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Lack of Association between Statin Use and Angiographic and
Clinical Outcomes after Pipeline Embolization for Intracranial
Aneurysms

W. Brinjikji, ““H. Cloft, “’S. Cekirge, ““'D. Fiorella, ““R.A. Hanel, “'P. Jabbour, ““P. Lylyk, “’C. McDougall, ““’C. Moran,
A. Siddiqui, “¥I. Szikora, and “*'D.F. Kallmes
=
ABSTRACT

BACKGROUND AND PURPOSE: Use of statin medications has been demonstrated to improve clinical and angiographic outcomes in
patients receiving endovascular stent placement for coronary, peripheral, carotid, and intracranial stenoses. We studied the impact of
statin use on long-term angiographic and clinical outcomes after flow-diverter treatment of intracranial aneurysms.

MATERIALS AND METHODS: We performed a post hoc analysis from pooled patient-level datasets from 3 Pipeline Embolization Device
studies: the International Retrospective Study of the Pipeline Embolization Device, the Pipeline for Uncoilable or Failed Aneurysms Study,
and the Aneurysm Study of Pipeline in an Observational Registry. We analyzed data comparing 2 subgroups: 1) patients on statin medica-
tion, and 2) patients not on statin medication at the time of the procedure and follow-up. Angiographic and clinical outcomes were
compared by using the X test, Fisher exact test, or Wilcoxon rank sum test.

RESULTS: We studied 1092 patients with 1221 aneurysms. At baseline, 226 patients were on statin medications and 866 patients were not
on statin medications. The mean length of clinical and angiographic follow-up was 22.1 = 15.1 months and 28.3 = 23.7 months, respectively.
There were no differences observed in angiographic outcomes at any time point between groups. Rates of complete occlusion were 82.8%
(24/29) versus 86.4% (70/81) at 1-year (P = .759) and 93.3% (14/15) versus 95.7% (45/47) at 5-year (P = 1.000) follow-up for statin-versus-
nonstatin-use groups, respectively. There were no differences in any complication rates between groups, including major morbidity and
neurologic mortality (7.5% versus 7.1%, P = .77).

CONCLUSIONS: Our study found no association between statin use and angiographic or clinical outcomes among patients treated with

the Pipeline Embolization Device.

ABBREVIATION: PED = Pipeline Embolization Device

Statin medications are among the most commonly prescribed
in the adult population and have been found beneficial in
improving clinical and angiographic outcomes of a number of
endovascular neurovascular, cardiovascular, and peripheral vas-
cular stent-placement procedures.' > Both experimental and clin-
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ical studies have demonstrated that statin use is associated with
improved endothelialization of implanted stents, which can re-
duce the rates of delayed in-stent thrombosis and in-stent steno-
sis.*° In the treatment of aneurysms with flow diverters such as
the Pipeline Embolization Device (PED; Covidien, Irvine, Cali-
fornia), stent endothelialization has been shown to play a key role
in aneurysm occlusion rates and in reducing the risk of delayed
in-stent thrombosis.”

Given the widespread acceptance and use of flow-diverter
therapy in the treatment of intracranial aneurysms, it is impor-
tant to know what effect, if any, statins have on clinical and
angiographic outcomes. To gain a better understanding of the
impact of statins on short- and long-term outcomes after flow
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diversion for intracranial aneurysms, we studied angiographic
and clinical outcomes of patients included in 3 large clinical
studies of the PED: the Pipeline for Uncoilable or Failed An-
eurysms Study (PUFS),® the International Retrospective Study
of the Pipeline Embolization Device (IntrePED),” and the An-
eurysm Study of Pipeline in an Observational Registry (ASPIRe),"
dividing patients into 2 groups: 1) those who were on a statin
medication at the time and following treatment with the PED, and
2) those who were not on statin medications.*’ The goal of this
study was to determine whether statin use is associated with an-
giographic occlusion and major neurologic morbidity and mor-
tality after PED treatment. We hypothesized that patients on sta-
tin medications would have a lower rate of in-stent stenosis and
morbidity and mortality rates and improved angiographic occlu-
sion rates.

MATERIALS AND METHODS

Patient Population

Patients were selected from the PUFS,® IntrePED,” and ASPIRe'®
studies. PUFS was a prospective single-arm clinical trial of 108
patients with 108 aneurysms, which included only patients with
wide-neck (or no discernable neck) (=4 mm) and large (10-24.9
mm) or giant (=25 mm) aneurysms of the internal carotid artery
from the petrous to the superior hypophyseal segments with a
follow-up of 5 years. IntrePED was a retrospective postmarket
registry of 793 patients with 906 aneurysms with no size or loca-
tion eligibility criteria with a follow-up time of up to 3 years.
ASPIRe was a prospective postmarket registry of 191 patients with
207 aneurysms in which size and location inclusion criteria fol-
lowed the country-specific PED instruction for use with a fol-
low-up time of up to 2 years. The patients included in this study
have already been included in previous studies, which did not
focus on the impact of statins on clinical and angiographic
outcomes.

We pooled data from these 3 studies, including patients
with unruptured and ruptured aneurysms, in which informa-
tion on the use of statin medications was available. Patients
were retrospectively divided into 2 groups: 1) patients on statin
medication at the time and following the procedure, and 2)
patients not on statin medication. The following baseline char-
acteristics were included in the analysis: age, sex, number of
aneurysms, aneurysm size, aneurysm type (saccular, fusiform,
dissecting, and other), aneurysm location, rupture status, and
use of multiple PEDs.

Outcomes

The primary outcome analyzed from this pooled analysis in-
cluded aneurysm occlusion at last follow-up, and secondary
outcomes analyzed were the following: major ipsilateral isch-
emic stroke, ipsilateral intracranial hemorrhage, all-cause
mortality, and in-stent stenosis at last follow-up. “Major” ad-
verse events were defined as ongoing clinical deficits at 7 days
following the event. All major ipsilateral ischemic stroke and
major ipsilateral intracranial hemorrhage events are included
in the neurologic morbidity rate. The safety events described
above, namely ipsilateral ischemic stroke, ipsilateral intracra-
nial hemorrhage, and neurologic mortality, were adjudicated
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by the Adverse Events Review Committee of each study. An
independent core lab adjudicated all angiographic outcomes of
aneurysm occlusion and stenosis. All 3 studies, ASPIRe, In-
trePED, and PUFS, collected clinical outcomes (n = 1221 an-
eurysms), while ASPIRe and PUFS collected angiographic out-
comes in addition (n = 209). Angiographic outcomes are
reported at 180 days and 1, 3, and 5 years.

Statistical Analysis

Statistical analyses were performed by using SAS, Version 9.2
(SAS Institute, Cary, North Carolina). Summary statistics are
presented for all data available by using means and SDs for
continuous variables and frequency tabulations for categoric
variables. Comparisons between groups for continuous vari-
ables were evaluated by using the Wilcoxon rank sum test,
Fisher exact test, or Pearson * test for binary categoric vari-
ables. Most statistical analyses were performed across patient
groups—that is, on a per-patient basis. Because some patients
had >1 aneurysm, however, each patient’s first aneurysm
treated was used to classify patients into the 4 anatomic/size
subgroups and the largest aneurysm was used to classify pa-
tients into the 3 aneurysm size categories. The first aneurysm
treated was defined a priori.

A post hoc power analysis was conducted to determine the size
of the difference between groups that could be detected with 80%
power, given the sample sizes in the subgroups and the event rates
in the nonstatin group. The results show that the analysis cohort
has 80% power to detect a difference of approximately 20% for
the angiographic outcome of complete occlusion at the last fol-
low-up visit. For the clinical outcomes, the analysis cohort has
80% power to detect differences of approximately 2%—4% for
event rates of 3%—-7% in the nonstatin group.

A multivariable logistic regression analysis was performed to
determine whether statin use was independently associated with
the above outcomes. Adjusted variables in this model were base-
line variables that were significantly different between groups (ie,
age, multiple PED use, aneurysm type, and aneurysm size) and
studies. For the multivariable analysis, the nonstatin group was
the reference group. All interactions among the parameter of in-
terest, statin use, and the other covariates were tested for each of
the outcomes. In each interaction model, for the continuous pa-
rameters of age and aneurysm size, odds ratios were calculated at
the quartiles of 25%, 50%, and 75%. Each interaction model con-
trolled for all other covariates.

RESULTS

Baseline Patient and Aneurysm Characteristics

A total of 1092 patients with 1221 treated aneurysms were in-
cluded. Clinical follow-up was available for 1092 patients. An-
giographic follow-up of at least 6 months was available for 209
patients. Baseline demographics and aneurysm characteristics
according to the statin status are presented in Table 1.

The mean age of all patients was 57.4 + 13.7 years. The mean
length of follow-up was 22.1 * 15.1 months for the clinical out-
comes with a median follow-up time of 19.9 months. Mean fol-
low-up time was 28.3 £ 23.7 months for the angiographic out-
comes. There were 226 patients with 265 aneurysms (24.3% of



Table 1: Baseline demographics and aneurysm characteristics

Subject Characteristics Statin Use No Statin Use P Value
Age (yr) <.001
Mean = SD (No)) 64.6 + 9.6 (225) 55.5 + 14.0 (863)
Median (range) 65.0 (39.0-85.0) 56.0 (3.0-89.0)
Sex 251
Male 15.9% (36/226) 19.4% (168/866)
Female 84.1% (190/226) 80.6% (698/866)
Hypertension
Yes 75.5% (123/163) 411% (289/703) <.001
Controlled 91.3% (95/104) 83.5% (207/248) 065
Not controlled 22.1% (36/163) 53.8% (378/703)
No. of aneurysms 265 956
Aneurysm size (mm) 716
Mean = SD (No)) 1.6 + 7.0 (261) 121+ 8.0(950)
Median (range) 10.2 (1.5-32.6) 10.2 (0.9-55.0)
Aneurysm neck (mm) .868
Mean = SD (No)) 6.6 = 4.9 (231) 6.6 = 4.8 (891)
Median (range) 5.6 (0.6-53.0) 5.3,(0.0-50.0)
Aneurysm size .385
Small 36.4% (95/26) 39.9% (379/950)
Large 54.8% (143/261) 50.0% (475/950)
Giant 8.8% (23/261) 10.1% (96/950)
Aneurysm type .001
Saccular 70.9% (188/265) 76.3% (729/956)
Fusiform 20.8% (55/265) 14.9% (142/956)
Dissecting 1.9% (5/265) 5.8% (55/956)
Other 6.4% (17/265) 3.1% (30/956)
Aneurysm location 208
Internal carotid artery 81.9% (217/265) 79.5% (760/956)
Middle cerebral artery 2.6% (7/265) 4.1% (39/956)
Posterior cerebral artery 0.0% (0/265) 1.7% (16/956)
Basilar artery 4.5% (12/265) 4.0% (38/956)
Other 10.9% (29/265) 10.8% (103/956)
Presented with ruptured aneurysm 4.5% (12/265) 6.7% (64/956) 197
Multiple PEDs used 43.9% (116/264) 35.2% (336/954) .009
Table 2: Angiographic outcomes (PUFS and ASPIRe only)*
Follow-Up Statin Use No Statin Use P Value
Complete occlusion at 180 days (—20/+42 days) 84.8% (28/33)  72.2% (83/115) 174
Complete occlusion at 1year (42 days) 82.8%(24/29) 86.4% (70/81) 759
Complete occlusion at 3 years 94.7% (18/19)  93.0% (53/57) 1.000
Complete occlusion at 5 years 93.3% (14/15)  95.7% (45/47) 1.000
Complete occlusion at last follow-up visit 76.4% (42/55) 83.8% (129/154) 227
2 Analysis was performed with the Pearson x test.
Table 3: Clinical outcomes®
Major Complication Statin Use No Statin Use P Value
Major ipsilateral ischemic stroke 4.9% (11/226) 3.4% (29/865) 319
Major ipsilateral intracranial hemorrhage 0.9% (2/226) 2.3% (20/865) 284
Major morbidity 5.8% (13/226) 5.7% (49/865) 1.000
Neurologic mortality 3.5% (8/226) 3.2% (28/865) .835
Major morbidity and neurologic mortality 7.5% (17/226) 7.1% (61/865) 773
All-cause mortality 4.4% (10/226) 3.9% (34/865) 706

2 Analysis was performed with the Pearson x* test.

aneurysms) on statin medications (40 patients from ASPIRe, 162
patients from IntrePED, and 24 patients from PUFS) and 866
patients with 956 aneurysms (75.7% of aneurysms) not on statin

Table).

medications (151 patients from ASPIRe, 631 patients from In-

trePED, and 84 patients from PUFS). In general, baseline charac-
teristics were similar between groups except that patients receiv-
ing statin medications were older (64.6 * 9.6 years versus 55.5 *
14.0 years, P < .001) and more likely to have hypertension (75.5%
versus 41.1%, P <.001). Patients on statins were less likely to have

DISCUSSION
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saccular aneurysms, but the difference
was not statistically significant (188/265,
70.9%, versus 729/956, 76.3%; P =
.078). Statin patients were more likely to
have multiple PEDs (116/264, 43.9%,
versus 336/954, 35.2%; P = .009).

Angiographic and Clinical
Outcomes

Angiographic outcomes are presented in
Table 2. Clinical outcomes are provided
in Table 3. There were no differences in
angiographic occlusion rates at last fol-
low-up between the statin (76.4%, 42/
55) and nonstatin use groups (83.8%,
129/154) (P = .23). There were no dif-
ferences in angiographic complete oc-
clusion rates in the statin use-versus-no
statin use subject groups at 6 months
(84.8% versus 72.2%, P = .17), 1 year
(82.8% versus 86.4%, P = .76), 3 years
(94.7% versus 93.0%, P = 1.00), and 5
years (93.3% versus 95.7%, P = 1.00).
Rates of in-stent stenosis of 50%—75% at
last follow-up were 0% (0/43) in the sta-
tin group and 1.4% (2/139) in the non-
statin group (P = 1.00). Rates of in-stent
stenosis of >75% were 4.7% (2/43) in
the statin group and 0.7% (1/139) in the
nonstatin group (P = .14).

There were no differences in major
complication rates between groups. The
ipsilateral ischemic stroke rate was 4.9%
(11/226) in the statin group and 3.4%
(29/865) in the nonstatin group (P =
.32). Combined major neurologic mor-
bidity and mortality rates were 7.5%
(17/226) in the statin group and 7.1%
(61/865) in the nonstatin group (P =
77).

Muiltivariable Analysis

The multivariable logistic regression
analysis is presented in Table 4. The
odds of all complications and angio-
graphic outcomes were similar between
the statin and nonstatin groups, after ad-
justing for study, age, multiple PED use,
aneurysm type, and aneurysm size.

There were no statistically significant interactions between statin
use and other covariates in the multivariable models (On-line

Our study of >1000 patients with 1221 treated aneurysms dem-
onstrates that statin use was not associated with improved angio-
graphic and clinical outcomes among patients undergoing PED
treatment of intracranial aneurysms. These findings are impor-
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Table 4: Multivariable logistic regression analysis

tinuation of dual antiplatelet therapy,

OR (Statin  95% Lower 95% Upper delayed endothelialization of drug-elut-
Outcome: Major Complications vs No Statin)  Bound Bound P Value ing stents used to treat atherosclerotic
All-cause mortality 072 0.34 1.53 397 lesions and flow-diverter stents used to
Major ipsilateral intracranial hemorrhage 0.31 0.09 114 .078 treat intracranial aneurysms has been
Major ipsilateral ischemic stroke 143 0.66 3.09 362 h & tend higher rates of delaved
Major morbidity 0.83 042 164 593 shown to portendhighert 4
Major morbidity and neurologic mortality 0.80 0.44 147 478 in-stent thrombosis, which can lead to
Neurologic mortality 0.65 028 147 298 significant morbidity and mortality.”"*?
Stenosis >50% at last follow-up 2.83 0.53 15.09 224 Endothelialization of the flow-diverter
Without complete aneurysm occlusion at 120 0.54 266 .657 stent has been shown to be essential to

last follow-up

achieving complete occlusion rates as

tant because they suggest that unlike stent procedures performed
for treatment of atherosclerotic lesions in the coronary, periph-
eral, and cerebrovascular circulation, statin therapy for patients
receiving flow-diverter stent treatment of intracranial aneurysms
is not associated with improved clinical or angiographic out-
comes. A key limitation to our study is that it was powered to
show a >20% difference in angiographic outcomes and an ap-
proximately 2%—-4% difference in clinical outcomes between
groups.

Prior studies in the cardiovascular and cerebrovascular litera-
ture have demonstrated that statin therapy improves clinical and
angiographic outcomes in patients undergoing stent placement
procedures for atherosclerotic diseases. In a study of 122 patients
receiving intracranial stent placement for vertebrobasilar athero-
sclerosis, Alexander et al'' found that statin treatment before an
intervention was associated with lower odds of death, stroke, and
disability at 1 year. In a study of 344 patients receiving carotid
stent placement for carotid artery stenosis, Reiff et al® found that
patients who were on statin therapy before an intervention had
lower rates of perioperative stroke, death, myocardial infarction,
and intracranial hemorrhage. One systematic review of carotid
stent placement demonstrated that statin therapy was associated
with a reduction of stroke and mortality rates at 1 month.'?

In the cardiovascular literature, several studies have demon-
strated that statin therapy improved neointimal coverage of drug-
eluting stents and also reduced rates of neointimal hyperpla-
sia.*'*"'° In addition, statin use has also been shown to improve
short-term mortality rates in patients receiving stent placement
for acute coronary syndrome due to reductions in thrombotic
complication rates. In a study of >1500 patients, Tentzeris et al®
found that patients on high-dose statin therapy had lower odds of
mortality at 3 months. In a subgroup analysis of the Basel Stent
Kosten Effektivitas Trial (BASKET), Jeger et al'” found that
statins reduced short- and long-term rates of in-stent thrombosis.
Studies in the peripheral vascular literature have also demon-
strated the benefits of statins in clinical and angiographic
outcomes.'®

This study is the first, to our knowledge, to specifically analyze
the impact of statins on angiographic and clinical outcomes after
PED treatment of intracranial aneurysms. Understanding the ef-
fect of statins on outcomes related to the PED is important be-
cause previous studies have shown that statins are beneficial in
patients receiving endovascular stent treatment of atherosclerotic
lesions in various vascular beds due to their role not only in plaque
stabilization but also in promoting vessel wall healing and endo-

1,6,

thelialization of stent struts."*'"'**° In addition to early discon-
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well.”?! Given the benefits of statins in
the atherosclerotic literature, we hypothesized that similar results
would be seen in flow diverters.

A number of mechanisms have been proposed for the im-
proved endothelialization of implanted stents in patients on statin
therapy and reduced rates of thrombotic complications. Statins
have a number of non-lipid-lowering effects, also known as
“pleiotropic effects,” which affect systemic inflammatory re-
sponses, endothelial function through upregulation of endothe-
lial nitric oxide synthase, modulation of inflammation, platelet
adhesion, and mobilization of endothelial progenitor cells."'**°
In a porcine model of drug-eluting stent implantation, 1 group
demonstrated that atorvastatin accelerated re-endothelialization
of the stent through mobilization of endothelial progenitor cells
and improvement of endothelial function.”” In a study of 9 pa-
tients receiving percutaneous coronary intervention for coronary
artery disease, Aoki et al** found that patients who were given
olmesartan and statin therapy had high levels of circulating endo-
thelial progenitor cells. Other clinical studies have demonstrated
similar results.”

In addition to improved endothelialization, statins could have
other pleiotropic effects on aneurysms that would result in im-
proved outcomes following flow-diverter therapy. In 1 recently
published study, Aoki et al*® found that pivastatin had a suppres-
sive effect on cerebral aneurysm progression by inhibiting the
NE-«B pathway in aneurysm walls and regression of degenerative
changes within the wall itself. In a separate study, Aoki et al*” also
found that simvastatin suppressed aneurysm development and
progression in rats by inhibiting aneurysm wall inflammation.
Inhibition of aneurysm growth following endovascular treatment
is particularly important because some studies have suggested
that aneurysm growth plays a role in recurrence.

A number of factors could explain the lack of clinical and
angiographic benefits of statins in patients receiving PEDs for
intracranial aneurysms. First, statins are thought to reduce
periprocedural complications in patients undergoing stent place-
ment for atherosclerotic lesions due to their role in plaque stabi-
lization.*® In addition, many of the benefits of statins in reducing
early in-stent thrombosis are thought to be secondary to their
anti-inflammatory effects. While unstable or vulnerable plaques
in patients with acute coronary syndrome or acute ischemic
stroke are known to produce both local and systemic inflamma-
tory responses, this outcome is not necessarily true in the case of
unruptured aneurysms, which are most of the lesions treated with
the PED.?® Regarding the role of statins in stent endothelializa-
tion, it may be that statin therapy is more important in accelerat-
ing endothelialization when the stent is closely apposed to an



inflamed atherosclerotic plaque that could potentiate thrombo-
genesis than to a normal or dysplastic intracranial vessel that does
not demonstrate atheromatous disease.

Limitations

Our study has several limitations. It is a retrospective study, in-
cluding datasets from several studies with various inclusion and
exclusion criteria. There is a risk of introducing bias and con-
founding factors when mixing prospective and retrospective
studies with various levels of follow-up. Given the rarity of the
complications studied, our study is underpowered to detect im-
portant clinical differences between groups. For example, there
was a clinically significant but not statistically significant differ-
ence in the odds of intracerebral hemorrhage in the statin group
compared with the nonstatin group. Because our study analyses
were post hoc, we did not perform a power calculation before data
collection. However, our study is the largest one examining the
association between statin use and outcomes of intracranial an-
eurysm treatment with flow diverters to date, to our knowledge.
Another limitation concerns our multivariable analyses. Logistic
regression models were used without censoring. However, while
there were differing lengths of follow-up, most clinical events oc-
curred early in follow-up (<<10% were later than 6 months’ post-
index treatment), while the median follow-up time was approxi-
mately 20 months.

The patients in our study were divided into those who were or
were not on statins during the study period. However, we did not
determine outcomes based on statin type and dose. It is possible
that more potent statins or higher statin doses could produce a
more robust therapeutic effect. In addition, we have no informa-
tion regarding serum cholesterol levels; thus, the association be-
tween serum cholesterol and outcomes could not be ascertained.
As mentioned previously, there were important baseline differ-
ences between patients in both groups. Namely, patients in the
statin group were more likely to have nonsaccular aneurysms,
suggesting that more of their aneurysms could be atherosclerotic
in nature. Last, we have no data or information as to whether
statin users were managed differently than nonstatin users.

CONCLUSIONS

Our study, which was powered to show a >20% difference in
angiographic outcomes and a 2%-4% difference in clinical out-
comes between groups, found no association between statin use
and aneurysm occlusion rates, in-stent stenosis, or clinical out-
comes after PED treatment of intracranial aneurysms. Future
studies examining statin effects should use more rigorously
matched controls and fewer variables.
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