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Background: Although subtle cognitive injury as re-
vealed by neuropsychological testing occurs in a sub-
stantial number of patients following carotid endarter-
ectomy (CEA), there is controversy about whether this
finding is a result of the surgery or the anesthesia.

Objectives: To examine the changes in neuropsycho-
logical test performance in patients following CEA vs a
control group of patients older than 60 years following
spine surgery, so as to determine whether neuropsycho-
logical dysfunction after CEA is a result of surgery or
anesthesia.

Methods: Patients undergoing CEA (n=80) and lum-
bar spine surgery (n=25) were assessed with a battery
of neuropsychological tests preoperatively and on post-
operative days 1 and 30. The neuropsychological per-
formance of patients in the control group was used to
normalize performance for patients in the CEA group,
by calculating z scores using the mean and SD of the

change scores in the control group. Significant cogni-
tive dysfunction was defined as performance that ex-
ceeded 2 SDs above the mean performance of patients
in the control group.

Results: Postoperative days 1 and 30 total deficit scores
were significantly worse in the CEA group compared with
the controls. When individual test results were exam-
ined, the CEA group performed significantly worse than
the controls on the Rey Complex Figure test and Halstead-
Reitan Trails B on day 1, and on the Rey Complex Fig-
ure on day 30. Overall, cognitive dysfunction was seen
in 22 patients (28%) in the CEA group on day 1 and in
11 (23%) of 48 patients on day 30.

Conclusions: Subtle cognitive decline following CEA oc-
curs and persists for at least several weeks after surgery.
This decline was absent in a control group.
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C AROTID endarterectomy
(CEA) is an effective
means of preventing stroke
in appropriately selected
patients.1-4 Although the

incidence of perioperative stroke is low,
subtle cognitive changes as revealed by neu-
ropsychological (NP) testing occur in a high
percentage of patients following CEA. Sev-
eral studies have demonstrated improve-
ment,5-10 others show no change,11,12 and still
others demonstrate a decline13-15 in post-
operative NP performance. Although de-
cline in NP performance may be related to
intraoperative hemispheric cerebral ische-
mia,16,17 microemboli,18 or subclinical mi-
croinfarcts,13 some decline may be due to
the effects of general anesthesia,19,20 par-
ticularly in older patients.21 Most previ-
ous studies have not controlled for the ef-
fects of perioperative variables, such as
anesthesia, stress, and pain.

To better characterize the cognitive
injury that occurs following CEA, we tested

patients before and after surgery using a
battery of NP tests to evaluate several cog-
nitive domains to reveal subtle cognitive
injury. Furthermore, we defined a group
of patients undergoing spine surgery (age,
�60 years) to serve as an appropriate con-
trol group to account for the effects of these
perioperative variables.22 This prospec-
tive study explores the changes in NP test
performance 1 day and 1 month follow-
ing CEA.

RESULTS

Demographic and intraoperative vari-
ables are shown in Table 1 for all pa-
tients. Performance on all the NP tests was
normally distributed at baseline for pa-
tients in the CEA group, including Trails
A when 1 outlier was excluded. Because
we expected patients with abnormalities
of the central nervous system to perform
worse than those without injury, it is not
surprising that “symptomatic” CEA pa-
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tients (those who had suffered a previous stroke or tran-
sient ischemic attack [TIA]) performed worse at base-
line on all 3 NP examinations compared with the control
subjects.26 In contrast, “asymptomatic” CEA patients per-
formed significantly worse only on Trails A at baseline
(P=.03). Therefore, we might also expect symptomatic
patients to demonstrate a greater decline in NP perfor-
mance after surgery than asymptomatic patients. How-
ever, a subgroup analysis of patients undergoing CEA
showed no significant difference in NP outcome be-
tween symptomatic and asymptomatic patients. There was
no significant relationship between educational level and
NP outcome scores. Three patients in the CEA group had
postoperative strokes and were excluded from the analy-
sis. One patient had a postoperative myocardial infarc-
tion and was not excluded from the analysis. No signifi-
cant difference in NP performance was seen between those
who had a saphenous vein patch and those who did not.

Postoperative day 1 total deficit scores were signifi-
cantly worse in the CEA group compared with the con-
trol patients (Table 2, P=.003). When individual test
results were examined (Table 2), the CEA patients per-
formed significantly worse than control patients on the
Rey Complex Figure (P=.006) and Trails B (P=.01). There

were no significant differences in performance between
patients undergoing right and left CEAs on any of the
NP tests. Postoperative day 30 total deficit scores (Table
2) were significantly worse in the CEA group (P=.03)
compared with the control patients. When individual test
results were examined at the 1-month follow-up (Table
2), the CEA group still performed significantly worse on
the Rey Complex Figure (P=.01). Of the 37 CEA pa-
tients with significant decline on either the Rey Com-
plex Figure or Trails B, only 16% (6 patients) demon-
strated a significant decline on both tests, while 84% (31
patients) demonstrated a significant decline on one or
the other (16 [43%] on Rey Complex Figure and 15 [41%]
on Trails B).

To determine a cutoff for significant cognitive dys-
function following CEA, postoperative day 1 total deficit
scores were examined in the control group (n=25). Total
deficit scores higher than 2 SDs (�5.46 points) above the
mean of the control group (higher points indicated poorer
performance) represented significant cognitive dysfunc-
tion (Figure, A). Of the 80 CEA patients, 22 (28%) had
significant cognitive dysfunction on postoperative day 1.
Only 1 control patient had a postoperative day 1 total defi-
cit score higher than 2 SDs above the mean.

SUBJECTS AND METHODS

SUBJECTS

Eighty-three patients undergoing elective CEA and 25 pa-
tients (age, �60 years) undergoing lumbar spine surgery
were recruited to participate in this institutional review
board–approved study. We included all patients who were
able to perform the NP evaluation in English, and ex-
cluded all patients with either a postoperative stroke or pain
scores greater than 4 at their first follow-up examination.
After written informed consent was obtained, patients were
assessed with a battery of NP tests at 3 time points: before
surgery (n=108), 1 day after surgery (n=105), and 30 days
after surgery (n=65). All examinations were performed at
least 3 hours after any analgesic or sedative medication had
been administered. Preoperative and postoperative mag-
netic resonance imaging and computed tomographic scan-
ning were not performed. Although intraoperative trans-
cranial Doppler ultrasonography was performed on some
patients, it was not used to determine the need for shunt-
ing or to count the number of emboli coming from the sur-
gical field.

ANESTHESIA

No patients were premedicated. All patients received gen-
eral anesthesia, with routine hemodynamic and tempera-
ture monitoring recorded continually every minute. Seda-
tion before induction consisted of fentanyl citrate and
midazolam hydrochloride. Anesthetic agents for induction in-
cluded 1 or more of the following: propofol, etomidate, or
thiopental sodium, and succinylcholine chloride, cisatracu-
rium besylate, or rocuronium bromide; for maintenance: iso-
flurane or sevoflurane with nitrous oxide in oxygen in a 2:1
ratio, and cisatracurium or rocuronium; and for emergence:

neostigmine bromide and glycopyrrolate for reversal of neu-
romuscular blockade, and labetalol hydrochloride or esmo-
lol hydrochloride for hemodynamic control. For patients un-
dergoing CEA, a radial arterial catheter for measuring blood
pressure continuously and an 8-channel encephalographic
monitor (Neurotrac II; Moberg Medical, Inc, Ambler, Pa) were
used. Significant encephalographic change on clamping the
carotid artery was defined as a 50% or greater decrease in
amplitude in the alpha or beta frequencies and a similar in-
crease in the delta or theta frequencies, or complete loss
of all cerebral electrical activity. Anesthesia for patients
having spine surgery was essentially identical to that for
patients having CEA, except for higher mean dosages of
fentanyl in patients undergoing spine surgery (Table 1).

SURGERY

All laminectomies were performed by a member of the neu-
rosurgical spine service (P.C.M., J.G.M., or D.O.Q.), and
all CEAs were performed by members of either the neuro-
vascular service (R.A.S., D.O.Q., or E.S.C.) or the vascular
service (G.J.T.). The surgery for CEA consisted of posi-
tioning the patient supine with the head in an extended mid-
line position. An incision was made along a skin crease from
just below the angle of the mandible to near the midline
through skin, subcutaneous tissue, and platysma. The com-
mon, internal, and external carotid arteries were exposed
and controlled. All patients undergoing CEA received 5000
to 6000 U of heparin sodium bolus. No patients were
shunted. In patients operated on by one of us (G.J.T.), a
saphenous vein patch was used and protamine sulfate re-
versal was given selectively.

Patientsundergoingspinesurgerywereplacedintheprone
position.Followingamidline incision,dissectionthroughthe
paraspinalmuscleswasaccomplishedunilaterally inpatients
undergoing discectomy and bilaterally in those undergoing
laminectomy. The microscope was used for visualization of
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Total deficit scores higher than 4.65 points repre-
sented significant cognitive dysfunction at day 30 after
surgery (Figure, B). Of the 48 CEA patients tested at day
30, 11 (23%) demonstrated significant cognitive de-
cline, compared with the controls. Because 32 patients
(40%) in the CEA group declined to complete the study
at 1 month, we compared baseline performance scores
between them and the 48 patients who returned. There
was no significant difference in test performance on all
4 individual NP tests at baseline and at 1 day after sur-
gery between these 2 subgroups of patients. The 2 sub-
groups differed with respect to 2 perioperative vari-
ables: the 48 patients who returned had a significantly
higher incidence of previous stroke or TIA (P�.02) but
a lower incidence of previous myocardial infarction
(P�.004), compared with the patients who did not re-
turn. Six patients injured at day 30 were also injured at
day 1 (P�.03, �2 test). No control patients had postop-
erative day 30 total deficit scores higher than 2 SDs above
the mean. Despite the loss of 8 control patients at the
1-month follow-up, there was no significant difference
in their test performance on all 4 individual NP tests at
baseline and 1 day after surgery, compared with the 17
who returned. The control patients who returned were

significantly shorter in stature than the patients who did
not return (P�.02).

Of the 22 patients in the CEA group with signifi-
cant cognitive dysfunction 1 day after surgery, 6 (27%)
remained injured 1 month later. Ten patients who were
injured 1 day after surgery declined their 1-month fol-
low-up examination. Of the 58 patients who did not dem-
onstrate significant cognitive dysfunction 1 day after
surgery, 5 (9%) demonstrated significant cognitive
dysfunction at 1 month. Nineteen patients who were
uninjured 1 day after surgery declined follow-up.

Patients in the CEA group with significant cogni-
tive dysfunction were compared with patients in the group
without dysfunction. These 2 subgroups did not signifi-
cantly differ with respect to perioperative variables (age,
sex, educational level, or handedness), medical history
(stroke or TIA, CEA, diabetes mellitus, or hyperten-
sion), surgical variables (side of surgery, contralateral ca-
rotid stenosis, duration of carotid cross-clamping, or du-
ration of surgery), or anesthetic variables (fentanyl or
midazolam dosage or intraoperative temperature). How-
ever, patients with a history of myocardial infarction were
more likely to develop cognitive dysfunction following
CEA than those without a history (P�.01).

disk removal in 1 patient. Patients were returned to the su-
pine position before extubation. No patients, in either the
CEA or control groups, received blood transfusions.

All patients were extubated in the operating room and
recovered for 1 to 3 hours in a postoperative care unit. Af-
ter CEA, patients were transferred to the intensive care unit,
where they stayed for 1 night. No patients having lumbar
spine surgery required a stay in the intensive care unit. All
patients remained in the hospital for 1 to 3 days for post-
operative pain scoring and NP testing.

NP EVALUATION

Patients were assessed with a battery of NP tests. All exami-
nations were administered by the same research assistant
(R.S.), trained to administer and score these NP tests under
the supervision of neuropsychologists (Y.S. and R.M.L.). Four
raw scores were generated from the battery of 3 NP tests,
which were chosen to represent a limited range of cognitive
domains. Halstead-Reitan Trails parts A and B evaluated vi-
sual conceptual and visuomotor tracking by timing how long
it took a subject to connect consecutively numbered circles
with a single line (part A) and then connect the same num-
ber of consecutively numbered and lettered circles by alter-
nating between the 2 sequences (part B). The Controlled Oral
Word Association Test evaluated verbal fluency and pro-
vided information on the function of the dominant hemi-
sphere (“left”). Patients were asked to generate as many words
as they could beginning with 3 target letters (C, F, and L) in
1 minute. Their raw score was the sum of the words pro-
duced for all 3 letters. The copy portion of the Rey Com-
plex Figure test was administered to assess perceptual and
visuospatial organization and provided information on the
function of the nondominant hemisphere (“right”). Pa-
tients were asked to copy the Rey Complex Figure to the best
of their ability.23 A standardized scoring system24 was used
to evaluate the presence of specific design features and the

accuracy of their location. Although we would have pre-
ferred a more extensive battery, our population of older pa-
tients better tolerated this one because of its short adminis-
tration time.

Thedegreeofpainwasassessedat thesametimeNPtest-
ingwasperformed,usingan11-pointNumericPain Intensity
Scaleadaptedfromapreviousstudy.25 Patientswithpainscores
greater than 4 were excluded at the first follow-up, because
of the confounding effect of pain on NP test performance.22

STATISTICAL MEASURES

For each NP test, the change in performance was calcu-
lated by subtracting the baseline score from the postop-
erative score. A normative data set for these changes was
derived from the control population for each NP test. The
mean change and SD for the control population were then
used to calculate a z score for each test: z score=(change
score–mean change scorespine)/SD of change scorespine. To
illustrate cognitive decline, a point system was used to trans-
form negative z scores into points for each NP test. Points
were assigned as follows: z scores �−0.5=0 points; �−0.5
to –1.0=1 point; �−1.0 to −1.5=2 points; �−1.5 to –2.0=3
points; �−2.0 to –2.5=4 points; �−2.5 to –3.0=5 points;
and �−3.0=6 points. This test deficit score measured how
far each patient’s performance in the CEA group deviated
from the mean performance of the control group. For each
patient, the total number of test deficit scores was summed
to produce the total deficit score. This total deficit score
represents overall performance on the NP battery, while
test deficit scores represent performance on individual NP
tests. Group differences were compared by using the Sat-
terthwaite modification to the unpaired t test because of
differences in the variance of the measurement between
groups. The Kolmogorov-Smirnov test was used to test
whether the distribution of test and z scores between the
control and CEA groups for each NP test was normal.
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COMMENT

Using total deficit scores to measure NP performance, pa-
tients who underwent CEA sustained a significant de-
cline on postoperative days 1 and 30, compared with a
control group of patients having spine surgery. This de-
cline was measured using a battery of 3 NP tests to evalu-
ate language, attention, and perceptual and visuospatial
organization. This persistent decline in performance was
not seen in a previous uncontrolled study.14

Numerous investigations spanning several decades
have explored whether CEA affects postoperative NP per-
formance.27 One universal limitation of these studies was
the absence of an appropriate control group to account
for the effects of general anesthesia and surgery on NP
performance.19,20 Some studies used nonoperative con-
trols,6,7,12,28,29 others used operative controls,5,7,9,13 and still
others used no control group at all.8,14,15,30,31

Our 2 groups were well matched in perioperative
variables, medical history, anesthetic variables, and
perioperative pain levels. The only difference was that
patients undergoing spine surgery required higher

doses of fentanyl during surgery and were in more pain
after surgery. However, increased doses of fentanyl
would bias the data against the control group, causing
them to perform worse on the NP tests, and we
excluded patients with pain scores higher than 4 from
our analysis.22 Therefore, it is likely that factors specific
to CEA, such as hemispheric cerebral ischemia or
microemboli, may be responsible for the decline in NP
performance.

When results of individual tests 1 day after surgery
were examined, the CEA group patients performed sig-
nificantly worse than did controls on the Rey Complex
Figure and Trails B tests. A significant decline on both
of these tests occurred in only 6 patients (16%). This find-
ing may support the hypothesis that different mecha-
nisms of ischemia, focal vs hemispheric, are responsible
for the postoperative cognitive decline following CEA.
At 30 days after surgery, the CEA group performed
significantly worse than did controls on only the Rey
Complex Figure test.

Besides using a control group to determine the ef-
fects of anesthesia and surgery, NP performance in a con-
trol group was used to account for changes in NP per-
formance that were due to the “practice effect,” which
arises when patients are repeatedly tested. Using the mean
and SD of the change scores in the control group, z scores
were calculated to measure how individuals in the CEA
group performed compared with patients in the control
group. By using a surgical control group, we avoided us-
ing less rigorous statistical methods, such as defining defi-
cit based on a percentage decline, used in a previous
study.14 In addition, the severity of significant injury on
individual NP test results can be quantified using test defi-
cit scores, and overall injury can be quantified using total
deficit scores.

For this study, significant cognitive injury was de-
fined as a decline in performance that exceeded 2 SDs
above the mean of the spine surgery cohort. Using this
criterion, the NP performance of 24 (96%) of the con-
trol patients was within the normal (uninjured) range on
postoperative day 1. All control patients performed within
the normal range 1 month after surgery. Although most
patients in the CEA group showed no change or im-
proved NP performance after surgery, 22 (28%) demon-
strated a significant decline in NP performance 1 day af-
ter surgery, and 11 (23%) of 48 were injured 1 month
after surgery. There was also no difference in the inci-
dence of cognitive injury with respect to the side of the

Table 1. Demographics and Intraoperative Variables
in Carotid Endarterectomy (CEA) and Spine Groups*

Demographic or Variable
CEA

(n = 80)
Spine

(n = 25)

Age, y 70.5 (9.2) 73.4 (7.6)
Sex (male/female) 71/29 76/24
Handedness (right/left) 94/6 96/4
Height, cm 171.8 (9.7) 173.9 (12.4)
Weight, kg 78.8 (12.5) 83.2 (18.7)
Education, y† 14.3 (3.4) 16.4 (3.9)
Hypertension 50 56
Diabetes mellitus 28 8
Previous stroke or transient

ischemic attack†
48 8

Previous myocardial
infarction

39 24

Previous CEA 14 4
Duration of surgery, min 132 (32) 146 (72)
Fentanyl citrate, µg/kg† 1.9 (1.4) 2.8 (1.4)
Midazolam hydrochloride,

µg/kg†
0.03 (0.01) 0.03 (0.02)

*Values are mean (SD) or percentage.
†P�.05; CEA and spine groups are significantly different in terms of years

of education (P = .01), previous stroke or TIA (P = .0003), and amount of
fentanyl (P = .009).

Table 2. Neuropsychological Test Scores*

Test Deficit Score

CEA Spine P Value

Day 1 Day 30 Day 1 Day 30 Day 1 Day 30

COW 0.5 ± 0.1 0.6 ± 0.2 0.5 ± 0.2 0.6 ± 0.3 .93 .91
Rey 1.4 ± 0.2 1.4 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 .006 .01
Trails A 0.9 ± 0.2 0.4 ± 0.2 0.6 ± 0.2 0.5 ± 0.3 .24 .60
Trails B 1.1 ± 0.2 0.7 ± 0.2 0.5 ± 0.1 0.5 ± 0.3 .01 .67
Total deficit score 3.9 ± 0.4 3.1 ± 0.4 2.2 ± 0.3 1.8 ± 0.4 .003 .03

*Values are mean ± SEM. CEA indicates carotid endarterectomy; COW, controlled oral word. Comparisons are by t test. Baseline values for Rey Complex Figure
were not different between CEA and spine groups: 28.6 ± 6.9 and 30.7 ± 4.0 for CEA and spine groups, respectively, where values are mean ± SD.

(REPRINTED) ARCH NEUROL / VOL 59, FEB 2002 WWW.ARCHNEUROL.COM
220

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archneur.jamanetwork.com/pdfaccess.ashx?url=/data/journals/neur/6867/ by a Columbia University User  on 06/13/2017



CEA, using the Rey Complex Figure test as a nondomi-
nant hemisphere task and the oral word test as a domi-
nant hemisphere task.

Although the thrust of this article was to highlight
the incidence of patients who developed cognitive defi-
cits, some patients undergoing CEA have experienced im-
proved postoperative NP performance.14 This improve-
ment may have occurred because of relief of flow failure
after CEA. Future studies may investigate cerebral blood
flow before and after surgery and attempt to correlate re-
lief of flow failure with improved NP performance after
surgery.

Although we were concerned about the reduced
number of patients at the second follow-up, there were
no obvious differences in NP test performance on either
baseline or first follow-up examinations among the
CEA and control groups. The patients in the CEA
group who returned for the second follow-up were
more likely to have had a previous stroke or TIA and
were less likely to have had a myocardial infarction.
Except for shorter stature, the control patients who
returned for the second follow-up were no different
from the control patients who returned for the first
follow-up only.

The battery of NP tests used in this study consis-
tently reveals subtle cognitive decline following CEA,
which persists for at least several weeks after surgery.
These changes were apparently unrelated to anesthetic
or perioperative factors. They represent subtle neuro-
logical deficits that arose as a result of the surgery itself,
unrelated to overt clinical stroke.
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A, Total deficit scores at day 1: Higher total deficit scores represent a greater
decline in performance. The cutoff for significant cognitive injury (5.46
points) at day 1 is 2 SDs above the mean of the control group (2.16±1.65)
and is depicted by the horizontal line. Based on this criterion, 22 patients
(28%) have significant cognitive decline following CEA, compared with a
control group of patients undergoing spine surgery. In the control group,
lumbar spine surgeries included 21 (86%) undergoing laminectomy,
3 (12%) undergoing discectomy, and 1 (2%) undergoing microdiscectomy.
B, Total deficit scores at day 30: The cutoff for significant cognitive injury
(4.65 points) is 2 SDs above the mean of the control group (1.81±1.42) and
is depicted by the horizontal line. Based on this criterion, 11 (23%) of 48
patients have significant cognitive decline 1 month after CEA, compared with
a control group of patients undergoing spine surgery.
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