
of angiographic restenosis. Symptomatic restenosis may 
be particularly unreliable in this patient group owing to 
either progression of native coronary and vein graft dis- 
ease or ungraftable vessels. As with native vessel angio- 
plasty, angiographic follow-up is essential to document 
the true restenosis rate in these patients. No previous 
study performed systematic repeat angiography after an- 
gioplasty of IMA grafts. In 3 studies, recatheterization 
was performed in patients with progressive symptoms or 
an abnormal stress test.8J0J’ Shimshak et al8 performed 
repeat coronary arteriography in only 8 of 24 patients 
(33%) at a mean interval of 6.4 months; despite incom- 
plete angiographic follow-up, restenosis was infrequent, 
occurring in only 1 of 8 IMA grafts (13%) restudied. In 
our series, 12 of 13 patients (92%) eligible for long-term 
follow-up underwent repeat coronary arteriography, and 
only 1 (8%) had restenosis. 

Compared with the reported restenosis rates of 38 to 
53% for saphenous vein graft angioplasty,t4-I6 IMA graft 
angioplasty appears to have a significantly better long- 
term outcome. Part of this discrepancy may be related to 
lesion location. In our experience, 93% of the IMA lesions 
involved the distal anastomosis, and restenosis occurred 
in only 1 of these cases. In saphenous vein grafts, Dorms 
et alI5 reported an 80% restenosis rate at the proximal 
anastomotic site and only a 22% rate at the distal anasto- 
motic site. Douglas et alI6 found similar saphenous vein 
graft restenosis rates. Thus, it appears that lesions involv- 
ing the distal anastomosis, whether in saphenous vein or 
IMA grafts, are less prone to restencsis. The explanation 
for this is unclear; however, it may be related to injury 
during mobilization of the graft, faulty anastomotic tech- 
nique, or differing tissue plasticity and healing character- 
istics at anastomoses compared with at other sites.” 

Because of increased mortality and morbidity with 
reoperation, percutaneous revascularization of IMA ste- 
noses appears to be a viable alternative. IMA graft angio- 
plasty is a safe and effective alternative, with an excellent 
early outcome and a low incidence of late restenosis. 

1. Lytle BW. Loop FD, Thurcr RL, Groves LK, Taylor PC, Cosgrovc DM. 
Isolated left anterior deacznding coronary atherosclerosis: long-term comparison 
ofintcnial mammaryartery andvenousautografts. Circulorion 1980;61:869-876. 
2. Barrier HB, Mudd JG, Mark AL, Ahmad N, Dickens JF. Patency of internal 
mammary-coronary grafts. Circularion 1976;54(suppI 111):111-70-111-73. 
3. Barbour DJ, Roberts WC. Additional evidence for relative resistance to athere 
sclerosis of the internal mammary artery compared to saphenous vein when used 
to increase myocardial blood supply. Am J Cardiol 1987;56:488. 
4. Loop FD. Lytlc BW. C&grove DM, Stewart RW, Goormastic M. Williams 
GW, Golding LA, Gill CC, Taylor PC, Sheldon WC, Proudfit WL. Influence of 
the internal mammary artery graft on IO year survival and other cardiac events. N 
Engl J Med ‘986;3’4:‘-6. 
5. Pinkerton CA, Slack JD, Orr CM, VanTassel JW. Percutaneous transluminal 
angioplasty involving internal mammary artery bypass grafts: a femoral ap 
preach. Cafhef Cnrdicwasc Diagn 1987;13:414-418. 
6. Cole G, Myler RK, Stertzer SH, Clark DA, Fishman-Rosen J, Murphy M, 
Shaw RE. Percutaneous transluminal angioplasty of stenotic coronary artery 
bypass grafts: 5 years’ experience. J Am Co11 Cardiol 1987$x8-17. 
7. Pinkerton CA, Slack JD, Orr CM, VanTassel JW, Smith ML. Percutaneous 
transluminal angioplasty in patients with prior myocardial revascularization sur- 
gery. Am J Cardiol 1988;61:15G-226. 
8. Shimshak TM, Giorgi LV, Johnson WL. McConahay DR, Rutherford BD, 
Ligon R. Hartelcr GD. Application of percutaneous transluminal coronary angio- 
plasty to the internal mammary artery graft. J Am Coil Cardiol 1988;12: 
‘205-12’4. 

9. Hill DM, McAuley BJ, Sheehan DJ, Simpson JB, Selmon MR. Anderson ET. 
Percutaneous transluminal angioplasty of internal mammary artery bypass grafts 
(abstr). J Am Coll Canliol 1989;13:22lA. 
10. Bell MR. Holmes DR. Vliestra RE, Brcsnahan DR. Holmes DR. Pcrcutane- 
0”s transluminal angioplasty of left internal mammary artery grafts: two years’ 
experience with a femoral approach. ffr Heart J 1989;61:417-420. 
11. Dimas AP, Arora RR, Whitlow PL, Hollman JL, Franw I, Raymond RE, 
Dorasti K. Simpfendorfer CC. Percutaneous transluminal angioplasty involving 
internal mammary artery grafts. Am Heart J 1991:122:423-429. 
12. Harris PJ, Harrell FE, Lee KL, Behar VS. Rmti RA. Survival in medically 
treated coronary artery disrase. Circulafion 1979;60:1259-1269. 
13. Trask N, Califf RM, Conley MJ, Kong Y,  Peter R, Lee KL, Hackql DB. 
Wagner GS. Accuracy and interobserver variability of coronary cineangiogra- 
phy: a comparison with post-mortem evaluation. J Am Cofl Cardiol 19843~ 
‘145-l ‘54. 

14. Block PC, Cowley MJ. Kaltenbach M, Kent KM, Simpson J. Percutaneous 
angioplasty of stenoxs of bypass grafts or of bypass graft anastomotic sites. Am J 
Cardiol 1984,53:666-668. 
IS. Dorms G, Johnson WD, Tcctdr AJ. Schmahl TM, Kalush SH, Janke L. 
Percutaneous transluminal coronary angioplasty in patients with prior coronary 
artery bypass grafting. J Thorac Cardicuasc Surg 1984;87: 17-26. 
18. Douglas JS, Gruentzig AR, King SB. Hollman J, lschinger T ,  Mcier 9, 
Craver JM. Jones EL, Wallcr JL. Bone DK, Guyton R. Percutaneous transiomin- 
al coronary angioplasty in patients with prior coronary bypass surgery. J Am Coil 
Cardiol 1983;2:745-754. 
17. Tector AJ, Schmahl TM, Jamon 9, Kallics JR, Johnson G. ‘flte internal 
mammary artery graft: its longevity after coronary bypass. JAMA 1981;246: 
2’81-2183. 

Diagnostic Significance of Deep T-Wave Inversion Induced by Exercise 
Testing in Patients with Suspected Coronary Artery Disease 
Taishiro Chikamori, MD, Yoshinori L. Doi, MD, Takashi Furuno, MD, Yoshihiro Yonezawa, MD, and 
Toshio Ozawa, MD 

I n the diagnosis of coronary artery disease (CAD), no 
uniform criteria has been established for T-wave 

changes during exercise testing,1-3 although deep T-wave 
inversion (similar to coronary T wave) often occurs dur- 
ing this test in patients with severe CAD.2 The purpose of 
this study was to evaluate the prevalence and diagnostic 
implications of deep T-wave inversion that appears dur- 
ing exercise testing. 

Seven hundred and thirteen consecutive patients (527 
men and 186 women, aged I4 to 84 years, mean 59) who 
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were suspected of having CAD underwent both exercise 
testing and cardiac catheterization. Three hundred and 
seventy-eight patients (53%) had previous myocardial 
infarction. Two hundred and sixty-nine patients had I - 
vessel, 120 had 2-vessel, 107 had 3-vessel and 42 had left 
main CAD; the remaining 175 had insignificant coronary 
artery narrowings. 

Treadmill exercise testing was performed with the 
patient off cardioactive medications, using a modified 
Bruce protocoL4 Chest pain, ST depression and submax- 
imal heart rate (85% of age-predicted. maximal heart 
rate)5 were regarded as indications for stopping exercise. 
Heart rate, blood pressure, I2-lead electrocardiography 
andsymptoms at rest, during exercise andfor at least the 
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first 5 minutes after exercise were recorded. Electrocar- 
diography soon after exercise was compared with that 
performed at rest for the magnitude of ST depression, 
which was measured at 80 ms after the Jpoint. Further- 
more, the depth of the inverted T wave that appeared 
after exercise was measured, with T-P segment as the 
baseline. An inverted T wave 28 mm was defined as deep 
T-wave inversion. A cutoff point of 18 mm was set 
between previously described negative T waves 15 mm6 
and 110 mm.7 

Coronary angiography was performed in multiple 
oblique projections by the Judkins or Sones technique 
and was interpreted using the the criteria proposed by 
the American Heart Association.6 

Results are expressed as mean f 1 SD. Student’s t 
test was used to compare means of continuous variables, 
and contingency tables were analyzed using a chi-square 
test. Statistical computations were performed using the 
SPSS-PC+ computer program. 

Downsloping ST depression 2 1 mm was observed in 
187patients (26%), of whom 23 (3%) developed deep T- 
wave inversion 28 mm. Inverted T waves 15 and 10 mm 
were observed in 58 (8%) and 13 (2%) patients, respec- 
tively. After a marked ST depression of 2 to 8 mm, deep 
T-wave inversion appeared usually at 2 or 3 minutes in 

TABLE I Clinical Features and Findings of Exercise Testing in 

Patients with Significant Downsloping ST Depression 

Deep T-Wave 
Inversion (+) 

(n = 23) 

Deep T-Wave 
Inversion (-1 P 

(n = 164) Value 

Age (yr) 
Men/women 
Previous MI 
Duration of 

exercise 
(min) 

Chest pain 
HR at rest 

(beats/min) 
HR at peak 

exercise 

(beats/min) 
BP at rest 

(mm Hg) 
BP at peak 

exercise 
(mm Hg) 

HR x BP 
at peak 
exercise 
(x 1,000) 

ST depression 
(mm) 

64 zk 8 
20 (87%)/3 (13%) 

13 (57) 
3.3 ? 1.2 

13 (57%) 
68 2 10 

115 + 22 

144 f 27 138 + 20 

156 f 30 167 f 28 

18 k 5 

4.0 2 1.6 

62 r 9 
124 (76%)/40 (24%) 

76 (46) 
4.4 f 1.8 

90 (55%) 
71 k 12 

128 f 19 

21*5 

2.3 f 1.1 

NS 
NS 
NS 

0.001 

NS 
NS 

0.01 

NS 

NS 

0.003 

<O.OOl 

BP = blood pressure; HR = heart rate; MI = myocardial infarction; NS = not 
significant. 

the recovery period and remained for 2 to IO minutes. 
The depth of inverted T wave reached its maximum at 3 
to 5 minutes (mean 11 f 3 mm). A typical case is shown 
in Figure I. Deep T-wave inversion was observed pre- 
dominantly in leads Vi and V,-, whereas it was not in VI, 
V2 or limb leads (Figure 2). Inpatients with downsloping 
ST depression, the duration of exercise was shorter, 
heart rate at peak exercise was slower and the magnitude 
of maximal ST depression was greater in those with than 
without deep T-wave inversion, whereas age, gender, 
previous myocardial infarction, heart rate and blood 
pressure at rest, and chest pain during the test were 
similar between the 2 groups (Table I). The duration 
of exercise and the magnitude of maximal ST depres- 
sion in patients with inverted T waves 18 and <lo mm 
were similar to those with inverted T waves 15 and <8 
mm, or 110 mm (3.8 f 0.9 us 3.7 f 1.3 and 3.0 f 1.3 
minutes b = not significant (NS)], respectively; and 3.4 
f1.3vs3.4f1.2and4.5f1.7mm[p=NS],respec- 
tively). 
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The relation of the extent of CAD to the type of T- 
wave itwersion is shown in Figure 3. Three-vessel or left 
main CAD was found in 21% of patients. Patients with 
deep T-wave inversion had a higher incidence of 3-vessel 
or left main CAD than those who had downsloping ST 
depression without deep T-wave inversion (83 us 36%;~ 
<O.OOOl); no significant coronary artery narrowing was 
observed in 8% of the latter group (Figure 3). When 
compared with patients who had deep T-wave inversion 
18 and <lo mm, those with inverted T-waves 15 and 
<8 mm had a lower incidence of 3-vessel and left main 
CAD, whereas those with T-wave inversion I1 0 mm had 
a similar incidence (9 of IO us I4 of 35 and IO of 13 
[p = 0.005 and Ns], respectively). When a cutgffpoint 
was determined as 5,8 or 10 mm, inverted T waves 18 
mm had the highest specificity and a positive predictive 
value in identifying3-vessel or left main CAD (Table II). 
Of 23 patients with deep T-wave inversion, 13 hadprevi- 
ous myocardial infarction (3 anterior, 9 inferk and 1 
lateral). Most patients had jr-vessel or left main CAD 
with multiple severe narrowings in the 3 major coronary 
arteries or their branches. Three patients with 2-vessel 
CAD also had 99 or 100% narrowing in the right coro- 
nary artery and severe narrowings at the proximal por- 
tion of the left anterior descending or circumjlex coro- 
nary artery. The remaining patient with 1 -vessel CAD 
had ST elevation followed by deep T-wave inversion and 
was suspected of having vasospastic angina induced by 
exercise testing.8 

The present study demonstrated that although the 
incidence of deep T-wave inversion induced by exercise 
testing was low, it had high sensitivity (99%) and positive 
predictive value (83%) in the identification of 3-vessel or 
left main CAD. Furthermore, patients had multiple se- 
vere narrowings in the major coronary arteries or their 
branches. The depth of inverted T waves was important, 
because only 40% of patients with inverted T waves 15 
and <8 mm had 3-vessel or left main CAD. Thus, positive 
predictive value would decrease to 57% if a cutoff point of 
5 mm was used as the criterion for deep T-wave inversion 
(Table II). Although downsloping ST depression was 
regarded as a marker for severe CAD,1-3 the positive 
predictive value of this marker alone in identifying 3- 
vessel or left main CAD was approximately 40% (half 
that yielded by deep T-wave inversion). Moreover, 8% of 
patients with downsloping ST depression did not have 
significant CAD. The importance of downsloping ST de- 
pression together with early onset and prolonged duration 
was reported previously in detecting 3-vessel or left main 

TABLE II Depths of inverted T Waves in Detecting 
Three-Vessel or Left Main Coronary Artery Disease 

Positive 

Depths of Inverted Sensitivity Specificity Predictive 

T  Waves (%) (%) Value !%I 

210mm 7 99 77 

28 mm 13 99 83 

r5 mm 22 96 57 

Positive predictive value = true positives/true + false positives: SensitiVitY = 
number of true-positive detections/total number of positlves in group tested; SpeCifiC- 
ity = number of true-negative detections/total number of negatiW?s in group tested. 

CAD.9-11 However 3-vessel and left main CAD are not 
uniform in the severity of the disease, because of the 
different severity and site of coronary artery narrowings, 
which influence the outcome of treatment.12y13 Details of 
coronary artery findings were unclear in previous stud- 
ies.9-1 1 Our observation that almost all patients with deep 
T-wave inversion had multivessel CAD with multiple se- 
vere narrowings is particularly important in the clinical 
setting, because these patients are usually regarded as 
candidates for surgical treatment. 

The exercise-induced sequential pattern of ST depres- 
sion was reported by Chahine et all4 to be a specific 
marker for multivessel CAD. Our results are consistent 
with that study. However, that study did not evaluate the 
depth of inverted T waves or its relation to ST depression. 
One may suspect ihat T-wave inversion may be just a 
facet of marked ST depression, because patients with 
inverted T waves had greater ST depression than did 
those without. However, the fact that deep T-wave inver- 
sion 18 mm had a significantly higher predictive value 
for 3-vessel or left main CAD than did T-wave inversion 
<8 mm despite a similar maximal ST depression suggests 
that this was not the case. The present study underscores 
the usefulness of this simple measurement of exercise- 
induced T-wave inversion. The magnitude of ST depres- 
sion, as well as the depth of inverted T waves should be 
focused on in the analysis of standard exercise testing. 
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Increase in Platelet Support of Thrombin Generation After 
Thrombolytic Therapy 
Ping Chang, MD, David L. Aronson, MD, James Scott, MD, and Craig M. Kessler, MD 

T hrombolytic therapy has been a major advance in the 
treatment of thrombotic diseases, particularly in pa- 

tients with acute myocardial infarction. The multitude of 
effects of fibrinolytic agents on platelets has been re- 
viewed by Caller.’ Increasing evidence shows that platelet 
activation after thrombolytic therapy may have an im- 
portant role in both preventing repcrfusion and inducing 
reocclusion. Platelet activation in vivo has been assessed 
by elevated thromboxane A2 and serotonin, compounds 
released by platelets after activation.2-5 The evidence for 
activation of coagulation includes increases in fibrinopep- 
tide A, thrombin-antithrombin III complex and pro- 
thrombin fragment F1.2.‘j-” Unsuccessful repcrfusion 
and early reocclusion is associated with increased fibrino- 
peptide A in patients with myocardial infarction.6 The 
administration of thrombin or platelet inhibitors, or both, 
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accelerates lysis of thrombi and prevents reocclusion in 
animal modek4J ‘-I3 It was shown that the in vitro treat- 
ment of platelet-rich plasma with fibrinolytic agents 
shortened the time to thrombin generation and that there 
was a parallel decrease in the clotting time.14 In the 
present report, these observations were extended to pa- 
tients treated with recombinant tissue-type plasminogen 
activator (rt-PA). 

Patients (n = IO) with acute myocardial infarction 
were enrolled in the study after giving verbal informed 
consent. A 6 mg bolus of rt-PA was administered, 
followed by 54 mg in the first hour and 40 mg during the 
second hour for a total dose of 100 mg. Patients were 
administered a heparin bolus (5,000 KJ) before the be- 
ginning of the rt-PA infusion, which was followed by a 
continuous infusion of 1,000 W/hour. Patients routinely 
received intravenous nitroglycerin and aspirin. Blood 
samples were collected from patients before and 30 min- 
utes after the beginning of infusion of rt-PA. Samples 
were also obtained from 4 patients 24 hours after the 
commencement of treatment. 
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