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Abstract Our previous work demonstrates that asymptomatic carotid endarterectomy (CEA) patients demonstrate less
perioperative neurologic injury, defined as stroke and early cognitive dysfunction (eCD) observed within 24hr of CEA,
when taking statins pre-operatively. This study examines whether the incidence of eCD observed 24hr after asympto matic
CEA varies as a function of statin type or dose. Patients with asymptomatic carotid stenosis scheduled for CEA consented
to participate in an observational IRB-approved study (N=324). Patients were evaluated with an extensive battery of
neuropsychometric tests pre-operatively and 24hr post-operatively. Of the 324 consented patients, 200 were taking statins.
Patients taking pravastatin and fluvastatin exhibited no eCD, while patients taking lovastatin (17.7%) and rosuvastatin
(16.7%) exhibited incidences of eCD similar to those not taking statins (20.2%). Patients taking simvastatin exhibited a
significantly lower incidence of eCD than those taking atorvastatin (3.0% vs. 16.0%, P=0.005). Patients taking a maximal
dose of any statin exhibited a significantly lower incidence of eCD than patients taking sub-maximal doses (2.7% vs. 15.9%,
P=0.002). These observations suggest that the incidence of eCD may in fact vary as a function of statin type and that
maximal doses may be the optimal dose for patients undergoing CEA. This variation may be due to the physico-chemical
properties of statins such as lipophilicity, molecular size, and blood brain barrier penetrability. These findings should be
used to inspire randomized prospective work to determine the safety, feasibility, and outcomes of optimizing statin use
prior to CEA.
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It is commonly thought that statin type has little impact
1. Introduction on the efficacy of statins in lowering low-density
lipoprotein, but we consider that different statins may not be
equally effective in modulating systemic and neuro-inflam
mation. One study examined the effect of different statins
on the regression of coronary atherosclerosis and found that
there were no differences in lipid profiles from baseline to 6
months based on statin type, but did find that rosuvastatin
was more effective in treating atherosclerosis than
atorvastatin[14,15]. Additionally, researchers have reported
that certain statins may be more effective in reducing
inflammation in stroke-prone rats [15,16]

Studies have suggested that statin therapy initiated on
admission for symptomatic CEA is protective against
ischemic stroke and mortality[12].We have previously
demonstrated that patients taking statins prior to
asymptomatic CEA exhibit significantly less perioperative
stroke and significantly less eCD than patients not taking
statins prior to asymptomatic CEA[13]. No studies have
evaluated whether there are differences among the statin
* Coresponding author: types or doses in the context of eCD in asymptomatic CEA
¢jh3@columbia.edu (Eric J. Heyer) patients. Therefore, we propose to evaluate our patient
Published online at http/journal.sapub.org/ijbcs cohort for differences among the statin types and doses.
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Carotid endarterectomy (CEA) is a common
revascularization procedure performed to reduce the risk of
future stroke in patients with asymptomatic high-grade
carotid artery stenosis[1,2]. There is some risk of
perioperative  neurologic  injury  associated  with
asymptomatic CEA, defined by both clinical stroke and
early cognitive dysfunction (eCD). As perioperative stroke
is exceedingly rare, investigators are using subtler, more
common forms of neurologic injury like eCD to study and
improve the neurologic morbidity and safety of carotid
revascularization[3-6]. The incidence of eCD exhibited
24hr after CEA is approximately 25%][7-9]. The neurologic
outcome of eCD has been associated with markers of
neuronal injury[ 10] and other groups have associated it with
decreased quality of life[11] thus validating its clinical
significance.
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aim to determine whether the incidence of eCD observed

24hr after asymptomatic CEA varies by statin type and dose.

We hypothesize that the incidence of eCD will vary by
statin type and dose as statins have a variety of pleiotropic
effects and different physico-chemical properties that may
be influential in the context of eCD in asymptomatic CEA
patients.

2. Methods

2.1. Patients

Three hundred twenty-four (324) asymptomatic CEA
patients with high-grade carotid artery stenosis were enrolled
with written informed consent in this IRB-approved
observational study from 1995 to 2012 (www.ClinicalTrials
.gov NCT00597883). All patients were previously reported
in a previous observational study evaluating the incidence of
perioperative stroke and eCD in symptomatic patients taking
and not taking statins prior to CEA[13].

Eligible patients were those schedule for elective CEA,
asymptomatic status defined as negative for history of
previous stroke or transient ischemic attack, English-
speaking, no axis-I psychiatric disorders, and ability to
complete the neuropsychometric testing pre-operatively and
post-operatively.

2.2. Cognitive Measures

All patients were evaluated with an extensive battery of
neuropsychometric tests pre-operatively and again 24hr
post-operatively. The neuropsychometric tests evaluate four
cognitive domains — verbal memory (Controlled Oral Word
Association Test, Hopkins Verbal Learming Test, and/or
Buschke Selective Reminding Test), visuo-spatial
organization (Rey-Osterrieth Complex Figure Copy and
Recall), motor function (Grooved Pegboard and/or Finger
Tapping Test), and executive action (Halstead-Reitan Trials
A and B).

The criteria for eCD are based on difference scores
calculated for each test by subtracting the pre-operative test
performance from the post-operative test performance at
24hr. Z-scores were generated based on a surgical reference
group’s performance to account for practice effect of
repeated neuropsychometric testing, trauma of surgery,
residual of a general anesthetic, and the overnight hospital
stay experience. Patients were designated to have eCD by
one of two criteria to account for both focal and

global/hemispheric deficits: (1) >2SD worse performance in
two or more cognitive domains or (2) >1.5SD worse
performance in all four cognitive domains. Further details
regarding the surgical reference group as well as each test’s
specific scoring rubric are available in previous studies
[7-9,13,17].

2.3. Statistics

Statistical analysis was performed using R environment
for statistical computing (R Development Core Team,
Vienna, Austria, 2008). Descriptive analyses were
performed for all statin types. Comparative analyses were
limited to simvastatin/atorvastatin and maximal dose/sub-
maximal dose as group sizes were not adequate to conduct
multiple comparisons. For comparative analyses, Student’s
t-test, Fisher’s exact test, Pearson’s y2 test, and simple
logistic regression were used where appropriate. P<0.05 was
considered significant.

3. Results

3.1. Statin Types

Two hundred (200) patients were taking statins prior to
CEA (61.7%). Of the 200 patients taking statins, 94 were
taking atorvastatin (47.0%), 66 simvastatin (33.0%), 17
lovastatin (8.5%), 12 rosuvastatin (6.0%), 9 pravastatin
(4.5%), and 2 fluvastatin (1.0%).

Patient characteristics of each statin type group are
presented in Tables 1 and 2. Although no statistical
comparisons were conducted on the less commonly used
statins presented in Table 1, the statin type groups appear to
be fairly comparable to each other. Pravastatin and
fluvastatin exhibited no eCD, while lovastatin (17.7%) and
rosuvastatin (16.7%) exhibited eCD similarly to no statins
(20.2%).

Simvastatin and atorvastatin were the most commonly
used statins in our cohort. Patient characteristics of those
taking simvastatin and atorvastatin are presented in Table 2.
The only significant differences between simvastatin and
atorvastatin  were patients taking simvastatin had
significantly higher levels of HDL (58.7£17.6mg/dL vs.
41.7+£14.0mg/dL, P<0.001) and significantly lower levels of
LDL (78.6+36.3mg/dL vs. 108.6+67.0mg/dL, P=0.001) than
those taking atorvastatin. Patients taking simvastatin
exhibited significantly less eCD than those taking
atorvastatin (3.0% vs. 16.0%, P=0.005).
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Table 1. Patient Characteristics: Lovastatin, Rosuvastatin, Pravastatin, Fluvastatin, No Statin*

Lovastatin Rosuvastatin Pravastatin Fluvastatin No Statin
N=17 N=12 N=9 N=2 N=124
Age >75 35.3% 33.3% 22.2% 50.0% 33.1%
Sex, male 70.6% 41.7% 44.4% 50.0% 61.3%
BMI 27.344.7 31.0£7.6 28.446.6 30.245.1 26.343.8
Education 14.02.5 13.2+43 16.243.6 11.510.7 14.743.1
DM 23.5% 83% 22.2% 100% 16.1%
HTN 82.4% 66.7% 44.4% 50.0% 45.2%
Smoking 64.7% 83.3% 44.4% 100% 65.3%
PVD 41.2% 41.7% 22.2% 50.0% 25.0%
LDL 95.9427.5 75.0:21 .4 83.24313 158.2452.0 119.9445.5
Triglycerides 152.7459.3 1433474.8 165.34+64.3 156.5447.4 139.4+462.3
Cholesterol 174.9432.1 149.5436.6 156.34£35.3 228.0+£79.2 190.6450.6
HDL 48.4420.6 45.8420.1 40.1+14 3 38.5+17.7 42.8416.6
e¢CD 17.7% 16.7% 0% 0% 20.2%

*Mean = standard deviation or percentage (%); BMI — body mass index in units of kg/m?; DM — diabetes mellitus;
HTN — hypertension; PVD — peripheral vascular disease; LDL — low-density lipoprotein; HDL — high-density

lipoprotein; eCD — early cognitive dysfunction exhibited 24hr after CEA

Table 2. Patient Characteristics: Simvastatin & Atorvastatin®

Atorvastatin

Simvastatin

N=94 N=66 Pt

Age >75 27.7% 19.7% 024
Sex, male 67.0% 78.8% 0.10
BMI 272447 27.1+4 4 0.83
Education 15.243.6 14.443.6 0.15
DM 23.4% 15.2% 0.19
HTN 50.0% 60.6% 0.18
Smoking 72.3% 81.8% 0.16
PVD 36.4% 27.7% 024
LDL 108.6467.0 78.6436.3 0.001
Triglycerides 135.5464.5 127.6£57.4 044
Cholesterol 177.2464.8 162.8441.5 0.12
HDL 41.7£14.0 58.7+17.6 <0.001
eCD 16.0% 3.0% 0.005

*Mean = standard deviation or percentage (%); BMI — body mass index in wnits of kg/m?; DM — diabetes mellitus; HTN—
hypertension; PVD — peripheral vascular disease; LDL — low-density lipoprotein; HDL — high-density lipoprotein; eCD —
early cognitive dysfunction exhibited 24hr after CEA
tComparative analyses were conducted with Sudent’st-test, Fisher’s exact test, Pearson’s 2 test, and simple logistic
regression where appropriate

3.2. Statin Doses
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The number of patients taking each dose of each statin type is presented in Table 3. The most commonly used statin type
and dose were atorvastatin 40mg (18.0%), simvastatin 40mg (16.5%), and atorvastatin 20mg (16.0%). No statistical
comparisons among each statin type and dose could be made as each group was fairly small. Therefore, patients were
designated as part of one of two groups for dose analysis: all patients taking the maximally tolerated doses of their respective
statin (N=74) and patients taking any sub-maximal dose of their respective statin (N=126). Maximally tolerated doses for
each statin type are defined as follows: atorvastatin 80mg, simvastatin 40mg or 80mg, lovastatin 20mg, rosuvastatin 20mg,
pravastatin 40mg, and fluvastatin 20mg (Table 3). Simvastatin 80mg was discontinued by the FDA in 2011 shortly before the
conclusion of this study; therefore, we considered both the previously defined maximal dose of 80mg and the currently
defined maximal dose of 40mg as maximal doses of simvastatin.

Patients taking a maximal dose of any statin exhibited a significantly lower incidence of eCD than patients taking
sub-maximal doses (2.7% vs. 15.9%, P=0.002).
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Table 3. Statin Type and Dose*

Atorvastatin Simvastatin Lovastatin Rosuvastatin Pravastatin Fluvastatin
N=94 N=66 N=17 N=12 N=9 N=2
2/9 1/4
smg . . (22.2%) (25.0%) . .
10mg 2/15 0/3 1/5 0/1 0/3 )
(13.3%) (0%) (20%) (0%) (0%)
20mg 7/32 1/13 0/3 1/7 0/5 0/2
(21.9%) (7.7%) (0%) (14/3%) (0%) (0%)
40mg 6/36 1/33 ) ) 0/1 )
(16.7%) (3.0%) (0%)
0/11 0/17
S0me (0%) (0%) ] ] ] ]

*Number of patients with eCD out of the number of patients taking the respective dose ofthe type of statin (percentage with eCD inthe
respective statin type and dose group). Shaded cells are those of maximal doses for each statin type

4. Discussion

Our previous work demonstrates that patients taking
statins prior to asymptomatic CEA exhibit a lower incidence
of perioperative stroke and eCD than those patients not
taking statins. No previous work has examined whether the
incidence of eCD varies by statin type or dose in an
asymptomatic CEA population. Due to the pleiotropic
effects and different physico-chemical properties of each
statin type, we sought to investigate whether the incidence of
eCD varies by statin type and dose.

Patients taking simvastatin demonstrate a significantly
lower incidence of eCD than patients taking atorvastatin.
Patients taking pravastatin and fluvastatin demonstrated no
eCD while patients taking lovastatin and rosuvastatin
demonstrated incidences of eCD comparable to patients
taking no statins. Maximally tolerated doses ofstatins appear
to be the doses at which the incidence of eCD is the lowest
regardless of statin type.

Statins have a variety of pleiotropic effects aside from
lowering low-density lipoproteins[18-21]. Additionally,
each statin has its own physico-chemical properties that may
be influential in the context of eCD in asymptomatic CEA
patients. For example, lipophilicity and molecular size plays
a significant role in the ability of a statin to cross the blood
brain barrier and act locally on brain tissue[18,22,23].
Simvastatin is a very lipophilic molecule that is also
relatively small in size as it is based on a monacolin
J-molecule. Atorvastatin is also a lipophilic statin, but
significantly less lipophilic than simvastatin, and
significantly larger in molecular size [18]. Work done in
mice brains, as well as in human cerebrospinal fluid, have
documented that simvastatin is able to enter the brain more
readily than other statins [18,22,24]. Additionally, it is
reasonable to consider that statins that are not as lipophilic or
as small as simvastatin may also penetrate the blood brain
barrier, but may require higher doses in order to do so
effectively. Maximal doses of any statin type appear to have
a lower incidence of eCD compared to sub-maximal doses.
This finding may suggest that an alternative statin treatment
for patients that cannot tolerate the side effects of lipophilic

statins could be a maximal dose of a less lipophilic statin.
However, this suggestion needs to be confirmed and
explored further.

We speculate that the lipophilicity and small molecular
size of simvastatin may allow it to penetrate the blood brain
barrier and exert its pleiotropic effects directly on the brain
more effectively than atorvastatin and the other less
lipophilic statins like rosuvastatin and lovastatin.
Neuroprotective properties of statins have been recently
explored[19,25] and the subject of many clinical trials in a
variety of neurologic contexts like Alzheimer’s disease
[26,27], stroke[28,29], and subarachnoid haemorrhage[30].
Statins may exert anti-inflammatory effects and regulate
nitric oxide production[19] in the brain tissue and therefore
attenuate the insult of ischemic-reperfusion injury of
asymptomatic CEA. Currently unpublished data from our
group suggests patients with baseline elevated inflammation
as well as reduced blood flow through the middle cerebral
artery during cross-clamp are at significantly higher risk of
eCD implicating inflammation and/or ischemic-reperfusion
injury are involved in the mechanismof eCD.

An anomaly in ourdata is that none ofthe 9 patients taking
pravastatin exhibited eCD. This is troubling as pravastatin is
one of the least lipophilic statins of the group and, according
to the blood brain barrier penetration hypothesis, pravastatin
should be less efficient in crossing into the brain. This
anomaly may be partially explained by the fact that patients
taking pravastatin are younger, have more years of education,
have less hypertension, fewer s mokers, and less peripheral
vascular disease than the other statin groups. These
characteristic factors may play a role in this observation.
However, more work is necessary to draw conclusions about
pravastatin.

We do recognize that our study has limitations. This study
is retrospective and was conducted at a single centre in New
York City. The group sizes are not comparable among all the
statin types and doses and the groups were not randomized
limiting our statistical power and utility. However, we do
present our comparative and descriptive analyses to inspire
future prospective work. Information regarding duration of
statin use, reason of statin prescription, and adherence to
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statin regimen were not available.

5. Conclusions

These observations suggest that the incidence of eCD
may in fact vary as a function of statin type and that
maximal doses may be the optimal dose for patients
undergoing asymptomatic CEA. This variation may be due
to the physico-chemical properties of statins such as
lipophilicity, molecular size, and blood brain barrier
penetrability. These findings should be used to inspire
randomized prospective work to determine the safety,
feasibility, and outcomes of optimizing statin use prior to
asymptomatic CEA.

REFERENCES

(1]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

Hobson II RW, Weiss DG, Fields WS, Goldstone J, Moore
WS, et al. (1993) Efficacy of carotid endarterectomy for
asymptomatic carotid stenosis. NEIM 328:221-227.

Study ACA, ACAS, ASCT (1995) Endarterectomy for
asymptomatic carotid artery stenosis. JAMA 273: 1421-1428.

Capoccia L, Speziale F, Gazzetti M,M ariani P, Rizzo A, et al.
(2010) Comparative study on carotid revascularization
(endarterectomy vs stenting) using markers of cellular brain
injury, neuropsychometric tests, and diffusion-weighted
magnetic resonance imaging. Journal of Vascular Surgery 51:
584-591, 591.e581-583; discussion 592.

Capoccia L, Sbarigia E, Rizzo A, Mansour W, Speziale F
(2012) Silent stroke and cognitive decline in asymptomatic
carotid stenosis revascularization. Vascular 20: 181-187.

Ghogawala Z, Westerveld M, Amin-Hanjani S (2008)
Cognitive outcomes after carotid revascularization: therole of

cerebral emboli and hypoperfusion. Neurosurgery 62:
385-395; discussion 393-385.

Ghogawala Z, Amin-Hanjani S, Curran J, Ciarleglio M,
Berenstein A, et al. (2012) The Effect of Carotid
Endarterectomy on Cerebral Blood Flow and Cognitive
Function. J Stroke Cerebrovasc Dis.

Heyer E, Adams D, Todd G, Solomon R, Quest D, et al.
(1998) Neuropsychometric changes in patients after carotid
endarterectomy. Stroke 29: 1110-1115.

Heyer EJ, Sharma R, Rampersad A, Winfree CJ, Mack WJ, et
al. (2002) A controlled prospective study ofneuropsy chologi

cal dysfunction following carotid endarterectomy. Arch
Neurol 59: 217-222.

Heyer EJ, Adams DC, Todd GJ, Solomon RA, Quest DO, et
al. (1996) Psychometric changes in patients having carotid
surgery. Journal of Neurosurgical Anesthesiology 8: 324.

Connolly E, Winfree C, Rampersad A, Sharma R, Mack W, et
al. (2001) Serum S100B Protein Levels Are Correlated with
Subclinical ~Neurocognitive Declines after Carotid
Endarterectomy. Neurosurgery 49: 1076-1083.

Steinmetz J, Christensen KB, Lund T, Lohse N, Rasmussen

[17]

(18]

LS (2009) Longterm Consequences of Postoperative
Cognitive Dysfunction. Anesthesiology 110: 548-555.

Kennedy J, Quan H, Buchan AM, Ghali WA, Feasby TE
(2005) Statins are associated with better outcomes after
carotid endarterectomy in symptomatic patients. Stroke 36:
2072-2076.

Heyer EJ, Mergeche JL, Bruce SS, Ward JT, Stern Y, et al.
(2013) Statins reduce neurologic injury in asymptomatic
carotid endarterectomy patients. Stroke 44: 1150-1152.

Lee CW, Kang SJ, Ahn JM, Song HG, Lee JY, et al. (2012)
Comparison of effects of atorvastatin (20 mg) versus
rosuvastatin (10 mg) therapy on mild coronary atherosclerotic
plaques (from the ARTMAP trial). Am J Cardiol 109:
1700-1704.

Hung CY, Hsich YC, Wang K'Y, Huang JL, Loh EW, et al.
(2013) Efficacy of different statins for primary prevention of
atrial fibrillation in male and female patients: A nationwide
population-based cohort study. Int J Cardiol.

Sironi L, Gianazza E, Gelosa P, Guerrini U, Nobili E, et al.
(2005) Rosuvastatin, but not simvastatin, provides end-organ
protection in stroke-prone rats by antiinflammatory effects.
Arterioscler Thromb Vasc Biol 25: 598-603.

Moller JT, Cluitmans P, Rasmussen LS, Houx P, Rasmussen

H, et al. (1998) Longterm postoperative cognitive
dysfunction in the elderly ISPOCD1 study. ISPOCD
investigators. International Study of Post-Operative

Cognitive Dysfunction. Lancet 351: 857-861.

Sierra S, Ramos M C, Molina P, Esteo C, Vazquez JA, et al.
(2011) Statins as neuroprotectants: a comparative in vitro
study of lipophilicity, blood-brain-barrier penetration,
lowering of brain cholesterol, and decrease of neuron cell
death. J Alzheimers Dis 23: 307-318.

van der M ost PJ, Dolga AM, Nijholt IM, Luiten PG, Eisel UL
(2009) Statins: mechanisms of neuroprotection. Prog
Neurobiol 88: 64-75.

Bifulco M, Malfitano AM, Marasco G (2008) Potential
therapeutic role of statins in neurological disorders. Expert
Rev Neurotherapeutics 8: 827-837.

Wang ZH, Liu XL, Zhong M, Zhang LP, Shang YY, et al.
(2010) Pleiotropic effects of atorvastatin on monocytes in
atherosclerotic patients. J Clin Pharmacol 50: 311-319.

Cibickova Lu (2011) Statins and their influence on brain
cholesterol. Journal of Clinical Lipidology 5: 373-379.

Kirsch C, Eckert GP, Mueller WE (2003) Statin effects on
cholesterol micro-domains in brain plasma membranes.
Biochemical Pharmacology 65: 843-856.

Simona V, Robert GR, Santica MM, Elaine RP, William RH,
et al. (2006) Statins of Different Brain Penetrability
Differentially Affect CSF PLTP Activity. Dementia and
Geriatric Cognitive Disorders 22: 392.

Cucchiara B, Kasner SE (2001) Use of statins in CNS
disorders. Journal of the Neurological Sciences 187: 81-89.

Tramontina AC, Wartchow KM, Rodrigues L, Biasibetti R,
Quincozes-Santos A, et al. (2011) The neuroprotective effect
of two statins: simvastatin and pravastatin on a
streptozotocin-induced model of Alzheimer's disease in rats.
Journal of neural transmission (Vienna, Austria : 1996) 118:



62

(28]

EricJ. Heyer et al.:

Does Cognitive Dysfunction after Carotid

Endarterectomy Vary by Statin Type or Dose?

1641-1649.

Evans BA, Moonis M, Pollen DA, Evans JE, Baker SP, et al.
(2009) Long-term statin therapy and CSF cholesterol levels:
implications for Alzheimer's disease. Dementia and geriatric
cognitive disorders 27: 519-524.

Amarenco P, Labreuche J, Lavallee P, Touboul PJ (2004)
Statins in stroke prevention and carotid atherosclerosis:

systematic review and up-to-date meta-analysis. Stroke 35:

2902-2909.

[29]

(30]

Biffi A, Devan WJ, Anderson CD, Cortellini L, Furie KL, et
al. (2011) Statin treatment and functional outcome after
ischemic stroke: case-control and meta-analysis. Stroke 42:
1314-1319.

Dhar R, Diringer M (2012) Statins and anti-inflammatory
therapies for subarachnoid hemorrhage. Current treatment
options in neurology 14: 164-174.



	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusions

