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New Calibrated-Leak Microcatheters for Cyanoacrylate
Embolization and Chemotherapy

Charles W. Kerber' and Carl B. Heilman?

A soft microcatheter developed 8 years ago has given
radiologists the ability to explore and treat hypervascular
lesions of the brain and spinal cord [1, 2] and to infuse
chemotherapeutic agents beyond the ophthalmic artery. The
microcatheter had a single lumen and ended in a balloon with
a calibrated leak. If the leak size was appropriate, then the
first part of the injection would expand the balloon; more
pressure on the syringe would cause fluid to leak from its tip.

This system became known as the calibrated-leak micro-
catheter and allowed superselective angiography, and then
delivery of liquid embolic agents or chemotherapeutic agents
close to vascular intracranial [3] and abdominal anomalies
[4]. By 1983, we had used more than 200 of these catheters
in the central nervous system of more than 60 patients without
rupturing any blood vessel [5, 6], but reports by others
showed such rupture to be possible [7-9], and FDA permis-
sion to manufacture the device was withdrawn.

That withdrawal furnished the impetus to improve the orig-
inal prototypical design and to incorporate ideas gained from
others’ experience. This report describes the new calibrated-
leak catheters, discusses the rationale for the changes, and
reaffirms techniques that will enhance patients’ safety.

Materials and Methods

All modifications of the original catheter retain the essential feature
of the prototype: the single-lumen Silastic catheter and the calibrated-
leak balloon at its tip. The catheter is still introduced by injection and
flow guidance through a polyethylene carrier catheter placed as near
the anomaly as is safe [10, 11].

We now make the balloon of latex rather than silicone and vary
the leakage rate to give different responses. The original silicone
balloon changed characteristics when placed in contact with contrast
agent. During prolonged cases, the silicone tip would swell slightly,
partially shutting off the calibrated leak. Then, an attempted rapid
delivery of adhesive without fluoroscopic analysis of balloon size was
more likely to overinflate the balloon and rupture the vessel. Latex is
not affected by contrast agent, and does not change leakage rates
when in contact with contrast agents. In addition, it has a greater
elastic coefficient, that is, the balloon will get bigger and still collapse
to its preinflation size. Thus, a latex balloon of the same size can be

expanded more than twice as large as a silicone balloon, giving the
operator greater flexibility when catheterizing large feeders.

Balloons are made with rapid, regular, or slow leakage rates by
manufacturing balloons with different sizes of leakage holes (fig. 1).
More rapid leak rates allow delivery of adhesive or chemotherapeutic
agents without much balloon inflation and are used in small high-flow
vessels. Slow-leak-rate balloons cause maximal balloon inflation dur-
ing delivery and can thus slow blood flow during delivery into large
vessels. No matter which is used, the primary safety factor is the
direct real-time fluoroscopic visualization of the balloon and runoff
from it during the infusion (fig. 2).

We developed a knotless ligature, a variation of the common
fisherman’s knot, to attach the balloon to the catheter. This is
accomplished by stretching the ligature and tucking it under itself.
Tying this fine latex thread poses quality-control problems for the
manufacturer, but is, we believe, superior to adhesive bonding of
balloon to catheter.

Usage of the system is fully described in the manufacturer's
package insert (Pacific Medical Industries, San Diego, CA 92122).

Results

Catheters were first tested in a circulatory model of bent
plastic tubes and flowing fluid [12] to refine the system. When
the final configuration was achieved, the delivery of cyanoac-
rylate through the catheter was studied using direct vision
and was also recorded on videotape. We attempted on mul-
tiple occasions to trap the balloon in the polymerizing mass
of cyanoacrylate and then to detach the balloon from the
catheter, but we were unsuccessful in trapping the balloon,
probably because we were unable to duplicate exactly the
conditions found in pulsatile human vessels containing circu-
lating blood.

We then began a cautious exploration of human intracranial
vessels. The first two patients, who had four catheters placed
in their intracranial circulation, had no treatment, as final
catheter placement was not considered appropriate. We then
treated six consecutive patients on 14 different occasions,
with satisfactory control of the infusion of embolic material.
One patient had a slightly worsened neurologic deficit, which
improved but did not return completely to normal. His arteri-
ovenous malformation was in and around the motor strip. He
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Fig. 1.—Microcatheter and balloon. A,
Latex balloon is attached to black micro-
catheter with knotless ligature. Multiple
wraps of ligature help prevent inadvertent
detachment of balloon during intracranial
manipulation. B, Pushing on plunger of
syringe attached to proximal end of cath-
eter causes balloon to inflate only slightly,
but fluid can leak to maximal rate of
0.8-1 ml/sec. C, Pushing more vigorously
causes balloon to expand. Fluid continues
to leak from its tip.
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Fig. 2.—Vessel will not rupture unless balloon is inflated to significantly
larger diameter than that of vessel. Using fluoroscope, watch balloon inflate,
and stop inflation when its size barely exceeds vessel's size. A, Balloon (arrow)
is overinflated. Note normal size of vessel distal to balloon. Although one can
often inflate balloons to double diameter of parent vessel, not all arteries will
tolerate such stretching. B, Here balloon expands artery only slightly, yet still

is still functional and at work. One patient with thalamic and
optic radiation lesion developed a partial homonymous field
deficit.

No complications were caused by the new catheter, and it
was our subjective impression that the treatments were car-
ried out with a greater feeling of ease and control when we
compared this device to the old system, which used a silicone
catheter and a silicone balloon.

Discussion

Intracranial embolic techniques are developing surely but
with measured gait. From the first methacrylate spheres in
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obstructs vessel. That degree of inflation can be controlled by fluoroscopic
inspection. C, Frontal, subtraction view of superselective middle cerebral artery
injection. This balloon (arrow) was overinflated accidentally. Shortly after these
films were exposed, patient had subarachnoid hemorrhage. Fortunately, recov-
ery was complete. (Film courtesy of colleague.)

1960 [13] to endovascular intracranial balloons [14], 14 years
passed. Zanetti and Sherman’s [15] human experience was
detailed only in 1972. Our own intracranial treatments were
not reported until 1975 [1]. Since then, fewer than 150
patients appear to have been treated by cyanoacrylate infu-
sion (personal communications, various authors). Progress is
slow because neuroradiologists have shown restraint and
good judgment in choosing their first patients, and few dis-
asters have thus occurred. The critical nature of the end
organ has made us all appropriately cautious. The patient’s
safety depends on many factors, but the one most in need of
improvement is our basic tool, the exploring microcatheter
and its attendant delivery system. The system must be simple,
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so that the radiologist can think about the patient and not
about technique. It must be flexible enough to pass through
tortuous arteries, and it must be reliable. The deposition of
chemotherapeutic agent or, even more, of cyanoacrylate is a
moment of truth—one that can rarely be repeated.

The equipment has steadily improved, has been modified,
and has been simplified [7, 16, 17]. Complications will still
occur, and further design improvements must be expected.
For now, though, the modifications described above have
allowed an improvement in control of both the baseline selec-
tive intracranial angiogram and the deposition of treatment
agent. The operator may now pick the correct balloon leak
rate and size to match his patient’s problem. The use of latex
rather than silicone keeps the delivery rate constant no matter
how long the procedure, giving more confidence and security
to the operator. The result is greater flexibility, more choices,
and ultimately, greater patient safety.
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