial 
infarctions and 25% of inferior myocardial infarctions can not be determined 
even with serial ECG' s before and two years after an infarction. So, the 
methodology of Framingham would miss these individuals. In addition, 
subendocardial infarctions would not be co\Ulted. Hence, Framingham probably 
underestimated silent myocardial infarction.~,4,43 Cabin and Roberts found an 
almost 50% incidence of silent infarction, but this is probably an 
overestimation, as · this was an autopsy series. Autopsy series must look 
retrospectively at ~story from family and chart and may not pick up 
significant symptoms. Thus it appears that silent myocardial infarctions 
make up about 35% of all infarctions. 

Several studies have looked at silent ischemia during exercise testing. 
Table 9 shows the results of several reports. Clearly about 34% ~f gatients 
with diagnostic ST segment depressio n do not have symptoms. 6 --8 This 
percentage is very similar to that seen with silent myocardial infarctions . 
As these groups are the ones most likely to have pain perception or stimulus 
abnormalitie!'!, it then appears that maybe 1/3 of patients have a defective 
warning system. 
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Table 9. Frequency of Silent Ischemia During Exercise Testing in Patients 
With Coronary Arter~Y~D~1~·s~e~a~s~e~--~------~-~-------------=----------~~--

Patients with Patients without Frequency of 
Author 

B~rtg§66 
R1os 
Piess~ns70 
Allen 1 

Jeline~72 
Bailey 3 
Tonkon74 

Be~g75 
Cole 
Lindse~77 
Selwyn 6 

WeineS79 
Borer 0 

Total 

+ Exercise ECG Chest Pain Silent ST ~ 

135 
24 
26 
24 
71 
24 
59 

102 
295 
122 
100 
146 

34 

1162 

23 
12 

5 
9 

16 
14 
15 
46 
96 
44 
20 
65 

6 

379 

17% 
50% 
19% 
36% 
25% 
56% 
25% 
47% 
33% 
36% 
20% 
45% 
24% 

34% 

The frequency of silent ischemia on Holter monitoring in patients with 
typical angina and coronary artery dise,ilse doc;;4JT1ented by ECG and/or 
angiography are shown in Tables 10 and 11. 4tl-49, 68-llb As can be seen, both 
significant ST segment depression and ST segment elevation are seen in these 
patients. In all series the nwnber of silent events outnwnber the episodes 
with chest pain. 

Table 10. Frequency of Silent ST Segment Depression During Ambulatory ECG 
Monitoring 

Author All Ischemic Episodes Silent Episodes % Silent 

Allen 71 

Schang49 

Selwyg76 
Cocco 1 
Cecchi 46 
Chierchia62 

Deanfieni63 
Ribiero 
von Arn~'g65 
Carboni 

Total 

109 
411 
703 
256 
170 
276 

1934 
92 

165 
65 

4203 

67 
310 
590 
136 
116 
226 

1464 
72 

107 
60 

3150 

61% 
75% 
64% 
54% 
66% 
61% 
76% 
76% 
65% 
71% 

75% 
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Table 11. rre~uen7y of Silent ST Segment Elevation During Ambulatory ECG 

Author 

Cocco8 1 

von Arn~w85 
Carboni 

Total 

Ischemic Episodes 

142 
56 
14 

212 

Silent Episodes 

87 
37 
11 

135 

% Silent 

61% 
66% 
79% 

64% 

Though the majority of episodes of ischemia are silent in nature, there is 
tremendous variability from one patient to another. a our groups of patients 
studied by Cecci and co-workers are shown in Table 12. 4 

Table 12 Ischemic Episodes During Holter Monitoring (39 patients) 

Patients !nl 

Total 

7 
8 

15 
9 

39 

Total 

0 
25 

105 
40 

170 

JAm Coll Cardiol 1:934, 1983/Cecci 

Episodes !nl 
Symptomatic 

25 
29 

54 

Asymptomatic 

76 
40 

116 

Sharma and co-workers studied 15 survivors of out-of-hospital ventricular 
fibrillation in the cath lab. All 15 patients had significant coronary artery 
disease. Nine patients had no prior history of myocardial infarction or chest 
pain. Six patients had a previous history of angina pectoris or myocardial 
infarction. All 15 had exercise tests in the cath lab. Twelve of 15 patients 
had ST depression; the nine patients with no history averaged 1.9 ± 1.4 mm ST 
depression, while the ones with a past history averaged 1.1 ± 1. 2 mm ST 
depression. None of the patients had chest pain. Eleven patients had wall 
motion abnormalities. Thus, it appears that survivors of ventricular 
fibrillation have a very high incidence of silent ische~t and that a 
defective warning system may play a major role in sudden death. 

Though silent ischemia is a very common manifestation in patieAts with 
coronary artery disease, ST depression may also be seen in normals.6 7 , 80 87-93 
Table 13 shows normal subjects, both volunteers and catheterized patients. 
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Table 13. Frequency of ST Segment Depression During Ambulatory ECG Monitoring 
in Normal Subjects 

~o~•r __________ ~C~r~i~t~eur~1~·a~---~N~Ow-~S~u~b~j~e~c~t~sL-__ ~N~o~.~SuT~D~e~p~r~e~s~s,~i~ounL-___ %~~S~T~D~e~p~r~e~s~s~i~o"'n 

Stern8 7 
Allen71 
Crawford88 

Armstr~8g89 
Tanabe 
Quyywni91 
Deanfi7~f2 

Quyyuml. 

Total 

c 
v 
c 
v 
v 
v 

80V,20C 
c 

17 
5 

31 
50 
18 

120 
100 

26 

367 

C - catheterized; V - normal volunteer 

3 
0 

12 
15 

0 
10 
21 

6 

67 

As can be seen, ST segment depression is not very specific, 
normals can be found to have episodes of ST segment depression. 
use of silent ischemia as a screening technique is not of benefit 
worth the cost. 

PR0GNOSIS or SILENT ISCHEMIA 

18% 
0% 

39% 
30% 

0% 
8% 

21% 
23% 

18% 

as 18% of 
Hence, the 
and is not 

The prognosis of silent ischemia is dependent on the situation or 
condition in which it is found. The Framingham study has described the 
outcome of patients with recognized and silent myocardial infarctions. 2, 4• 43 

Tables 14 and 15 show the ten year, age-adjusted incidence of cardiovascular 
events and cardiovascular deaths by sex of the patient. 

Table 14. Ten Year Age-Adjusted Percentage Incidence of Cardiovascular Events 
Among Subjects with Recognized and Unrecognized Myocardial 

Cardiovascular Event 

Angina pectoris 
Recurrent infarction 
Stroke 
Cardiac failure 

~iovascular Event 

Angina pectoris 
Recurrent infarction 
Stroke 
Cardiac failure 

Men (Age 33-87*) 

% (no. at risk) 
Unrecognized Recognized 

14.2(107) 
19.0(123) 
14.2(117) 
19.5 (115) 

23.4 (136) 
22.2(248) 

7.7(236) 
14.6(228) 

Women (Age 47-88*) 

% (no. at risk) 
Unrecognized Recognized 

13.9 (65) 
17.6 (77) 

6 . 6 (70) 
9. 7 (67) 

16.8 (47) 
24.7 (94) 
12.7 (86) 
16.6 (77) 

Risk Ratio 

0.5** 
1.0 
1.5 
1.4 

Risk Ratio 

0.7 
0.5** 
0.4 
0.5 

* Age at first infarction; ** p<0.05. N Eng! J Med 311:1144, 1984/Kannel 
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Table 15. Ten Year Age-Adjusted Percentage Incidence of Cardiovascular Deaths 
Among Subjects with Recognized and Unrecognized Myocardial 
Infarctions 

Men (Age 33-87*) 

!::!lent Unrec_o_gni zed ll.es::og:ni;u:!i ll.i:!k ll.ati& 
No. at risk 123 248 

All deaths 50.0 39.2 1.2 
Cardiovascular death 38.0 29.0 1.2 
Coronary heart death 26.1 26.5 1.0 
Sudden cardiac death 9.5 11.9 0.6 

Women (Age 47-88*) 
No. at risk 77 94 

All deaths 34.2 38 . 7 0.7 
Cardiovascular death 21.3 29.4 0.5** 
Coronary heart death 20 . 0 21.7 0.6 
Sudden cardiac death 5.2 5.3 0 . 8 

* Age at first infarction; ** p<0.05. N Engl J Med 311:1144, 1984/Kannel 

Men appear to have as high or higher a risk after silent myocardial 
infarction as after a recognized myocardial infarction . In men, only angina 
pectoris has a lower incidence. However, angina pectoris may be absent due to 
altered pain perception. It makes sense that silent infarctions may be 
followed by silent ischemia. Women, on the other hand, have a lower risk of 
events and death after a silent myocardial infarction as compared to a 
recognized myocardial infarction. Women have a different prognosis when it 
comes to many categories of coronary artery disease, as well as different 
prevalences and risks. 

Deanfield and co-w;rkers have described a patient who had increasig~ 
episodes of silent ischemia, until the time he had a myocardial infarction. 
This case probably represents a patient with stable angina who develops 
unstable or pre-infarction angina and then goes on to develop a myocardial 
infarction. Hence, it appears that silent ischemia could be a marker in 
unstable angina fo~ a poor prognosis. Gottlieb and co-workers have shown this 
to be the case.9 4 -~ 7 They studied patients admitted to the coronary care unit 
with unstable angina pectoris. They gave the patients triple anti-ischemic 
therapy consisting of nitrates, propranolol (160 mg/day or more), and 
nifedipine (80 mg/day). They then performed 48 hours of Holter monitoring. 
Of the 70 patients studied, 37 showed ischemia lasting for more than one 
minute on Holter monitoring and 33 patients showed no ischemia. In the 37 
patients showing ischemia, the mean duration of ischemia was 20 minutes. 
There were 205 episodes of ischemia in these patients, and 90% of the episodes 
were silent. Twenty-nine of the 37 patients (78 %) had only silent ischemia, 
while eight had both silent ischemia and clinical ischemia. Table 16 shows 
the outcome in these patients. Figures 16 and 17 show the 30 day differences 
in probability of not having a cardiac event between no silent ischemia and 
silent ischemia and between less than 60 minutes of silent ischemia per 24 
hours and greater than 60 minutes of silent ischemia per 24 hours. It is 
apparent that silent ischemia increases cardiovascular risk in this subset, 
and the ·more the silent ischemia the more the risk . 
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Table 16. Clinical Outcomes During One Mo nth Among Patients With and Without 
Silent Ischemi 

Total Silent Is c hemia No 
Quts;:Qme !:!Q {N J7l 

Myocardial infarction 7 6 
CABG or PTCA 13 10 

for symptoms 

Total 20 16 

N Engl J Med 314:1214 , 1966 / Gottlie b 
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Figure 17. Kaplan-Meier actuarial curves comparing the probability of not 
e xpe riencing unfavorable clinical outcomes over 30 day" for tho9e with <6 0 
minutes per 24 hours of silent ischemia and for those with >60 minutes per 24 
hours of silent ischemia. Those with longer total ischemic durations had a 
worse prognosis (p ~ 0.04). N Engl J Med 314:1214, 1966/ Gottlieb 
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Gottlieb ha~ done a two year follow-up of this original group of patient~ 
and has shown that the patients with silent ischemia had a ~gch higher 
incidence of death and myocardial infarction as shown in Figure 18. 
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Figure 18. Kaplan-Meier curves showing probability of survival without 
myocardial infarction for 70 patients with unstable angina - 37 with and 33 
without silent ischemia on Holter monitoring. The patients with silent 
ischemia had a higher rate of death or myocardial infarction than those 
without silent ischemia (p <0.01). JAm Cell Cardiel 10:756, 1987/Gottlieb 

Nademanee and co-workers reported the follow-up of patients with unstable 
angina. Twenty patients had no ischemia after treatment, and only one patient 
had a cardiovascular event - acute myocardial infarction. l!:ighteen patients 
had greater than 60 minutes of silent ischemia, only one was alive and well; 
11 patients had CABG for continued pain, one had angioplast;, and five had 
acute myocardial infarctions (two died, two required CABG) . 9 Hence, silent 
ischemia a~sociated with unstable angina has a very poor prognosis, probably 
similar to patients who continue having unstable angina in spite of therapy. 

Bonow and co-workers described 59 patients with coronary artery disease 
who had a significant decrease in ejection fraction with exercise and ST 
segment changes; 43 had angina and 16 had silent ischemia. Three ve~sel 

disease was found in 51% of the patients with angina and 56% of the patients 
with silent ischemia; left main disease was found in 26% of the angina 
patients and 13% of the silent ischemic group. The angina pati1!'?lts had 7% 
death~ as compared to 13% deaths in the silent ischemia group. Several 
investigators have found a higher one year mortality rate in patients with 
silent ST segment changes during exercise testing as compared to those with no 
ST segment changes. Mortality rates with silent ischemia were 27%, 12%, 10%, 
and 22% for four investigators; the mortality rates for patients with no 
ischemia by the same investigators were 2%, 0%, 7%, and 0% 
respectively.l00-104 Giagnoni reported a ten year survival for patients with 
silent i~chemia on exercise testing and no ischemia on exercise 
testing .105- 106 The ten year mortality for silent ischemia was 16. 5%, while 
it was 3% for no ischemia patients. Assey and co-workers reported 22% 
incidence of acute myocardial infarctions over 30 months in patients with 
silent ischemia versus a 4% incidence in those with angina studied in the same 
manner. Falcone and co-workers found that the survival curves were identical 
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ischemia .114-115 Dipyridamole Thallium scans and dipyridamole 
echocardiY1~aphy tests can also be u s ed to identify patients with silent 
ischemia . Thus, identificatio n of silent ischemia patients is not 
difficult; it just takes time and effo rt and expense. The techniques are the 
same as for coronary artery disease in general. 

TREATMENT OF SILENT ISCHEMIA 

Nitrates - There have been many trials using nitrates in the treatment of 
silent isc hemia. Shell, in a single blinded pilo t study in eight patients 
reported that transderrnal nitroglyc erin reduced the number of episodes of 
silent ischemia per 24 hours from 5. 3 ± 3 . 3 episodes to 0. 8 ± 1. 2 episodes. 
The mean duraii' Qn p~r 24 hours was reduced from 95.8 + 87.0 minutes to 17 + 
27.1 minutes. }-ll~ In an unpublished, double-blinded placebo controlled 
trial, Shell has told me that there wa s abo ut a 60 % reduction in episodes and 
duration of silent ischemia. Pepine and co-wo rkers have shown that 
intravenous nitroglycerin can imprY28 ejection fraction and decrease wall 
motion abnormalities significantly. Pepine and co-workers have reported 
that hourly sublingual nitro glycerin tablets reduced the number of e_p

2
isodes 

from 3. 5 with placebo to 0. 5 per 24 ho urs with nitroglycerin.lZl-lZ< Von 
Arnim and Erath have shown in a double blinded crossover trial that silent 
ischemia was, reduced from 2. 4 episodes per day to about 0. 8 episodes per dy2~ 
both with isosorbide mononitrate 20 mg TID and 50 mg sustained release. 
Schneeweiss and Marmor placed eight men on nitroglycerin patches who were on 
standard therapy; all eight were on calcium antagonists, and six were also on 
beta blockers. Standard therapy was continued, and a nitroglycerin patch 20 
to 30 mg/da y was added. The number o f silent ischemia episodes was reduced 
from 9.25 ± 5.52 to 2.4 ± 2.0 episodes. Th~ max imum ST segment depression was 
reduced from 3.1 ± 0. 7 to 0. 9 ± 0. 7 mm . l 24 Thus, it appears that nitrate 
therapy can reduce the number, duration, and severity of episodes of silent 
ischemia. 

Beta blocking agents Sev eral trials have been reported with beta 
adrenergic blocking agents. Oakley and co-workers found in a group of six 
patients that propranolol reduced the number of silent ischemia episodes from 
30 to 11 t<l.th propranolol 160 mg/day. This was not statistically 
significant . lZS-12 6 Gottlieb and co-workers randomized 81 patients with 
unstable angina to a four week course o f propranolol 1 60 mg/ day or more versus 
placebo. All patients were o n vasodilator therapy. There were no differences 
in mortality, need for PTCA or CABG, or myocardial infarctions. Patients 
receiving propranolol had less rest angina. The number of episodes of silent 
ischemia were significantly reduced from 3. 8 ± 0. 7 with placebo to 2. 0 ± 0. 5 
episodes with propranolol. The mean duration of ischemia was reducid from 104 
± 28 minutes with placebo to 43 ± 10 minutes with propranolol. 12 7 - 28 Dargie 
and co-workers studied 16 outpatients using Holter monitoring on placebo and 
propranolo l 240 mg/day and 480 mg / day. Pro pranolol significantly reduced the 
number of episodes fro, 11 ~ ty ~ess than 4.0 per 48 hours. This was a very 
well controlled study . 2 '1 8 - 2 Cohn and co-workers hav e shown that with 
silent ischemia during exercise testing in eleven patients, 15 of 18 regions 
had decreased regional ejectio n fra c tions with radionuclide imaging. After 
propranolol only 6 of 18 regions sho wed decreases in regional ejection 
fraction. 130 Imperi and co-workers hav e shown in nine patient s studied in a 
randomized double-blind crossover fashi o n that metoprolol reduced the number 
of ischemic episodes per 72 hours from 8 ± 2 to 2 ± 2 episodes when compared 
to placebo. The duration of is c hemia li~r 72 hours was reduced by metoprolol 
from ·156 ± 65 to 20 ± 15 minutes . 1 Chierchia and co-workers did a 
double-blind double-crossover f o ur week trial comparing atenolol 100 mg/day 
(two patients had 50 mg/ day) to placebo . All patients had a reduction in 
ischemic episodes and duration of ischemia. The mean number of ischemic 
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episodes was 26 . 4 per 96 hours with plac ebo to 9. 8 episodes with atenolol. 
The total ischemic timf ~er 96 hours was 524.8 minutes with placebo and 143.8 
minutes with atenolol. 3 Thus, beta blocking agents appear to decrease both 
the number of episodes and the total ischemic time of patients with silent 
ischemia in association with unstable angina and chronic angina; wall motion 
abnortMlities were reduced by propranolol. 

Nifedipine - Oakley and co-workers showed that the number of episodes per 
24 hours decreased from 30 to 16 in the six patients studied; this was not 
statistically significant.l25-12 6 Von Arnim and Erath showed that nifedipine 
20 mg TID could reduce the number of episodes of silent ischemia by 56% I~~ 
58% after two and four weeks respectively as compared to pre-treatment. 
Dargie and co-workers studied 16 patients with a double-blind multi-crossover 
trial, comparing placebo to nifedipine 30 mg/ day and 60 mg/day. With placebo 
there were about 11.8 episodes of silent ischemia per day; nifedipine 30 
mg/day lowered it to about 7. 5 episodes _Qet; dar <tlld rj_fedipine 60 mg/day 
lowered it to about 4.2 episodes per day.ln,l25, ~8-lL9, j3 Thus, nifedipine 
can also reduce the number of episodes of silent ischemia and duration of 
silent ischemia. 

Diltiazem - One abstract states that diltiazem can significantly lower the 
number of episodes of silent ischemia.l3 4 

Veraparnil - In a similar fashion, vera,parnil has been shown to reduce the 
frequency and duration of silent ischemia.l28 

Alprazolarn - The duration of silent ischemia has been reduced by 50% in an 
open label study with placebo control by Shell.ll9 

Combinations Dargie and co-workers reported the combination of 
nifedipine and propranolol and has shown that the combination was more 
effective than either drug by itself in reducing both the frequency and 
duratioo of ~il~pt ischemia in a double-blinded, multi-crossover 
trial.l21, 1L5, 12 B-1Z 9 , 133 Schneeweiss and Marmor have shown that 
nitroglycerin patches added to beta blockers and calcium channel blockers 
caused a ftJ.rther significant reduction in frequency and duration of silent 
ischemia . 124 Recently an abstract was presented that showed that nifedipine 
added to nitrate and beta blocker therapy caused a decrease in the frequency 
and duration of silent ischemia. 

Aspirin - One limited trial with aspirin failed to show any reduction 
the frequency or duration.121 

in 

Angioplasty Josephson and co-workers have shown that angioplasty 
eliminated silent ischemia in some patients . Ten of 36 pat i.ents studied 
showed evidence of silent ischemia prior to angioplasty. The ten patients had 
39 episodes, with a total ischemia time of 398 m:i,.nutes. Following 
angioplasty, no patient showed evidence of silent ischemia. 135 

Coronary artery surgery - CABG has been performed on asymptomatic patients 
with low surgical mortality. The J'atients have done well, but there are no 
controls or before-or-after data.l3 

Thus, it appears that silent ischemia can be treated with any therapy that 
has benefit with angina pectoris. Whether mortality or morbidity can be 
changed has not been studied. 
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WHO SHOULD BE SCREENED FOR SILENT ISCHEMIA? 

There are certain groups that should be screened for silent ischemia . In 
general these are high risk patients. These are my recommendations based on 
the limited information that is available. They remain to be proven • 

Patients who should be screened 

1. Patients resuscitated from ventricular fibrillation 
a. Exercise test/stress radionuclide scan - initially, annually 
b. Holter monitor - initially, 6 months, then annually 

2. Patients with previous silent myocardial infarctions 
a. Exercise test/stress radionuclide scan - initially, annually 

3. Patients with diabetes mellitus felt to be at risk 
a. Exercise test/stress radionuclide scan - every two years 

4. Patients with positive exercise test but no pain 
a. Exercise test/stress radionuclide scan - every two years 

High risk every year 

5. Patients with unstable angina pectoris 
a. Holter monitor - as soon as stabilized, 6 months, annually 
b. Exercise test/stress radionuclide scan - 3 months, annually 

6. Other patients with defective warning systems 
a. Exercise test/stress radionuclide scan - every two years 

Patients who should possibly be screened 

1. High risk patients with coronary artery disease 

Patients who should not be screened 

1. General population 

2. Low risk patients with coronary artery disease 

3. As a screening test for coronary artery disease 

CAN TR&ATM&NT Or SILENT ISCH&MIA ALT&R OUTCOM&? 

This is the important question, but there is no information on the 
subject. However, it appears that silent ischemia carries the same risk as if 
the patient were having angina or pain during this ischemia. Angina patients 
with one vessel disease have the same risk as silent ischemia patients with 
one vessel disease, etc. Thus, high risk patients with silent ischemia should 
probably be treated in the same way as high risk patients with pain. High 
risk patients with silent ischemia may well have their life prolonged by 
therapy, just as they would if the same high risk patient had angina. This 
makes logical sense looking at the information, but as I have mentioned there 
is no data to support any conclusion. My personal recommendation is to treat 
silent ischemia in the same manner as you would if the same patient were 
complaining of chest pain. 
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