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Abstract 
Background : The detection of myocardial ischemia after percutaneous transluminal 

coronary angioplasty (PTCA) is important because 30-50 per cent of the patients will develop 
restenosis within 6 months. Symptoms of chest pain and exercise stress test (EST) have 
shown to be less sensitive for detection of ischemia than exercise Technetium-99m Sestamibi 
(Tc-99m MIBI). The purpose of this study was to compare the sensitivity and specificity of 
chest pain, EST and Tc-99m MIBI with coronary angiography (CAG). 

Method : Tc-99m MIBI with SPECT imaging was performed at months 1, 3 and 6 
and CAG was repeated 6 months after successful PTCA. Earlier Tc-99m MIBI and CAG were 
performed in patients with recurrent angina pectoris or suspected restenosis. 

Results : Forty six patients (M 29, F 17) who had undergone successful angioplasty 
were prospectively enrolled. Their mean age was 61 ± 19 yrs. Eighty eight lesions (LAD63%, 
LCX34%, RCA19%) were performed. Lesion characteristics were type A in 9 per cent, type 
in B 30 per cent and type C in 61 per cent. Fifty four per cent of PTCA were performed for 
single vessel disease and 46 per cent for multivessel disease. The mean duration of time 
between PTCA and follow-up CAG was 6.1 ± 2.7 months. We detected restenosis from CAG 
in 58 per cent of the cases. The Tc-99m MIBI had higher sensitivity to detect restenosis than 
anginal pain (85.0% vs 39.4% p < 0.005) or EST (85.0% vs 63.6% p < 0.05) when compared 
with CAG. The overall accuracy of Tc-99m MIBI for the detection of restenosis was 80 per cent. 

C~nclusion : Tc-99m MIBI with SPECT imaging constitutes a better means than 
symptoms or exercise test to detect restenosis after successful coronary angioplasty. 
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Coronary restenosis after percutaneous 
coronary angioplasty (PTCA), occurs in 30 - 50 
per cent of patients within 6 months0-4) after 
successful procedures. Early detection is necessary 
to plan management for early revascularization. 
Coronary angiography (CAG) is the gold standard 
for detection of restenosis. However, it is time­
consuming, costly and associated with risks. Many 
studies have shown the value of noninvasive 
testing, including exercise stress test alone(5,6) 
or in combination with thallium-201 scintigraphy 
(7-10) with radionuclide ventriculography, in 
restenosis after PTCA. 

Technetium-99m Sestamibi SPECT ima­
ging (Tc-99m MIBI) is a new myocardial perfu­
sion imaging agent with physical characteristics 
superior to those of thallium-20101-13). The 
advantages of Tc-99m MIBI tracers over thallium-
20 1 are ready availability, higher resolution, 
shorter half-life and minimal redistribution. The 
usefulness of Tc-99m MIBI for assessing myo­
cardial perfusion has been shown in many circum­
stances(9-26), but reports(27-30) regarding the 
usefulness of Tc-99m MIBI for the detection of 
restenosis after PTCA have been limited. In this 
study, we have evaluated the value of Tc-99m 
MIBI in detecting restenosis after successful 
PTCA by using coronary angiography as a gold 
standard. 

METHOD 
Between November 1995 and February 

1997, patients with successful PTCA in King 
Chulalongkorn Memorial Hospital were enrolled. 
Exclusion criteria were patients who could not 
perform the exercise test, or had an additional 
disease with a negative impact on their life 
expectancy or had severe congestive heart failure 
or serum creatinine levels above 2.0 mg/dl. 
Demographic data of the patients were recorded 
such as risk factors of coronary artery disease, 
indication for PTCA, previous history of myo­
cardial infarction, previous PTCA or coronary 
artery by-pass graft (CABG), results of exercise 
stress test (EST-EKG) and Tc-99m MIBI, CAG 
before PTCA and the details of PTCA procedure. 
Clinical chest pain, EST-EKG and Tc-99m MIBI 
were evaluated at the 4th week, 3rd month and 6th 
month, respectively. The patients who developed 
recurrent chest pain at any time during follow-up, 
would have the. exercise stress test and Tc-99m 
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MIBI as soon as possible. If Tc-99m MIBI showed 
restenosis, CAG was performed promptly. All 
asymptomatic patients would have CAG to 
confirm the diagnosis at the 6th month of the 
study. 

EST-EKG : All patients underwent the 
standard Bruce or Naughton protocol exercise 
testing to a symptom-limited maximum. If the 
patients could not achieve 85 per cent of the 
maximum predicted target heart rate, the test was 
considered inadequate. Each test was classified 
according to standardized criteria applying the 
following interpretation : ( 1) positive, if the ST 
segment depression ~ 0.10 m V from the electro­
cardiograph baseline at 0.08 seconds after the J 
point, or the ST segment elevation ~ 0.10 m V 
from the baseline in the non-Q wave leads; (2) 
negative, if the patients developed neither chest 
pain during exercise nor elicited any significant 
ST segment changes; (3) not interpretable, in the 
presence of left bundle branch block, secondary 
ST segment changes due to left ventricular 
hypertrophy or digoxin intake. 

Tc-99m MIBI : On the same day, an 
imaging protocol involving a low-dose resting 
study was followed by a high-dose stress study. 
The standard doses were 8 to 10 mCi for rest 
and 25 to 30 mCi for the exercise study. An 
interval of 2-hour imaging was recommended 
between rest and stress study. After the resting 
imaging, a symptom-limited treadmill exercise 
was performed and Tc-99m MIBI was injected 
at peak stress. The exercise was continued for 
at least 1 minute after the injection and imaging 
was begun 1 hour after the exercise. 

Interpretation of Tc-99m MIBI 
1. Stress induced reversible filling defect 

defined as myocardial ischemia if there was 
improvement by at least 1 point on the visual 
scale between exercise and redistribution imaging. 

2. Irreversible (fixed) filling defect 
defined as myocardial infarction if there was no 
change of the filling defect between exercise and 
redistribution imaging. 

Evaluation of revascularization after 
PTCA by using Tc-99m MIBI taken in the first 
month after the procedure and categorized as: 

1. Complete revascularization, defined by 
absolute disappearance of myocardial ischemia 
after PTCA. 
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2. Partial revascularization, defined by 
partial improvement of myocardial ischemia after 
PTCA. 

3. Unsuccessful PTCA, defined by deterio­
ration or progression of myocardial ischemia after 
PTCA. 

At the 3rd and 6th month of follow-up, 
Tc-99m MIBI was performed to detect restenosis 
or disease progression by using the following 
criteria 

1. Restenosis, if 
1.1 there was deterioration or progression 

of myocardial ischemia in the territory of the 
dilated vessels after having complete revasculari­
zation 

1.2 there was persistent myocardial 
ischemia and no further improvement after the 
3rd to 6th month 

1.3 there was progression of myocardial 
ischemia (reversible filling defect) to myocardial 
infarction (fixed filling defect) 

2. No restenosis, if 
2.1 there was disappearance or no evidence 

of myocardial ischemia after PTCA. 
2.2 there was improvement or slight 

myocardial ischemia after the follow-up period. 
Coronary angiography : Coronary angio­

graphy was repeated 6 months after PTCA or 
any time if there was evidence of restenosis such 
as recurrence of chest pain or abnormal Tc-99m 
MIBI which suggested restenosis in asymptomatic 
patients. Coronary angiography was performed in 
multiple projections and interpreted visually 
without knowledge of the initial non-invasive test 
results. Restenosis was defined as relapse of a 
previously dilated vessel to a ~ 50 per cent dia­
meter stenosis. 

Statistical analysis 
Variables are expressed as mean ± 

standard deviation and per cent. The sensitivity, 
specificity and predictive values of a test were 
calculated according to standard definitions. The 
proportional t-test for comparing sensitivity, speci­
ficity and predictive values was used and a p value 
< 0.05 was considered statistically significant. 

RESULTS 
Between November 1995 and February 

1997, 46 cases who had undergone 54 successful 
PTCA were enrolled. The baseline characteristics 

of the patients are shown in Table 1. Their mean 
age was 61.3 ± 19.0 years. Eighty five per cent 
of the patients had angina chest pain prior to 
PTCA. Most of the patients received anti-angina 
medications. Angiographic characteristics and 
results are depicted in Table 2. Fifty four per 
cent of the cases were single vessel disease and 
the left anterior descending artery (LAD) was the 
vessel most commonly dilated. More than 90 per 
cent of the lesions were type B and C. Intracoro­
nary stents were implanted in 42 per cent. At 4-6 
weeks after successful PTCA, Tc-99m MIBI was 
performed for evaluating the efficacy of PTCA 
and showed complete revascularization in 32 per 
cent and partial revascularization in 68 per cent. 
None of the patients had any recurrent angina 
chest pain. At the 3rd and 6th month of follow­
up, a non-invasive test was performed for detec­
tion of restenosis. The results are shown in Table 
2. Symptomatic angina pain was found in only 
37 per cent, whereas, positive EST-EKG was 
detected in 45 per cent but 17 per cent of the tests 
couldn't be interpreted. Tc-99m MIBI was the 

Table 1. Baseline characteristic of the patients. 

Characteristics 

Total number of cases 
Total number of procedures 
Total number of dilatable lesions 
Mean age (yr) 
Sex; M: F 
Chest pain prior to PTCA (%) 
Anti-anginal medication 

Nitrates(%) 
Beta-blocker(%) 
Calcium-blocker(%) 

Previous myocardial infarction(%) 
Previous PTCA (%) 
Previous coronary artery bypass graft (%) 
Single vessel disease (%) 
Double vessel disease(%) 
Triple vessel disease(%) 
Type of lesion 

Type A(%) 
Type B (%) 
Type C (%) 

Vessel dilated 
Left anterior descending artery (%) 
Left circumflex artery (%) 
Right coronary artery(%) 

lntracoronary stent implantation(%) 

No. of patients or % 

46 
54 
88 

61.3 ± 19.0 
1.7: I 

85 

83 
57 
24 
30 
20 

2 
54 
33 
13 

9 
30 
61 

55 
29 
16 
42 

PTCA : percutaneous transluminal coronary angioplasty 
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Table 2. Clinical symptoms and results of reste­
nosis test. 

Recurrent anginal chest pain 
EST-EKG 

Positive EST 
Negative EST 
Uninterpretation 

Restenosis evidence from Tc-99m MIBI 
Angiographic-case restenosis 
Angiographic-lesion restenosis 

Per cent 

37 

45 
39 
17 
63 
58 
51 

EST-EKG :exercise stress test using electrocardiograph 
Tc-99mMIBI: exercise stress testusingTechnetium-99m Sestamibi 

SPECT imaging 

most sensitive non-invasive test for detection of 
restenosis. Sixty three per cent of the patients 
showed evidence of myocardial ischemia upon Tc-
99m MIBI. The angiographic case restenosis 
rate was 58 per cent and the lesion restenosis 
rate was 51 per cent. 

The sensitivity, specificity and accuracy 
of Tc-99m MIBI for detection of restenosis were 
84.8 per cent, 71.4 per cent and 79.7 per cent, 
respectively, and had the highest predictive value 
but only sensitivity and accuracy showed statistic­
ally significant differences when compared with 
clinical chest pain and abnormal EST-EKG. 
Positive and negative predictive values of Tc-99m 
MIBI were also higher than chest pain and EST­
EKG with a p value below 0.05. Sensitivity, spe­
cificity, accuracy, positive predictive value and 
negative predictive value are shown in Table 3. 
Table 4 demonstrates the individual vessel sub-
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classified for sensitiVIty, specificity and accuracy. 
LAD was most sensitive for detection of restenosis 
but less specific and accurate when compared 
with left circumflex (LCX) and right coronary 
artery (RCA). 

DISCUSSION 
Restenosis is still the major problem after 

successful PTCA and hence early detection is 
important. Clinical chest pain and abnormal EST­
EKG test are not sensitive enough for this 
purpose. In this study, only 37 per cent of the 
patients with angiographic restenosis experienced 
chest pain. This is similar to previous reports 
(5 ,6, 1 0) and confirmed it to be an insensitive 
marker for detection. The reasons for low inci­
dence of recurrent angina chest pain may be 
symptom unawareness, self-limited activity and 
concomitant anti-angina medications. 

Regarding the EST-EKG test, the sensiti­
vity for detection of restenosis is higher than that 
of clinical chest pain alone (63.6% vs 39.4%) but 
it seems to be lower than that of Tc-99m MIBI. 
Accuracy, positive and negative predictive values 
are also significantly lower than those of Tc-99m 
MIBI. The limitation of EST-EKG interpretation 
of restenosis may lie in the inability to achieve the 
target heart rate due to anti-angina medications, 
abnormal baseline EKG, multivessel disease or 
small side-branches which could not receive 
complete revascularization, moderate degree or 
insufficient stenosis (50-75%) which did not 
produce exercise related EKG changes but led to 
an insufficiency of coronary perfusion. Therefore, 
when comparing EST-EKG alone with Tc-99m 
MIBI, especially for the detection of moderate 

Table 3. Comparison of sensitivity, specificity, accuracy, positive and negative predictive value between 
angina chest pain, EST-EKG and Tc-99m MIDI for detection of restenosis after PTCA by using 
CAG as a gold standard. 

Sensitivity Specificity 

Angina chest pain 39.4 66.7 
EST-EKG 63.6 66.7 
Tc-99m MIBI 84.8* 71.4 

p value < 0.05 
PPV - positive predictive value; NPV - negative predictive value 
EST -EKG - exercise stress test using electrocardiograph 

Accuracy 

50.0 
64.8 
79.7* 

Tc-99m MIBI - exercise stress test using Technetium-99m Sestamibi SPECT imaging 

PPV NPV 

65.0 41.2 
75.0 53.8 
82.4* 75.0* 
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Table 4. Comparison of sensitivity, specificity and 
accuracy of Tc-99m MIBI for detection 
of restenosis in individual vessels (n=84). 

Sensitivity Specificity Accuracy 

LAD 95.2* 60.6 74.0 
LCX 55.6 97.8* 90.8* 
RCA 60.0 100* 95.3* 

p value < 0.05 
LAD -left anterior descending artery; LCX -left circumflex artery; 
RCA - right coronary artery 

degree coronary narrowing, the EST -EKG was 
not sensitive enough to be an early indicator for 
detection of restenosis. 

In this study, complete revascularization 
was achieved in only 32 per cent of the lesions 
performed and the rest only showed improvement 
or partial revascularization. In the previous study 
with EST-thallium 201, the average of complete 
revascularization was 79-86 per cent after PTCA 
(7-9). However, the optimal timing to perform 
perfusion study after angioplasty is controversial. 
In our study, the false positive transient myo­
cardial perfusion abnormality early after revas­
cularization (32% had complete revascularization 
and 68% had partial rervascularization at 4-6 
weeks post PTCA) was demonstrated because all 
exercise-related perfusion scans subsequently 
normalized at 2-4 months. This is presumably 
caused by a delayed return of coronary artery 
perfusion. If the Tc-99m MIBI had been performed 
too early after PTCA, it would have demonstrated 
a false positive result in predicting of restenosis 
(19). Therefore, Tc-99m MIBI probably should not 
be performed earlier than 6 weeks after PTCA. 

For detection of restenosis, Tc-99m MIBI 
had the highest sensitivity, accuracy, positive and 
negative predictive value compared with clinical 

chest pain or EST-EKG alone with a p value below 
0.05. The specificity tended to be higher but 
didn't reach statistical significance. 

When we sub-classified to detect resteno­
sis of individual vessels, LAD had the highest 
sensitivity (95.2%) but lowest specificity (60.6%) 
compared with both LCX and RCA. The result 
may be due to many side-branches, the large area 
of myocardial supply and stent jail or obliterate 
side-branches of LAD. 

Clinical implications 
The clinical implications of Tc-99m MIBI 

for the routine detection of restenosis of patients 
undergoing PTCA remain to be established. 
Certainly, an abnormal non-invasive test resulting 
early after PTCA is an indicator for close clinical 
monitoring in view of the high probability of recur­
rence of symptoms. Tc-99m MIBI imaging should 
be performed (after 6 weeks) in case of highly 
suspected restenosis such as chest discomfort, 
abnormal EST-EKG to confirm the true presence 
of restenosis and consider further management. 
However, the EST-EKG alone is still the first cost­
effective step for screening asymptomatic cases. 

SUMMARY 
Tc-99m MIBI imaging is a better non­

invasive investigation for early detection of 
restenosis after PTCA within 6 months compared 
with anginal chest pain and EST-EKG. Tc-99m 
MIBI imaging has the highest sensitivity for 
detection of restenosis in the LAD distribution 
compared with LCX and RCA, and also it has a 
higher specificity and accuracy for detection of 
restenosis in LCX and RCA compared with LAD. 
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'l::11il1um"l\il"ll'll"l~'\.Jilh LL~:: Tc-99m MIBI L\iltl SPECT imaging L'\.J'!Iru::DDnril~~ ~L~i:l'\.J~ 1, 3 LL~:: 6 LL~::5\il 
~~~'\.JL~DiililhYIL~i:l'\.Jy\ 6 l11m1ln'ilJ'\.J11.Jmruv\l1mm'iL~l.J\1Uli:ln l11D~~Nti'ill1m'l~l.Jofrl'lli:l~LN'\.JL~Diil 

'-lllm,~nYl ~1htJ 46 "lltJ ("'l'ltJ 49, l1l]~ 17) ffilil1um"l'lltJltJLit'I.JL~Diililh~ulilltll.JD~lj'\.JLU'\.Jt.Jmh1<l 
l1mtJLO~tl 69 ± 19 tJ ~l'\.Jl'\.JlillLL\1U~~~l.J 88 lillLL'f'lU~ (LAD 63%, LCX 34%, RCA 19%) ~nMru::'!li:l~Lit'\.JL~i:l\il 
y\~l.JLU'\.JLLl.Jl.J A 9% LLl.Jl.J B 30% LLl.Jl.J C 61% fi:ltJ~:: 54 'lli:l~~Ultil1Lit'I.JL~tl\ililh~u 1 Lit'I.J LL~::fi:ltJ~:: 46 j:j 

LN'\.JL~Diilil1 'l~l.J\1~ltJL~'\.J "l::tJ::L l~lLo~tJ'l::\1-ll~m'lY!luD~l.]'\.JLL~::m"l~\ilm~ lliltJm"l5lii~Lit1.JL~Diilil1 'lLYhnu 6.1 ± 

2.7 L~tl'\.J 'llnnl1Q\ii~Wl.Jlll1m11ill.J.flfDtJ~:: 58 'lli:l~~Ultl Tc-99m MIBI l1ml~1lL'\.JnT~Iil"ll<l\1lnl"llill.J.fl~lnn'il 
mm"lL~l.J\1Uli:lnmh~L~tll (85.0% vs 39.4%, p < 0.005) l11Dm"llll"ll<li'l~1.JilhL'\.J'lJru::DDnril~~ (85.0% vs 63.6%, 

p < 0.05) i'lll~LL~'I.Jill'llD~m"llll"ll'l Tc-99m MIBI L'\.Jnl"llll"ll"l\1lnl"l~u-flLYhnu 80% 

lJYIIf-pj Tc-99m MIBI 1ll-!nl.J SPECT imaging l1l'lll~1lL'\.Jnl"illl"ll<l\1lnl"l~l.J.flmtl\1~~<llnm"iYJll.Ji:l~lj'\.J 
'lltJltJ\1~DiiiL~Diil tiin'ilm"l1orrmm"lL~l.J\1UlDnl11Dm"llll"ll'li'l~1.Jil1'l11.J'!Iru::DDnril~~ 

tll1kl.rqj : Technetium 99-m Sestamibi, nl'lYJll.Ji:l~lj'\.J'lltlltl\1~i:llnL~i:lln, nT'i~l.Jofrl 

lfW"U .rhiml•fl::, 'n~ll i'~o~Yl..,,af;,,., &n.I~'W, ~CU!I::i'fiL'l'l, 
lfn'r11'W, L'n'WioiUIII, 1i\ltf ~,j'fiLQII.I, m1, lf'n!L .. fl1flll, oW~t .. filol~lt11!t 
"fl'l11o11fiL'1111Jm~IL'W'nfl' "I 2544; 84: 307-313 

• l:J"!!1 ~fl'l1l1'l, hwwltJl<'~~\lll<'~~mnr u.~::<ll'!Jl'i"l h1"1'11l1'lu.<'~::'l'l<'~D~LilD~. ml"l'i"1D1~71'T1<~~{ l"lru::u. ~YWI'Tl<~~f 
~\lll<'~~mnr~...,l'iYI!Jl~!J. 
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