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Blood Flow in Arteriovenous Shunts:
Observations and Measurements
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The treatment of patients with chronic renal failure by repeated
haemodialysis is now a well-accepted method since the descrip-
tion of arteriovenous shunts by Scribner et at. (1960). There
are many hazards in this form of therapy, and the survival
of a satisfactory functioning shunt is vital to success. An
adequate blood flow is essential for a single dialysis and also
for maintaining patency of the arteriovenous shunt. We there-
fore measured the blood flow in various types of shunts used
in this unit and its variation in differing circumstances.

METHOD

We studied 33 patients with chronic renal failure from a
variety of causes, all being treated with repeated haemodialysis

a Travenol Sarns roller pump2 at various speeds. A satisfac-
tory linear graph was obtained which was then used for the
following observations.

(1) Effect of Dialysis.-Shunt clotting semed to be more
frequent on the day following dialysis; the blood flow was
measured shortly before and shortly after dialysis in 33 patients.
In 20 patients there was an increase in flow which was asso-
ciated with an increase in systolic blood pressure of 5-10 mm.
Hg. Of the remainder 10 patients showed a change in the
opposite direction and in three there was no change. The
group with the most consistent increase consisted of those with
straight radial shunts-that is, 14 out of 17. The rest were
evenly scattered. The type of dialyser or use of a blood pump
had no effect on blood flow.

(2) Effect of Temperature Change Peripherally.-It was our
impression that clotting episodes increased in the winter months
owing to peripheral vasoconstriction. The blood flow was
determined in four brachial shunts and five radial shunts when
the hand was immersed in (1) ice in water at 20 C., (2) hot
water at 480 C., and (3) at room temperature 22° C. The
patients blood pressure was also measured at the same time,
and a long interval between measurements took place in order
to allow equilibrium to become established. The results
(Fig. 2) show an increase in blood flow when the peripheral
temperature decreased. This was associated with a mean
increase in systolic blood pressure of 10 mm. Hg.

(3) Effect of Position of Leg.-It has been suggested that after
the insertion of a leg shunt the patient should remain recumbent
for three weeks (Shaldon, 1968). The blood flow was measured
in leg shunts with the patient's leg either raised or dependent.
There was an increase in blood flow when the leg was depen-
dent, as shown in Fig. 3.

(4) Effect of Position of Arm.-As junior members of dialysis
teams are aware, clotting episodes occur with discomforting
regularity at night-time. The blood flow was therefore
measured in a group of patients with radial artery shunts when
the arm was in different positions. The results are shown in
Fig. 4. The most striking feature is the fall in blood flow

22 "C.

450!

400

3so

300

250

FIG. 1.-Doppler ultrasonic f1ow meter wits tie transiucer
head attached to the Silastic shunt.

either by Kiil dialysers or by Chron-a-coil dialysers. They
possess a mixture of shuntss: (a) standard curved Silastic
shunts in radial, brachial, or posterior tibial arteries similar to
those described by Clunie et al. (1967); (b) straight Silastic
shunts without wings similar to those reported by Ramirez
et at. (1966) in either the radial or the posterior tibial artery.
The shunts were constructed from commercially available
Silastic and Teflon tips.
The blood flow measurements were made with a Doppler

ultrasonic flow meter,' which has the advantage of measur-
ing flow without the need for disconnecting the shunt
(Fig. 1). The instrument was first calibrated in a circuit using

'Doppler ultrasonic flow meter 1503. Marketed by Allan L. Wolff Com-
pany, 2485 Huntington Drive, San Marino, California, U.S.A.

Travenol Incorporated, Morton Grove, Illinois, U.S.A.
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FIG. 2.-Change in flow with associated peripheral changes
in temperature.
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when the elbow is bent; this was more pronounced when the
venous tip was close to the elbow joint.

(5) Comparison of Straight and Curved Shunts.-As both
types of shunt are used in this unit a comparison of blood
flow was made. The blood flow was measured in shunts in
identical situations with regard to site, temperature, and posi-
tion. The results are shown in the Table.

DIscussIoN

The factors influencing blood flow in arteriovenous shunts
have been investigated by Gombos et at. (1967) and by Alfrey

et al. (1967). Gombos et at. showed there was no correlation
between blood flow and size of vessel tip. They also showed
no meaningful correlation between shunt flow and systolic
blood pressure. However, Alfrey et al. stated that there was
an increase in individual shunt flow with an increase in systemic
blood pressure in their patients. The present study confirms
these findings with regard to the effect of dialysis and peripheral
temperature change. Gombos et al. found that flow decreased
and venous pressure increased when the skin overlying the
venous tip was cooled, showing that the vein remains innervated
after insertion of the venous cannula. The increase in systemic
blood pressure in our cases was a cold pressor response.
The increase in blood flow after dialysis, found in the

majority, of cases, does not explain the increased incidence of
clotting episodes on the day following dialysis. One must
suspect other factors, such as heparin rebound, to account for
this phenomenon.
As blood flow increases in leg shunts when the leg is depen-

dent, we have decreased the time for recumbency after insertion
of a leg shunt. The most significant finding with regard to
changes in position of the arm is the decrease in flow when the
elbow is bent. This is exaggerated if the venous tip is close
to the elbow joint. We have supplied some of the patients
with light-weight plastic arm splints for night use in order to
reduce the possibility of shunt clotting. However, we have
found they are very reluctant to wear them.

It has been suggested that shunt flow is greater through
straight shunts than through curved shunts (Hawkins and
Robinson, 1967). The findings in the Table would support
this view though the number of cases is small. This fact and
the greater ease of declotting straight shunts have led to the
routine use of straight shunts without wings in this unit.
The Doppler ultrasonic flow meter has proved a useful

addition to the -unit, not only as a research tool but in routine
use in assessing blood flow in unsatisfactory shunts and after
declotting procedures. The main advantage is the ability to
measure blood flow without interrupting the continuity of the
shunt.

SUMMARY

The blood flow was measured in a series of patients with a
variety of arteriovenous shunts by means of a Doppler ultra-
sonic flow meter. The changes in blood flow in varying cir-
cumstances were associated with changes in blood pressure and
position of the shunted limbs.

We wish to thank Dr. D. N. S. Kerr for his helpful advice and
criticism in preparation of this paper and the Newcastle upon Tyne
Evening Chronicle Kidney Research Fund for the provision of the
Doppler ultrasonic flow meter.
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FIG. 3.-Change in flow with change in position Of eg.
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FIG. 4.-Change in flow with change in position of arm.

Comparison of Straight and Curved Shunts

No. Mean
Type of Shunt of Blood Flow

Patients (ml./min.)

Radial straight .17 284 ± 118 005
Radial curved .5 178± 45 j
Tibial straight 5 214 ± 81 }t-Tibialcurved.3 113± 33 . -0 5
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