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It has been a half cen tu ry since Fors sman in 
G e r m a n y in i t i a ted t h e e ra of invasive d iagnos t ic 
cardiology. Fol lowing his courageous lead, f u r t h e r 
def in i t ion of t h e possibilities of ca rd iac ca the te r i -
za t ion occur red in t h e U n i t e d States in t h e ear ly 
1940s. T h e ca rd i ac ca the te r as a d iagnost ic tool 
achieved a d r a m a t i c new p la t eau two decades ago 
in Cleve land w h e n Sones et a l1 real ized t h e po ten-
t ia l for inves t iga t ing coronary a n a t o m y , n o r m a l 
a n d a b n o r m a l , a n d a new era in inves t iga t ional 
card io logy began . 

T h e ca rd iovascu la r ca the te r has also been a n 
equa l ly in te res t ing t he rapeu t i c device. It h a s been 
used to open p a t e n t f o r a m e n ovale in t ranspos i t ion , 
close a t r ia l septa l defects a n d p a t e n t d u c t u s ar ter -
iosus, i n t e r rup t infer ior vena caval r e tu rn in pa -
t ien ts w i th recur ren t p u l m o n a r y embol ic disease, 
a n d t rea t hea r t b lock (in its m a n y forms) w i t h a 
var ie ty of br i l l i an t p a c e m a k e r ca the te r devices. 

A par t i cu la r ly imag ina t ive the rapeu t i c ca the t e r 
app l i ca t ion was i n t r o d u c e d b y Do t t e r a n d J u d k i n s 2 

in 1964 to i m p r o v e per iphera l b lood flow in ar ter ies 
w i th di f fuse a n d discrete arteriosclerotic stenosis. 
T h i s system ut i l ized a coaxial ca the te r system a n d 
t h e p r o c e d u r e was t e r m e d t r ans lumina l angio-
plas ty . T h e i r p ionee r ing efforts were developed fu r -
the r in E u r o p e by m a n y investigators, in pa r t i cu l a r , 
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Zeitler3 in Nuremberg, Griintzig4,5 in 
Switzerland who modified the Dotter 
technique by employing a single cathe-
ter system with a distensible (balloon) 
tip, which achieved great success in 
treating peripheral arteriosclerotic le-
sions (initial patency, 83%; 3-year pat-
ency, 73%). 

In 1976 Griintzig et al6 - 8 fur ther mod-
ified the peripheral angioplasty system 
to perform coronary angioplasty ini-
tially in dogs and subsequently in hu-
man cadaver studies. T h e n in San Fran-
cisco and Zurich, Gruentzig et al9 first 
performed intraoperative coronary an-
gioplasty to examine the technique in 
dilating living h u m a n atherosclerotic 
plaques and determining whether distal 
debris would be produced. (It was never 
noted in these studies.) 

Then following a period of probing 
h u m a n coronary arteries in the cathe-
terization laboratories in Zurich and 
San Francisco measuring pressure gra-
dients across lesions and performin'g 
subselective coronary arteriography 
(without complications). O n September 
16, 1977, in Zurich, Griintzig10 per-
formed the first h u m a n percutaneous 
transluminal coronary angioplasty. This 
technique utilized a guiding catheter, 
through which a dilation catheter was 
passed. T h e dilation catheter then en-
tered the stenotic arterial segment, tra-
versed the lesion under pressure and 
angiographic control and was inflated 
with a pump-controlled pressure of 4 to 
6 atmospheres of pressure. 

Presently, in 19 centers in Europe and 
the Uni ted States, more than 250 at-
tempts have been m a d e to perform per-
cutaneous transluminal coronary an-
giography. In the four major centers 
(Zurich, San Francisco, New York, and 
Frankfurt) more t han 200 cases have 
been submitted to percutaneous translu-
minal coronary angiography with a suc-

cess rate of 65% measured by anatomic 
improvement of coronary luminal ste-
nosis of 85% (mean) to 31% (mean) and 
significant reduction in mean pressure 
gradients measured across the lesions 
following successful "di lat ion". Corro-
borative evidence for clinical improve-
ment following percutaneous translu-
minal coronary angiography was dem-
onstrated by exercise studies (treadmill 
testing or bicycle ergometry) and thal-
lium and wall motion cardiac scintig-
raphy.10"15 

Although restenosis developed in 
about 10% of cases, a larger number 
actually showed improvement in angio-
graphically defined "percent diameter 
stenosis" in later studies compared to 
initial postpercutaneous transluminal 
coronary angiography arteriographic 
definition. T h e explanation for this im-
provement is unclear at present, but 
perhaps is related to healing of the "con-
trolled in jury" (caused by the balloon 
inflation, which leads to circumferential 
compression of the plaque) and leads to 
improved pressure and flow character-
istics of blood passing through the now 
enlarged coronary lumen.1 6 

Complications have occurred. In less 
t han 6% of the series, there has been 
abrup t reclosure of the dilated coronary 
segment, either due to spasm or local-
ized dissection, and has required emer-
gency coronary bypass surgery. Only 
one patient in the entire series died as a 
direct result of the procedure, and death 
was probably caused by dissection of the 
left main coronary artery by the guiding 
catheter. Five other patients in the en-
tire series died days to months following 
percutaneous transluminal coronary an-
giography, and apparent ly in many in-
stances death was unrelated to the pro-
cedure. 

T h e experience in San Francisco is 
illustrated in Table 1. Since the initial 
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Table 1. St. Mary 's Hospital and 
Medical Center; percutaneous 

transluminal coronary angioplasty 
(March 1, 1978 to August 1979) 

Vessels a t tempted 

LCA L A D R C A LCx SVG Tota l 

4 42 16 2 0 64 
Patients, 63 Age range, 26-73 
Men , 49; women, 14 Single vessel, 40 
Postoperative coronary Mult ip le vessel, 23 

bypass graft ing, 7 

L C A = left coronary artery, L A D = left anterior descend-
ing, R C A = right coronary artery, LCx = left circumflex, 
SVG = saphenous vein graft . 

case was performed in San Francisco on 
March 1, 1978, we have a t tempted per-
cutaneous transluminal coronary an-
giography on 63 patients, with an age 
range of 26 to 73 years (mean, 52 years), 
49 men and 14 women, with angina 
pectoris refractory (relatively) to medi-
cal therapy with abnormal treadmill 
test a n d / o r thal l ium cardiac scintigra-
phy. These patients were considered by 
their medical and surgical cardiac phy-
sicians to be candidates for coronary 
artery bypass grafting. In this series of 

63 patients, 40 had single-vessel disease 
and 23 had evidence of significant dis-
ease in more than one vessel. Seven 
patients had had coronary artery bypass 
graft ing with closure of at least one graft 
or progressive sclerosis in the active cir-
culation. Of the 63 patients, there were 
64 lesions "a t tempted" . Thirty-eight 
had the dilation catheter successfully 
pass the lesion and dilate the lumen 
showing at least a 20% improvement in 
percent luminal diameter. Of these 38 
patients, two required emergency by-
pass surgery, one because of localized 
spasm at the site of the lesion and the 
other because of spasm noted in another 
par t of the coronary arterial system (this 
patient had organic and coronary spas-
tic disease). 

T w o patients died in the 17 months 

since our series began. O n e patient (the 
one with both organic and spastic cor-
onary disease) died with Pseudomonas 
septicemia secondary to saphenous vein 
donor site infection 9 weeks postopera-
tively (and postpercutaneous translu-
minal coronary angiography). A small 
subendocardial infarction developed in 
the other patient 2 hours following suc-
cessful percutaneous transluminal coro-
nary angiography (she had undergone 
coronary artery bypass graft ing 6 years 
earlier, which subsequently occluded). 
T w o days later, a l though stable clini-
cally, she underwent elective double cor-
onary artery bypass graft ing and ar-
rested in the operat ing room; she died 
2 days postoperatively. Her postmortem 
examinat ion showed a 5-mm dissection 
in the region of the stenosis, but the 
arterial lumen was still patent . Of the 
25 patients in whom the lesion could 
not be passed with the dilation catheter 
either because the stenosis was too severe 
or the stenotic arterial branch could not 
be entered with the dilation catheter, 18 
have already undergone elective coro-
nary artery bypass graft ing (usually in 
their own "home" centers) and seven 
are await ing elective coronary artery by-
pass grafting. In the restudy period, 
three patients have shown signs of sig-
nificant restenosis, (one, a 73-year-old 
pat ient in whom coronary artery bypass 
graft ing had failed and two others who 
showed progression not only in the di-
lated segments, but also in other areas 
of the coronary arterial system). Twelve 
other patients restudied at 6 to 12 
months postpercutaneous transluminal 
coronary angiography have either 
shown continued patency or actual im-
provement in luminal diameter com-
pared to the immediate postpercuta-
neous transluminal coronary angiogra-
phy arteriograms. 

At present and after our experience of 
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nearly 2 years, there are certain clear 
indications for percutaneous translu-
minal coronary angiography (Table 2). 
We would not recommend percuta-
neous transluminal coronary angiogra-
phy for patients with left main coronary 
artery disease (unless they had post-
coronary artery bypass graft ing with at 
least one patent distal left coronary ar-
tery graft), because three of the five late 
deaths in the entire series occurred in 
patients with left main coronary artery 
disease (perhaps due to coronary 
spasm). We agree that coronary artery 
bypass graft ing is a better form of ther-
apy for these patients in terms of annual 
attrition. 

It should be emphasized that this has 
been a medical-surgical collaborative 
study from its inception and surgical 
s tandby is mandatory. 

Still many questions posed 2 years 
ago remain, al though some can be at 
least in par t answered now: 
1. Does percutaneous transluminal cor-

onary angiography work? Appar-
ently yes. 

2. W h a t is the success rate? Presently 
about 65%, al though improvement 
in technique, technology, and pa-
tient selection should increase this 
percentage in the future. 

3. W h a t are the risks and do they out-
weigh the potential benefits? In a 
single-vessel disease at the present 
t ime the risks are minimal and the 

Table 2. Indications for percutaneous 
transluminal coronary angioplasty 

Single-vessel disease wi th lesions 
P rox ima l 
Concen t r i c 
Discrete 
S u b t o t a l 
Noncalc i f ic 

M u s t be c a n d i d a t e s for co rona ry a r t e ry bypass 
g ra f t ing , surgical s t a n d b y 

Avoid co rona ry spasm 

potential benefits considerable. 
4. Wha t types of patients and how 

many are candidates for percuta-
neous transluminal coronary angiog-
raphy? This is a more difficult ques-
tion. At present, patients with single-
vessel disease who are candidates for 
coronary artery bypass graft ing and 
for whom the procedure has been 
recommended may be candidates for 
percutaneous transluminal coronary 
angiography. How many patients in 
a populat ion would meet these cri-
teria depends upon many factors in-
cluding the age of the coronary pop-
ulation under investigation, aggres-
siveness or conservativeness of the 
local medical and surgical cardiac 
teams. We estimate that in our cen-
ters this percentage varies between 
3% and 15%. 

5. How does percutaneous transluminal 
coronary angiography compare to 
medical and surgical therapy? This 
will be discussed more fully later, but 
briefly, percutaneous transluminal 
coronary angiography is comparable 
in single-vessel disease, but a higher 
mortality was noted in the left main 
artery disease in terms of annual at-
trition (vs. coronary artery bypass 
grafting). 

6. Although it seems apparent why di-
lated arterial segments might de-
velop restenosis, we noted angio-
graphic improvement in many in-
stances, and this observation has 
been corroborated in several centers 
and in both coronary and peripheral 
arteries treated by transluminal an-
gioplasty. T h e cause of this improve-
ment remains the single most provoc-
ative question at the present time. 
There has been considerable interest 
in pathologic investigation of the ef-
fects of percutaneous transluminal 
coronary angiography in h u m a n ca-
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daver hearts,8 '1 7 - 2 1 and an experi-
mental model.22 

Finally, it should be stated that this 
has been a collaborative effort from its 
beginning, with scientists and techni-
cians from independent laboratories in 
Europe and the United States working 
together, sharing information, and help-
ing each other. Now we are joined by 
the resources of the National Institutes 
of Heal th 2 3 to develop a registry to 
gather and tabula te information about 
patients who have been submitted to 
percutaneous transluminal coronary an-
giography so that the procedure can 
continue in a prospective, controlled 
fashion. 
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