RESEARCH—LABORATORY

Force Characterization of Intracranial
Endovascular Embolization: Coil Type,
Microcatheter Placement, and Insertion Rate
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Grace G. Bushnell, BS* BACKGROUND: Intraoperative rupture (IOR) is a rare, but potentially morbid compli-
cation of endovascular aneurysm coil embolization. Yet, IOR predictors have remained

Hongyu Chen, BS* - : - B . .

A S Badeinathan BS° relatively uninvestigated in relation to coil design.

":"" ninathan, OBJECTIVE: To develop a novel in vitro aneurysm model to characterize forces exerted
Najib E. El Tecle, MD*": by coils of different design on the aneurysm during endovascular embolization that are
Bernard R. Bendok, MD:§1 hypothesized to ccntribute to IOR.

Matthew R. Glucksberg, PhD*  METHODS: A 3-mm saccular aneurysm model was developed with flat latex membrane

at the dome apex. Membrane deflection was observed throughout simulated emboli-
*Oepartment “)"" 3‘“’;“:‘ ‘:“"":»‘?‘"‘1 zation and converted to force measurement. Simultaneous coil insertion and force
Northwestern versity, Evanston, lnos;
Department of Neuroogical Surgery, ~ Ieasurement were accomplished with a compression strength-testing machine.
Otolaryngology, and SRadiology, Femberg ~ Membrane and insertion forces across coil type, microcatheter tip placement, and
School of Medicine, Northwestem Univer-  insertion rate were evaluated.

Sy, Ciage, e RESULTS: Insertion force and force directly on the aneurysm wall exhibited a difference,

Corvespondence: with framing coils exerting greatest force, followed by filling and finishing coils. Regarding
Bemnard R. Bendok, MD, MSCI, FAANS, microcatheter placement, a similar graded response in membrane and insertion forces
FACS, FAHA,

% b Siire ot was observed with positioning in the top-third of the aneurysm generating the greatest
int Clair,

NMH/Arkes Family Pavilion Suite 2210, force compared with central and bottom-third placement. Insertion rate was also a factor
Chicago, IL 60611. with the slowest rate (10 mm/min) exhibiting the greatest membrane force, followed by
E-mall: bbendok@nmff.org lower forces at 30 and 50 mm/min. A multiple linear regression model was created to
T — assess the contributions of each factor toward aneurysm forces.

Accepted, July 28, 2014 CONCLUSION: Increased force on the aneurysm is associated with framing coil use,
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characterization remains necessary to reduce IOR risk, especially concerning the con-
tributions of insertion rate.
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and balloons, the complic;uion rates of ity and mortality can be substantial and little is
endovascular coil aneurysm occlusion understood regarding the biomechanical forces
remain significant. One important complication involved.! IOR has been observed 10 occur as
isintraoperative rupture (IOR). Although reports ~ a consequence of ancurysm wall perforation by
microcatheter, guidewire, or endovascular coll,

anilc improvements in catheters, coils,  suggest low overall IOR risk, associated morbid-
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A QR Code is a matrix ANOVA, analysis of variance; Cl, confidence interval; due to coil insertion and overpacking.™ Com-
i’:‘(\:‘:\’e‘d“:’e‘:zg: CSTM, compression strength-testing machine; IOR, pared with aneurysm dipping, IOR during
with cameras, and SASOPY NN IR MG NeueY eon T Lo coiling exhibits exaggerated adverse effects due
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ancurysm size (=3 mm diameter),” previous ruprure,” and
n\i(‘rﬂ(‘:ﬂhf'ff [ip Pl.lf("\(“‘ .Ig.lin(l lhf .Infllr‘\'\nl \V.lll.‘
Although coil manufacturers qualitatively describe implant
stiffness, absolure forces excrred by coils during embolization have
only recently been in\'ﬁ(ig_ucd ® Numerous variables exist that
t()u]d HHK.!IILI(L' ,I)lk(\ dll”“b h.l“ll“!‘ ll”l“)‘ .Hll] lllll\ll"\b
stages. Yet, characterization has revolved around insertion force,
which, although intuitive to surgeons, may not indicate force
direcdy on the aneurysm. With the use of insertion force as
a surrogate of direct ancurysm force,” various coil types have been
analyzed across simulated embolizations,” resulting in the pro-
posal of mechanical coil inscrtion systems.” However, studics
have not quantitatively related these insertion forces o those

direcdy on the ancurysm or investigated the reliability of

in‘fniﬂn f()r\'f as a (‘()rr(‘l.\rf (){ f‘()ffr on (h(‘ .ln(‘"r‘\"n] \\'.l"—
a critical point, because aneurysm force, not insertion force, is
ultimately responsible for IOR.

In an effort 1o quantify relationships between insertion and
ancurysm force to better understand mechanical effects of coil
embolization and, more importantly, characterize IOR relevant
force propertics of different coil types, a novel system was
developed to characterize both insertion and direct forces in
amodel saccular ancurysm. Based on implant material properties
and geometry, different coil types were hypothesized to exert
distinct aneurysm forces during embolization.® Microcatheter
placement was also expected to affect ancurysm force, because

coil release closer to the dome could facilitate greater force
transfer with less di“ip.uinn, insertion ratec was
hypothesized o be correlated with direct aneurysm force,
because faster inscrtion could facilitate a constant kinctic

friction state requiring less inscrtion force than staric friction

Morcover,

states observed during slower insertion. Greater understanding
of these variables may influence clinical technique and reduce
IOR risk.

METHODS
Aneurysm Model

A 3-mm spherical aneurysm model with a 1.6-mm feedirg artery was
constructed of acrylic, in which the ancurysm dome was bisected to expose
a 2.25-mm opening (Figure 1A). Latex membranes (0.150 mm) were
affixed over exposed dome by using double-sided adhesive tape
(McMaster Carr, Elmhurst, Illinois). Force-displacement alibration of
membranes on the model was obtained via a compression strength
testing machine (CSTM) (MTS 6 Sintech 20/G, MTS Systems
Corporation, Eden Prairie, Minncsota). With the use of the latex
membrane elastic modulus (1.1 MPa), which is of the same order of
lll.li;nillldk' as aneurysm wall (2 MPa),' finite-clement analyses ‘M"“l“‘-
Dassault Systemes, Velizy-Villacoublay France), and classical theory of
plates and shells predicted similar force-displacement relationships
following simulated coil insertion (see Figure, Supplemental Digital
Content 1, h((p://]nll\\l\\'\\'.‘umr'NF.l'/f\(;.‘{l‘,'. Latex was selected 10

increase displacement detection sensitivity.

A B

Cc

FIGURE 1. /n vitro aneurysm model. A, model consisted of 2 acrylic biocks into which a 3-mm saccular aneurysm was pasterned. Dome bisection created an spening over
which a latex membrane was affived. B, a CSTM fed endovascular coils at a constant rase, while ltancowsly
microscopically. Reference frames (Left) were subtracted from frames capiured during embolization (Right). For each ﬁdm( maximum membrane displacement was calculated
and converted to a force via calibration curve. CSTM, compression strength-testing machine.

foree. C, latex membranes weve visualized
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Membrane Force Measurement

The of force d by an inserted coil was obtained
through membrane displacement detection. A microscope (Zeiss OPMI
1-FC, Carl Zeiss AG, Oberkocken, Germany) was focused along the
model face at the depth of the dome opening. Calibration of measured
displacement was achicved through determination of length per pixel
afforded by the microscope camera (AmScope MA1000-CK, AmScope,
Irvine, California) when imaging an object of known width. Force
resolution was 0.355 mN.

Simulated Embolization

Cinnsslasad halivati Lehod vi 1

was ac via insertion.
A stage for the model, hemostatic valve Y-conn«(or. and side canera was
ted to fix comp positions. Membrane force was d
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95% confidence intervals (Cls) for normalized insertion, and membrane
force ratios were d d by esti d marginal means. Multiple lincar

gression was performed to model contrib of coil insc:tion length,
insertion force, insertion rate, and microcatheter placement on aneurysm
force during Cosmos coil embolization. Statistical significance was

determined by P < .05.

RESULTS

Simulated Embolization Force Measurement

Onc hundred fifteen simulated embolizations were completed
(Figure 2). Latex membrancs were utilized for 6 consecutive trials
before replacement as determined by calibration to ensure
consi membrane properties. Coil type, microcatheter place-

wnh microcatheter tip in the top-third (near dome), center, or bottom-
third (near neck) of the aneurysm. Insertion occurred until the implant
length of a single coil was achicved.

Automated coil insertion was accomplished via CSTM (Figure 1B).
A microcatheter was fixed proximally, and an insertion wire was
advanced by CSTM load cell. Telescoping hypodermic tubing prevented
insertion wire bend during embolization. Three feed rates—10, 30, and
50 mm/min—were implemented. In addition to controlling the feed rate
and measuring coil insertion length, the system facilitated inserton force
measurement. Other than a bend from vertical insertion througy CSTM
10 horizontal stage on which the model was fixed, the microcatheter was
positioned linearly to prevent variable friction from a tortuous path.

Coil Types
Three coil types were utilized 1o ¢ insertion and resulti

ment, and insertion rate were randomized across t

Effect of Coil Type

Analysis of coil type contribution to membrane and insertion
forces was performed with central microcatheter placementand 30
mm/min insertion rate (Figure 3A). Embolizations with Cosmos
(n = 13), VFC (n = 14), and Hypersoft (n = 14) coils were
analyzed. ANCOVA indicated significant effect of Cosmos >
VFC > Hypersoft on membranc force (2 < .001). Membrane
force ratio was 7.94:1.72:1 (Cosmos: VFC:Hypersoft). Regarding
insertion force, ANCOVA similarly indicated Cosmos > VFC >
Hypersoft (P < .001) with a ratio of 5.47:2.35:1. Comparisons

r o
aneurysm forces. As a representative framing coil, the MicroVention
Cosmos (MicroVention Inc, Tustin, California; 3 mm diameter, 60 mm

lant length) was impl, d. Two filling coil types were represented
by the MicroVention Versatile Range Fill Coil (VFC) (3-6 mm diameter,
60 mm length) and the MicroVention Hypersoft finishing coil (3 mm
diameter, 60 mm length). Coil comparison was accomplished with central
microcatheter placement and 30 mm/min insertion rate. Cosmos coil
was utilized for analysis of the effects of microcatheter placement and
insertion rate.

Analysis

Image analysis was accomplished in MATLAB (Mathworks Inc,
Natick, Massachusetts). For each video frame, maximum membrane
displacement in comp:nson with reference images was measured (Figure
1C and see Video, S I Digital C 2, heep://links.Iww.
com/NEU/AGS2). Wuh the use of the calibration, maximum displace-
ment was converted into maximum membrane force for each frame.
Trials with microcatheter kickback or coil parent artery prolapse were
discarded.

Statistical analyses were perf d by using SPSS (IBM, Armonk, New
York) and MATIAB f\mlym of covariance (ANCOVAs) with coil
length inserted as covariate were utilized to determine differences in
insertion and membrane force across coil type, insertion rate, and
microcatheter location. Kruskal-Wallis analysis of variance (ANOVA)
was performed to determine the effects of coil type, insertion rate, and
microcatheter location on maxi insertion and ancurysm fomc across
10-mm insertion length seg Post hoc multipl tests
utilized Bonferroni correction. The Fieller mdhod was used 1o calculate
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Membrane Force (mN)

Insection Force (mN)
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FIGURE 2. Simulated embolization forces. Throughout simulated embolizati
M#Gﬂwﬁmq«dwmdmm-dlm

rate of 30 mmb and i foree
p«b were observed as a of microcatheter “painting” motion (see
Videos, Suppl Dngml G 2-3, huspHMlinks.lune.com/NEU/

A683 and hp.//ﬁ-hlvumdNEUMé&l).
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FIGURE 3. Mean membrane and insertion forces. A, ANCOVA of forces across coil type indicated a significans effect of Cosmos > VFC > Hypersoft for membrane and
d a significant effect of top > middle > bottom (P < .001) for membrane and insersion forces.

Loonds 5,

in

30 mmimin > 50 mmimin (P < .001). ANCOVA, analysis of covariance; VFC, Versatile Range Fill Coil.

force (P < .001). Effect on insertion force was 10 mm/min =

of force ratios indicated nonoverlapping insertion and membrane
force Cls for Cosmos data when normalized to Hypersoft data
(Figure 4A). Further analysis of coil-type effects was performed

by assessment of maximum ancurysm and insertion forces,
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which are theorized to be the most likely contributors to IOR
(Figure 5A). Kruskal-Wallis ANOVA indicated Cosmos >
VFC = Hypersoft on membrane force for all segments following
the initial 10 mm of coil inserted (2 << .001). Similar effects were
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Endovascular Coll Type Microcatheter Tip Placement
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c‘S

1 1
1 I I

10 mm/min 30 mmymin 50 mm/min
Insertion Rate
Normalized to 50 mm/min [l Insertion Force Membrane Force

FIGURE 4. Membrane and insertion force characterization. A, the Comos coil exerted approximately 8 times the force of the Hypersofi coil on the aneurysm end required

5 times the insertion force. The VFC required approximately double the insertion force of the Hypersofe and imparted double the force of the Hypersoft onto the aneurysm

B, microcasheter tip placement facilitated greater insertion and membrane forces in positions near the dome and decreased with placement further from the dome. Although

membrane forces doubled with each placement closer to the dome, this was not reflected in insertion force. C. insertion rate analysis indicated a trend of increasing insertion rate

Jorce. VFC, Versasile Range Fill Coil.

leading to decreased force on the aneurysm. However, this trend was not exhibited by insertios
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observed in insertion force measurements following 20 mm of
inserted coil (7 < .001).

Effect of Microcatheter Tip Placement

Microcatheter placement contribution to aneurysm ard inser-
tion forces was analyzed through simulated embolizations with the
Cosmos coil and 30 mm/min insertion rate (Figure 3B). Micro-
catheter tip placement varied from top-third (n = 19), middle-
third (n = 13), and bottom-third (n = 15) of the ancurysm.
ANCOVA revealed significant effect of top > middle > bottom
on membranc force (2 < .001) with a ratio of 3.99:1.78:1 (top:
middle:bottom). Insertion force ANCOVA indicated a similar
significant effect of top > middle > botom (P < .001) with
a ratio of 2.51:2.22:1. Analysis of force ratios indicated non-
overlapping insertion and membrane force Cls for top-third and
bottom-third microcathcter placement when normalized o
placement in the ancurysm bottom-third (Figure 4B). Analysis
of maximum membrane force through Kruskal-Wallis ANOVA
indicated an effect of top > middle > bottom on membrane
force for a majority of segments, including the initial 10-mm
insertion region (P < .001) (Figure 5B). Regarding insertion
force, a similar cffect was observed in the initial 10 mm of coil
insertion; however, for the remainder of insertion, an effect of top

= middle > bottom was observed (P < .001).

Effect of Insertion Rate

Analysis of the effect of insertion rate on ancurysm and insertion
forces was performed with the Cosmos coil and fixed micrecatheter
placement in the ancurysm center (Figure 3C). Coil insertion
occurred at constant rates of 10 mm/min (n = 20), 30 mm/min
(n = 13), and 50 mm/min (n = 20). ANCOVA indicated
significant effect of 10 > 30 > 50 mm/min on membrane force
(P < .001) with force ratios of 1.29:1.24:1 (10:30:50 mm/min).
Regarding insertion force, ANCOVA revealed a significant effect
of 10 = 30 > 50 mm/min (P << .001) with a ratio of 1.31:1.35:1.
Comparison of force ratios indicated completely overdapping
inscrtion and membranc force Cls for both 10 and 30 mm/min
inscrtion rates normalized to inscrtion at 50 mm/min (Figure 4C).
Kruskal-Wallis ANOVA performed on maximum L force

ENDOVASCULAR EMBOLIZATION FORCE CHARACTERIZATION

placement on ancurysm force. All factors possessed a significant
B-cocfficient (P < .001) and &2 = 0.684 (Table).

DISCUSSION

Although IOR during endovascular coil embolization possesses
an incidence of only 2% to 5%, it can result in quadrupled risk of
morbidity and mortality." IOR has been observed duc to coil
overpacking, increased coil inscrtion pressure, and ancurysm wall
perforation by microcatheter, guidewire, or coil.*? Although
inscrtion forces have been analyzed, they have not been related to
forces directly on the ancurysm hypothesized to contribute to
IOR.**? This study presents a novel in viro 3-mm-diameter
spherical ancurysm model representing a high rupture scenario
for determination of forces on a saccular aneurysm dome during
simulated coil embolization for comparison with insertion force.

Simulated Embolization and Force Measurement

Maximum membrane deflections were observed during
moments leading to microcatheter “painting” duc to force
buildup and subsequent relaxation (see Videos, Supplemental
Digital Contents 3-4, hup:/links.lww.com/NEU/A683 and
heep://links.lww.com/NEU/AG84). For cach coil, consistent force
peak values are related to tertiary coil propertics. Thus, as force
peaks occur immediately before and during “painting,” the motion
may indicate a procedural moment with increased 10R risk.

Coil Selection

Proper coil selection is vital for successful ancurysm obliter-
ation while avoiding overpacking or recurrence. Analysis of
Cosmos framing coils, VFCs, and Hypersoft finishing coils
indicated an expected force hicrarchy with framing coils excrting
greater forces than versatile range filling and helical finishing
coils. Mcan inscrtion and membrane forces indicared similar

TABLE. Aneurysm Force Model for Cosmos Framing Coil*®

Membrane Force Predictors B (95% C1)

indicated no significant differences between inscrtion speeds (cach
segment P > .05) across all segments except between 40 and
50 mm where an effect of 30 > 50 = 10 mm/min on membrane
force was obscrved (P = .023) (Figure 5C). Similarly, inscrtion
force displayed no significant differences across insertion rates at
a majority of segments (each segment P > .05), except between
10 and 20 mm where an cffect of 10 = 30 > 50 mm/min was
observed (P = .013) and between 40 and 50 mm/min where 30 >
50 mm/min was obscrved (7 = .010).

Endovascular Embolization Force Model

Muldiple linear regression was performed on Cosmos data o
generate a model encompassing the contributions of inserted
coil length, inscrtion force, inscrtion rate, and microcatheter

NEUROSURGERY

Independent variables
Coil length inserted, mm
Insertion force, mN
Insertion rate, mm/min

0.266 (0.261 to 0.270)
0.074 (0.071 to 0.076)
—0.042 (—0.048 to —0.036)

Categorical variables
Top placement 6.754 (6.482 to 7.025)
Center placement 0
Bottom placement —4.027 (—4313 to —3.741)
“Cl, confidence interval.
“Multiple linear regression of Cosmos data led of direzt
force throughout embolization. Length of coil inserted and insertion force were
positive predictors of force, wh i rate was a negati
hy 1. in the ysm top-third d the basal

force level, while placement in the aneurysm bottom-third decreased the basal
force level, relative to placement in the aneurysm center.
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effects; however, analysis of ratios of membrane and insertion
forces suggested that insertion force was not a reliable predictor of
membrane force. Normalizing to Hypersoft embolization forces,
the VFC exhibited a 2-fold increase in membranc force, while the
Cosmos displayed an 8-fold increase. Yer, this was nor faithfully
represented by Cosmos insertion force feedback, as only a 5-fold
difference was recorded, indicating force feedback as a general
reference, at best, of ancurysm force.

ding maximum forces, a consistent effect of Cosmos >
VFC = Hypersoft was obscrved in membrane and insertion force,
similar to results observed when analyzing mean forces. Together,
these results indicate increased risk of framing coil insertion
compared with filling and finishing coils. Previous rescarch” has
reported the incidence of lead coil complications, especially in
ancurysms =10 mm in diameter. Current results indicate that
increased forces generated by framing coils may contribute to
these complications. Although several studies have characterized
insertion forces as correlates of forces contributing to rupture,**”
the current findings indicate that they should be interpreted
cautiously, because they may not reliably indicate aneurysm
forces that appear more complex than simple corrclations would
predict. The factors hypothesized to contribute to this observa-
ton include variable friction between coil and microcatheter,
geometrical and material coil propertics, and microcatheter
torwuosity. Thus, although insertion force serves as a general
predictor, it may underestimate forces directly on the ancurysm
and fail to scale in an intuitively appreciable manner.

Microcatheter Placement
Although microcatheter perforation™ and kickback'' have

been associated with complications and unsuccessful oblitcration,
the difference in aneurysm force by coii delivery in different
positions has remained uninvestigated. Microcatheter tip place-
ment in top-third, center, and bottom-third of the aneurysm
during simulated embolization resulted in membrane and
insertion force gradients with placement near the dome
generating the greatest forces and placement near the neck
generating the lowest forces. As with coil comparisons, insertion
force was indicated only as a general predictor of membrane force.
Although branc force exhibited a 2-fold increase for every
position closer to the dome, this was not reflected in insertion
force, which scaled in an undcrestimating manner.

This observation was reflected in the analysis of maximum
insertion and membranc forces. Top placement was consistently
greater than middle and bottom placement regarding membrane
force. However, top and middle placements were indistinguish-
able regarding maximum inscrtion force. Thus, although micro-
catheter placement may be dictated by aneurysm specifics and
kickback prevention,'" the findings quantitatively confirm the
intuition that placing the microcatheter tip closer to the
aneurysm dome results in elevated aneurysm forces. Further-
more, top placement appeared to predispose greater micro-
catheter “painting” motions and resulted in more drastic

movement compared with middle or bottom placement. As
microcatheter movement within the ancurysm can contribute
1 IOR through wall perforation, the relationship between
placement and microcatheter action may be an important
consideration for IOR prevention.

Coil Insertion Rate

Clinically, insertion occurs in a “feed-pausc-feed” manner as
a result of manual insertion. Furthermore, rates are typically slow,
except in the case of IOR when rapid embolization is
required,'>"? yet the insertion rate has not been evaluated for
its cffect on the ancurysm or insertion force. In the comparison of
insertion ar 10, 30, and 50 mm/min, a significant difference in
membranc force was obscrved with the slowest inscrtion
generating greater force than the fastest. Similar results were
found in inscrrion force with the slowest and median inscrtion
forces generating cquivalent forces, both greater than forces
observed during rapid embolization.

Analysis of maximum membrane and insertion forces across
varying inscrtion rates found no significant differences. These
results indicate that insertion rate exerts minimal effect on
insertion and membrane force. Morcover, faster insertion rates
may lower forces exerted on the ancurysm. Similar results have
been previously reported,'" indicating that constant kinetic
friction states (requiring less force to overcome than static
friction) account for reduced forces with rapid insertion, whereas
static friction states occurring in slower insertions drive increased
forces. While static friction states will inherently occur during
manual insertion, minimizing these states can potentially reduce
the force imparted on the ancurysm by approximartcly 30%.
However, interpretation may be restricted to conditions pre-

scribed by the model as discussed in “Limitations.”

Multiple Linear Regression Model

Incorporating insertion rate and microcatheter placement data,
a model for simulated embolization with the Cosmos coil was
constructed to reveal contributions of inscrtion length, inscrtion
force, insertion rate, and microcatheter placement to ancurysm
force. Coil length inserted was a strong predictor of membrane
force as a function of decreasing volume within the ancurysm,
consistent with previous suggestions of an ideal lead coil length to
avoid complications during initial coil placement.” Insertion
force was a positive, but weaker predictor of ancurysm force,
suggesting a general relationship between insertion and mem-
brane force. Meanwhile, insertion rate exhibited a negative
correlation with membranc force duc to differences in static and
kinetic friction states. Varying placement of microcatheter tip
resulted in bascline clevation (top-third) or decrease (bottom-
third) in predicted membrane force relative to central placement.

Limitations
Compared with the clinical scenario, nonspherical areurysms or

forces to regions other than the dome were not examined, nor were



more frequently coiled larger aneurysms. While the results suggest
insertion forces as weak IOR predictors, the model docs not
account for multiple coils, tortuous vasculature, calcification, or
balloons and stents—although these factors arguably increase
inscrtion force, further reducing corrclations with ancurysm
force. The constant catheter insertion rate utilized is unlike
manual inscrtion characterized by push-pull motions and
intermittent advancement. Morcover, coil interactions with
pulsatile blood flow and pressure or differences in friction
between model components and in vivo vascular intima with
reduced coefficient of friction'® remain unaccounted for in the
model. Thus, the significance of inscrtion ratc on force in vivo
may be diminished, although this warrants further investigation,
especially as increased insertion rates may be inadvertendy
accomplished with mcrmcd insertion forces clinically. Because
aneurysm rup hold in poorly described, coiling
force contributions remain difficult to place into dinical

perspective.
CONCLUSION

Investigation of coil selection, microcatheter placement, and
insertion rate resulted in quantitative evaluation of endovascular
coiling with indications for increased IOR risk. Framing coil use,
microcatheter placement proximal to dome, and slow insertion
rate displayed associations with clevated ancurysm force. Although
these findings shed light on coil selection, technical factors related
to IOR, and nonlincar relationships between inscrtion and direct
ancurysm force, continued characterization remains necessary to
reduce IOR risk and associated morbidity and moruality, especially
regarding the role of inscrtion rate.
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he authors created a model of a cercbral aneurysm with a portion of
that model rigid and anoth ion a flexibl b They then

coiled these ancurysms and characterized the foree generated by measuring
displacement of the flexible portion of the model. They found that distal
placement of the catheter and framing coils g d greater force on the
membranc. Slower insertion rate was also associated with an increasc in
force, but this was significancly less relevant than coil :nd catheter
placement. An important related finding is that the force generated at the
proximal wire was a poor indicator of force on the amurysm wall. l'huc
experiments arc clearly described, and the staristical
The clinical applicability of these results is limited by scvcnl facrors.

First, there is no control that quantifies the forces generated by an aaual
surgeon using their model. This is acc d for h

ratios. Second, d\cyonlyuxdon:nzcofamrysm.mddtcsnullsxuuscd
probably represents an uncommon dinical scenario, ie, we usually treat
larger ancurysms. Finally, it would be interesting to quantify the effect of
balloons or stents, which prevent prolapse into the parent artery. Is it
correct to assume that more force is transferred to thc wall? Perhaps this
will be included in the authors’ further i
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