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Hydrophilic Coatings Diminish Adhesion of Glue to Catheter: An In
Vitro Simulation of NBCA Embolization

John M. Mathis, Avery J. Evans, Andrew J. DeNardo, Kelly Kennett, Jeff R. Crandall, Mary E. Jensen, and
Jacques E. Dion

PURPOSE: To determine whether new hydrophilic microcatheter coatings exhibit characteristics
that diminish the chance of permanent endovascular glue adhesion during liquid acrylic emboli-
zation. METHODS: Common hydrophilic and nonhydrophilic microcatheters (both flow-directed
and over-the-wire) used in neurointerventional procedures were evaluated in vitro for liquid acrylic
(Histoacryl and Avacryl)–to–catheter bond strength, catheter endovascular friction, and catheter
stretch (tensile strength). Sufficient test repetitions were acquired to achieve statistical signifi-
cance. RESULTS: The bond strength between hydrophilically coated catheters and NBCA was
significantly weaker than between nonhydrophilic catheters and NBCA. Hydrophilic catheter coat-
ing reduced dynamic endovascular friction by 30% to 35%. All flow-directed catheters exhibited
considerably more stretch (less tensile strength) and therefore were more prone to fracture during
withdrawal than over-the-wire systems. Histoacryl bonded to both hydrophilic and nonhydrophilic
catheters with a significantly greater force than did Avacryl. CONCLUSION: Hydrophilically coated
catheters should be less likely to exhibit permanent endovascular fixation during acrylic emboli-
zation because of a weaker catheter-NBCA bond and because of reduced catheter friction (allowing
a larger portion of any applied catheter withdrawal force to be transmitted to the catheter tip with
less force dissipated along the catheter resulting in stretch). A significant difference in NBCA types
(Histoacryl and Avacryl) was discovered: Avacryl developed a significantly weaker bond with all
catheter types.
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Cyanoacrylate tissue adhesives have been in
clinical endovascular use since the 1970s (1).
Original clinical experience was gained with a
vinyl monomer of the alkyl 2-cyanoacrylates,
isobutyl 2-cyanoacrylate (IBCA) (1–7). This
agent became unavailable by the late 1980s
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and was replaced by a similar compound, N-
butyl 2-cyanoacrylate (NBCA) (8–10). At
present, NBCA can be obtained only under the
name Histoacryl (B. Braun, Melsungen, Germa-
ny). A similar preparation was marketed under
the name Avacryl (Tripoint Medical, Raleigh,
NC) but was withdrawn from medical use in
1992.

Liquid acrylics are extremely useful as endo-
vascular embolic agents because of their ability
to create permanent vascular occlusion (6, 7,
11–19). They may, however, be difficult to use
technically as they have a variable and some-
times unpredictable polymerization time based
on the operator selection of an acrylic mix with
either iodinated oil or glacial acetic acid (8, 20,
21). The appropriate choice of polymerization
time depends on a number of variables, includ-
ing the transit time between arterial and venous
elements in the embolic target, the target vol-
ume, the architecture of the target (fistula ver-
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sus nidus), which affects the relative endovas-
cular turbulence, and the method of injection
(bolus, full column, or wedge-flow arrest) (19,
22). Complications associated with the use of
liquid acrylics for embolization occur when
there is occlusion of normal arterial branches or
acrylic penetration into critical venous outflow
channels. Additionally, reflux of acrylic around
the delivery catheter tip can result in permanent
endovascular catheter adhesion, which may re-
quire permanent catheter implantation. Over-
zealous attempts at withdrawal can produce
catheter fracture (and resultant embolization of
a flow-directable distal catheter segment), vas-
cular damage with resultant dissection/occlu-
sion, or avulsion of the involved vascular pedi-
cle (with resultant subarachnoid hemorrhage).

It was our belief that the development and
availability of new hydrophilic catheter coatings
might reduce the risk of inadvertent endovascu-
lar catheter fixation during embolization due to
reduced bond strength between the hydrophili-
cally coated catheter and NBCA. We describe
an in vitro experiment that explores this hypoth-
esis by attempting to determine the relative
bond strength between NBCA and several mi-
crocatheters used for neurointerventional pro-
cedures. Additional catheter characteristics
evaluated include tensile strength (which is in-
versely related to the catheter’s propensity to
fracture during withdrawal) and endovascular
sliding fraction.

Materials and Methods
The following catheters were used: Fastracker 18 (Tar-

get Therapeutics, Fremont, Calif), Tracker 18 (Target
Therapeutics), Zephyr (Target Therapeutics), Faszephyr
(ZIII) (Target Therapeutics), and Magic 1.8 (Balt, Mont-
morency, France).

In the first portion of our experiment, we compared the
bonding strength of Histoacryl liquid acrylic (NBCA) with
each of the catheters just named. The terminal 1-cm seg-
ment of the distal portion of each catheter was placed in a
1-cm-deep well that was subsequently filled with human
serum. The serum was displaced by a volume of NBCA (1
mL NBCA to 0.2 mL ethiodized oil) that exactly filled the
well. (This NBCA–ethiodized oil combination was chosen
to get a “fast” polymerization mix, which produces a stron-
ger glue-catheter bond than does a “slower” mix that in-
corporates a larger proportion of ethiodized oil.) A
1-minute polymerization time at room temperature
elapsed before the catheter was withdrawn from the glue
plug. Digital computerized data measuring the force re-
quired to break the glue-catheter bond and the catheter
stretch during pullout were obtained with a Tinius Olsen

1088 MATHIS
Locap Universal Materials Testing Machine (Tinius Olsen,
Willow Grove, Pa). The linear variable displacement
(stretch) transducer (serial #163950) had a resolution of
0.0001 inches. The load (force) transducer (serial
#209135) had a resolution of 0.0001 lbs.

Each group of catheters was withdrawn from the acrylic
five times (Fig 1). There was a wide intergroup variation in
results. It was obvious that differences in catheter behavior
(force required to pull the catheter out of the acrylic plug
and associated catheter stretch) was in part related to
physical differences in the catheters other than simply
bond strength between the catheter and NBCA. To mini-
mize these variables, short (3-cm) tip segments of similar
(Tracker and Fastracker) catheters were pulled using the
same apparatus except the well depth was changed to 5
mm. This eliminated stretch as a major variable and al-
lowed a comparison of similarly constructed catheters with
and without hydrophilic coatings. This was accomplished
10 times for each catheter type with both Histoacryl and
Avacryl (Table 1). Mean force and standard deviation were
calculated for each catheter-glue combination. Hydro-
philic and nonhydrophilic data were compared using Stu-
dent’s t test to assess significance between these groups.

Additionally, catheter friction was measured for each
catheter type using a device that simulated an intravascu-
lar situation. The experimental setup placed each catheter
through a fixed number of simulated vascular loops. All
points at which the catheter contacted the “vascular sur-
face” were covered with freshly harvested pig aorta and
suspended in a saline bath. A known weight was fixed to

Fig 1. A representative catheter extraction curve for each
catheter type is shown. Hydrophilic catheters (2, 4) detached from
the NBCA bond with less force than did their respective nonhy-
drophilic catheters (1, 3). Flow-directed catheters (3, 4, 5) showed
more stretch/unit force than did over-the-wire catheters (1, 2).
The Magic (5) fractured rather than pulling out of the NBCA bond
in this in vitro test situation.
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TABLE 1: Mean force required to extract hydrophilic and nonhydrophilic catheter segments from NBCA (both Histoacryl and Avacryl)

Catheter Glue Mean Force, lbs
Standard
Deviation

No. of
Extractions

Tracker 18 Histoacryl 1.01 .15 10
Fastracker 18 Histoacryl .34 .13 10
Tracker 18 Avacryl .58 .22 10
Fastracker 18 Avacryl .23 .08 10
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the distal catheter tip through a pulley arrangement and
the force required to withdraw the catheter measured with
the Tinius Olsen Materials Testing Device. The measured
force at the catheter hub required to begin catheter with-
drawal (FW) was equal to the known weight attached to the
catheter tip (W) and the force lost in the system to friction
(FF).

FW 5 W 1 FF

Three test measurements were obtained for each catheter
type and the results were averaged (Fig 2).

Results

Initial tests (using the entire catheter) showed
that hydrophilic catheters tended to pull out of
NBCA with less force than did nonhydrophilic
catheters (Fig 1). Both hydrophilic and nonhy-
drophilic catheters could be extracted from
NBCA (in this nonphysiological, zero-friction

Fig 2. Representative friction tests indicate a lower dynamic
friction for hydrophilic catheters (Fastracker and Faszephyr-III)
relative to their nonhydrophilic counterparts (Tracker and Zeph-
yr). All flow-directed systems exhibited higher intrinsic friction
than the over-the-wire catheters and therefore required more with-
drawal force at the catheter hub to effect catheter movement.
setup) with the exception of the Magic, which
uniformly fractured after considerable stretch.
However, material differences between the
catheter types (wire-directed versus flow-di-
rected) revealed a wide range of results, with
flow-directed catheters exhibiting considerably
more stretch during withdrawal than the wire-
directed variety (Fig 1).

In an attempt to reduce such physical vari-
ables as catheter stretch, short catheter tip seg-
ments (from one basic catheter type only) were
withdrawn from the NBCA. Tip segments of
Tracker and Fastracker catheters were with-
drawn from Histoacryl and Avacryl. A statisti-
cally significant difference between hydrophilic
and nonhydrophilic bond strength was demon-
strated at the P 5 .001 level (Table 1). In both
situations, the hydrophilic Fastracker segments
released from the NBCA plugs with less force.
Interestingly, it was found that Histoacryl
bonded to both hydrophilic and nonhydrophilic
catheters with a greater force than Avacryl did.
This bonding difference was also found to be
statistically significant at the P 5 .001 level.

Simulated intravascular sliding (dynamic)
friction for each catheter revealed that hydro-
philic coatings reduced friction by 30% to 35%
compared with nonhydrophilic coatings (Table
2). All flow-directed catheters in this test exhib-
ited more friction than over-the-wire catheters,
even though friction was reduced by adding a
hydrophilic coating (Fig 2). The greatest
amount of friction was associated with the

TABLE 2: Mean force (measured at the catheter hub) required to
produce steady catheter withdrawal during in vitro friction testing
(three extractions for each catheter group)

Catheter Mean Force, lbs Standard Deviation

Tracker 18 .42 .03
Fastracker 18 .29 .012
Zephyr .68 .035
Hydrophilic Zephyr (Z-111) .44 .055
Magic 1.8 1.1 .13



Magic (a flow-directed catheter composed of
polyvinylchloride).

Discussion

At least two decades of experience has now
been accumulated with direct and endovascular
therapeutic embolization of arteriovenous mal-
formations with liquid acrylics (6, 7, 11–19, 22).
Early modifications in the polymerization time
and radiopacity of embolized mixtures of liquid
acrylic have afforded more embolic control and
improved the safety of the embolization proce-
dures. Polymerization times are adjustable by
the addition of iodinated oils (Ethiodol, Savage
Laboratories, Melville, NY, or Pantopaque,
Lafayette Pharmacal, Lafayette, Ind) or glacial
acetic acid (8, 20, 21). By using these agents,
polymerization times ranging from 0.2 to 5 sec-
onds may be achieved. However, a potential
complication of the endovascular use of liquid
acrylics has always been the possibility of per-
manently gluing a delivery catheter into the ves-
sel being embolized (23, 24). With careful at-
tention to detail, this complication can be
largely avoided by stopping the embolization
and withdrawing the delivery catheter when the
polymerizing glue column approaches the cath-
eter tip. Even so, catheters are occasionally
glued into vessels and have to be permanently
implanted. The advent of hydrophilically coated
microcatheters has suggested the possibility
that the risk of permanent catheter adhesion
during embolization might be decreased.

The proprietary hydrophilic coating used on
the Fastracker and Faszephyr (ZIII) is Hyd-
rolene (Target Therapeutics). A variety of mi-
crocatheters commonly used in interventional
neuroradiologic procedures were surface-mod-
ified by chemically bonding this hydrophilic
polymer, which is composed of polyvinylpyrro-
lidone and polyacrylamide. The Hydrolene
coating is approximately 2 mm thick.

Our findings indicated that a weaker glue-cath-
eter bond forms between NBCA and Hy-
drolene than with nonhydrophilically coated cath-
eter materials. The safety improvement achieved
by the primary reduction in NBCA-Hydrolene
bond strength is enhanced by the coexistent re-
duction in endovascular friction of the hydrophilic
catheters. The friction reduction of the hydrophilic
systems serves to transmit to the catheter tip a
greater proportion of the force applied when the
catheter is withdrawn. The force (Ftip) delivered to
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the catheter-NBCA bond is equal to the primary
pull force (Fpull) at the catheter hub minus the
force lost to friction and stretch.

Ftip 5 Fpull 2 friction

A weaker glue-catheter bond results in a
smaller pullout force and reduces the tensile
strain on the catheter during pullout, diminish-
ing stretch and decreasing the risk of catheter
fracture.

Because catheter delivery systems have a
finite tensile strength, they will tolerate only a
limited applied tensile force before fracture oc-
curs. The spectrum of tensile strength of the
catheters under test revealed that over-the-wire
systems (Fastracker and Tracker) are more
rigid than the flow-directed type (Zephyr and
Magic) and thereby exhibit less catheter stretch
during withdrawal. Over-the-wire systems were
consistently withdrawn from the glue-catheter
bond without fracture. Flow-directed systems,
by design, exhibit much less tensile strength,
have greater stretch per unit length, and are
more prone to fracture during withdrawal. In this
in vitro experiment, the Magic consistently frac-
tured before breaking the glue-catheter bond.
The Zephyr and Faszephyr (ZIII) showed less
tendency to fracture or to be permanently glued
in than did the Magic. The Zephyr fractured 40%
of the time whereas no fractures were seen with
the Faszephyr. These catheters have an inter-
mediate amount of stretch (less than the Magic
but more than over-the-wire systems).

The findings with both Histoacryl and Avacryl
in this experiment indicated that different NBCA
preparations may have decidedly different
bonding characteristics. Avacryl (presently not
available in the United States for human use)
had a statistically lower (P 5 .001) bond
strength with both hydrophilic and nonhydro-
philic catheters. If available, this material would
also decrease the likelihood of permanent cath-
eter adherence during acrylic embolization.

The actual risk of permanent endovascular
catheter fixation during acrylic embolization is
not known. It varies with operator proficiency,
type of embolization, mixture of glue with poly-
merization retardants, and catheter type. This
technical problem is usually not associated with
a clinical neurologic complication unless there
is fracture of the distal catheter (which can allow
antegrade blood flow to accordion the residual
catheter segment and produce a proximal vas-
cular occlusion); spasm; damage to the intima,
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causing dissection or occlusion; or rupture of a
vascular pedicle during attempted withdrawal.
When catheter adhesion occurs despite an ac-
curately coordinated and graded withdrawal at-
tempt, endovascular implantation should be
performed. An animal study (using a 1F poly-
ethylene catheter) has revealed no detectable
untoward local endovascular reaction or signif-
icant increase in embolic risk with long-term
endovascular implantation of catheter material
(25).

Conclusion

Hydrophilic catheters were found to have a
weaker NBCA-catheter bond strength than non-
hydrophilic catheters. Also, hydrophilically
coated catheters have a lower endovascular
friction, allowing a greater proportion of any
applied force at the catheter hub to be transmit-
ted to the catheter tip. These properties should
make hydrophically coated microcatheters less
prone to permanent endovascular fixation dur-
ing acrylic embolization.

Additionally, we found that different NBCA
adhesives (Histoacryl and Avacryl) may have
significantly different bonding characteristics
with microcatheters. Use of the NBCA type with
the least catheter adherence would also lessen
the chance of endovascular catheter fixation.

Acknowledgment
We thank Joyce Henderson for providing secretarial

support.

References
1. Kerber C. Intracranial cyanoacrylate: a new catheter therapy for

arteriovenous malformation. Invest Radiol 1975;10:536–538
2. Kerber CW, Cromwell LD, Sheptak PE. Intraarterial cyanoacry-

late: an adjunct in the treatment of spinal/paraspinal arterio-
venous malformations. AJR Am J Roentgenol 1978;130:99–103

3. Cromwell LD, Harris AB. Treatment of cerebral arteriovenous
malformations: a combined neurosurgical and neuroradiological
approach. J Neurosurg 1980;52:705–708

4. Samson D, Ditmore QM, Beyer CW. Intravascular use of isobutyl
2-cyanoacrylate in the treatment of intracranial arteriovenous
malformations. Neurosurgery 1981;8:43–51

5. Pevsner PH, George ED, Doppman JL. Interventional radiology
polymer update: acrylic. Neurosurgery 1982;10:314–316

6. Debrun G, Vinuela F, Fox A, Drake CG. Embolization of cerebral
arteriovenous malformations with bucrylate: experience in 46
cases. J Neurosurg 1982;56:615–627
7. Vinuela F, Fox AJ. Intervetnional neuroradiology and the man-
agement of arteriovenous malformations and fistulas. Neurol Clin
1983;1:131–154

8. Brothers MF, Kaufman JC, Fox AJ, Deneikis JP. N-butyl-2-cya-
noacrylate: substitute for IBCA in interventional neuroradiology.
AJNR Am J Neuroradiol 1989;10:777–786

9. Gyurko G, Szucs J, Ezsely F, Koja C. Use in vascular surgery of
the tissue adhesive histocryl. Acta Chir Hung 1974;15:353–360

10. Matsumoto T, Nemhauser GM, Soloway HB. Cyanoacrylate tissue
adhesives: an experimental and clinical evaluation. Mil Med 1986;
134:247–252

11. Cromwell LD, Harris AB. Treatment of cerebral arteriovenous
malformations: a combined neurosurgical and neuroradiological
approach. J Neurosurg 1980;52:705–708

12. Pelz D, Fox AJ, Vinuela F, Drake CC, Ferguson RG. Preoperative
embolization of brain AVMs with isobutyl-2-cyanoacrylate. AJNR
Am J Neuroradiol 1988;9:757–764

13. Spetzler RF, Martin NA, Carter LP, Flom RA. Surgical manage-
ment of large AVMs by staged embolization and operative exci-
sion. J Neurosurg 1989;67:17–28

14. Luessehop AJ, Rosa L. Cerebral arteriovenous malformations:
indications for and results of surgery and the role of intravascular
techniques. J Neurosurg 1984;60:14–22

15. Fournier D, Terbrugge KG, Willinsky R, Lasjaunias P. Endovas-
cular treatment of intracerebral arteriovenous malformations: ex-
perience in 49 cases. J Neurosurg 1991;75:228–233

16. Pasqualin A, Sciena R, Cioffi F, Barone G, Benati A. Treatment of
cerebral arteriovenous malformations with a combination of pre-
operative embolization and surgery. Neurosurgery 1991;29:358–
368

17. Vinuela F, Dion JE, Duckwiler G, Martin NA, Lylyk P, Fox
AJ. Combined endovascular embolization and surgery in the
management of cerebral arteriovenous malformations: experi-
ence with 101 cases. J Neurosurg 1991;75:856–864

18. Jafar JJ, Davis AJ, Berenstein A, Choi IS. The effect of emboli-
zation with N-butyl cyanoacrylate prior to surgical resection of
cerebral arteriovenous malformations. J Neurosurg
1993;78:60–69

19. Dion JE, Mathis JM. Cranial arteriovenous malformations: the role
of embolization and stereotactic surgery. Neurosurg Clin N Am
1994;5:459–474

20. Cromwell LD, Kerber CW. Modification of cyanoacrylate for ther-
apeutic embolization: preliminary experience. AJR Am J Roent-
genol 1979;132:799–801

21. Spiegel SM, Vinuela F, Goldwasser JM, Fox AJ, Pelz DM. Adjust-
ing the polymerization time of isobutyl 2-cyanoacrylate. AJNR
Am J Neuroradiol 1986;7:109–112

22. Dion JE, Mathis JM. Polymerizing acrylic adhesive agents in in-
terventional neuroradiology. In: Maciunas RJ, ed. Endovascular
Neurological Intervention. Park Ridge, Ill: American Association of
Neurological Surgeons: 1995:chap 9:139–158

23. Bank WO, Kerber CW, Cromwell LD. Treatment of intracerebral
arteriovenous malformations with isobutyl 2-cyanoacrylate: initial
clinical experience. Radiology 1981;139:609–616
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