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Background and Purpose: Renal insufficiency is a known risk factor for stroke.

However, the impact of carotid endarterectomy (CEA) on stroke incidence in

patients requiring dialysis remains controversial. We hypothesized that patients

undergoing dialysis have no greater risk for periprocedural adverse events.

Methods: We performed a retrospective chart review of 12 CEA patients who were

on dialysis at the time of CEA. The charts were reviewed for patient demographics,

systemic vascular disease, perioperative morbidity and mortality rates, and long-

term outcome. Outcomes were recorded in terms of modified Rankin Scale (mRS).

Results: Themean patient age at the time of CEAwas 66.96 7.3 years, with 1 patient

having received carotid artery stenting for restenosis. Of the 12 patients undergoing

15 CEAs while being dialysis dependent, none exhibited periprocedural complica-

tions including stroke and myocardial infarction. During the follow-up period

(mean, 56.1 6 38.8 months), 3 patients had strokes unrelated to the target vessels

for CEA, and 3 patients died from acute myocardial infarction, congestive heart fail-

ure, and sepsis. The calculated 5-year survival rate in our series was 58.3% in all

cases, 40.0% in symptomatic patients, and 71.4% in asymptomatic patients. Eight

patients (66.6%) had a good outcome. Conclusions: These data suggest that patients

undergoing dialysis were at no greater risk for periprocedural complications when

undergoing CEA. Thus, CEAmay be effective for stroke prevention in hemodialysis

patients. Key Words: Hemodialysis—carotid endarterectomy—symptomatic—

long-term follow-up.

� 2013 by National Stroke Association
Introduction

End-stage renal disease (ESRD) requiring hemodialysis

(HD) represents a major public health problem in Japan

and is related to an aging population and an increasing in-

cidence of risk factors such as diabetes mellitus.1 In HD
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patients, cerebrovascular disease is one of themain causes

of death.1-4 For example, in an American prospective

cohort study of patients initiating dialysis therapy for

ESRD, cerebrovascular events, including fatal and

nonfatal clinical stroke and carotid endarterectomy

(CEA), occurred 10 times more frequently than in the

general population, with an incidence rate of 4.9

events/100 person-years.3 Most of those events were re-

lated to ischemic stroke in dialysis patients. Nevertheless,

there is no long-term outcome study of HD patients, in

particular those including outcomes after CEA. Although

carotid artery stenting is an alternative modality, its out-

come for the patients with chronic kidney disease is gen-

erally worse.5 Moreover, marked calcification is

frequently found in systemic arteries of HD patients,6

which would make us difficult to place the carotid artery
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stent and to perform needle puncture. Aortic calcification

is also one of the risk factor of cholesterol emboli. There-

fore, we conducted CEA as a first-line modality. The aim

of the present study was to evaluate the perioperative

morbidity and mortality and long-term outcomes of

CEA in Japanese HD patients.
Methods

All patients diagnosed as ESRD were cross-referenced

with those who underwent CEA at the Kyushu Medical

Center and Fukuoka University between April 2002 and

July 2012. Patients with maintenance HD at the time of

their CEA were enrolled in this evaluation. The degree

of stenosis was calculated on the basis of angiography

according to the criteria of the North American Symptom-

atic Carotid Endarterectomy Trial (NASCET) study.7 The

surgical indications were 70% or greater stenosis for

symptomatic cases and 60% or greater stenosis for asymp-

tomatic cases and non-HD patients.

Conventional CEA was performed while the patient

was under general anesthesia, using an operating micro-

scope and electroencephalographic monitoring. Shunts

were used in all patients. No patients underwent patch

closure. Hemodialysis was performed continuously

2 days before the operation and restarted 2 days after

the operation to prevent hemodynamic change and hem-

orrhage; HD requires anticoagulation drugs, such as hep-

arin. After CEA, propofol sedation was continued until

the next morning. Transcranial color-coded real-time so-

nography was then performed serially to evaluate flow

velocity of the middle cerebral artery for diagnosis of
Table 1. Characteristics of the 12

Case Age/sex Side Symptom NASCET

Plaque

calcificat

1 74/M R TIA 80 (1)

2 64/M R TIA 79 (1)

3 63/M R TIA 75 (1)

66/M L Asymptomatic 82 (1)

4 76/F R TIA 80 (1)

5 56/M R TIA 91 (1)

6 81/M R Asymptomatic* 80 (1)

7 70/M L Asymptomatic 88 (1)

8 58/F R Asymptomatic 90 (1)

64/F L Asymptomatic* 75 (1)

9 61/M L Asymptomatic 78 (1)

61/M R Asymptomatic 73 (1)

10 75/M L Asymptomatic 63 (1)

11 72/F L Asymptomatic 93 (2)

12 63/M R Asymptomatic 62 (1)

Abbreviations: CGN, chronic glomerulonephritis; DM, diabetes mellitu

sion; IHD, ischemic heart disease; L, left; M, male; NASCET, North Am

vascular disasel; R, right; TIA, transient ischemic attack.

*Stenosis progression during follow-up.
hyperperfusion.8 Blood pressure was controlled to levels

less than 150 mm Hg in systole and more than 90 mm Hg

in diastole in all patients using nitroglycerin and/or

diltiazem until 7 days after CEA.

The charts were reviewed for patient demographics,

systemic vascular disease, perioperative morbidity and

mortality rates, and long-term follow-up. Outcomes

were evaluated in terms of modified Rankin Scale

(mRS) at the latest follow-up and the change in mRS

from before the operation to the final follow-up. Good

outcome was defined as a final mRS score of 0-2, and

poor outcome was defined as a final mRS score greater

than 2. Five-year survival rate was calculated using

Kaplan–Meier methodology. Data were analyzed using

SPSS 14.0.J program (SPSS Inc., Chicago, IL).

Results

Demographics

The demographics of cases are reported in Table 1.

Between April 2002 and July 2012, 592 CEAs were per-

formed at our institution, of which 15 (2.5%) CEAs were

performed in 12 patients undergoing HD. There were

9 male and 3 female patients, with ages ranging from

56 to 81 years (mean age, 66.9 years). Five lesions

(33.3%) were symptomatic carotid stenosis, and the other

10 were asymptomatic. Two of 10 asymptomatic lesions

were indicated because of stenosis progression under

medical treatment. The mean stenotic rate measured by

the NASCET method was 79.3% 6 9.1%. Eight patients

had diabetic nephropathy as the original kidney disease

that resulted in HD, whereas the other 4 had chronic
patients and the 15 lesions

io Original Duration HT HL DM IHD PVD

DM 0.5 (1) (1) (1) (1) (1)

DM 6 (1) (2) (1) (2) (2)

CGN 7 (1) (2) (2) (2) (2)

CGN 9 (1) (2) (2) (2) (2)

CGN 9 (1) (2) (2) (2) (2)

CGN 10 (1) (2) (2) (1) (2)

DM 1 (1) (1) (1) (1) (1)

DM 2 (2) (2) (1) (1) (1)

DM 2 (1) (2) (1) (2) (2)

DM 8 (1) (2) (1) (2) (2)

DM 4 (1) (1) (1) (1) (1)

DM 4 (1) (1) (1) (1) (1)

DM 4 (1) (2) (1) (2) (1)

CGN 5 (1) (2) (2) (2) (2)

DM 7 (1) (1) (1) (2) (2)

s; F, female; HD, hemodialysis; HL, hyperlipidemia; HT, hyperten-

erican Symptomatic Carotid Endarterectomy Trial; PVD, peripheral



T
a
b
le

2
.
P
er
io
pe
ra
ti
ve

co
m
pl
ic
at
io
ns

an
d
lo
ng

-t
er
m

ou
tc
om

es

P
at
ie
n
t

n
o
.

F
o
ll
o
w
-u
p

p
er
io
d
(m

o
)

H
P

P
er
io
p
er
at
iv
e

st
ro
k
e

P
er
io
p
er
at
iv
e
IH

D

O
th
er

ad
v
er
se

ev
en
ts

R
es
te
n
o
si
s

Ip
si
la
te
ra
l
st
ro
k
e

A
n
y
st
ro
k
e

an
d
d
ea
th

m
R
S

O
n
ad
m
is
si
o
n

A
t
d
is
ch
ar
g
e

F
in
al

1
2
7

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

2
3
4

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

3
1
0
2

(1
)

(2
)

(2
)

(2
)

(1
)

(2
)

(1
)

0
0

6

1
0
0

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(1
)

0
0

6

4
2
7

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

5
9
7

(2
)

(2
)

(2
)

H
y
p
er
k
al
em

ia
(2

)
(2

)
(2

)
0

0
0

6
2
6

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

7
4
9

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(1
)

0
0

6

8
9
6

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

2
4

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

9
6

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

0
0

0

4
(2

)
(2

)
(2

)
(2

)
(2

)
(2

)
(2

)
0

0
0

1
0

5
8

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(1
)

0
0

6

1
1

1
1
8

(2
)

(2
)

(2
)

(2
)

(2
)

(2
)

(1
)

0
0

4

1
2

7
5

(2
)

(2
)

(2
)

(2
)

(2
)

(1
)

(1
)

0
0

1

A
b
b
re
v
ia
ti
o
n
s:
H
P
,
h
y
p
er
p
er
fu
si
o
n
;
IH

D
,
is
ch
em

ic
h
ea
rt
d
is
ea
se
;
m
R
S
,
m
o
d
ifi
ed

R
an
k
in

sc
al
e.

CAROTID ENDARTERECTOMY FOR HEMODIALYSIS PATIENTS DISCLOSURE 3
glomerulonephritis. Plaque calcification was found in 14

of 15 plaques (93.3%). Eight patients (66.6%) had hyper-

tension. Coronary artery disease was found in 8 patients

(66.6%), and percutaneous transluminal coronary angio-

plasty (PTCA) had been performed in 4 patients before

CEA. The mean dialysis duration of the patients with

HDwas 5.26 3.1 years before the operation. Five patients

(41.7%) had peripheral artery disease. The mean follow-

up period was 56.1 6 38.8 months.

Perioperative Results

The perioperative stroke and death rate was 0%

(0 strokes, 0 myocardial infarctions, and 0 deaths). Hyper-

perfusion was found in only 1 patient by transcranial

color Doppler on the day following CEA. We sedated

this patient with propofol for a few days, and he was dis-

charged from the hospital 3 weeks after his CEAwithout

any complications, including intracerebral hemorrhage.

Bradycardia and an electrocardiographic change resulting

from hyperkalemia occurred in 1 patient several hours

after CEA, but he improved after emergency dialysis.

Long-term Morbidity and Mortality

Late neurologic events and long-term outcomes are

shown in Table 2. In the follow-up period, late strokes oc-

curred in 2 (16.6%) patients. Strokes occurred on the ipsi-

lateral side of previous CEA in 1 patient (8.3%) at

23 months after surgery, which was caused by a newly

generated middle cerebral artery stenosis; the ipsilateral

carotid artery of the neck revealed no sign of restenosis

in this case. Strokes on the contralateral side occurred in

1 patient, which resulted from anterior choroidal artery

occlusion at 46 months after surgery. A cerebellar hemor-

rhage occurred in 1 patient at 2 years after CEA.Only 1 pa-

tient underwent carotid artery stenting because of

progression of asymptomatic restenosis. Other lesions

had been patent during follow-up period. The survival

rate in our series was 75.0% at a mean follow-up of

56.1 6 38.8 months, and the calculated 5-year survival

rates were 58.3% in all cases (Fig 1), 40.0% in symptomatic

patients, and 71.4% in asymptomatic patients. There were

3 deaths in our series: 1 died of congestive heart failure at

42 months after surgery, 1 died of myocardial infarction,

and 1 died of sepsis after amputation of his foot at

58 months after surgery. No patient died of cerebral vas-

cular disease. Eight patients (66.6%) had a good outcome,

whereas 1 patient required a wheelchair.

Discussion

Early Benefit for Symptomatic Lesions

Symptomatic carotid stenoses have an early risk for

stroke, suggesting that CEA could be useful for preven-

tion of stroke and TIA.9 In the present study, the risk of

ipsilateral stroke among patients with symptomatic



Figure 1. Survival rate Kaplan–Meier curve. The 5-year survival rates are

58.3% in all cases, 40.0% in symptomatic patients, and 71.4% in asymptom-

atic patients.

M. OKAWA ET AL.4
internal carotid artery disease was 5.5% within the first

2 days after a first recorded hemispheric TIA and 20.1%

within the first 90 days. Furthermore, using the NASCET

criteria, the Kaplan–Meier curves for stroke diverged be-

tween the medically and surgically treated groups at ap-

proximately 3 months of follow-up,9 with a clear benefit

in the surgical group by 6-12 months. Thus, if the degree

of perioperative risk can be controlled, CEAwould be jus-

tified for HD patients who have symptomatic carotid ste-

nosis, without any effects on their long-term survival.

Long-term Benefit for Asymptomatic Lesions

To our knowledge, there are no reports on the natural

history or long-term outcome of use of CEA in HD pa-

tients with carotid artery stenosis. Because asymptomatic

patients do not have early benefit like symptomatic pa-

tients, long-term outcome is more important. The indica-

tion for use of CEA for asymptomatic stenosis (American

Academy of Neurology recommendation) requires an ex-

pected life expectancy of at least 5 year.10 According to

a Japanese review of HD patients,1 the 5-year survival

rate after HD initiation was only 59.7% (mean age,

64.9 years). As for asymptomatic patients who exhibit

a lower incidence of stroke, CEA produces no significant

benefits in patients with low long-term survival rates.

However, stroke, which is mainly ischemic, occurs

10 times more frequently in dialysis patients than the gen-

eral population.11 In our series, the 5-year survival rate

was higher than the natural history of asymptomatic

HD patients (71.4% versus 59.7%, mean age, 66.9 years

versus 64.9 years), and all surgical sites were patent,

with no infarction. Thus, our data suggest that CEAmight

be effective for stroke prevention for HD patients, even in

those who are asymptomatic.

Perioperative Morbidity and Mortality

Chronic renal insufficiency (CRI) is a perioperative risk

factors for CEA.12-16 Debing and van den Brande14 com-
pared 102 patients with CRI (creatinine . 1.5 mg/dL,

creatinine clearance , 30 mL/min) with 909 healthy pa-

tients and found a significantly higher mortality in the

CRI group (3.9% versus 1.0%), which was mainly caused

by coronary artery disease. Furthermore, although Ascher

et al15 reported no differences in the stroke rate between

166 patients with renal disease and 443 healthy subjects,

there was a higher mortality rate in renal disease patients

with a creatinine more than 3.0 mg/dL than in the control

group subjects (3.0% versus 0%). Interestingly, Reil et al11

reported that the safety of CEAs performed in 370 renal

insufficiency patients was similar to that in subjects with-

out renal insufficiency as these subjects required preoper-

ative cardiac evaluation and close cardiac monitoring

because of increased risk of myocardial infarction. Simi-

larly, in our series, preoperative evaluation of the sys-

temic vascular lesions including coronary artery disease

and peripheral artery disease using ultrasound allowed

us to use CEA safely. Thus, it is important to co-operate

with cardiologists, nephrologists, and cardiac surgeons,

for example, before performing CEA.

Hyperperfusion syndrome after CEA in dialysis

patients is likely to be a more significant problem than in

nondialysis patients because of the increased frequency

of cerebral hemorrhage.2,3,17 In addition, it is difficult to

perform dialysis if the blood pressure is too low. Our

patients were sedated under general anesthesia until

the following day to minimize blood pressure

fluctuations immediately after surgery, while screening

for hyperperfusion syndrome by ultrasound was also

performed.8 Similarly, the delay in reinstatement of dialy-

sis until the second day after surgery was to reduce the

impact of dialysis on blood pressure.
Significance of CEA for Hemodialysis Patients

There are a few reports on the efficacy of CEA in

patients receiving HD. Nevertheless, there are some

circumstances where CEA for HD patients may be

critical to prevent stoke. For example, HD patients were

reported to have a higher incidence of carotid artery

atherosclerosis.18,19 Pascazio et al19 also found more

carotid plaques in HD patients (73.8%) than in non-HD

controls (44%). Furthermore, Maeda et al18 reported that

carotid plaques were found by ultrasonography in 87.0%

of Japanese HD patients, whereas the incidence of carotid

artery calcifications was 79.2%.

There is also evidence that the rates of mortality and

worse outcomes are higher in HD patients. For example,

based on the Choices for Healthy Outcomes in Caring

for ESRD (CHOICE) Study,4 for every 100 dialysis pa-

tients with a stroke, 35 will die within 30 days and only

56 of the 100 patients will be able to go home or to an

acute rehabilitation facility. Iseki et al3 also reported an in-

creased incidence of acute death (within 30 days after

stroke) and cerebral infarction in HD patients (46.6%

mailto:Images of Figure 1|eps
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and 27.9%, respectively) compared with the general pop-

ulation (12.3% and 6.5%, respectively).

Finally, there is evidence that severe stenosis of the ca-

rotid arterymay result in hemodynamic infarction byHD.

For example, Toyoda et al17 reported that 34% of ischemic

brain infarcts occurred within 30 minutes of the dialysis

procedure because of a drastic decrease in intravascular

blood volume secondary to HD and decreasing cerebro-

vascular response. Patients with severe stenosis are likely

to be exposed to similar conditions while undergoing

dialysis.

Recently, an increasing number of older patients and

patients with multiple risk factors for arteriosclerosis, es-

pecially diabetic patients,1 have started to receive HD

therapy, suggesting that the risk for ischemic stroke, cor-

onary disease, and peripheral artery disease may increase

in HD patients overall. Interestingly, a long-term study

showed that to prevent vascular events, diastolic blood

pressure changes related to large-artery atherosclerosis

were more important in HD patients than the patients

without stenosis.17 Thus, evaluation of the systemic

arteries, including the carotid artery, the coronary artery,

and the peripheral artery, during the follow-up period

is of clinical importance.
Conclusions

We found that CEAwas effective for patients with HD

and may increase long-term survival. Further studies of

CEA for HD patients are needed to further define criteria

that will allow better prediction of patients likely to

achieve long-term benefits. We suggest that CEA for HD

patients could be performed as safe as non-HD patients

and that CEA might contribute to stroke prevention and

better outcome for them.
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