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Failure of negative 
dipyridamole thallium 
scans to predict 
perioperative myo- 
cardial ischaemia and 
infarction 

Three cases of  postoperative myocardial infarction are reported 

in patients with normal or fixed defects on preoperative dipyrida- 
mole thallium scans (interpreted as "negative" for active 
cardiac ischaemic risk). All patients were monitored with an 
ambulatory electrocardiographic recorder from the evening 

before surgery through the tirst two postoperative days. Two of 
the patients demonstrated preoperative or early postoperative 

ischaemia, suggesting that the test was a false negative. The 

third patient did not demonstrate ischaemia during the period of  
monitoring, but developed a myocardial infarction during the 
third postoperative day, suggesting progression of  the underlying 

coronary artery disease. Preoperative dipyridamole thallium 

imaging may result in false negative scans in selected high-risk 
populations. 

Le prdsent rapport concerne trois cas d'infarctus du myocarde 
postopdratoire chez des patients avec des scintigraphies au 
thallium avec dipyridamole normales ou avec ddticits fixes en 
pdriode prdopdratoire (interprdtdes comme dtant ~ ndgatif ~ face 
aux risques d'ischdmie cardiaque active). Tousles patients ont 
dtd surveiUds ~ l'aide d'une enregistreuse dlectrocardio- 
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graphique ambulatoire, ~ partir de la veille de la chirurgie 

jusqu 'h latin de la deuxi~me journ~e postopdratoire. Deux des 
patients ont ddmontr~ de l'ischdmie prdopdratoire ou tot dans la 
pdriode postopdratoire, sugg~rant que le test dtait un ~ faux 
ndgatif ~. Le troisi~me patient n'a pas ddmontrd d'ischdmie 
pendant la pdriode de surveillance, mais a ddvdloppd un 

infarctus myocardique au troisi~me jour postopdratoire, sug- 

gdrant une progression de la maladie coronarienne sous-jacente. 
L'imagerie prdopdratoire au thallium avec dipyridamole peut 
produire des scintigraphies faussement ndgatives chez des 
populations sdlectives d haut risque. 

Dipyridamole thallium imaging (DTI) is frequently used 
to detect the presence of marked coronary artery disease in 
patients who are unable to exercise.l Dipyridamole causes 
coronary vasodilatation. This results in the preferential 
distribution of blood to areas supplied by normal coronary 
vessels and unchanged or decreased flow to areas of the 
myocardium supplied by stenotic coronary vessels which 
are already maximally dilatedJ In either case, the 
myocardium perfused distal to a stenosis receives relative- 
ly limited flow, causing a defect to appear on thallium 
imaging. As the vasodilatory effects of dipyridamole 
decrease, coronary blood flow is restored to areas of 
marginal perfusion. The myocardium, if viable, takes up 
thallium, resulting in visible peffusion on subsequent 
imaging. This is referred to as a reversible defect. If the 
myocardium is not viable (i.e., scar tissue from a previous 
infarction) a fixed thallium defect will be seen on subse- 
quent imaging. A normal scan signifies an even distribu- 
tion of flow without apparent defects throughout the 
myocardium. 

Several authors have proposed that DTI provides the 
means for assessing perioperative cardiac risk before 
noncardiac surgery procedures. 2'3 In prospective studies of 
consecutive vascular surgery patients, the presence of a 
reversible defect on DTI was associated with a 30-50% 
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incidence of perioperative cardiac events, with few events 
reported in the group with normal scans or fixed defects. 
Several recent reports, however, have questioned the 
sensitivity of DTI in patients undergoing noncardiac 
surgery. Eagle et al. found five clinical variables (angina, 
age >70 yr., diabetes, Q waves on ECG, and history of 
ventricular ectopy) which could be used to determine 
which patients would likely benefit from preoperative 
DTI. 4 In a series of 200 vascular patients, DTI provided 
additional, predictive information only in those patients 
with one or two of the five clinical variables. 

The presence ofperioperative myocardialischaemia has 
been associated with postoperative cardiac events, s-7 
Because the lack of a reversible defect on DTI is thought 
to represent a low probability of perioperative cardiac 
events in the appropriate population, we suspected that the 
perioperative ischaemia pattern in those patients who 
sustained a myocardial infarction would provide insight 
into the cause of false negative scans. Therefore, we 
retrospectively reviewed our previously reported series of 
patients who were enrolled in a study of perioperative 
myocardial ischaemia between June 1989 and January 
1990. s Eleven patients had a clinically indicated preopera- 
tive DTI which demonstrated either a normal scan or fixed 
defect. Three (3/11) sustained postoperative myocardial 
infarction. The perioperative ischaemia pattern and 
preoperative risk factors in these three patients will be 
discussed. 

Case reports 
Study patients were monitored by calibrated amplitude- 
modulated AECG monitor (SpaceLabs ambulatory ECG 
model 90205, Redmond, WA) with modified bipolar lead 
V 5 and in some cases bipolar lead V 3 from the evening 
prior to noncardiac surgery through the third postoperative 
day. The AECG recordings were analyzed at the end of the 
monitoring period on lead V s for ST segment changes on 
a SpaceLabs FT2000 computerized analysis system and 
24-hour ST-segment and heart rate trends were plotted. All 
changes observed in the trend plots were printed at 25 
mm. sec -I and the ECG strips were reviewed by two 
investigators blinded to clinical outcome. An ischaemic 
episode by AECG criteria was defined as either ->0.1 mV 
horizontal or downsloping ST segment depression or ->0.2 
mV ST segment elevation measured at 60 msec after the 
J-point and persisting for at least one minute. The DTI 
scans were obtained based upon clinical indications and 
performed according to standard protocols using intra- 
venous dipyridamole. 9 Final interpretation of all thallium 
images was determined by one of two attending cardiolo- 
gists, and the results were made available to the anaes- 
thetist. All patients had 12-lead ECGs obtained on the first 

three postoperative days and more frequently as clinically 
indicated. Creatine kinase (CK) was measured every eight 
hours for the first 24 hr, and more frequently as clinically 
indicated (laboratory normal reference range 50-150 
IU. L-I). The CK isoenzyme analysis was performed by 
an electrophoretic method and >2% was considered abnor- 
mal. In consultation with the Division of Cardiovascular 
Medicine, the diagnosis of a postoperative myocardial 
infarction was based upon the presence of the following 
criteria: an absolute elevation of CK > 150 IU. L -l and 
CK-MB >5%, associated with chest pain and/or ECG 
changes. In each case, the opinion of the cardiologist 
involved with the patient's clinical care confumed the 
diagnosis of acute MI independent of the study investiga- 
tors. 

Case #1 

The patient was a 75-year-old white woman scheduled for 
elective hemicolectomy. Past medical history included 
myocardial infarction six and two years before admission, 
diabetes and tobacco use. There was no history of angina, 
but physical activity was limited. The only medication was 
Theo-Dur. ECG revealed normal sinus rhythm with 
significant Q waves in the precordial leads. Admission 
pulse was 108 bpm and blood pressure was 118/70. 

This patient had three of the five clinical variables 
described by Eagle (Q waves, age, diabetes). The surgeon 
obtained a preoperative DTI based upon the clinical 
history. The scan demonstrated a fixed defect. Echocar- 
diography revealed a 39% left ventricular ejection fraction. 

The patient was premedicated with Benadryl 50 mg. 
Monitors included an intraarterial catheter. A lumbar 
epidural catheter was placed and tested with local anaes- 
thetic. General anaesthesia was induced with thiopentone 
and maintained with isoflurane. During the operation a 
mild decrease in blood pressure occurred immediately 
after induction of anaesthesia which was treated with a 
vasopressor. After this, the intraoperative course was 
unremarkable. Tracheal intubation was continued at the 
conclusion of the case. Morphine was given via the 
epidural catheter in the ICU. 

The endotracheal tube was removed on the evening of 
the surgical procedure. On the first postoperative day the 
patient required repeat endotracheal intubation for wheez- 
ing and respiratory distress. The CK-MB isoenzymes were 
obtained every eight hours during the first two post- 
operative days. Peak total CK occurred on the evening of 
the first postoperative day and was 281 IU. L -t with 6.8% 
MB fraction. Independent cardiology consultants diag- 
nosed a sub-endocardial myocardial infarction. The patient 
died six months later of multiple system organ failure. 

Although the patient did not demonstrate a reversible 
defect, she did demonstrate two episodes of ST segment 
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elevation in bipolar lead V 5 associated with heart rates of 
130 bpm during the preoperative period. Myocardial 
ischaemia continued throughout the intra- and post- 
operative period. There was one episode of ST elevation 
during induction which lasted 18 min and was associated 
with a heart rate of 103 bpm. A 40-min episode of ST 
segment elevation occurred on the evening of the day of 
surgery associated with a heart rate of 125 bpm and 
systolic blood pressure of 80-90 mmHg during weaning 
from mechanical ventilation. 

Case #2 
The patient was a 72-yr-old white man scheduled for a 
femoral-popliteal bypass. Past medical history included 
diabetes, hypertension and stroke. The patient had no overt 
signs of coronary artery disease. Medications included 
metoprolol, hydrochlorthiazide, and an oral hypoglycemic. 
ECG revealed normal sinus rhythm with nonspecific ST-T 
wave changes. Admission pulse was 70 and blood pressure 
was 140/80. 

The patient had two of the five clinical risk factors 
described by Eagle (age, diabetes). The surgeon obtained 
a preoperative dipyridamole thallium scan which was 
normal. 

The patient was premedicated with Benadryl 25 mg. 
Monitors included an intraarterial catheter. An epidural 
catheter was placed and local anaesthetic was used for the 
procedure. At the end of the procedure the patient was 
admitted to the ICU and a continous epidural narcotic 
infusion was used for analgesia. Cardiac enzymes obtained 
during the initial 24 hr postoperatively were normal. On 
postoperative day one, the patient developed new ST 
segment depression of at least 2 mm in the precordial leads 
on 12-lead ECG. The ST segment depression persisted 
with new inversion of the T waves anteriorly by the fourth 
postoperative day. Because these changes were not noted 
until the second postoperative day, CK-MB enzymes were 
not obtained until that time. Peak total CK occurred on the 
first set of enzymes and was 467 IU- L -1 with a4.8% MB. 

The patient did not demonstrate preoperative ischaemia. 
The patient had a ten-minute episode of ST segment 
depression on the day of surgery at a heart rate of 88 bpm. 
The patient had multiple episodes of ST segment depres- 
sion on the first postoperative day at similar heart rates 
betweeen 88-92 bpm. On the second postoperative day, 
the patient demonstrated continuous ST segment depres- 
sion. The patient developed chest pain on the third 
postoperative day and required aggressive medical therapy 
for resolution of ischaemia. Although the initial CK-MB 
was 4.8%, it was thought that the peak level occurred 
between the immediate 24 hours postoperatively and the 
second set of enzymes. Because of the initial elevated 
level of CK-MB in combination with classic ECG changes 

and haemodynamic alterations, the diagnosis of a 
postoperative MI was made by the cardiology consultants. 

Case #3 
The patient was a 73-yr-old man scheduled for an elective 
aortobifemoral bypass. Past medical history included 
hypertension, tobacco use and a history of ventricular 
ectopy. There was no overt evidence of coronary artery 
disease. Medications included Theo-Dur. ECG revealed 
normal sinus rhythm with nonspecific ST and T wave 
changes. Admission heart rate was 84 bpm and blood 
pressure was 132/80. 

The patient demonstrated two of the five risk factors 
described by Eagle (age, ventricular ectopy). The surgeon 
obtained a preoperative DTI because of the nature of the 
surgery and clinical risk. The DTI scan was normal. 

The patient did not receive a sedative premedication. 
Monitors included an intraarterial and pulmonary artery 
catheters. General anaesthesia was induced with 
thiopentone and fentanyl and maintained with nitrous 
oxide, fentanyl and isoflurane. The intraoperative course 
was unremarkable. 

The trachea remained intubated in the ICU for four days 
postoperatively because of severe COPD. On the third 
postoperative day, the patient developed frequent 
ventricular ectopy, and CK enzymes were obtained. Peak 
total CK occurred on the evening of the third postoperative 
day and was 674 IU- L -1 with 8.3~ MB. An ECG during 
this episode demonstrated ST elevation anteriorly. 

The patient demonstrated no evidence of pre-, intra-, or 
postoperative ischaemia for the first two postoperative 
days. The patient was not monitored by AECG on the third 
postoperative day due to technical problems. 

Discussion 
We observed three myocardial infarctions in patients who 
did not demonstrate a reversible defect. Two of these 
three demonstrated pre- or early postoperative myocardial 
ischaemia. When interpreting a DTI scan it is important to 
understand that the lack of redistribution signifies no 
differences in flow, but is not specific for the absence of 
myocardial ischaemia. This discrepancy between flow and 
ischaemia can result in the lower predictive value of DTI 
for perioperative ischaemic cardiac events. 

Various technical features of thallium imaging may 
result in normal scans in patients with considerable 
coronary artery disease. Certain anatomical lesions are 
not well visualized on thallium imaging. Bertrand showed 
that DTI often did not identify left main or right coronary 
artery lesions) ~ A normal scan may still Ix~ seen with 
severe triple vessel coronary disease. In such cases, 
blood supply to the myocardium is so marginal that all 
epicardial vessels are maximally dilated, and dipyridamole 
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infusion is unable to alter the distribution of flow. Recent- 
ly, postmortem examination of some patients with normal 
DTI was reported to demonstrate significant coronary 
stenoses in all major epicardial vessels.ll By summarizing 
five clinical reports of nonsurgical patients who had both 
coronary angiography and dipyridamole thallium imaging, 
Okada et al. reported that the overall sensitivity of the test 
for the detection of coronary artery disease was 79% and 
specificity was 95%. 12 In contrast, Mangano et al. found 
the sensitivity of dipyridamole thallium imaging for 
perioperative ischemia and adverse outcomes ranged from 
40-54%, and specificity was 65-71%. 13 Those issues 
imply that some patients with both significant coronary 
artery disease and a high perioperative risk for cardiac 
morbidity may have normal scans on preoperative DTI. 

The predictive value of a test depends upon the prob- 
ability of the disease in the population. Eagle et al. found 
that if a patient exhibited three or more of the clinical risk 
factors, the likelihood of coronary artery disease was high 
regardless of the results of the DTI imaging. 4 They recom- 
mended such patients undergo coronary angiography as 
an initial diagnostic test. This is a classic example of 
Bayesian analysis in which the post-test probability of 
disease depends on the pre-test probability.I4 

The DTI may manifest a fixed defect for patients who 
are at a considerable risk for ischaemia. Fixed defects in 
areas of viable myocardium supplied by arteries with 
marginal flow have been shown to reperfuse either with 
time or after a second infusion of thallium. 15 Although still 
viable, the myocardium has minimal blood flow and risks 
severe ischaemia if stressed. McEnroe et al. reported the 
occurrence of perioperative cardiac events in several 
patients with fixed defects. 16 The patients with fixed 
defects in our study demonstrated preoperative ischaemia, 
suggesting that these defects contained areas of viable 
myocardium. Therefore, as currently performed, DTI will 
sometimes fall to detect important coronary artery disease 
and the potential for ischaemia. In patient #1, with three 
clinical risk factors, the likelihood of a false negative 
dipyridamole thallium scan was high. 

Coronary artery disease may also progress during the 
perioperative period. The majority of myocardial infarc- 
tions in nonsurgical patients are the result of plaque 
rupture and thrombus formation in areas of minimal 
stenosis. 17 Postoperatively, patients are often hyperco- 
agulable. 18 As early as 1938, autopsy studies of patients 
who sustained a postoperative myocardial infarction and 
death were shown to have acute thrombosis and coronary 
occlusion. 19 The occurrence of a myocardial infarction 
several days after surgery may well reflect such an acute 
thrombus formation. 

In conclusion, the perioperative ischaemia pattern lends 

insight into the aetiology of false negative dipyridamole 
thallium scans. We believe that the high incidence of 
myocardial infarctions in our small series of negative 
scans is due to the high-risk nature of this population. Our 
work supports the need for a prospective study of DTI's 
predictive value in patients considered to be at high risk 
and undergoing diverse types of noncardiac surgery. 
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