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Tolerance of the drug was excellent in the present series.

Minor gastrointestinal disturbances have been reported else-
where (Burns, 1969) but were not enoountered by us. Toxic
effects were also slight and transient. The potent hypo-
glycaemic effect of the drug, its prolonged action and relative
freedom from toxicity, together with the wide dose range,
make it an interesting and useful addition to the hypoglycaemic
sulphonylureas.

We are grateful to the sister and staff of the department of
medicine, and to the biochemistry department, St. Finbarr's
Hospital, for their assistance with the project. Daonil (glibencla-
mide) tablets were supplied by Hoechst Pharmaceuticals.
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Trickle Arteriography: Demonstration of Thrombi in the Origin of the
Internal Carotid Artery.
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Summary: Thrombi developing within the origin of the
internal carotid artery may be demonstrated by a slow

trickle injection of highly concentrated contrast medium,
which lingers in pools around the thrombus on the
dependent wall of the vessel. With this technique thrombi
have been detected which could not be visualized on
conventional arteriography because they were obscured by
the density of the vascular shadow produced by the
forceful injection usually employed in carotid angio-
graphy. In addition, trickle arteriography is useful for
assessing the position and extent of atheromatous plaques
and the contrast stasis associated with them.

Introduction
The value of arteriography in the demonstration of vascular
abnormalities has been firmly established for some time,
especially where narrowing of the lumen of the vessel is
associated with signs and symptoms of ischaemia in the
affected part. More recently, attention has been drawn to two
particular aspects of arterial disease. One is the pronounced
reduction of arterial lumen which must occur before flow
through the artery is reduced (Brice, Dowsett, and Lowe,
1964); the other is the association between blockage of small
vessels (due to "micro-embolization") and the presence of an
atheromatous protrusion into the main artery of supply some
way up-stream. The latter association has become increas-
ingly recognized since the direct observation by Ross Russell
(1961) and others of retinal emboli in a patient with carotid
stenosis, and the clinical manifestations of recurrent small
cerebral emboli are now widely recognized. Angiography-
both by direct puncture of the common carotid artery and
arch aortography-is commonly used in such patients.
Though the work of Brice et al. explains the comparatively
low incidence of gross arterial impairment found in these
patients, there are a number in whom the clinical evidence of
ischaemia leads to the expectation of much grosser arterial
disease than is subsequently displayed by oonventional caro-
tid or arch arteriography (Marshall, 1964; Sutton and Davies
1966).

*Consultant Radiologist, North Staffordshire Hospital Centre, Stoke-
on-Trent.

Reappraisal of the technique used in carotid arteriography
suggests that some information about the vessel wall is con-
cealed by the quantity and concentration of the contrast me-
dium used for the procedure. Normally examination of the
vessel in the neck is combined with that of the intracranial
vessels, and appropriate amounts and concentrations of me-
dium are injected to fill the latter vessels. Whereas the
grosser atheromatous impairments of the carotid arteries are
well shown in this way the technique has recently been
refined so that lesser abnormalities -of these vessels can be
demonstrated. In addition to directing the x-ray beam in
such a way as to open out the carotid bifurcation, taking
anteroposterior and oblique views of the neck as necessary,
alterations in the amount of oontrast medium and mode of
injection have been carried out in a deliberate attemrrt to
delineate the wall of the vessel rather than the rapidly flow-
ing blood within it. One outcome of this is the "trickle"
arteriogram, and the procedure and its indications are
described below.

Procedure
Conventional arteriography is first carried out, separate

injections of 10 ml. of 60%"/', Urografin being used for the
production of the anteroposterior and lateral films. The ex-
amination is carried out on a skull table, either with a general
anaesthetic or with neuroleptanalgesia, droperidol and
Operidine (phenoperidine hydrochloride) being used, and the
films are processed in the 90-second machine so that dry films
are available for scrutiny almost immediately. A disposable
needle-connexion set is used (18 gauge) and the artery is
transfixed as low in the neck as possible. A definite "click" is
felt as the needle-tip is withdrawn into the lumen of the
artery, and unless this is felt injections are not carried out.
Introduced in this way the needle usually makes an angle of
about 700 with the line of the vessel, so that it points at the
back wall of the artery rather than along its axis. The lateral
series of films is timed to begin slightly before the end of the
contrast injection, so that the vessel in the neck is displayed
from the needle upward; particular care is taken to display as
much of the neck on the film as possible. The anteroposterior
film series is started just after the end of the injection, the
carotid vessels in the neck not being visible with the 200
projection employed.
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If the intracranial vessels are displayed satisfactorily fur-
ther injections are made. The cone on the x-ray tube is
changed, a parallel one of 3-cm. diameter being substituted
for the original large one, and the tube is centred so that the
beam strikes the neck exactly at the spot where the initial
films show the bifurcation to lie. (This can be equally well
accomplished if the x-ray tube is equipped with light-beam
diaphragms.) The injection syringe is filled with 4 ml. of 76%
Urografin and when the films have been loaded the injection
is slowly carried out, so that the medium is injected over a
period of two to three seconds. The instruction to expose is
given directly before the injection is completed, and a series
of four or five films is taken, with intervals of two to three
seconds between each; the exposures are called by an obser-
ver with a stop-watch. Lateral films are taken first, and
viewed before an anteroposterior series is taken.

If it is decided to perform an anteroposterior series the x-
ray tube is positioned over the patient's chest and directed
upwards for 15-20°. The patient's head and neck are dis-
placed so that the artery of interest is in the centre of the
cassette-box and the light beam directed at the region of the
bifurcation. If the grid is a focused one, failure to move the
neck results in unduly prominent grid lines on the radio-
graphs. It may be necessary to raise the patient's chin for this
series, but this rarely causes any difficulty with the needle
properly placed in the artery.

Results
Comparis,on of the trickle technique with conventional

arteriography suggests that the former has several advantages
in demonstrating intra-arterial stasis and thrombi. In a
healthy carotid artery the dense contrast medium is seen to
spread out along the dependent wall of the vessel (Fig. la) but
has almost completely cleared a few seconds later (Fig. lb).
Where pathological stasis exists, possibly in relation to a
plaque of atheroma, this is well shown (Fig. 2a, b and c) and
its persistence noted on the films taken in the next 8 to 10
seconds. The most striking advantage of the trickle technique
is in the demonstration of intra-arterial thrombi; Fig. 3
shows a large thrombus which was found by this technique,
and Fig. 4a shows a moderate-sized thrombus at the internal
carotid artery origin which could not be visualized on the
films taken with a conventional injection (Fig. 4b).

Occasionally irregular thrombi are outlined by a coating of
contrast medium, which persists for a number of seconds on
their surface (Fig. 5a and b). The presence of large athero-
matous plaques can be shown equally well with conventional
arteriography as with the trickle technique, but the latter gives
a much clearer impression of the degree and extent of stasis
associated with the plaque (Fig. 6a and b). If the tip of the
needle is adjacent to the posterior wall of the vessel the
contrast medium does not extend far along the anterior
(ventral) wall, and filling of the external carotid vessels may
well not occur.

(a)

(b)

(c)

+- FLOW

End of injection

4 sec. later

8 sec. later

FIG. 2 a, b and c.-Pathological intra-arterial stasis demonstrated by
trickle arteriography. Traces of medium are seen lingering in the artery 8

seconds after the end of injection.

- ~~~~~~~FLOW

FIG. 3.-Large thrombus at the origin of the internal carotid artery
demonstrated by trickle arteriography.

FLOW -( (a)
Trickle
injection

(b)
Conventional

injection

FIG. 4 a and b.-Trickle injection (a) demonstrates the presence of a
rounded thrombus at the origin of the internal carotid artery which
cannot be detected on the films taken with a conventional injection (b).

- FLOW

End of injection

2sec. later

FIG. 1 a and b.-Trickle arteriogram: normal appearances. The lower
film, taken 2 seconds after the first one, shows that the contrast medi-
um has cleared almost completely. Note absence of filling of the

external carotid artery.

-f LOW

End of injection

8 soc. later(b)

FIG. 5 a and b.-The large thrombus at the internal carotid origin is
shown coated with contrast medium 8 seconds after the trickle injection.

BSmm
MEDICAL JOURNAL 575

(t)

(b)

... I-9,,I.. : F

mF-,_

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5709.574 on 6 June 1970. D
ow

nloaded from
 

http://www.bmj.com/


576 6 June 1970 Trickle Arteriography-Hugh MEDICAL JOuRNAL

- FLOW

(a)
Conventionot arterioqrom

(b)
Trickle arteriogrom

FIG. 6 a and b.-Large atheromatous plaques are shown equally well by
conventional (a) and trickle (b) techniques, but the latter shows the

extent of intra-arterial stasis as well as its persistence.

Complete mixing of the contrast medium occurs sometimes,
and sleeve filling is not obtained. This is usually due to the
needle tip being placed in the rapidly flowing blood in the
centre of the vessel, and can be overcome by advancing the
position of the needle-tip slightly.

Discussion
The success of the technique of arteriography described

here depends on several factors-namely the tendency of in-
travascular contrast media to enter and to linger in the slowly-
moving sleeve of fluid which comprises the boundary
layer of flow in the vessel, and the fact that the origin of the
internal carotid artery is usually dependent during carotid
arteriography. The entry of contrast medium into the boundary
layer of flow depends on both the nature of the medium and
the mode of injection. Highly concentrated media have an
appreciably higher specific gravity (S.G.) than blood (about
1400 compared with 1050), and until thoroughly mixed with
blood they tend to gravitate, or layer, along the dependent
wall of the vessel. Fox and Hugh (1964) pointed out that a
horizontal beam is necessary to detect contrast-layering, and
this is one reason why the technique is successful in carotid
arteriography. In addition to having a high S.G., concentrated
media have a high viscosity, and to this is related their per-
sistence time in the boundary layer, because their removal
from this situation depends on the tractive shear of the
rapidly-flowing blood in the central core of the vessel.
The slow speed of injection is also of vital importance.

Forceful injections cause pronounced local turbulence and
more thorough mixing of contrast media than do slower
injections (Hugh, 1969), and unless thorough mixing is im-
mediate gravitational layering will occur, with subsequent
boundary-layer visualization. Further, injections made with
the contrast jet directed at the vessel wall are more likely to
produce boundary-layer filling, and this is why the needle is
introduced in a near-vertical direction rather than along the
horizontal course of the artery.

In most patients the dependent position of the internal
carotid artery origin results in visualization of the posterior
wall of that vessel, and of the terminal portion of the common
carotid artery, and external carotid filling does not occur. It is
fortuitous that this posterior wall is also the one where
thrombus formation and atheroma tend to occur, probably
facilitated by boundary-layer separation and stasis (Fox and
Hugh, 1966), and if the vessel or patient were rotated it would
not be possible to show the changes at the vessel wall in this
way. Few, if any, routine angiogranis are carried out on other
vessels with a horizontal beam. If this were done similar ar-
terial thrombi would probably be detected at other sites in the
body.

It may appear anomalous that, in this technique designed to
overcome the excessive opacification of the carotid vessels in
conventional angiograms, a contrast medium of even greater
concentration is used. Some boundary-layer filling occurs in
the routine procedure, and can be detected on the later lateral
films, but frequently its concentration is insufficient to give a
clear picture of disease in the presence of confusing shadows
of vertebral bodies, calcified thyroid cartilages, and opacified
branches of the external carotid artery. The use of highly-
concentrated contrast media has been thought to be contra-
indicated in carotid angiography, because high concentra-
tions are known to damage nervous tissue. Provided the
injection is made slowly, however, the rate of iodine passage
through the small vessels of the brain would be lower than in
conventional techniques, and no damage should result. None
of the 12 patients examined in this way have shown any
adverse response, some examinations being performed under
local anaesthesia. Since this article was submitted over 50
patients have been examined by the techniques described, and
no complications have been noted.
The results of the technique described suggest that compli-

cations of arteriography might be more frequently due to
cerebral embolus than has previously been supposed, owing to
the dislodgement of an undiagnosed thrombus during the
initial palpation of the vessel or subsequent squeezing to
arrest bleeding from the puncture site. The friable nature of
the material found within the lumen in relation to atheroma-
tous plaques at operation suggests that embolic complications
of arteriography are in fact surprisingly low. Nevertheless, the
vessel should be palpated gently and punctured as remote
from the bifurcation as possible.

I would like to acknowledge the close co-operation of Dr. E. C.
Hutchinson, Dr. J. R. Heron, and Mr. L. J. Lawson both in
referring these patients for examination and for their description
of clinical and operative findings.
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