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a b s t r a c t 

A 68-year-old man received hemodialysis (HD) for the treatment of end-stage renal failure 

for 6 years. Five years prior to carotid artery stenting (CAS), a neck ultrasound performed 

to screen for carotid atherosclerosis revealed an asymptomatic right internal carotid artery 

stenosis. One month prior, the stenotic lesion progressed to 74% by cerebral angiography; 

therefore, CAS was performed. To evaluate the influence of right internal carotid artery 

stenosis on the intradialytic cerebral circulation and oxygenation, cerebral regional oxygen 

saturation (rSO 2 ) at bilateral forehead was measured using the INVOS 5100c oxygen satura- 

tion monitor (Covidien Japan, Japan) during HD before and after CAS. Before CAS, right cere- 

bral rSO 2 was maintained during HD, whereas left cerebral rSO 2 gradually increased from 

the initiation to end of HD. However, the differences of intradialytic cerebral rSO 2 changes 

between bilateral sides disappeared after CAS. In the present case, before CAS, the intradia- 

lytic increase in left cerebral rSO 2 might reflect the increase in the left cerebral blood flow to 

compensate for the ultrafiltration-associated decreases in the right cerebral blood flow and 

perfusion pressure. Furthermore, the preserved right cerebral rSO 2 before CAS might reflect 

the mechanism maintaining the right cerebral blood flow from the collateralized circle of 
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Willis during HD. Throughout our experience, cerebral oxygenation monitoring during HD 

might disclose intradialytic changes in cerebral blood flow distribution between the ipsilat- 

eral and contralateral side in HD patients with carotid artery stenosis. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Cerebrovascular disease is the fourth leading cause of death,
which occupies 6.0%, and its prevention is critical in the field
of dialysis therapy in Japan [1] . Furthermore, in patients under-
going hemodialysis (HD), diabetes mellitus and hypertension
resulting in chronic kidney disease (CKD) and CKD-mineral
and bone metabolism disorders are frequently associated with
accelerated atherosclerosis and could lead to the high preva-
lence of carotid artery stenosis [2–4] . Carotid artery stenting
(CAS) is considered feasible and effective for the prevention of
cerebrovascular disease because of the recent favorable find-
ings of carotid revascularization, including CAS, for the dialy-
sis patients with carotid artery stenosis [ 5 ,6 ]. 

Near-infrared spectroscopy (NIRS) has been used to mea-
sure the regional oxygen saturation (rSO 2 ), which is a tissue
oxygenation marker. Continuous and non-invasive monitor-
ing of cerebral rSO 2 was reported in the clinical setting of
HD therapy [ 7 ,8 ]. However, to date, no studies have reported
the association between the CAS procedure and changes
in cerebral oxygenation during HD. We herein focused on
changes in cerebral oxygenation during HD before and af-
ter CAS and evaluated the effect of CAS on cerebral oxy-
genation in an HD patient with asymptomatic carotid artery
stenosis. 

Case presentation 

Our patient was a 68-year-old man with diabetes mellitus,
hypertension, and ischemic heart disease, who underwent
HD therapy for the treatment of end-stage renal failure for
6 years. Five years prior to CAS, a neck ultrasound was per-
formed to screen for carotid atherosclerosis and revealed an
asymptomatic right internal carotid artery stenosis. The pa-
tient’s right internal carotid artery stenosis was 54%, based
on the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria, which corresponded to an intermedi-
ate stenosis. In contrast, no left carotid artery stenosis was
revealed and there were no abnormalities on his neurologi-
cal examinations. Thereafter, the right internal carotid steno-
sis was confirmed to gradually develop by neck ultrasound
evaluation. One month prior, the degree of his right inter-
nal carotid stenosis and its influence on cerebral circula-
tion were evaluated by the cerebral angiography and 

123 I-N-
isopropyl-p-iodoamphetamine (IMP) single-photon emission
computed tomography (SPECT). Cerebral angiography showed
severe stenosis in the right internal carotid artery of 74% based
on NASCET measurements ( Fig. 1 a), whereas no decreases in
the right cerebral blood flow were confirmed using 123 I-IMP
SPECT ( Fig. 1 c). In this case, CAS was successfully performed
without complications because of the progression of the right
internal carotid artery stenosis ( Fig. 1 b). To evaluate the influ-
ence of the right internal carotid artery stenosis on intradi-
alytic cerebral circulation and oxygenation, cerebral regional
oxygen saturation (rSO 2 ) at bilateral forehead was measured
using the INVOS 5100c oxygen saturation monitor (Covidien
Japan, Japan) during HD before and after 1 month of the CAS
procedure. In each HD session before and after CAS, there were
little differences in changes in the body weight (from 51.5 to
48.7 kg vs from 51.7 to 48.6 kg), systemic blood pressure (from
167/79 to 162/91 mmHg vs from 173/81 to 164/78 mmHg), and
relative changes in blood volume ( −8.4% vs −10.2%). Before
CAS, pre-HD cerebral rSO 2 values at bilateral sides were al-
most similar (right side; 56.6%, left side; 55.9%). Right cerebral
rSO 2 was maintained during HD, whereas left cerebral rSO 2

gradually increased to 60.4% after HD ( Fig. 2 a). However, the
differences in intradialytic cerebral rSO 2 changes between bi-
lateral sides disappeared after CAS ( Fig. 2 b). 

Discussion 

In patients undergoing HD, the prevalence of carotid artery
stenosis is approximately 6% to 10%, which is 5- to 10- fold
higher than that of the general population [2–4] . Regarding the
efficacy of carotid revascularization in stenosis, the thresh-
old for achieving surgical benefit in asymptomatic patients
with at least a 3-year life expectancy and stenosis > 60% is
recommended not to exceed 3% in the perioperative stroke
and death rate [ 6 ,9 ]. In 2016, after the CAS procedure for HD
patients with symptomatic and asymptomatic carotid artery
stenosis, the 30-day perioperative stroke and death rate were
5.5% and 3.1%, respectively; therefore, avoiding CAS in HD pa-
tients was recommended [10] . However, new clinical findings
reported that the 30-day carotid revascularization outcomes
using the CAS procedure for HD patients with an asymp-
tomatic carotid stenosis led to satisfying results (stroke, 0.9%;
death rate, 1.8%), in addition to the results of no significant dif-
ferences in these outcomes between dialysis and non-dialysis
patients [6] . Therefore, carotid revascularization, including
CAS, would be considered appropriate [ 5 ,6 ]. In our case, the
right internal carotid artery stenosis reached 74%, although
the patient was asymptomatic; therefore, CAS was performed
in the right internal carotid lesion without perioperative com-
plications. 

In the present case, there were remarkable differences in
intradialytic changes in cerebral rSO 2 between the ipsilateral
and contralateral side before CAS. These differences might
be explained by the reason that collateral compensation of
blood flow from the contralateral side through the circle of

http://creativecommons.org/licenses/by/4.0/
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Fig. 1 – a) Severe stenosis of right internal carotid artery (arrow) demonstrated by cerebral angiography. b) Improvement of 
stenotic lesion of the right internal carotid artery (arrow) after carotid artery stenting. 
c) 123 I-N-isopropyl-p-iodoamphetamine single-photon emission computed tomography demonstrating no decreases in right 
cerebral blood flow. 

Fig. 2 – Changes in cerebral rSO 2 during HD before and after CAS procedure. a) Right cerebral rSO 2 (closed square) gradually 

increased from the initiation to the end of HD, whereas left cerebral rSO 2 (open square) was maintained during HD before 
CAS. b) Differences in changes in cerebral rSO 2 between bilateral side disappeared after CAS. CAS, carotid artery stenting; 
HD, hemodialysis; rSO 2 , regional oxygen saturation. 
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Willis mitigates the impairment in the ipsilateral cerebral cir-
culation [11] . With brain blood flow computed simulation in
the presence of internal carotid artery stenosis (67%) and a
collateralized circle of Willis, the peak systolic, end diastolic,
and mean flow at a contralateral internal carotid artery in-
creased in contrast to the decrease in flow at an ipsilateral
internal carotid artery [12] . Therefore, cerebral blood flow at a
contralateral side might surge in patients with carotid artery
stenosis to compensate for the decrease in an ipsilateral cere-
bral blood flow and perfusion pressure. Additionally, in the
clinical setting of HD therapy, ultrafiltration is beneficial for
the adjustment of the body-fluid excess; however it some-
times leads to a decrease in the blood pressure and relative
blood volume changes during HD. A patient undergoing HD
was previously reported to suffer from recurrent reversible
neurological deficits occurring only during HD due to severe
left carotid artery stenosis [13] . Therefore, cerebral circula-
tion is possible to receive a negative impact of ultrafiltration-
associated hemodynamic stress during HD, which would lead
to the intradialytic differences between the ipsilateral and
contralateral cerebral oxygenation in HD patients with carotid
artery stenosis. Furthermore, in this case, the differences in
intradialytic cerebral oxygenation between bilateral sides dis-
appeared after CAS. This finding may imply that no deteriora-
tion of the right cerebral blood flow due to the improvement
in right cerebral circulation after CAS may have occurred even
under the ultrafiltration. Regarding the usefulness of cerebral
oxygenation monitoring using NIRS in patients with carotid
artery stenosis, changes in cerebral rSO 2 were reportedly ben-
eficial to detect ischemic intolerance during CAS [14] and pre-
dict the cerebral hyperperfusion syndrome after CAS [ 14 ,15 ].
Based on the present case, intradialytic cerebral oxygenation
monitoring might disclose intradialytic changes in the cere-
bral blood flow distribution between the ipsilateral and con-
tralateral side in HD patients with carotid artery stenosis.
However, the association between changes in cerebral blood
flow and those in cerebral oxygenation during HD with ultra-
filtration could not be directly observed and remains uncer-
tain; therefore, further studies are needed to clarify their rela-
tionship. 

In conclusion, we report a HD case with the differences in
intradialytic cerebral oxygenation changes between the ipsi-
lateral and contralateral side of internal carotid artery steno-
sis and with the disappearance of these differences after
CAS. Our experience demonstrates that changes in cerebral
oxygenation during HD might disclose intradialytic changes
in the cerebral blood flow distribution between the ipsilat-
eral and contralateral side in HD patients with carotid artery
stenosis. 
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