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Abstract

Intracranial aneurysms are balloon-like dilations of the blood vessels. Coil embolization is a
leading treatment for intracranial aneurysms, due to its low risk procedures and high
effectiveness compared to open surgery. To accomplish coil embolization, coils are placed into
the aneurysm, and in this study the newly produced Penumbra 400TM coils (PC 400) were
compared with the conventional embolic coils (Controls). The goal was to study the treatment
advantage of the PC 400 coil’s unique geometric shape, having a larger diameter, compared to
the conventional coils.

In the study, 16 aneurysms embolized with the Penumbra coils were compared to the 79
aneurysms embolized with the conventional coils. Major factors assessed in the study were
aneurysm packing density, procedural time, and the number of coils needed for aneurysm
occlusion. Based on the study, coil embolization with the PC 400 achieved a higher packing
density (36.8% vs. 28.1%; p<0.005) with fewer coils (average of 3.9 vs. 6.1; p<0.05).
Additionally, the average procedural time was noticeably less in the Penumbra group (45.7 vs.
64.1 min; p<0.05). Overall, compared with the conventional coils, the Penumbra 400 coils
showed greater efficiency in embolization cases, achieving greater packing density with fewer

coils and a shorter procedure time.
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1. Introduction

Cerebral aneurysms are among the leading factors of the occurrence of cerebral
hemorrhage, due to their susceptibility to rupture (Melake et al., 2009). Hemorrhage caused by
the rupture of aneurysms account for 27% of stroke-related death and for that reason, aneurysms
are critical health issues, which need to be treated (Woo et al., 2002). Currently the leading
treatment for aneurysms is coil embolization, where various coilsare sent through blood vessels
into the aneurysm, thus blocking off blood flow into the aneurysm. In this treatment method, the
treated aneurysms are prevented from rupture due to the absence of blood flow into the
aneurysm, preventing the risk of subarachnoid hemorrhage. However, this method has been
shown to cause many more cases of aneurysm recurrence compared to open surgery treatment,
however open surgery is a more risky procedure (Crobeddu et al., 2012). The reason why coil
embolization leads to a higher recurrence rate is due to low packing density of the coils. The
lower the packing density, they more likely an aneurysm would be to recur and the more likely it
would be to rupture (Guo et al., 2010). However, the Penumbra 400™ Coil System has been
created to try to provide a new, more effective coil for embolization. This is due to the larger
diameter of the coil, and the large volume of the coil, so the packing density would be higher and
this new Penumbra coil would possibly become a much better product to use in coil
embolization. In this study, the Penumbra 400™ Coil System is to be compared with the

conventionally used coils in an attempt to see how effective the coils are.

2. Review of Literature
Coil embolization is currently the preferred method of treatment for cerebral aneurysms,

compared to open surgery (Sluzewski et al., 2004). Coil embolization is the use of platinum coils
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to fill an aneurysm preventing the rupture of the aneurysm, and the flow of blood to the
aneurysm. This method of treatment has been found to be a safer way to treat aneurysms
compared to open surgery (Crobeddu et al., 2012). The effectiveness of coil embolization is felt
to be related to the ability to get complete obliteration of the aneurysm. Incomplete packing with
residual aneurysm questions the efficiency of embolization compared to surgical clipping since
clipping completely removes the aneurysm even if it is more invasive. Thus, we continue to look
for methods that allow more complete packing of aneurysms. Different coils have been produced
to try to be more effective in the packing of aneurysms (Lanzino et al., 2005).

When performing coil embolization doctors look at the potential outcomes of any type of
coil to see how the treatment would affect the patient. Firstof all, the outcome of the
embolization depends on the status of the patient. Patients with larger aneurysms, ruptured
aneurysms or patients who are younger are more susceptible to recanalization, whereas older
patients with un-ruptured aneurysms are less susceptible (Nguyen et al., 2006). Also, in patients
with ruptured aneurysms coil embolization has been found to have no significant effect on
hemorrhage (Melake et al., 2009). Besides the status of the patient receiving the coil
embolization, the type of coil used may play a role in the outcome. In initial tests with Matrix2
360° ™ coils (Boston Scientific, Fremont, CA, USA), favorable outcomes were shown in follow-
up angiograms (D’Agostino et al., 2009), proving that the coil is safe for use. Also aneurysms
treated with Guglielmi Detachable Coils (GDC) (Boston Scientific, Fremont, CA, USA) did not
develop re-bleeding after one month, and aneurysms under 10mm remained stable after three
years (Kawabe et al., 2005). Overall, follow-up angiograms showed that 70% of coil

embolization cases remained stable (D’Agostino et al., 2009), showing that this is a good
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treatment method but there are still more ways to improve the percentage of successful outcomes
using this treatment.

In coil embolization procedures the chances of success are increased as the packing
density of the coils placed in the aneurysm increases. Aneurysms with a higher packing density
of the coils are found to have favorable outcomes because it prevents recanalization and
recurrence of the aneurysm (Yu et al., 2007). No compaction was shown after 6 months in coil
embolization where the packing density was 24% or higher (Sluzewski et al., 2004), showing
that a higher packing density leads to favorable outcomes. Even though it is suggested that
higher packing density is favorable, some doctors try a loose packing approach, which they
found to be effective in aneurysms with elongated necks only (Yu et al., 2007). Using a loose-
packing approach is also shown to be a direct cause for aneurysm recurrence after 3 and 6-month
angiograms (Li et al., 2006), showing that a higher packing approach is more effective than a
loose packing approach.

When trying to achieve a higher packing density in coil embolization, the geometry of the
coil is shown to have an effect on the packing density. Firstattempts to achieve higher packing
density and prevent aneurysm recurrence came in the 1990s with the advent of the bare platinum
Guglielmi detachable coil (GDC) (Khan et al., 2012). This was successful enough to start the
wave of production of coils and when the spherical helix configuration provided similar packing
density with fewer coils (Sadasivanet al., 2010); the helical configuration became standard. Over
time, the helical coils came into question when the complex-shaped coils were found to have a
higher packing density than the helical coils (Wakhloo et al., 2007). The complex-shaped coils,
having a larger diameter than the helical coils (0.012 inches vs. 0.010 inch), where tested against

the helical coilsand the complex coils showed an average of 6.4% higher packing density (Slob
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etal., 2005). Also, the new Deltapag coil (Johnson and Johnson, Warsaw, IN, USA) with a wind-
twisted configuration was able to achieve a higher packing density compared to the helical coils
(Grunwald et al., 2010), showing that the more complex-shaped a coil is the more effective in
achieving a higher packing density.

After the helical coils had been set as the standard, because they are cheaper to use, the
major coilswere then tested against their counterparts and the standard coils. Cerecyte coils were
compared in aneurysm embolization to the platinum coils, and the Cerecyte group was found to
have a slightly higher packing density (Linfante et al., 2009). The HydroCoil Embolic System
was compared to the platinum coils, and showed a great difference in packing density (Cloft et
al., 2004). In further studies, the HydroCoils were also compared to the platinum coils again, and
they were found to achieved higher packing density with decreased coil length (Gaba et al.,
2006), showing that different types of coils could be more effective than the standard coils. Then
the major coils were tested among each other and in one test the HydroSoft coils were compared
to the HydroCoils, which was the older model, and the HydroSoft coils were found to be more
successful in packing than the HydroCoils (Guo et al., 2010). Also in another test, the GDC 18,
GDC 10 and the Complex Trufill/Orbit coils were tested against each other. In the test the GDC
18 coils were found to have a greater packing density compared to the older GDC 10 coils, and
also had an equal packing density as the Trufill/Orbit coils (Sluzewski et al., 2006). These tests
show that some major coils are more effective than the standard coilsas well as other major
coils.

In coil embolization cases the major coils are preferred over the standard coils because of
their higher packing densities, which lead to favorable outcomes. Now some of these coilsare

being tested to see their effectiveness compared to other major coils. The goal of the research is
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to test the newly produced Penumbra 400™ coils (Penumbra Inc., Alameda, CA, USA) against

the other major coils, to see how effective they are in coil embolization.

3. Research Questions

The Penumbra Coil 400 (PC 400) system is a new generation of soft platinum coils that
have a larger diameter than conventional embolic coils (controls). When using the PC 400 the
larger diameter of the coilsalong with the softness should lead to a higher packing density. The
purpose of this study was to test the efficiency of the PC 400’s packing density advantage in coil
embolization cases. Major focus was placed on aneurysm packing density, procedural time and

the number of coils necessary for embolization.

4. Methods
4.1 Patient Selection

This study was a single center, retrospective case review of coil embolization cases
treated between 2004 and 2011. In total, there were 95 aneurysm cases treated in 94 patients.
These 95 embolizations were treated with either the Penumbra PC 400 coils (n=16) or the
conventional (control) coils (n=79). The 16 embolization cases in the PC 400 group were
compared to control embolization cases of similar aneurysm properties. In the control group,
there were embolization cases featuring GDC, Trufill/Orbit, Galaxy and Codman coils.
4.2 Data Collection

After collecting the cases to review, the data collection began by filling out data
collection charts. These charts consisted of data tables with sections to tell about the patients’

history, pre-treatment aneurysm information, post-treatment aneurysm information, coil
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information, adverse advents during procedure, and results of the treatment. These charts were
filled out based on a review of both chart and angiographic data containing information on the
number and types of coils placed within each individual aneurysm. After the charts werefilled
out, three-dimensional angiographic data was used to calculate the length, width and height of
the aneurysm.
4.3 Data Analysis

After the data was collected the Penumbra coils were compared to the control coils and
the data was analyzed. Firstly, the aneurysmal volume was calculated in AngioCalc
(http://www.angiocalc.com) then the coil volume in the aneurysm was calculated by taking the
total length of the coils placed in the aneurysm. Once the coil information was calculated, the
packing density was then calculated on the website based on the coil thickness and total length of
coils compared to the aneurysm volume for each group. The aneurysm volume is calculated
using the formula “(m x Width x Depth x Height) +6,” and then the packing density was
calculated using the coil volume within the aneurysm and the aneurysmal volume. Afterwards,
summary statistics summarized baseline demographic, aneurysm characteristics, and procedural
information. The statistics included sample size, median, mean, standard deviation, minimum

and maximum. These statistical analyses were calculated using SAS V.9.2.

5. Results
5.1 Procedural Results

The patient demographics and aneurysm characteristics pre-procedure did not vary
significantly between the PC 400 and control groups. They had roughly the same percentage of

female patients, similar rupture percentage and aneurysm location and volume, as seen in the
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table above. Additionally, the PC 400 group’s cases took an average of 45.7 minutes and the
control group cases took 65.1 minutes (p<0.05). The Penumbra coil group also required 3.9 coils
on average compared to the control group, which needed 6.1 coils on average (p<0.05). In the PC
400 group, there were no complications during the procedure and in the control group there were
six procedural complications.
5.2 Calculation Results

The first calculation concluded that, the average aneurysm volume of PC 400 group was
204.3 milliliters (mL) compared to the 187.2 mL average of the control group. Next, the mean
coil length for the PC 400 group was found to be 36.3 centimeters (cm) compared to 56.9 cm in
the control group. Finally, the data showed that the PC 400 coils achieved a higher packing
density (36.8% vs. 28.1%; p<0.005) than the conventional coils achieved in the control group, as

seen in the Table 1.

PC 400 (N=14-16) Controls (N=70-79)
Mean Age (yrs) 58 55
Gender: female (%) 81.3 71.8
Location: ICA /P Comm./ MCA / Other (%) 50/31.3/6.3/12.4 41.8/21.5/8.9/27.8
Mean Aneurysm Volume (mL) 204.3 187.2
Ruptured (%) 46.7 50.6
No of Coils Used Per Aneurysm (mean) 3.9* 6.1
Coil Length (mean)(cm) 36.3 56.9
Stent Assisted Coiling (%) 375 329
Procedure Time (mean)(min) 45.7* 64.1
Packing Density (mean) (%) 36.8** 28.1

Table 1: *p<0.05, **p<0.005 (non-parametric Wilcoxon ranked test).

ICA, internal carotid artery; MCA, middle cerebral artery; Pcomm, posterior communicating artery.

In one case, a 4.28 mm by 4.57 mm by 5.95 mm Pcomm aneurysm was treated using three
Penumbra coils during a 19 minute procedure. This procedure resulted in a 46.55% packing
density, proving greatly successful in a short time with a small number of coils. Pretreatment

(Figure 1A and B) and post-treatment (Figure 1C and D) angiographic images are shown below
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(Mascitelli et al., 2012). In a second case, 2 9.8 mm by 7.9 mm by 7.8 ICA aneurysm was treated
using three Penumbra coils. This case yielded a 28.84% packing density, in a 56 minute
procedure due to the large aneurysm size. Even though the procedure was longer, the result was a
very successful coil embolization case. Pretreatment (Figure 2A) and post-treatment (Figure 2B

and C) angiographic images are shown below.

l‘
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Figurel (A-D): Angiographic images of a Pcomm aneurysm. Pretreatment (A, B) and post-treatment (C, D).
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Figure2 (A-C): Angiographic images of an ICA aneurysm. Pretreatment (A) and post-treatment (B, C).

Discussions

The results that were accumulated from the research study were generally successful in
accomplishing the goal of the study. The data shows that the new Penumbra 400™ coils are
suitable replacements for the current coils used in coil embolization. This indicates that the
Penumbra coils could eventually be the leading coil in coil embolization cases.

One major factor looked at post-procedure is aneurysm recurrence or aneurysm
recanalization, and in order to prevent recurrence, use of three-dimensional coils, stent assisted
coiling and liquid embolization have been used to improve embolization (Lanzino et al., 2005).
Three-dimensional shaped coils have been used in embolization to improve packing density
(Vallée et al., 2005) along with coils that have an expandable hydrophilic coat (HydroCoil),
which expand in the aneurysm to increase packing density (Khan et al., 2012), in order to
prevent aneurysm recurrence.

Even if the three-dimensional and HydroCoils showed initial success, the PC 400 coils
feature a soft platinum surface with a larger diameter than the previously mentioned
conventional coils. What made the PC 400 coils different was that they were made to shorten
procedural time and have a larger packing density due to the fact that the platinum surface in said

to have up to 400% more volume per length than the conventional coils used for embolization.
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This unique property of the Penumbra coil allows for more rapid embolization and a higher
packing density (Dorfler et al., 2011).

In this study, a significantly higher packing density was seen in the Penumbra 400 group,
compared to the conventional coil group. This improved packing density has therefore been
shown to be associated with a reduced aneurysm recurrence, due to less chance of a coil
“slipping” out of the aneurysm. Based on the 36.8% packing density of the PC 400 group, the
conclusions of previous studies are verified that complex shaped coils, which the Penumbra 400
are, can achieve an approximate 40% packing density, compared to the approximate 30% of
conventional coils (Sadasivan et al., 2009). Along with the packing density results, the study
showed that fewer coilsand a decreased procedural time were needed to use the Penumbra coils.
The ability to treat patients in less time due to the ability to use fewer coils was extremely
significant because it contributed to an improved patient safety, since there was less room for
error.

Conclusion

Coil embolization with Penumbra 400 coils achieved significantly greater packing
density compared with conventional coils. The greater packing density was also achieved along
with a shorter procedural time and fewer coils. This data confirms that when compared with
conventional coils, the PC 400 is more efficient in embolization cases of cerebral aneurysms.
Overall, the data shows that the Penumbra 400 coil system can safely be used to embolized
aneurysms and achieve higher packing densities. In addition to these successes, follow-up studies
will be performed to confirm the successes of the treatment results, as well as, to increase the

sample size of the study to assure success among a wide variety of cases. Another area of future
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study would be to introduce another study group beyond the PC 400 and control group, which

would be the second generation coated coil group.
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