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Abstract. - OBJECTIVE: The aim of the cur-
rent study was to describe the alternation pat-
tern of cerebral and ocular blood flow velocities
(BFVs) in symptomatic patients with unilateral
carotid stenosis after carotid endarterectomy.

PATIENTS AND METHODS: 20 symptomatic
patients underwent carotid endarterectomy for
= 50% unilateral carotid stenosis. Cerebral and
ocular hemodynamics were evaluated by Tran-
scranial Doppler (TCD) and Color Doppler imag-
ing (CDI), respectively, first preoperatively, then
during the following several days after carot-
id endarterectomy before discharge, and finally
two to sixteen months later.

RESULTS: Statistically significant improve-
ments in the BFVs were recorded in the ipsilat-
eral anterior cerebral artery (ACA), middle ce-
rebral artery (MCV) and short posterior ciliary
artery (SPCA) during the following several days
after carotid endarterectomy. Preoperative ret-
rograde flows of the ipsilateral ophthalmic ar-
tery (OA) in two patients returned to antero-
grade direction immediately following carotid
endarterectomy. At the follow-up of two to six-
teen months, the BFVs of the ipsilateral ACA,
MCA and SPCA tended to decline and were no
longer statistically significant from the preoper-
ative values.

CONCLUSIONS: Carotid endarterectomy sig-
nificantly increased the flow velocities of ip-
silateral cerebral anterior circulation and OA
branching artery in patients with unilateral ca-
rotid stenosis early after surgery. At the long-
term follow-up, the flow velocities in the ipsilat-
eral hemisphere had the tendency to reduce and
approach the preoperative level.
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Introduction

The atheromatous plaque at the carotid bifur-
cation is a possible source of cerebral emboli and
thus carotid stenosis is one of the most significant
risk factors for stroke. Carotid endarterectomy
(CEA) is an effective treatment for direct remov-
al of carotid plaque in patients with moderate or
severe carotid stenosis. Two large international
clinical trials have demonstrated that CEA reduc-
es the risk of embolic stroke in symptomatic pa-
tients with moderate or severe carotid stenosis'?.
CEA may offer more advantages than the reduced
stroke risk to symptomatic patients with carotid
stenosis. The presence of carotid stenosis may
be associated with an increased rate of cognitive
deterioration due to an impaired cerebral hemo-
dynamics status®>. CEA removes carotid arterial
narrowing, resolves chronic brain cortex hypoper-
fusion associated with the carotid stenosis, and
thus improves cerebral cognitive performance®?®.
The ophthalmic artery (OA) is the first branch of
the internal carotid artery (ICA). Hemodynamical-
ly significant carotid stenosis results in decreased
or reversed OA flow and displays chronic ocular
ischemic syndrome’. CEA significantly increases
the blood flow of OA, corrects the reversed OA
flow, and improves or prevents the progress of
chronic ocular ischemia'®'2.

There have been reports'*'® affirming that CEA
significantly improves cerebral hemodynamics at
different time-points postoperatively compris-
ing within one week'*'*, one month'*'¢ and three
months'”'® after surgery. Other investigations
indicated that reduced OA blood flow velocity
(BFV) in the carotid stenosis was corrected with
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successful CEA within 48 hours'® and one week"!
after surgery. However, the changes in cerebral
and ocular hemodynamics with the duration of
the recovery after CEA have been less studied.
The current study has investigated the cerebral
and ocular hemodynamics at several days postop-
eratively before discharge and during a long-term
follow-up and compared these outcomes with the
preoperative measurement. Transcranial Doppler
(TCD) and Color Doppler imaging (CDI) are
the non-invasive and reproducible imaging tech-
niques. TCD investigated the BFVs of the major
intracranial cerebral arteries. CDI measured retro-
bulbar BFVs for the reliable assessment of ocular
circulation.

Patients and Methods

Patients

From October 2013 to May 2016, 33 patients
with symptomatic internal carotid artery stenosis
underwent CEA in our surgical group. Of these, 7
patients were excluded from the analysis because
1 patient had the concurrent vertebral artery ste-
nosis (> 30% diameter reduction) and 6 patients
had the contralateral carotid occlusion. 6 patients
were lost to follow-up. The remaining 20 patients
(13 men and 7 women, aged 66.2 £ 7.2 years)
who had unilateral carotid stenosis (= 50%) with
no or mild (< 50%) stenosis on the contralater-
al side were finally enrolled into the study. The
left 20 patients were symptomatic (6 patients had
minor hemispheric stroke with mild disability, 14
patients had transient ischemic attacks including
amaurosis fugax in 4 patients and 4 patients had
ocular symptom). The degree of the ipsilateral ca-
rotid stenosis was 78.2% + 14.7%, ranging from
55% to 95%. 9 patients were operated on the right
side and 11 on the left side. The Ethics Committee
of our hospital approved the study protocol.

The investigation of extracranial neck vessels
was performed using color Duplex ultrasound
scanning. The degree of carotid stenosis was cal-
culated as the percentage of diameter reduction
on the preoperative CT angiography (CTA) of
the supra-aortic trunks. The patency of CEA was
confirmed by means of carotid CTA on the ap-
proximately 4" postoperative day. TCD and CDI
investigations were performed preoperatively and
during the several days after CEA before discharge
mostly on day three, four and five postoperatively,
when the patients became ambulatory and hemo-
dynamically stable. An additional late follow-up
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investigation of TCD and CDI was performed after
2 to 16 months. The long-term patency of the op-
erated ICA was also evaluated with color Duplex
sonography at 2-16 months after CEA. Symptoms
of hyperperfusion syndrome (HS) was explained
as headache, seizures, confusion, neurologic defi-
cit, and high blood pressure (systolic blood pres-
sure > 150 mmHg/or diastolic blood pressure > 90
mmHg). We considered the occurrence of headache
or hypertension during or after CEA as oligosymp-
tomatic cases of HS, whereas a complete HS would
show the rest of symptoms already mentioned. No
patients suffered from the HS postoperatively.

Carotid Endarterectomy

All patients underwent successful CEA under
general anesthesia at 3-6 weeks after the last neu-
rologic event. The patients were artificially ven-
tilated with an air-oxygen mixture and 0.4-1.0%
inspired isoflurane. Routine monitoring during
anesthesia was performed by using standard elec-
trocardiography and placement of an intra-arteri-
al catheter for direct arterial blood pressure and
pulse oximetry. Blood pressure was kept stable
in a range of + 20% of the preoperative level
throughout the procedure by adjusting the depth
of anesthesia. A longitudinal incision was made
along anterior border of the sternocleidomastoid
muscle to expose the carotid bifurcation. Hepa-
rin (5,000 IU) was given intravenously prior to
cross-clamping. Vascular clumps were used to
occlude common carotid artery (CCA), ICA and
ECA. CCA and ICA were longitudinally opened
along the anterior vessel walls. The atheromatous
plaque and nearby intima were carefully removed
from the carotid bifurcation. The arteriotomy was
closed using a Dacron patch in all patients. An in-
dwelling shunt was routinely used during the sur-
gical procedure. The skin incision was eventually
closed after ensuing vascular patency.

Transcranial Doppler

TCD investigation was performed by the same
person to maintain a constant angle of insonation,
with the patient lying in a comfortable supine po-
sition, with no visual or acoustic stimulation, in
a quiet room. BFVs were measured by means of
TCD in anterior cerebral arteries (ACA), middle
cerebral arteries (MCA) and posterior cerebral ar-
teries (PCA). Recording was made using commer-
cially available equipment (DWL Elektronische
Systeme GmbH, Sipplingen, Germany) with a
2-MHz pulsed Doppler probe was used. ACA,
MCA and PCA were insonated through the tem-
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poral window above the zygomatic arch at depths
of 65-75, 50-60 and 60-75 mm, respectively.

If an intracranial vessel was not found, it was
considered as a missing value, and was not includ-
ed in the statistical analysis. BFV was expressed
in cm/s as the peak value of the Doppler veloci-
ty spectrum outline (representing maximal flow
velocity) over 4.5 s (Vpeak). Blood pressure was
measured at each examination using a regular cuff.

Color Doppler Imaging

All patients underwent BFV assessment of their
OA, central retinal artery (CRA) and short posterior
ciliary artery (SPCA) by means of CDI. The same
experienced sonographer performed all retrobulbar
CDI examinations by means of a color Doppler
imaging device (General Electric, Tokyo, Japan)
using a 7.5 Hz multifrequency linear transducer.
During the examinations, patients were examined
in the supine position with their heads inclined at
about a 30-degree angle. The transducer was cov-
ered in gel and gently placed externally upon the
eyelid, avoiding excessive pressure. The OA was
identified as the vessel parallel to the nasal border
of the optic nerve just after crossing it, the CRA as
the vessel within the optic nerve and approximately
2-5 mm behind the globe, and the SPCA as the ves-
sel on the temporal side of the optic nerve approx-
imately 10-15 mm behind the globe. Peak systolic
BFVs were recorded in OA, CRA and SPCA, and
flow direction was noted. Negative values repre-
sent flow velocity in a reversed direction. The BFV
was measured at the medial proximal point of the
arteries using a wall filter of 100 Hz and sample
volume of 0.12 mm. Doppler insonation angle was
adjusted between 0 and 40 degrees to the vessels.

Statistical Analysis

Statistical analysis was done with SPSS ver-
sion 11.5 software (SPSS, Chicago, IL, USA).
Continuous data were presented as mean * stan-
dard deviation. Comparisons of the BFVs between

the different groups were made using two-tailed
paired #-test. A p-value of < 0.05 was considered
statistically significant.

Results

Changes in Cerebral Hemodynamics
Ipsilateral to Carotid Stenosis Before
and After CEA

The altered pattern of the BFVs of the ipsilat-
eral ACA, MCA, and PCA before and after CEA
at different time-points are summarized in Table
I. The BFV of the ipsilateral ACA significantly
increased from 98.3 + 43.7 cm/s preoperatively
to 118.8 =£43.0 cm/s during the following several
days after CEA (p = 0.029). 2-16 months later, the
BFV of the ipsilateral ACA decreased from 118.8
+ 43.0 cm/s at several days postoperatively to
109.4 £ 35.5 cm/s (p = 0.338) and was no longer
statistically different from the preoperative value
(109.4 £35.5 vs. 98.3 £43.7 cm/s, p = 0.264).

The BFV of the ipsilateral MCA was markedly
elevated from 146.6 £ 80.0 cm/s preoperatively
to 160.3 = 76.6 cm/s during the following sever-
al days after CEA (p = 0.012). 2-16 months later,
the BFV of the ipsilateral MCA was reduced from
160.3 = 76.6 cm/s at several days postoperatively
to 149.9 = 75.2 cm/s (p = 0.109) and did no lon-
ger statistically differ from the preoperative value
(149.9 £ 75.2 vs. 146.6 £ 80.0 cm/s, p = 0.572).

There were no significant differences on the
BFVs of the ipsilateral PCA preoperatively,
during the following several days after CEA and
2-16 months later.

Changes in Cerebral Hemodynamics
Contralateral to Carotid Stenosis Before
and After CEA

The BFVs of the contralateral ACA, MCA, and
PCA before and after CEA at different time-points
are shown in Table II. Statistically significant dif-

Table I. The cerebral BFVs of the ipsilateral ACA, MCA, and PCA preoperatively, at several days postoperatively, and on 2-16

months after CEA.

Preoperatively

Several days after CEA 2-16 months later

BF Vs of ipsilateral ACA, cm/s 98.3 £43.7 118.8 £43.0 109.4 + 35.5*
BF Vs of ipsilateral MCA, cm/s 146.6 + 80.0 160.3 £ 76.6" 149.9 + 75.2*
BF Vs of ipsilateral PCA, cm/s 62.3+14.6 65.3 +16.4* 62.9 + 18.1*

"p <0.05 vs. preoperatively; *p > 0.05 vs. preoperatively. BFV, blood flow velocity; ACA, anterior cerebral artery; MCA, middle

cerebral artery; PCA, posterior cerebral artery; CEA, carotid endarterectomy.
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Table Il. The cerebral BFVs of the contralateral ACA, MCA, and PCA preoperatively, at several days postoperatively, and 2-16
months after CEA.

Preoperatively Several days after CEA 2-16 months later

BFVs of contralateral ACA, cm/s 122.2 +£60.2 111.8 +£41.3* 106.4 + 40.9*
BF Vs of contralateral MCA, cm/s 148.5 £ 58.7 150.2 + 57.9* 139.3 + 59.3%
BFVs of contralateral PCA, cm/s 63.7+18.7 67.2 +£19.4% 60.3 + 13.0%

#*p > 0.05 vs. preoperatively.

BFYV, blood flow velocity; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; CEA,

carotid endarterectomy.

ference on the BFV of the contralateral ACA was
not observed preoperatively and during the follow-
ing several days after CEA (122.2 £ 60.2 vs. 111.8
+41.3 cm/s, p = 0.458). Likewise, the BFV of the
contralateral ACA on 2-16 months after CEA was
not statistically different from the preoperative val-
ue (106.4 £40.9 vs. 122.2 + 60.2 cm/s, p = 0.298).

There was no statistically significant differ-
ence on the BFV of the contralateral MCA be-
tween preoperatively and during the following
several days after CEA (148.5 + 58.7 vs. 150.2 £+
57.9 cm/s, p = 0.769). Likewise, the BFV of the
contralateral MCA on 2-16 months after CEA did
not statistically differ from the preoperative value
(139.3 £59.3 vs. 148.5+59.3 cm/s, p=10.313).

Similarly, there were no significant differenc-
es on the BFVs of the contralateral PCA preop-
eratively, during the following several days after
CEA and 2-16 months later.

Changes in Ocular Hemodynamics Ipsilateral
to Carotid Stenosis Before and After CEA

The altered pattern of the BFVs of the ipsi-
lateral CRA and SPRA before and after CEA at
the different time-points are summarized in Table
1. Although the BFV of the ipsilateral CRA in-
creased from 8.6 + 3.0 cm/s preoperatively to 11.2
+ 4.7 cm/s during the following several days after
CEA, the difference did not reach statistical sig-
nificance (p = 0.055). Similarly, the BFV of the
ipsilateral CRA on 2-16 months after CEA was
not statistically different from the preoperative
value (12.2 £ 6.0 vs. 8.6 £ 3.0 cm/s) (p = 0.599).

The BFV of the ipsilateral SPCA significantly
increased from 10.0 = 2.4 cm/s preoperatively to
13.7 £ 4.8 cm/s during the following several days
after CEA (p = 0.008). 2-16 months later, the BFV
of the ipsilateral SPCA decreased from 13.7 £ 4.8
cm/s at several days postoperatively to 12.2 + 4.9
cm/s (p = 0.232) and was no longer statistically
significant from the preoperative value (12.2 +4.9
vs. 10.0 £2.4 cm/s, p = 0.110).

Changes in Ocular Hemodynamics
Contralateral to Carotid Stenosis Before
and After CEA

The BFVs of the contralateral CRA and SPCA
before and after CEA at the different time-points
are shown in Table IV. There was no statistically
significant difference on the BFV of the contra-
lateral CRA preoperatively, during the following
several days after CEA and 2-16 months later.

There was no statistically significant differ-
ence on BFV of the contralateral SPCA preopera-
tively and during the following several days after
CEA (9.9 + 2.3 vs. 12.0 £ 4.0 cm/s, p = 0.084).
Likewise, the BFV of the contralateral SPCA on
2-16 months after CEA did not differ from the
preoperative value (9.6 + 3.2 vs. 9.9 £ 2.3 cm/s,
p=0.838).

lllustrative Cases

A 62-year-old man complained of headache
with a medical history of minor disabling stroke
two months ago. A left CEA successfully re-
moved the 85% stenosis of the left carotid bifur-

Table Ill. The ophthalmic BFVs in the ipsilateral CRA and SPCA preoperatively, at several days postoperatively, and 2-16 after CEA.

Preoperatively

Several days after CEA 2-16 months later

BF Vs of ipsilateral CRA, cm/s 8.61 +3.02

11.16 +4.70* 12.23 + 5.98*

BF Vs of ipsilateral SPCA, cm/s 9.96 +2.35

13.72 £ 4.75° 12.23 +4.90*

"p < 0.05 vs. preoperatively; “p > 0.05 vs. preoperatively. BFV, blood flow velocity; CRA, central retinal artery; SPCA, short

posterior ciliary artery; CEA, carotid endarterectomy.
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Preoperatively

A: Carotid CTA
or ultrasonography

B: TCD
in left MCA

¥
+ PSV 9.33 cmis
EDV 4.13 cmis
Rl 0.56

C: CDI
in left SPCA

Several days after CEA

2 to 16 months later

Figure 1. Image data acquired from a 62-year-old man with left 85% carotid stenosis. A, Left-sided CEA was successfully performed
to resolve carotid stenosis, and good patency of carotid artery was confirmed by postoperative CTA and three-month follow-up color
Duplex ultrasound scanning. B, The BFVs of left MCA increased from 108.0 cm/s to 127.0 cm/s at three days postoperatively, and
eventually decreased to 117.0 cn/s at the follow-up of three months following CEA. C, The BFVs of left SPCA increased from 9.3
cm/s to 10.3 c/s at three days postoperatively, and eventually decreased to 8.7 cm/s at the follow-up of three months following CEA.

CEA, Carotid endarterectomy; CTA, computed tomography angiography; BFV, blood flow velocity; MCA, middle cerebral

artery; SPCA, short posterior ciliary artery.

cation (Red arrowheads, Figure 1A). The patency
of CEA was confirmed by carotid CTA at three
days postoperatively and color Duplex ultrasound
scanning on three months after surgery (Figure
1A). The BFV of left MCA increased from 108.0
cm/s preoperatively to 127.0 cm/s at three days
postoperatively (Figure 1B). Three months later,
the BFV of the left MCA decreased from 127.0
cm/s early after surgery to 117.0 cm/s (Figure
1B). Likewise, CEA resulted in an elevation on
the BFV of the left SPCA from 9.3 cm/s preoper-

atively to 10.3 cm/s at three days postoperatively
(Figure 1C). The BFV of the left SPCA was re-
duced to 8.7 cm/s at the end of three-month fol-
low-up period (Figure 1C).

A 68-year-old woman complained of declining
visual acuity in the right eye with a medical his-
tory of minor disabling stroke twice four months
and one year ago. A right CEA successfully re-
moved the 95% stenosis of the left carotid bifur-
cation (Red arrowheads, Figure 2A). The patency
of CEA was confirmed by carotid CTA at four

Table IV. The ophthalmic BFVs of the contralateral CRA and SPCA preoperatively, at several days postoperatively, and 2-16

months after CEA.

Preoperatively

Several days after CEA 2-16 months later

BFVs in contralateral CRA, cm/s 9.4 +3.0

11.3+2.4* 10.1 £2.7*

BFVs in contralateral SPCA, cm/s 99+23

12.0 +4.0* 9.6 +3.2%

*p > 0.05 vs. preoperatively. BFV, blood flow velocity; CRA, central retinal artery; SPCA, short posterior ciliary artery; CEA,

carotid endarterectomy.
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Preoperatively

RN

A: Carotid CTA
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B: TCD
in right ACA
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C: CDI
in right OA

Several days after CEA

2 to 16 months later
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Figure 2. Image data acquired from a 68-year-old woman with right 95% carotid stenosis. A, Right-sided CEA was successful-
ly performed to resolve carotid stenosis, and good patency of carotid artery was confirmed by postoperative CTA and two-month
follow-up color Duplex ultrasound scanning. B, The BFVs in right ACA increased from 98.0 cm/s to 140.0 cm/s at three days
postoperatively, and eventually decreased to 128.0 cm/s at the follow-up of two months following CEA. C, Preoperative reversed
OA flow resolved after undergoing CEA. The postoperative BFVs of the ipsilateral OA were 29.7 cm/s and 22.4 cm/s at three
days postoperatively and two months later, respectively. CEA, Carotid endarterectomy; CTA, computed tomography angiogra-
phy; BFV, blood flow velocity; ACA, anterior cerebral artery; OA, ophthalmic artery.

days postoperatively and color Duplex ultrasound
scanning on two months after surgery (Figure
2A). The BFV of the left ACA increased from
98.0 cm/s preoperatively to 140.0 cm/s at three
days postoperatively (Figure 2B). Two months
later, the BFV of the left MCA displayed the dec-
rement from 140.0 cm/s early after surgery to
128.0 cm/s (Figure 2B). The right CDI showed
reversed flow in the OA and the BFV was -42.8
cm/s (Figure 2C). The flow direction of the OA re-
turned to antegrade direction following CEA, and
the BFVs were 29.7 cm/s and 22.4 cm/s at three
days after CEA and two months later, respectively
(Figure 2C).

Discussion
This recent study had two most important find-

ings. First, in symptomatic patients with unilateral
carotid stenosis, CEA resulted in a significant BFV
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increase in ipsilateral ACA, MCA and SPCA during
the following several days after CEA before dis-
charge. Second, 2-16 months after surgery, the BFVs
of the ipsilateral ACA, MCA and SPCA tended to
decrease and returned to their preoperative values.
Successful CEA is associated with a signifi-
cant improvement in cerebral and ocular hemo-
dynamics ipsilateral to carotid stenosis early af-
ter surgery. These changes can be interpreted as
an increase of the perfusion pressure because of
the recovery of normal diameter and flow in the
ICA early after CEA. Similar results have been
reported in our previous study' and elsewhere'“.
It is interesting to note that the increased flow
velocities have the tendency to decrease and ap-
proached the preoperative measurements at the
follow-up of 2-16 months after surgery. The re-
stored cerebrovascular autoregulation function
(CAF) might be responsible for the observation
that BFVs returned to their preoperative levels®.
Improvement of cerebral autoregulation was in-
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dependent of changes in cerebral BFV'. CAF is
impaired in patients with carotid stenosis as the
cerebral vessels are already vasodilated to com-
pensate for the reduction in cerebral perfusion
pressure’. If intracranial microcirculation is max-
imally dilated, then CAF is exhausted. In patients
with the severe carotid stenosis, the dilated cere-
bral vessels can be maintained, which may lead to
cerebral hyperperfusion early after removal of the
carotid plaque®**!. This constant dilation of arteri-
oles can interfere with the ability of the cerebral
vessels to constrict in response to the increased
ICA perfusion pressure early after CEA2%?!, With
the duration of postoperative recovery, CAF is
improved in intracranial vessels due to the pro-
gressive restoration of cerebrovascular tone and
arterial vasoconstriction response®*?!. Bishop et
al?? indicated that CEA restored the ability of ce-
rebral microcirculation to autoregulate properly at
6 months after surgery. Miiller et al* also reported
that pulsatility index was significantly increased
compared to preoperative value at 6 months after
CEA. Consequently, the long-term benefit of CEA
may be related to a decrement on resting cerebral
BFVs and an improvement in the CAF.

Our findings agree with some previous stud-
ies?*®, but are in conflict with several reports*?.
Bishop et al*? reported that CBF was significantly
increased at 3 hours after CEA and had returned to
its preoperative value at 6 months postoperatively,
but CAF was significantly improved in the long-
term follow-up. Miiller et al* indicated that BFV
of MCA ipsilateral to CEA was increased at 7 days
after surgery and had returned to the preoperative
level after 3 months. Zachrisson et al** demonstrat-
ed that significant increase in BFV was observed in
the ipsilateral MCA the first few days after CEA,
but the BFV of the ipsilateral MCA had returned
to normal at the follow-up 3-12 months after CEA.
In contrast, Blohmé et al** reported that the BFV of
the ipsilateral MCA was significantly increased six
days postoperatively compared to the preoperative
value and was still elevated at the late follow-up
after 3-12 months. Several factors may be respon-
sible for the conflicting findings. First, in the study,
all patients were symptomatic, mean stenosis was
78.2%, and in 12 of the 20 cases stenosis was >
70%. It is known that symptomatic subjects with
high-grade carotid stenosis may present the de-
crease in cerebral perfusion, the insufficient collat-
eral circulation, and the impaired cerebrovascular
reserve. Therefore, it is conceivable that a relative
vasodilation persists in intracranial vessels early
after removal of a hemodynamically significant

carotid stenosis. As a result, the BFVs of the ip-
silateral hemisphere are at the higher levels when
full perfusion pressure was restored. An intracrani-
al vasoconstriction results from the restored cere-
brovascular reserve and is also compatible with
a reduction in the BFVs of the ipsilateral anterior
circulation in the long-term follow-up. Second,
the modality of measurements should be consid-
ered: various techniques were utilized in previous
studies'>'®, including MRI, single photon emission
computed tomography!’, intravenous xenon-133
technique®?, and TCD'#%, However, because
these techniques focus mainly on the flow velocity,
flow volume or metabolic information of the brain,
comparisons with different studies are difficult.

Limitations

A limitation of this study is the relatively small
sample size. However, the sample size was large
enough to demonstrate short-term improvement
and long-term normalization of cerebral and ocu-
lar hemodynamics after CEA. In the present study,
no flow volume measurements were performed in
the intracranial and ocular branching arteries. Flow
volume quantification by MRI has been demon-
strated to be valuable for monitoring the effect of
CEA on cerebral and ocular hemodynamics'>®.,

Conclusions

In summary, CEA resulted in a significant in-
crease of BFVs in the ipsilateral anterior circu-
lation and SRCA during the several days after
surgery before discharge. This effect was not main-
tained with the duration of postoperative recovery.
The BFVs of the ipsilateral anterior circulation and
SPCA tended to decrease and approached the pre-
operative levels at the follow-up of 2-16 months
after surgery. Therefore, the advantage of the CEA
might be related to the early improvement of cere-
bral and ocular hemodynamics and the long-term
restoration of cerebrovascular reserve.
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