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INTRODUCTION AND REVIEW OF THE LITERATURE
Current surgical interest in the treatment of

coronary arterial disease has produced an

increasing necessity for diagnostic procedures that
will demonstrate and localize disease or abnor-
mality of the coronary arteries. Visualizing the
vessels radiologically is a method of potential
value in the evaluation of patients with diseased
coronary arteries, but, to be of use, such a method
must be consistent in results and safe.

Introducing radio-opaque dyes into the coronary
arteries for the purpose of radiological inspection
is not a new technique; Radner in 1945 first
visualized the vessels in man by introducing
" thorotrast" through a needle inserted directly
into the aortic bulb; however, the filling was not
good and the method was not free from compli-
cations. Later, Radner (1948) modified his method
and introduced the dye through a catheter passed
along the radial artery, so that the tip lay in the
aorta. Since then several variations of this
technique have been reported, and in 1952
Di Guglielmo and Guttadauro published their
findings. They used two methods: in a small
group of patients the radio-opaque dye was intro-
duced along a cannula placed in the carotid artery,
but visualization was unsatisfactory and the
technique was difficult and gave rise to complica-
tions; after using it a few times they abandoned
it in favour of Radner's method. The essential
features of this involved passing a catheter through
the radial artery under fluoroscopic control until
its tip lay in the middle or upper third of the
ascending aorta; after the induction of general
anaesthesia the dye was rapidly introduced and
multiple films were exposed in antero-posterior
and lateral planes.
They reported using this method in 146 patients,

and, in obtaining satisfactory results, stressed the
importance of positioning the tip of the catheter
at the level described; too slow an injection

*This review was carried out while the author was a visiting
scientist to the National Heart Institute, Bethesda, Maryland, U.S.A.

produced poor filling and the pathological condi-
tion modified the visualization obtained.
The coronary arteries are occasionally outlined

in angiocardiography; the frequency with which
this occurs diminishes in general according to
whether the dye is injected into the left ventricle,
into the right side of the heart, or into a vein. The
figures in the angiocardiograms (covered by this
review) carried out at the National Heart Institute
are as follows: 11 intravenous, seven right atrial,
and 10 pulmonary artery injections all failed to
give any coronary filling; in 42 right ventricular
injections, the coronary arteries could be seen in
seven instances; the total for "right-sided "
injections is seven positive results in 70 injections.
Injections into the left side of the heart gave better
results, seven out of eight left ventricular angio-
cardiograms and both of the two left atrial injec-
tions demonstrating the coronaries. The diagnoses
and the site of injection in the cases when the
coronary arteries were filled are listed in Table I.
However, even when the coronary arteries are

demonstrated by one of these methods, visualiza-
tion is not good because, at the time the vessels
are opacified, the area in which they are visible
tends to be obscured by dye in the heart. It is,

TABLE I
DIAGNOSES AND SITE OF INJECTION IN ANGIOCARDIO-

GRAMS DEMONSTRATING CORONARY ARTERIES

Case Site DiagnosisNo. ofInjectionDigos
1 Right ventricle Tetralogy of Fallot
2
3
4 ,, ,, Transposition of great vessels
5 ,, ,, Anomalous left coronary artery
6 ,, ,, Congenital aortic stenosis
7 ,, Transposition of great vessels
8 Left atrium Atrial septal defect
9 ,, ,, ,, ,, ,, and pulmonary

stenosis
10 ,, ventricle Atrial and ventricular septal defects
11 ,, ,, ,, septal defect
12 ,, ,, Patent ductus arteriosus
13 ,,, , ,

14 Ventricular septal defect
15 Atrial 9

16 ,, ,, Ostium primum
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KINGSLEY LAWRANCE

therefore, impossible to obtain precise information
concerning obstruction or narrowing of the
coronary arteries. For the purpose of investi-
gating coronary artery disease, angiocardiography
is not rewarding and, in this paper, retrograde
aortography is discussed as a method of demon-
strating the coronary arteries, especially with
regard to its fulfilling the criteria of consistency
of visualization and safety.

TECHNIQUE
The technique used at the National Heart Institute

was described by Hilbish and Morrow (1958); a
modified Lehman catheter is introduced into either
the radial or ulnar artery near its origin from the
brachial artery; under fluoroscopy the catheter tip
is placed just above the aortic valve ; with general
anaesthesia, 70°o "urokon " is injected at a dose rate
of 1.2 ml. of dye per kg. body weight. A Gidlund
(Elema) power injecting syringe is used and this
delivers approximately 50 ml. of dye through a No. 9
catheter in less than a second. A hand syringe is
used in children under 10 years of age. Antero-
posterior and lateral films are exposed at rates of
from three to six per second as indicated, using a
Schonander angio unit; the exposure times vary
between 1/10 and 1/60 second. The E.C.G. and
pressures are monitored.

Certain points in the technique deserve further
comment. Maintaining the catheter tip in an exact
position is sometimes difficult because during the
injection it may move as much as 4 to 5 cm. away
from the valve; commonly when the catheter is
placed so that the tip, under fluoroscopy, seems to be
just above the valve, on the aortogram films it is
shown to be in the proximal third of the ascending
aorta, a few centimetres from the valve. Di Guglielmo
and Guttedauro (1952) stressed the importance of the
position of the catheter in obtaining good filling of
the coronary arteries, and in their experience the best
results were obtained when the tip was placed in the
middle or upper third of the ascending aorta. Contrary
to these findings, the best filling in the present series
was obtained when the catheter tip was located either
immediately above the valve or in the proximal third
of the ascending arch. Good visualization was still
obtained with more distal injections, suggesting that
precise location of the catheter although desirable may
not be essential (provided it is not grossly misplaced).
This is probably related to the rapid rate of injection
provided by the Gidlund syringe of approximately
twice that available in Di Guglielmo and Guttadauro's
series.

MATERIAL
The films on which this review is based were

obtained from aortograms carried out on patients
during the course of diagnostic investigations; 60
aortograms were carried out on 55 patients; in 10
instances pathology of the sinuses of Valsalva or the

coronary arteries were the indication for the aorto-
gram; the diagnoses in all cases are listed in Table 11.
The ages ranged from 3 months to 62 years of age,
but the majority of patients were under 30 years of
age ; 35 of the patients were males and 20 were
females.

TABLE II
DIAGNOSES OF PATIENTS UNDERGOING RETROGRADE

AORTOGRAPHY

Case
No. Diagnosis No. of

Cases

I Coarctation of aorta .. . 14
2 Rupture of sinus of Valsalva to right side of heart 8
3 Aortic insufficiency... 6
4 Patent ductus arteriosus..6
5 Ventricular septal defect..3
6 Aortic aneurysm .. .
7 Aortico-pulmonary window . ...
8 Aortic stenosis 2
9 Mediastinal tumour .. .
10 Anomalous left coronary artery I
11 Anomalous right .. ..
12 Bicuspid aortic valve.
13 Endocardial fibroelastosis I
14 Tetralogy ofFallot..
15 Mitral stenosis and atrial septal defect ..
16 Occlusion of left carotid artery
17 Pulmonary stenosis
18 Truncusarteriosus... 1
19 Undiagnosed.

ANATOMICAL NOTE
For the purpose of identifying the coronary arteries

and their branches, the classification of Banchi (1904)
was used; apart from some minor changes in
nomenclature it is the same as that described by
Di Guglielmo and Guttadauro (1952). The vessels
that are described below are shown diagrammatically
in Fig. I and IA.
RIGHT CORONARY ARTERY.-From its origin in the

right sinus of Valsalva to the inferior border of the
heart, it gives off the following branches:

(1) Right conus branch to the pulmonarv artery
and aorta ; this vessel has been visualized in lateral
films only.

(2) Anterior branch to the right atrium; this branch
was only visible in the antero-posterior films.

(3) Anterior branch to the right ventricle; this is
also known as the preventricular artery and has onlv
been visualized in lateral films.

(4) Right marginal; known also as the branch to
the acute margin, this vessel runs along the lower
border of the heart towards the apex.
The second part of the right coronary artery, which

runs on the posterior aspect of the heart, gives the
following branches:

(5) Posterior descending artery; this vessel supplies
small branches to both ventricles, but mainly the
right; it is also known as the posterior interventricular
branch.

(6) Posterior branch to the right atrium.
(7) Posterior branch to the left ventricle.
(8) Posterior branch to the right ventricle; this

vessel was never visualized in this series of firns.
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CORONARY ARTERIOGRAPHY

ANT.-POST. ANT.-POST.
FIG. 1 FIG. lA

FIG. 1.-The coronary arteries and branches (antero-posterior view): 2, anterior branch to the right atrium; 4, right marginal; 5, posterior
descending artery; 6, posterior branch to the right atrium; 7, posterior branch to the left ventricle; 9, anterior descending artery; 10, left
conus branch; 11, left branches; 13, circumflex artery; 14, anterior branch to left atrium; 16, left marginal; 17, posterior branch to the
left ventricle; 18, posterior branch to the left atrium.

FIG. 1A.-The coronary arteries and branches (lateral view): 1, right conus branch; 3, anterior branch to the right ventricle; 4, right marginal;
5, posterior descending artery; 6, posterior branch to the right atrium; 7, posterior branch to the left ventricle; 9, anterior descending
artery; 10, left conus branch; 11, left branches; 12, septal branches; 13, circumflex artery; 14, anterior branch to the left atrium;
16, left marginal.

LEFF CORONARY ARTERY.-This almost immediately
divides into two branches:

(9) The anterior descending artery (or the anterior
interventricular); this supplies both ventricles, but
mainly the left, and gives off the following branches:

(10) Left conus branch to the pulmonary artery.
(11) Left branches; these vary in number from one

to six and run towards the apex of the heart, supplying
the left ventricle.

(12) Septal branches to the interventricular septum;
again these vessels are variable in number and are
only seen in lateral projections.

(13) The circumflex artery crosses the left border of
the heart and runs in the atrio-ventricular groove;
it gives rise to these branches:

(14) Anterior branch to the left atrium.
(15) Anterior branch to the left ventricle; this vessel

has never been visualized on the radiographs in this
series.

(16) Left marginal branch (or branch to the obtuse
margin); in some descriptions of the coronary arteries
this vessel is included with the previous one as a
further anterior branch to the left ventricle.

After giving off the left marginal branch, the
remainder of the circumflex artery is usually known
as the second part, or sometimes as the posterior
ventricular artery; it gives the following branches:

(17) Posterior branch to the left ventricle.
(18) Posterior branch to the left atrium. Both these

vessels have only been seen in antero-posterior films.

RESULTS
Sixty aortograms were carried out on 55

patients; in seven instances (11.7%) there was no
visualization of the coronary arteries; a technical
fault (the position of the catheter) was considered
to account for three of these failures; in a further
three the catheter position and the diagnosis both
militated against filling, and in one, a patient in
whom the right sinus of Valsalva had ruptured
into the right ventricle, the lesion alone was felt
to explain the failure.

In 18 (or 29.9%) filling was present but was
considered to be poor; that is, the main arteries
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were partially or completely filled, but no branches
were seen; in the case of the left coronary artery
this meant that the origin of the anterior
descending and circumflex branches were seen.

Breaking down the causes in the same way as in
the previous group, the catheter position was the
sole cause in two aortograms, the diagnosis and
the catheter position were held responsible in five
cases, and in 10 the abnormality was felt to
provide an explanation. The diagnoses in these
10 cases are listed in Table III.

TABLE I 1I
DIAGNOSES RESULTING IN POOR FILLING

No. of No. of
Patients Aortograms Diagnosis

2 2 Rupture of sinus of Valsalva to right
ventricle

1 2 Fistula between right coronary artery
and right ventricle

1 Fistula between right coronary artery
and right atrium and aortic insuffi-
ciency

2 2 Aortic insufficiency
2 2 Patent ductus arteriosus
I I Diagnosis not clear, but a large left-

to-right shunt possible through an
aortico-pulmonary window

In both groups, when it was considered that
the position of the catheter tip accounted for the
absence or paucity of filling, its situation was

always most unfavourable; for example, in one
case it was in the pulmonary artery (having crossed
an aortic-pulmonary window during the injection),
and in another it was in the descending aorta.
When the diagnosis was also felt to be partially
responsible, the catheter tip usually lay in the
middle third of the ascending arch, so that it is
possible that, had the tip been closer to the valve,
better filling would have been obtained. It is
possible that the poor filling was due in one case
to the use of a hand syringe rather than a power
syringe for the injection.
Although the filling of the coronary vessels was

poor, in five of the 18 it was considered that the
visualization was adequate to show abnormalities
of the anterior descending and circumflex branches
of the left coronary artery and the main vessel
itself in the case of the right coronary artery.
From the point of view of diagnostic adequacy,
therefore, this group can be reduced from 18 to
13 (21.6%).
In the remaining aortograms, 33 in all (54.8%),

good filling was obtained, and, in more than half,
the number of branches filled and the clarity with
which they were visualized justified classifying the
filling as excellent. The vessels which were seen
and the number of occasions on which they were

seen in the whole series are listed in Table IV.
Representative examples of films obtained are

TABLE IV
VESSELS SEEN AND NO. OF OCCASIONS SEEN IN WHOLE

SERIES

A B C D

Right coronary artery .. 34 (56 4%) 40 (66-4%) 41 (68-1%)
Second part of R. coronary 23 (38-2%) 28 (46-5%) 30 (49-8%)
Right conus branch* 18 (30 0%/) 18 (30 0%)
Ant. branch to R. atriumt 6 (10-0%) 6 (t0-00%5o)
,, ,, , ,,Iventricle* 13 (23-8%) 13 (23-8%)

Right marginal branch . 15 (24-9%) 17 (28-2%) 20 (33-2%)
Post. descending branch .. 7 (11-6%) 12 (20-0%) 14 (23-2%)

branch to R. atrium 3 (5-0%) 5 (8-3%.) 7 (11-6%)
,, " L. ventricle 5 (8 3%) 7 (11-6%) 9 (15-0%)

Left coronary artery .. 38 (63-1%) 37 (61-4%) 40 (66-4%)
Ant. descending branch .. 37 (61-4%) 35 (58-1%) 39 (64-7%)
Left conus branch .. .. 20 (33 2%) 8 (13-3%) 21 (34-8%)

9 branches .. .. 29 (48 1%Y) 18 (30-0%) 30 (49-8%)
Septal branches* .. .. 18 (30-0%) 18 (30-0%)
Circumflex branch .. 38 (63-1%) 34 (56-4%) 40 (66-4°/)
Second part of circumflex.. 29 (48-1%) 27 (44-8%) 33 (54-8%.)
Ant. branch to L. atrium .. 6 (10-0%) 9 (15-0%1:) 11 (18-3%)
Left marginal branch 25 (41-5%°) 25 (41-5%) 31 (51-6%)
Post. branch to L. atriumt 7 (11-6%) 7 (11-6%)

ventriclet 15 (24-9%) 15 (24-9%)

A, Name of artery. B, Number of times visible in antero-posterior
view. C, Number of times visible in lateral view. D, Total number
of times seen.

* These branches are seen only in lateral films. t These branches
are seen only in antero-posterior films.

shown in the reproductions in Figs. 2 to 8.*
Excluding the 10 patients with coronary artery
abnormalities, the distribution of the branches was
typical in all instances and there was no example
of predominance of one or other coronary artery
in this series.
One patient died as a result of retrograde aorto-

graphy, which gives a mortality rate in this series
of 1.8 % ; the aortogram was carried out on this
patient to exclude a ruptured sinus of Valsalva;
during the injection of the dye the heart went into
ventricular fibrillation and could not be resusci-
tated; at necropsy, mitral stenosis and an atrial
septal defect were found. The aortogram films (see
Fig. 2 and 2A) showed no abnormality of the
aortic sinuses, but the coronary vessels, which were
well filled, demonstrated arteriosclerotic changes,
especially in the left coronary artery. Apart from
the 10 patients whose primary lesion was an
abnormality of the coronary vessels or of the
sinuses of Valsalva, this is the only patient in the
series in whom a lesion of the coronary arteries
was apparent at coronary arteriography; however,
in a group of patients of this type (see Table IT)
this is not surprising.

In three patients the E.C.G. showed short
periods of asystole starting with the injection of
dye and lasting three to six seconds; normal
rhythm returned spontaneously in each case.

*In the course of reproduction from the original radiographs,
some detail is lost, so that in some instances arteries that are visible
on the films cannot be identified in the reproductions.
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CORONARY ARTERIOGRAPHY

Fio. 2

FIG. 3

FIG. 2.-Coronary arteriogram (A.P. view)
showing arteriosclerotic changes in vessels.
Arteries demonstrated are the right coronary
and second part, and left coronary artery,
anterior descending with left branches and
left conus branch; circumflex (also second
part), left marginal branch, posterior branch
to the left ventricle.

FIG. 2A.-Lateral view of Fig. 2. The same
vessels are seen, except that the left branches
of the anterior descending and the posterior
branches to the left ventricle are not shown.

FIG. 3.-Coronary arteriogram (A.P.) showing
fistula between right coronary artery and the
coronary sinus or right atrium. Branches of
left coronary artery demonstrated are the
anterior descending with left branches and
left conus branch; circumflex, including the
second part.

Fio. 2A
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FIG. 4

Flo. 4B

FIG. 4.-Coronary arteriogram (A.P.) exposure
a sec. after injection. Compare the filling
with Fig. 4A taken at 1 sec. The right
coronary artery is completely filled at 1 sec.,
and the second part of the circumflex branch
of the left coronary is now visible. Arteries
demonstrated are the right coronary and
second part; left coronary, anterior descend-
ing, the left branches and left conus branch;
circumflex (and second part); left marginal
branch.

FIG. 4A.-See Fig. 4.

FtG. 4a.-Lateral view of Fig. 4A. Arteries
demonstrated are the right coronary and
second part; left coronary, anterior descend-
ing, left branches, and septal branches;
circumflex (and second part) and left mar-
ginal branch.

FIG. 4A
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FIG. 5.-Coronary arteriogram (A.P.) at 11 sec.;
compare with Fig. 5A at 2L sec.; in the latter
the right coronary artery and most of its
branches are filled, and the circumflex
branch is better seen, although the origin of
the left coronary artery is obscured by the
descending aorta. Arteries demonstrated
are the right coronary artery and second
part; right marginal branch, posterior,
descending branch, posterior branch to the
right atrium, posterior branch to the left
ventricle; left coronary, anterior descending;
circumflex (and second part) and left
marginal branch.

FIG. 5

IiIG. 5A
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FIG. 5A.-See Fig. 5.

FIG. 5B.-Lateral view of Fig. 5A. Arteries
demonstrated are the right coro nary and
second part, anterior branch to right ven-
tricle, right marginal branch, posterior
descending, posterior branch to the right
atrium, left coronary, anterior descending,
left branches and septal branches; circum-
flex (and second part) and left marginal
branch. The apparent " anastomosis"
between the termination of the second part
of the right coronary and the second part of
the circumflex is shown in other films in the
series to be due to overlap of the vessels.

FIG. 5B
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FIG. 6

FIG. 7

FIG. 6.-Coronary arteriogram (A.P.). Arteries
demonstrated are the right coronary, anterior
branch to right atrium, second part of right
coronary, right marginal artery, posterior
descending branch, posterior branch to left
ventricle; left coronary artery, anterior
descending branch; circumflex (and second
part), left marginal, posterior branch to right
atrium and posterior branch to left ventricle.

FIG. 7.-Coronary arteriogram (A.P.). Arteries
demonstrated are the right coronary artery
and second part; left coronary artery,
anterior descending with left conus and left
branches; circumflex (and second part) and
left marginal branch.

FIG. 7A.-Lateral view of Fig. 7. Arteries
demonstrated are the right coronary and
second part, right conus branch and right
marginal branch; left coronary, anterior
descending and septal branches; circumflex
(and second part) and left marginal branch.
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CORONARY ARTERIOGRAPHY

FIG. 8.-Coronary arteriogram (A.P.). Arteries demon- FIG. 8A.-Lateral view of Fig. 8. Arteries demonstrated
strated are the right coronary and second part, right are the right coronary and second part, right conus,
marginal branch and posterior descending branch; right marginal and posterior descending branches;
left coronary, anterior descending with left conus and left coronary, anterior descending, septal, and left
left branches; circumflex (and second part), left branches; circumflex (and second part) and left
marginal branch and posterior branch to left marginal branch.
ventricle.

Apart from these three patients and the
one death already referred to, no other compli-
cations occurred as a result of retrograde
aortography.

DISCUSSION
In order to obtain a reasonable assessment of

the diagnostic reliability of coronary arteriography,
several factors must be considered in assessing the
results in the present series. In all instances when
unsatisfactory visualization was attributed in
whole or in part to the pathological lesion, there
was present a left-to-right shunt, an aortic
aneurysm or insufficiency of the aortic valve; all
three of these circumstances provide a run-off
that militates against coronary filling. In the
course of diagnostic investigation of coronary
artery lesions per se the only left-to-right shunt
likely to be encountered is one involving the
vessels themselves, either as a fistula between an
artery and the right heart or as a ruptured sinus
of Valsalva; the present findings indicate that the
abnormal vessels will be demonstrated and that
the normal vessels may also be shown. Few

patients who have an aortic aneurysm are likely
to be investigated for coronary artery disease;
but some with aortic insufficiency may be.

In this series, in the absence of any such run-
off, the coronary arteries were always satisfactorily
filled; because of this it is reasonable to deduce
that under the conditions which would prevail in
applying the technique to the investigation of
coronary artery disease the non-filling and poor
filling rates would be reduced. Also if gross
misplacement of the catheter tip is avoided a
further improvement can be expected. Applying
this reasoning to the results already given, the
incidence of no filling falls from seven (or 11.7%)
to two (or 3.3 %) and the incidence of poor filling
is reduced from 18 (or 29.9%) to 11 (or 18.3%),
some of which might still be adequate for
diagnosis. Probably even better results than this
would be obtained; Thal, Lester, Richards, and
Murray (1957), using a similar technique, reported
satisfactory arteriograms in 15 out of 18 patients;
but with further experience more consistent results
become the rule so that good coronary arterial
filling may always be expected (Thal, 1958).
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Without making these adjustments the results
compare favourably with those of Di Guglielmo
and Guttadauro (1952), who had no filling in 47
out of 159 aortograms (21 %); also individual
branches were demonstrated more often than in
their series. These differences are presumably due
to technical improvements, especially in the higher
injection rate available.
The absence of complications has already been

noted, and also the fact that in this series one
patient died during the investigation; again, the
lesions in this patient are not likely to be
encountered in investigating coronary artery
disease, so that it is reasonable not to condemn
the method on this account. Adding the two
series mentioned above (in which there was no
mortality) to the current one, the overall mortality
rate is 0.42%.

In reviewing the films, failure of one vessel to
fill in the presence of good filling of the other
was occasionally observed; a more frequent
occurrence was for one of the arteries to be
visible only in one plane (either antero-posterior
or lateral); this, and the fact that some branches
are normally only visible in one plane, indicates
the necessity for bi-plane radiography. Levy,
Hannon, Sprafka, and Baronofsky (1956) describe
an experimental method for visualizing the
coronary arteries; this involved a single radio-
graph exposed synchronously with an injection of
4 to 5 ml. of dye; the timing was arranged so that
the film was exposed when the coronary arteries
were full. Using the Gidlund (Elema) power
injecting syringe and the Schonander angio unit
as already described, film exposure and injection
began at the same instant in obtaining the present
arteriograms; under these circumstances the
vessels filled nearly always in less than three
seconds; there was sufficient individual variation
to indicate that a single-exposure technique would
fail occasionally to synchronize with arterial
filling. Not all branches fill at the same time, and

it was usually necessary to review the whole series
of films to identify all the branches visualized
(see Fig. 4 and 4A, also Fig. 5 and 5A). The
presence of aortic insufficiency produces wide
variations in filling time and provides an added
reason for preferring multiple films to the single-
exposure technique.

This method of coronary arteriography fulfils
the criteria of reliability and safety and should
be a valuable technique in the investigation and
evaluation of coronary artery disease. Demon-
stration of the vessels to the standards shown in
the illustrative Figs. 2 to 8 should provide an
accurate localization of coronary artery obstruc-
tion and a comprehensive picture of the condition
of the vessels; this in turn will allow a precise
and appreciative approach to the surgical problems
posed.

SUMMARY
The results obtained in 60 coronary arterio-

grams (retrograde aortograms) carried out on 55
patients are analysed and discussed. Filling of
the coronary arteries was good or excellent in
54.8%, poor in 29.9%, and absent in 11.7%, but
reasons are advanced for expecting better results
if the procedure is used under the conditions
prevailing in the investigation of coronary artery
disease. There was one death but no other
complications. It is concluded that the method
is safe, reliable, and valuable in the investigation
of coronary artery disease.
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