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Development of a Simple Device Enabling Percutaneous Flow Regulation
for a Small Vascular Graft: A Blalock-Taussig Shunt Capable of Flow Regulation
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The Blalock-Taussig shunt (BTS) operation has been a cornerstone procedure as the first palliative operation
for congenital heart disease with severely reduced pulmonary blood flow (PBF). Although the ideal PBF pro-
vided by BTS is crucial for an uneventful postoperative course, particularly in neonates and infants with single
ventricular physiology, there are no standardized criteria for selection of the shunt graft size and anastomosis
site. Excess PBF results in acute distress of the systemic circulation, and insufficient PBF requires another BTS
surgery. Adjustment of PBF is a definitive solution for these problems that occur with BTS use. Therefore, we
developed a simple device to percutaneously control the shunt graft flow with a constrictor balloon connected to
a subcutaneous port. The device provided good flow control by inflating and deflating the balloon ex vivo and in
vivo for up to 3 months (in a canine model of replacement of the right carotid artery with a small graft wrapped
with the device). This simple device could enable the regulation of the PBF through a small vascular graft and
help prevent severe morbidity and mortality even in the clinical setting of BTS.
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Fig. 1 Device overview

A 5-mm polytetrafluoroethylene vascular graft was inserted into the specially designed tube- and donut-shaped balloon
connected to a subcutaneous injection port (upper panel). When saline is injected from the port, the balloon expands
inward and the diameter of vascular graft is constricted (lower panel).
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Fig. 2 Ex vivo simulation circuit
Graft flow was controlled by a centrifugal pump
and measured by a magnetic flow meter. Pressure
was defined as a gradient between inflow (P1) and
outflow (P2) of the graft.
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Fig. 3 Flow-pressure relationship of the graft with the device

The balloon volume was changed by injecting 20uL of saline using a microsyringe connected to the balloon. When
140uL of balloon volume was given to the device constricting the $5.0-mm graft, the flow-pressure relationship of the
graft was reduced to the same curve as a $3.5-mm graft without the divice.

Table 1 In vivo Doppler flow characteristic of the right carotid artery distal to the replaced graft equipped

with the device

Immediately after implantation

Balloon inflation

3 months after implantation

- + %Change + - %Change
PSV (cm/sec) 151100 100+80.0* -34.4 110+57.0 171+98.3% +54.3
MV (cm/sec) 85.5+51.3 51.6+39.5% -41.0 61.9+23.1 97.9+53.8* +53.7

*»<0.05 vs balloon inflation (FFOD), #p<0.05 vs balloon inflation (+)
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a) gross appearance

Fig. 4 Explanted device (3 months later)

There was no adhesion or tissue growth in the
space between the graft (A) and the balloon (B):
gross appearance (a) and microscopic view (b).
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