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Abstract
Background: Carotid endarterectomy is an established surgical treatment for patients with severe carotid artery stenosis, but there are only a few reports dealing with 
the procedure in hemodialysis patients. We report the results of carotid endarterectomy in those on hemodialysis in our hospital. 

Methods: We retrospectively analyzed the records of 7 hemodialysis patients who underwent carotid endarterectomy in our hospital from January 2014 to October 
2019. During this period, 89 patients (including the 7 hemodialysis patients) underwent carotid endarterectomy. The characteristics and surgical outcomes in 
hemodialysis patients were compared with non-hemodialysis patients. 

Results: The existence of severe plaque burden was significantly higher in hemodialysis patients than in non-hemodialysis patients (86% vs. 27%; p = 0.001). The 
incidence of ischemic heart disease and arteriosclerosis obliterans and the percentage of the patients on dual anti-platelet therapy were significantly higher in 
the hemodialysis group than in the non-hemodialysis group. There was only one minor surgical complication in the hemodialysis patients (transient hoarseness). 
Although there was no perioperative mortality, three patients died during the follow-up period. Those that died were over 70 years old and the duration of their 
hemodialysis treatment was more than five years. 

Conclusions: Our experience shows that while carotid endarterectomy can be safely performed in hemodialysis patients in the short term, asymptomatic patients who 
are over 70 years old with more than 5 years duration of hemodialysis should be basically offered optimal medical therapy, considering their poor long-term prognosis.
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Introduction
The number of patients on dialysis in Japan currently exceeds 

300,000. Chronic dialysis is considered a risk factor for atherosclerosis 
[1]. For those on hemodialysis (HD), the relative risk of stroke and 
cerebral infarction is 5.2 and 2.0, respectively [2]. Furthermore, several 
authors have reported a higher incidence of carotid artery plaque in 
patients on HD [3,4]. According to a report by Pascazio, et al. 74% of 
HD patients have evidence of carotid plaque [4]. Maeda, et al. reported 
that carotid plaque was detected by ultrasonography in 87% of Japanese 
HD patients [3]. 

Carotid endarterectomy (CEA) is an evidence-based surgical 
treatment for severe carotid stenosis supported by high-profile 
randomized controlled trials [5-7].  However, many reports suggest 
high complication rates in patients with renal insufficiency [8-16]. 
There has been no consensus on the indications for CEA in HD 
patients, and a few large database studies have demonstrated a poor 
outcome of CEA in these patients [10,17]. However, due to the nature 
of these studies, they were lacking in detail. On the other hand, some 
individual institutional reports have made the argument that patients 
undergoing HD are at no greater risk for periprocedural complications 
after CEA [18-20]. However, these contradicting studies did not 
discuss perioperative management in detail. Therefore, the appropriate 
perioperative management of CEA in HD patients remains unclear.

Based on this background information, we present seven HD 
patients who underwent CEA and thoroughly review these cases with 
an emphasis on the perioperative management phase developed into 
CTEPH throughout seventeen years.

Patients and methods
Patients

The study was approved by the Institutional Review Board, with 
the need for informed consent waived because of the retrospective 
nature of this study. Comprehensive consent for using samples from 
medical examination for medical investigation was obtained. We 
retrospectively analyzed the records of 7 HD patients who underwent 
CEA in our hospital from January 2014 to December 2019. During 
this period, 89 patients (including 7 HD patients) underwent CEA. An 
additional 65 patients were treated with carotid artery stenting (CAS). 
Of those treated with CAS, there was one patient on HD who had 
needed stenting after an artery treated with CEA restenosed.

Clinical characteristics

Clinical variables and outcomes of 7 HD patients and 82 non-HD 
patients were compared. Clinical data were collected from the patients’ 
medical records. The following factors were compared: age, gender, 



Hokari M (2021) Surgical outcomes of and suggestions for carotid endarterectomy in patients on hemodialysis: report of 7 cases and literature review

Vascul Dis Ther, 2021         doi: 10.15761/VDT.1000186  Volume 6: 2-6

closure was completed. After the successful completion of this task, the 
heparin was reversed. No patients underwent patch closure.

Additionally, the following were performed for all HD patients: 
1) considering a high risk of postoperative neck hematoma in the 
patients with renal insufficiency [22], we used fibrin glue spray in 
order to reduce the risk of blood leak at the suture site; 2) because 
HD patients have high incidence of severe calcified plaque [3,4] and 
carotid calcification often located mainly outside the carotid plaque 
[23], we took special care in performing the dissection between plaque 
and media. Furthermore, severe adhesive calcified plaque and media 
calcification were sometimes left in the media, rather than completely 
removed with media at the discretion of the surgical operator.

Perioperative Management

The patients with ipsilateral hemisphere hypoperfusion and, 
therefore, high risk of post-operative hyperperfusion syndrome were 
treated with strict blood pressure control and kept under general 
anesthesia for 2-5 days in the intensive care unit (ICU). Actually, 9 
non-HD patients were treated in that manner, and the remaining 73 
cases were carefully observed without sedation in the recovery room. 
One HD patient was considered high risk for hyperperfusion and 
treated under general anesthesia in the ICU. Because HD patients have 
generally high risk of perioperative systemic complications [10,17], 
the remaining 6 HD patients were also transferred to ICU just after 
operation and carefully observed, but not under general anesthesia, for 
3 days. HD was performed 1 day before and after surgery, using gabexate 
mesilate (FOY), in the place of heparin. HD was not performed on the 
day of surgery.

Statistical Analysis

All data were expressed as mean ± SD. The study variables were 
compared by χ2 test or unpaired t-test, as appropriate (Ekuseru-Toukei 
2015; Social Survey Research Information Co., Ltd., Tokyo, Japan). P 
value of <0.05 was considered statistically significant.

Results
Characteristics of the Patients 

The characteristics of the study population are presented in Table 
1. The mean age was 71.1 ± 14.2 years for HD patients and 72.7 ± 6.3 for 
non-HD patients. There was no significant difference in age between 
the two groups. The mean stenosis degree of HD patients was slightly 
higher than that of non-HD patients, but this was not significant 
(84.3 ± 12.4% for HD patients and 75.0 ± 14.0% for non-HD patients, 
respectively). The existence of severe plaque was significantly higher 
in HD patients than in non-HD patients (86% vs. 27%, p=0.001), but 
the incidence of fragile plaque in HD patients was significantly lower 
than in non-HD patients (14% vs. 83%, p<0.001). HD patients had a 
tendency for a higher incidence of contralateral lesions compared 
with the non-HD patients, but the difference was not significant. The 
incidence of IHD and ASO and the percentage of the patients on 
dual anti-platelet therapy (DAPT) was significantly higher in the HD 
group than in the non-HD group (71% vs. 34%, p=0.049; 57% vs. 16%, 
p=0.008; and 43% vs. 13%, p=0.04, respectively).

Surgical complications were noted in 8 of a total 89 patients (8.9%): 
transient hoarseness in 2, neck hematoma in 1, transient cerebral 
ischemia in 1, cerebral infarction in 2 (transient motor weakness due 
to ipsilateral lacunar infarction in 1, and permanent mild hemiparesis 
due to contra-lateral cardiac embolic infarction in 1), and permanent 
hoarseness and dysphagia in 2. These three patients’ mRS deteriorated 

current smoking, stenosis degree, plaque characteristics, contralateral 
lesion, hypertension (HT) (systolic blood pressure >140 mm Hg or 
diastolic blood pressure > 90 mm Hg) or current treatment status, 
diabetes mellitus (DM) (hemoglobin A1C > 6.5) or current treatment 
status, hyperlipidemia (HL) (serum low-density lipoprotein cholesterol 
> 140 mg/dl) or current treatment status, ischemic heart disease (IHD) 
or current treatment status, and previous treatment of arteriosclerosis 
obliterans (ASO) or diagnosed as femoral artery stenosis more than 
50%. All patients underwent preoperative screening for IHD to assess 
for risk of perioperative cardiac complications. We then consulted 
the cardiology department and, if required, performed coronary CT 
angiography or digital subtraction angiography. Regardless of the 
presence or absence of symptoms of angina pectoris, patients with 
severe stenosis of the coronary artery were regarded as having IHD.

The degree of carotid stenosis was determined according to the 
North American Symptomatic Carotid Endarterectomy Trial criteria 
(21), and estimated using 3-dimensional CT angiography (3D-CTA) 
or digital subtraction angiography (DSA). Contralateral stenosis 
(CCS) was defined as a presence of a more than 50% stenosis in the 
contralateral internal carotid artery.

Magnetic resonance (MR) imaging and/or carotid ultrasonography 
was performed for the evaluation of plaque characteristics. Black 
blood MRI was used with a fat-suppressed T1-weighted fast spin-echo 
sequence. The MR signal intensity of the carotid plaque in the area 
with highest rate of stenosis was classified as low or high compared 
with the intensity of the ipsilateral sternocleidomastoid muscle. For 
ultrasonography, carotid plaque was defined as an arterial wall lesion that 
projected into the vessel lumen. The plaque was qualitatively assessed 
as being predominantly (>50% area of plaque images) low (blood-like 
echogenicity), intermediate, or high (intensely bright echogenicity). 
Fragile plaque was defined as having a predominantly high signal by 
T1-weighted sequence and/or low echogenicity by ultrasonography. 
Heavy circumferential plaque calcification was defined as that which 
involved more than 75% of the vessel circumference at its narrowest 
portion by CTA, and entire circumferential calcification was defined 
as calcification of 100% of the vessel circumference at its narrowest 
portion.

Preoperative cerebral hemodynamics were evaluated using 
123I-IMP single photon emission tomography (SPECT), with 
hypoperfusion defined as less than 80% compared to the contralateral 
hemisphere.

CEA procedures

All CEAs were performed under general anesthesia. Carotid shunts 
with intraoperative monitors of motor evoked potential were used as 
a matter of routine. CEA procedure was performed in our standard 
way as described previously [21]. Briefly, the carotid bifurcation was 
dissected, and then an intravenous bolus of heparin (3,000 units) was 
administered before carotid clamping. For precise and delicate plaque 
dissection, we routinely inserted internal shunt tubes. The superior 
thyroid and external carotid arteries were occluded with aneurysmal 
clips. The common and internal carotid arteries were occluded with 
vascular clamps. Arteriotomy was subsequently performed, and a 
3-way internal shunt tube (Furui 3.0 or 3.5) was inserted in all patients. 
The duration of carotid clamping was 3-10 minutes. Blood pressure 
was maintained within the normal range during carotid clamping. 
The plaque was carefully dissected and removed under a surgical 
microscope. The arteriotomy was closed with a running suture, and the 
internal shunt tube was removed immediately before the arteriotomy 
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only one point (from 1 to 2 or from 0 to 1). No patients deteriorated 
mRS more than 2 (No mortality and Morbidity). There was only one 
surgical complication in the HD patients (transient hoarseness), whose 
mRS deteriorated only one point (from 1 to 2). There were no mortality 
and no Morbidity in the HD patients. Restenosis after CEA occurred 
in 1 of 7 HD patients (14.3%) and in 5 of 82 non-HD patients (6.1%).

Table 2 shows 7 cases of HD in detail. The causes of HD were 
diabetic nephropathy in 3, hypertensive nephrosclerosis in 2, and 
chronic glomerulonephritis (IgA nephropathy) in 2. Although there 
were no major cardiovascular adverse events, such as myocardial 
infarction, three perioperative minor cardiac events occurred (2 of 
AV block and 1 of angina), all of which occurred within 48 hours after 
surgery. Case 1 suffered from hypotension and Mobitz type 2 AV block 
8 hours after surgery and was treated by catecholamine infusion. Case 
4 suffered AV block during the first HD 26 hours after CEA and was 
treated by atropine injection. Due to prolonged bradycardia, after 1 
week, a permanent pacemaker was implanted. Case 6 suffered from 
angina four hours after CEA, and, because abnormal ST elevation was 
noted on electrocardiogram, underwent emergent cardiac angiography. 
Fortunately, all of these cases eventually suffered no adverse cardiac 
mortality or morbidity.

Although there was no perioperative mortality, three patients (Case 
1, 3, and 5) died during follow-up periods: 1 by multi-organ failure 
after head injury, 1 by electrolyte abnormality, and 1 by drowning in 
the bathtub. Case 1 had been an HD patient for 27 years when CEA 
was performed, Case 3 for 12 years, and Case 5 for 8 years. Thus, a long 
duration of HD therapy was a common characteristic in the patients 
that died.

Representative Case (Case 4) Presentation

A 84-year-old man with a 9-year history of hemodialysis for 
chronic renal failure due to diabetic nephropathy presented with mild 
right hemiparesis. MRI showed multiple acute infarctions in the left 

hemisphere (Figure 1A). CTA and echo demonstrated a severe stenosis 
of left cervical internal carotid artery with severe entire circumferential 
calcification (Figure 1B). He also had a history of HT, HL, DM, 
IHD, abdominal aortic aneurysm, and ASO, and he was treated with 
warfarin and DAPT. DAPT was continued and warfarin was replaced 
by heparin bridging therapy during the perioperative period. Left CEA 
was performed 3 weeks after cerebral infarction.

During the surgery, when we tried to clamp the carotid artery to 
insert a shunt tube, we could not completely stop the bleeding by using 
a single bulldog clamp due to heavy calcification; we needed three 
bulldog clamps to stop the bleeding. Additionally, severe adhesive 
calcified plaque and media calcification was left in the media, rather 
than completely removed with media.

After the surgery, he had no new neurological deficits and was 
transferred to ICU and carefully observed, but not under prolonged 
general anesthesia. Postoperative MRI revealed no high signals (Figure 
1C), and MRA showed improvement of flow signal of right ICA 
(Figure 1D). However, on the next day, during his first postoperative 
HD in ICU (26 hours after CEA), complete Mobitz type 2 AV block 
was detected and immediately treated by atropine injection. After his 
bradycardia did not improve after 1 week, it was determined that he 
required permanent pacing. Although this cardiac incident occurred, 
he was discharged without any new neurological deficits and we 
confirmed he had been doing well for four years.

 Total HD non-HD P
Number of the patients 89 7 82  
Age 72.6 ± 7.1 71.1 ± 14.2 72.7 ± 6.3 0.54
Male 79 (89%) 5 (72%) 74 (90%) 0.13
Syptomatic 43 (48%) 3 (43%) 40 (49%) 0.76
Stenosis Degree 75.8 ± 14.0% 84.3 ± 12.4% 75.0 ± 14.0% 0.09
Entire caltification 9 (10%) 4 (57%) 5 (6%) *<0.001
Severe caltification 28 (31%) 6 (86%) 22 (27%) *0.001
Fragile plaque 69 (78%) 1 (14%) 68 (83%) *<0.001
contra-laterallesion 18 (20%) 3 (43%) 15 (18%) 0.12
DAPT 14 (16%) 3 (43%) 11 (13%) *0.04
Anti-coagulant 18 (20%) 2 (29%) 16 (20%) 0.57
HT 70 (79%) 6 (86%) 64 (78%) 0.63
DM 39 (44%) 3 (43%) 36 (44%) 0.96
HL 47 (53%) 2 (29%) 45 (55%) 0.18
IHD 33 (37%) 5 (71%) 28 (34%) *0.049
Smoking 27 (30%) 2 (29%) 25 (31%) 0.92
ASO 17 (19%) 4 (57%) 13 (16%) *0.008
Total surgical complication 8 (9.0%) 1 (14%) 7 (8.5%) 0.61
Mortality 0 (0%) 0 (0%) 0 (0%) N/A
Morbidity 3 (3.4%) 0 (0%) 3 (3.7%) 0.61
Re-stenosis 6 (6.7%) 1 (14%) 5 (6.1%) 0.4

Table 1. characteristics of the study population

HT: Hypertension; DM: Diabetes mellitus, HL: Hyperlipidemia; IHD: Ischemic heart 
disease; ASO: Arterio-sclerosis obliterans

Figure 1. Pre- and post-operative neuroradiological findings of Case 4
Diffusion-weighted image (DWI) of magnetic resonance imaging (MRI) revealed several 
spotty high signals on the left cerebral hemisphere (Figure1A) and3-dimensional CT 
angiography demonstrated severe stenosis of left cervical internal carotid artery with severe 
entire circumferential calcification (Figure 1B). Postoperative DWI of MRI revealed no high 
signals (Figure 1C) and MRA showed improvement of flow signal of right ICA (Figure 1D).

Case Symptom Stenosis 
degree Site HT DM HL IHD

71 F No (progression of stenosis) 80 Right N N N Y
74 M Left parietal infarction 95 Left Y N N Y
77 F No (progression of stenosis) 80 Left Y N N N
84 M left front-parietal infarction 80 Left Y Y Y Y
75 M left frontal infaction 90 Left Y N Y N
76 M No (progression of stenosis) 95 Left Y Y N Y
40 M No (progression of stenosis) 60 Left Y Y N Y

Table 2. 7 cases of HD in detail

WF: Warfarin; AS: Aspirin; Cil: Cilostazol; Clo: Clopidogrel
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Discussion
Our study showed that HD patients have a tendency for a high 

incidence of contralateral lesions and severe stenosis degree compared 
with non-HD patients, and the incidence of severe plaque, IHD, ASO 
and the percentage of the patients on DAPT were significantly higher in 
the HD group than in the non-HD group. Due to methods in the CEA 
procedure for dealing with heavy circumferential plaque calcification 
and careful perioperative management in the ICU for those with a high 
risk of systemic disease, we could safely perform CEA for HD patients 
in the perioperative short term. However, taking into consideration 
a poor middle- or long-term prognosis, most of these patients with 
asymptomatic carotid stenosis should be offered optimal medical 
therapy, except for patients with a good long-term life expectancy.

Indications for CEA in HD patients

There have been several reports discussing risks and benefits of 
CEA for patients with renal insufficiency [8-16]. However, there has 
been no consensus on perioperative risks of CEA for patients with 
renal insufficiency, mostly because published studies did not use a 
universal definition of renal insufficiency [22]. As for HD patients, 
a few reports have discussed perioperative risk of CEA [10,18-20]. 
Although some investigators have published single-center reports that 
patients undergoing HD were at no greater risk for periprocedural 
complications when undergoing CEA with careful operative technique 
and management [18-20], Cooper, et al. showed that, through a large 
data-based study, outcomes were relatively poor and that survival 
was limited in the long term [10]. Although perioperative outcomes 
for asymptomatic patients were acceptable in their study, the long-
term outcomes were very poor, with a less than 50% 3-year survival 
in both asymptomatic and symptomatic patients. Therefore, they 
recommended optimizing medical management and avoiding CEA 
in asymptomatic patients, and selecting only symptomatic patients at 
very high risk for a second ischemic event for CEA. Per the Society 
for Vascular Surgery guidelines [23], asymptomatic patients with less 
than a 3-year life expectancy should receive medical management as 
the first-line therapy. This was expanded upon by AbuRahma, et al. 
who stated that CEA for symptomatic carotid stenosis can be justified 
only for carefully selected HD patients with acceptable operative risk 
and a good long-term life expectancy, and that asymptomatic patients 
should be offered best medical therapy [24]. 

Nevertheless, we assume high risk of stroke in HD patients 
when managed conservatively. Toyoda, et al. reported that cerebral 
infarction occurred more frequently during or less than 30 minutes 
after dialysis, especially in patients with large artery atherosclerosis 
[25]. Kashiwazaki, et al. reported the case of a patient with internal 
carotid artery occlusion who experienced frequent transient ischemic 
attacks during HD, and they showed a marked deterioration in the 
cerebral oxygenation state in the ipsilateral hemisphere as a result of 
hypotension during HD, using near-infrared spectroscopy [26]. Based 
on these findings, the relative risk of cerebral infarction in patients 
with severe carotid stenosis is expected to be much higher in HD than 
non-HD patients. Therefore, we support the assertion that CEA can be 
performed in asymptomatic patients with severe or progressive carotid 
stenosis with a good long-term life expectancy, considering the high 
risk of stroke when managed conservatively.

Okawa, et al. examined 15 CEAs of 12 HD patients and stated 
in their single center report that patients undergoing HD were at 
no greater risk for periprocedural complications when undergoing 
CEA with careful operative technique and management [20]. They 

suggested that CEA might be safe and effective for stroke prevention 
for HD patients, even in those who are asymptomatic. In their cases, 
the duration of HD in 10 CEAs for asymptomatic lesions was all less 
than 10 years. Four cases were over 70 years old, but their duration of 
HD was less than 5 years. Our three cases who died within 2 years after 
CEA were all over 70 years old and their duration of HD was more 
than 5 years. Based on these findings, we think that asymptomatic 
patients who are over 70 years old with more than 5 years duration of 
HD should be offered best medical therapy.

Although CAS is an alternative modality for the treatment of carotid 
artery stenosis, HD patients have a high incidence of severely-calcified 
plaque [27] which is generally considered a relative contraindication 
for CAS because it prevents adequate stent expansion [28-30]. Applying 
this concept to our study, we think severe circumferential calcified 
plaque like that found in Case 4 cannot treated by CAS.

Practical Devices of CEA for Carotid Plaque Characteristics 
in HD Patients

Maeda, et al. reported that HD patients have a significantly higher 
incidence of carotid plaque and about 80% of them were calcified 
[3]. Most of our patients had severe plaque calcification, with more 
than half having entire circumferential calcification. Yamada, et al. 
analyzed carotid plaque calcification by 3D-CTA and by histological 
examination of specimens resected by CEA [31]. They found that 
carotid calcification was most often located outside the carotid 
plaque and sometimes located further outside the internal elastic 
lamina, which was defined as arterial medial calcification. Therefore, 
the following potential problems in the CEA procedure could be 
considered in HD patients: 1) difficulty in clamping the carotid artery 
due to severe circumferential calcification and 2) risk of perforation 
during the plaque removal process due to adhesive calcified plaque 
and/or media calcification.

1) As shown in case 4, severe circumferential calcification could 
sometimes make it difficult to clamp the carotid artery. For such 
situations, therefore, we think it is necessary to prepare several spare 
bulldog clamps and enough exposure to deploy the clamps, especially 
the far to proximal common carotid artery area, thereby making it 
easier to manage the case.

2) Excessively careful dissection is needed to lessen the chance of 
perforation during the plaque removal process in CEA. Moreover, we 
believe that severe adhesive calcified plaque and/or media calcification 
should be left in the media, rather than completely removed. Murahashi, 
et al. detail their surgical recommendations for CEA in HD patients in 
their Japanese language article [19]. They also emphasized that careful 
dissection was essential and adhesive calcified plaque should be left in 
the media. We used a dissector with a semi-sharp side (Kamiyama-
Iwasaki’s dissector), which was valuable in the identification of 
the border between the atheromatous plaque and media and the 
exfoliation of very tough, adhesive intima [32]. Yasuda, et al. reported 
that while dull dissection could exfoliate most of carotid plaque in the 
CEA procedure, sometimes sharp dissection was necessary for calcified 
plaque. However, it should be pointed out that sharp dissection raises 
the risk of perforation. Therefore, semi-sharp dissection by a semi-
sharp spatula can prove to be really useful. By using this method, we 
fortunately did not experience any carotid perforations.

Several investigators have reported that risk factors for neck 
hematoma after CEA consisted of uncontrolled hypertension [33], 
combined platelet inhibition, use of dextran, non-reversal of heparin, 
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and elevated creatinine [34]. Hamdan, et al. reported a higher rate of 
hematoma formation in patients with renal insufficiency [12]. In this 
study, the percentage of the patients on multiple antithrombotic drugs 
was higher in those on HD. Therefore, we should be extremely cautious 
in monitoring for postoperative bleeding. For example, to prevent 
neck bleeding after CEA, keeping the operative field dry and blood-
free during surgery is essential. We usually used fibrin glue in the case 
of oozing from a sutured carotid artery without a need for additional 
suturing. However, even if there was no oozing from the suture site, we 
employed a polyglycolic acid sheet soaked with fibrin glue to prevent 
bleeding from the sutured carotid artery for all HD patients. A previous 
study reported that fibrin sealant reduced suture line bleeding [35]. 
Perhaps the use of such procedural devices prevented neck hematoma 
formation after CEA in our HD patients.

Appropriate perioperative Management of CEA in HD 
patients

As in previous reports [10,17] we also found the incidence of 
systemic complications, such as HT, DM, HL, IHD, ASO, to be higher 
in HD patients. Therefore, we should be acutely aware of perioperative 
systemic complications, especially cardiac complications. Because of 
this reasoning, all HD patients were transferred to the ICU just after 
operation and carefully observed with close cardiac monitoring. In a 
past report, myocardial infarction after CEA often occurred within 24 
hours [36]. Actually, 3 of 7 cases experienced minor cardiac incidents 
within 24 hours after CEA, but rapid detection and response in the 
ICU likely helped to avoid progression to major complications. 
Therefore, we think it reasonable to carefully observe HD patients in 
an ICU setting for several days postoperatively. Needless to say, early 
consultation with cardiologists, nephrologists, and anesthesiologists is 
vital. We believe that such interventions are factors that allowed us to 
avoid perioperative major systemic complications in the HD patients 
after CEA.

Conclusions
Our study showed that HD patients have a significantly high 

incidence of severe plaque, IHD, ASO, and percentage of DAPT 
use. Due to methods in the CEA procedure specifically tailored for 
heavy circumferential plaque calcification and careful postoperative 
management in the ICU, we could safely perform CEA for HD patients 
in the perioperative short term. However, considering poor middle- 
or long-term prognosis, asymptomatic patients who are over 70 years 
old with more than 5 years duration of HD should be basically offered 
optimal medical therapy.
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