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This paper considers abnormalities of flow
patterns in the cervical vasculature due to vary-
ing degrees of jugular venous reflux, and their
influence on cerebral bloodflow studies. Two
commonly encountered patterns are described.
In the first group, the abnormal flow study re-
sulted from reflux of the activity in the left in-
ternal jugular vein. In the second group, the
observed abnormality resulted from reflux of
the activity in the left internal jugular vein, fol-
lowed by flow into the contralateral jugular
vein, most probably through the transverse and
sigmoid sinuses.

The cerebral bloodflow study is a recognized ad-
junct to static scintigraphic examination of the brain
(1). In many centers this study is performed rou-
tinely using rapid-sequential imaging following a
bolus intravenous injection of ?°™Tc-sodium per-
technetate (2). Interpretation of the study is per-
formed by observing the progression of the activity
through the cervical vasculature and the cerebral
hemispheres (3,4). The initial cervical flow is usu-
ally considered arterial, and alterations in this early
phase are interpreted as arterial abnormalities. How-
ever, free passage of the administered radionuclide
in the venous system en route to the heart is impor-
tant in these studies. Venous obstruction to the ad-
ministered bolus will delay—and may alter consid-
erably—the arterial appearance of the tracer. In a
routine clinical setting, the patency of the venous
system is usually assumed since pretesting for this
condition is impractical and probably not warranted.
The recognition, however, of abnormal venous flow
patterns in the neck during the early part of a cere-
bral bloodflow study is important to avoid misinter-
pretation of the findings.

Demonstration of varying degrees of reflux in the
internal jugular veins, and of the consequences in a
cerebral bloodflow study, is the basis for this report.
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We studied ten patients (eight males and two fe-
males), their ages ranging from 45 to 78 years. Pa-
tients selected for the study exhibited various degrees
of internal jugular reflux as shown on the cerebral
bloodflow study, but none of them had exhibited any
clinical signs or history that might suggest abnor-
mality of the venous return from the upper extremi-
ties.

The study was performed using a Pho/Gamma III
scintillation camera. A parallel-hole low-energy col-
limator was used for the cerebral bloodflow study
and a medium-energy diverging collimator was used
for the subclavian flow study.

All flow studies were performed following a rapid
intravenous bolus injection (1 ml) of 10-15 mCi
of ?mTc-sodium pertechnetate into the left antecubi-
tal vein with the patient in the sitting-up position.
No saline flush was used. The arm was held in a
stretched-out position, anterior and somewhat lateral
to the patient. Polaroid films were exposed at 3-sec
intervals following an initial delay determined by ob-
serving the persistence scope.

Cerebral bloodflow studies were routinely ob-
tained in the anterior projection. The vertex pro-
jection was used in selected cases.

The subclavian flow study was performed in the
anterior projection. The detector was positioned to
optimize visualization of the left subclavian vein,
both jugular veins, and the heart.

RESULTS

Abnormalities observed on the cerebral bloodflow
study due to various degrees of venous reflux can be
divided into two groups:
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FIG. 1. Anterior cerebral flow study in Group 1. Sequential
views from left to right are at 6~9, 10~-12, 13-15, 19-21, 29-31,
and 32-35 sec. Reflux into left internal jugular vein is first seen
at 6 sec; it persists to end of study at 38 sec. Column of activity
terminates abruptly ot midneck. Essentially normal arterial phase
is seen after 18 sec.

Group 1. Reflux in the left internal jugular vein.
This condition is illustrated in Figs. 1 and 2. Fol-
lowing the intravenous administration of tracer, a
column of activity was seen to rise in the left side
of the neck, having a linear configuration with an
abrupt termination. It appeared early, mostly within
the first 3 sec, and persisted for the duration of the
study. The intensity of the activity was much higher
than would be expected if it were arterial. A typical
arterial distribution pattern appeared late (19-21
sec), but the cerebral arteries were poorly deline-
ated, most likely due to the marked delay in circu-
lation time and dispersion of the bolus.

The corresponding left subclavian flow study (Fig.
2) showed a marked reflux into the left internal
jugular vein. Delay in the passage of activity at the
approximate region of the left innominate vein was
clearly seen. Retention of activity in the left internal
jugular and left subclavian veins persisted to the end
of the study at 35 sec.
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Group 2. Reflux in the left internal jugular vein
with crossover to the right. Figures 3 and 4 show an-
terior and vertex cerebral bloodflow studies in a
Group 2 patient. Following tracer injection, the ac-
tivity ascended in the left internal jugular vein,
looped laterally, and then crossed to the contra-
lateral side and descended in the right internal jugu-
lar. The appearance of activity in the arterial system
was markedly delayed. Persistence in the left internal
jugular vein extended to the end of the study at 42
sec. The vertex flow study (Fig. 4) showed the cross-
over from left to right to occur through the transverse
and sigmoid sinuses. A delayed arterial phase was
seen in the last view at 37 sec.

The corresponding left subclavian flow study (Fig.
5) showed marked obstruction to the flow at the
region of the left innominate vein. As a consequence,
reversed flow occurred in the left internal jugular
vein, with crossover through the sigmoid and trans-
verse sinuses as described above. Drainage into the
right heart mainly occurred through the right inter-
nal jugular vein.

None of the above findings for either group could
be reproduced in five normal subjects by varying the
arm position or by inducing a Valsalva maneuver
during the study.

DISCUSSION

The recognition that these patterns are venous
rather than arterial is important to avoid misinter-
pretation of the cerebral bloodflow study. The esti-
mated frequency of this phenomenon in our labo-
ratory is 4 cases out of 1,000.

In differentiating venous reflux from arterial ac-
tivity, the following points should be considered.

1. Venous reflux appears early—frequently
within a few seconds after administration of
the tracer.

2. The intensity of the activity due to venous

FIG. 2. Left subclavian flow study in
Group 1. Sequential views are at 2—4, 5-6,
7-8, 9-10, 11-12, 13-14, 15-16, and
17-18 sec. Following initial delay of pas-
sage at innominate vein, activity is seen
to proceed normally. Marked retention of
tracer is still seen at left subclavian and
left internal jugular veins at end of study
(17-18 sec).
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FIG. 3. Anterior cerebral flow study in Group 2. Sequential
views are at 6-9, 10-12, 13-15, 16-18, 19-21, 22-24, 25-27,
28-30, and 4042 sec. Reflux into left internal jugular vein is fol-
lowed by lateral loop and horizontal crossover into contralateral
side. Marked activity in left internal jugular vein is seen up to
end of study at 42 sec. Arterial phase can be seen at 4042 sec,
and it appears symmetric.

reflux is always much higher than would be
anticipated in an arterial flow.

3. The pattern is typical when the radionuclide
is seen rising on one side of the neck, either
terminating abruptly or crossing over and
descending on the opposite side.

4. The arterial phase is usually delayed.

We do not yet know the cause of the described
finding. Obstruction and diversion of the venous flow
at the region of the subclavian and innominate veins
have been reported in several conditions, such as the
thoracic outlet syndrome (5,6), primary venous ob-
struction of the upper extremities (7,8), aneurysmal
dilatation of the superior vena cava (9,10), or in-
fection and tumors (9). Recent case reports of simi-

FIG. 5. Left subclavian flow study in
Group 2. Sequential views are at 5-8,
12-14, 15-17, 18-20, 21-23, 24-26, 27—
29, and 35-37 sec. Reflux into left internal
jugular vein is seen at 5-8 sec. High-
grade or possibly complete obstruction is
shown at left innominate vein. Activity
descends in right internal jugular vein at
11 sec and reaches right heart by 20 sec.
Tracer retention at left subclavion and left
internal jugular veins is seen to end of
study at 37 sec.
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FIG. 4. Vertex cerebral flow study in Group 2. Sequential views
are at 5-8, 9-11, 12-14, 15-17, 18-20, 21-23, 24-26, 27-29, and
35-37 sec. Ascending column of activity in left internal jugular vein
is seen at 5-8 sec, at internal jugular bulb. Activity then crosses
over through sigmoid and transverse sinuses into right internal
jugular vein. Normal arterial phase is seen in last frame at 35-37
sec.

lar abnormalities on the cerebral bloodflow study
have suggested that this phenomenon may possibly
be due to a Valsalva maneuver (/1) or to mediasti-
nal tumors (12). In all the cases of this abnormality
that we have studied to date, however, no associated
clinical findings were noted. None of the patients
presented with symptoms of the thoracic outlet syn-
drome or symptoms that might suggest isolated ve-
nous occlusion and drainage abnormalities. In all
cases the abnormality was an incidental finding dur-
ing the cerebral bloodflow study. In addition, the
abnormality was seen only when the bolus was ad-
ministered in the left arm. A second injection into
the right antecubital vein resulted in normal flow
studies. Valsalva maneuvers on five normal subjects

‘ .

63



STEINBACH, MATTAR, AND MAHIN

failed to reproduce the previously described abnor-
malities.

Further studies are needed to elicit the mechanisms
that may be responsible for these observations.
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TECHNOLOGIST SECTION
SOCIETY OF NUCLEAR MEDICINE

THIRD ANNUAL WINTER MEETING

February 6-8, 1976

Announcement

Three days of seminars, workshops, and exhibits on all aspects of nuclear medicine.

Continuing education certificates will be awarded.

For further information and registration forms contact:
Technologist Section, Society of Nuclear Medicine

475 Park Avenue South, New York, N.Y. 10016

Chase Park Plaza Hotel

St. Louis, Missouri
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