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Abstract
Background An indication for selective shunting during carotid endarterectomy (CEA) is based on monitoring during a proce-
dure. Cerebral oximetry (CO) using near-infrared spectroscopy (NIRS) may be a simple technique, but its relevance during CEA,
especially with respect to cutoff values indicating shunt implantation, still needs to be elucidated.
Methods One hundred twenty five patients underwent CEA under local anesthesia (LA) and were monitored clinically through-
out the whole procedure. The patients were also monitored using bilateral NIRS probes during surgery. The NIRS values were
recorded and evaluated before and after selective cross-clamping, firstly by the external carotid artery (ECA), followed by the
internal carotid artery (ICA). The decrease in the ipsilateral CO values, with respect to the indication of shunting, was only
analyzed after selective cross-clamping of the ICA. The decision to use an intraluminal shunt was solely based on the neuro-
logical status evaluation after ICA cross-clamping.
Results One hundred five patients (85%) were stable throughout the CEA, while 20 patients (15%) clinically deteriorated during
surgery. The mean drop in the CO after selective ICA clamping in clinically stable patients was 6%, while in patients with clinical
deterioration, the NIRS decreased by 14.5% (p < 0.05).When the cutoff value for selective shunting was set as a 10% decrease of
the ipsilateral CO after selective ICA clamping, the sensitivity of the technique was 100% and the specificity 83.0%.
Conclusions Our study showed that a 10% decrease in the ipsilateral brain tissue oximetry after selective cross-clamping the ICA
provides a reliable cutoff value for selective shunting during CEA. Despite the availability of a variety of monitoring tools, the
NIRS may be an easy, reliable option, especially in the scenario of acute CEA in general anesthesia.
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Introduction

Carotid endarterectomy (CEA) is a well-established sur-
gery for primary and secondary stroke prevention; howev-
er, it is associated with a low but significant risk of com-
plications [3]. During carotid cross-clamping, some pa-
tients may suffer a stroke due to an insufficient collateral
flow, which requires the implantation of an intraluminal
shunt during surgery. The decision on shunt insertion is
usually based on either clinical deterioration during local
anesthesia or various auxiliary monitoring techniques (so-
matosensory evoked potentials (SEP), electroencephalog-
raphy (EEG), transcranial dopplerometry (TCD), or stump
pressure measurement in patients having surgery under
general anesthesia (GA) [11].

Cerebral oximetry (CO) monitoring using near-infrared
spectroscopy (NIRS) is a simple technique detecting oxygen-
ated blood in a small region about 25 mm below the skin [29].
When NIRS probes are applied on the forehead, they reveal
relative brain perfusion in a small area of the frontal lobe
cortex. Although many studies have been performed utilizing
NIRS during CEA, to date, there has not been a clear, uni-
formly accepted cutoff value for indicating shunt implantation
using this technique [2, 17, 24, 29, 31]. This could be due to
various reasons such as the availability of different technolo-
gies or minor differences in data interpretation during carotid
cross-clamping, both of which could lead to differences in the
final results [14].

The goal of our study was to find a cutoff value during
selective internal carotid artery (ICA) cross-clamping that
would provide a reliable indication for intraluminal shunt in-
sertion during CEA. Such a cutoff would be useful for the
monitoring of CEA either operated under GA or converted
to GA when the patient does not tolerate awake surgery.
There is a particular need for an effective monitoring method,
which could be set up quickly and with the possibility of fast
data interpretation, in this subgroup of patients who are con-
verted to GA.

Materials and methods

Study design

Between November 2016 and October 2019, we conducted a
prospective observational study, using bilateral CO monitor-
ing utilizing NIRS in patients who underwent CEA under
local anesthesia (LA). The study was observational and the
indication to shunt insertion was solely based on clinical
symptoms. The study was approved by the local ethics com-
mittee of the Masaryk Hospital in Ústí nad Labem,
Czech Republic (No. 251/55).

Demographics and patient enrolment

The inclusion criteria were as follows: ICA ≥ 50% stenosis in
the case of symptomatic or ≥ 60% stenosis in the case of
asymptomatic stenosis, as detected by duplex ultrasound and
confirmed by computed tomography angiography (CTA) with
accurate stenosis measurement; indication for CEA according
to criteria set by the American Heart Association; age of 30 to
90 years; and signed, informed consent [3, 33]. All the patients
underwent magnetic resonance imaging (MRI) within 72 h
before and after surgery according to the protocol mentioned
in a previous study [27].

Surgical procedure

All the patients were operated under ipsilateral cervical plexus
block anesthesia bupivacaine (Marcaine, AstraZeneca,
Cambridge, UK) performed by an anesthesiologist; additional
infiltration of the operative field with 1% trimecaine
(Mesocain; Zentiva, Prague, Czech Republic) was performed
by the surgeon if necessary. We used a standard surgical ap-
proach via an oblique skin dissection ventro-medial from the
sternocleidomastoid muscle. After reaching the common ca-
rotid artery (CCA) bifurcation, we properly dissected all
branches of the CCA: the ICA, external carotid artery—
ECA, and the superior thyroid artery—STA. A dose of 5000
international units of unfractionated heparin (Heparin Léčiva;
Zentiva, Prague, Czech Republic) was administered intrave-
nously 3 min before flow arrest. The activated clotting time
(ACT) was measured 3 min after injection of the heparin. In
case of low ACT values (below 150), 2500 IU were added. To
enhance cerebral perfusion, blood pressure was maintained at
or above the level of initial pre-clamp levels during cross-
clamping. Norepinephrine was administered intravenously in
the case of hypotension, to optimize blood pressure.

The criteria for shunt placement were the onset of a new
neurological deficit, such as hemiparesis or aphasia and/or the
deterioration in level of consciousness after carotid cross-
clamping. If shunting was indicated, a Bard Javid carotid
shunt (Bard Inc., Murray Hill, NJ, USA) was used.

NIRS monitoring and data recording

TheCOmeasurement was performed using theNIRS Fore-Sight
oximeter (Edwards Lifesciences Corporation, USA). Two large
sensors (≥ 40 kg) were applied on the forehead before surgery,
and CO was recorded continually throughout the surgery. The
accuracy for the sensors is ± 3.7% (1 SD) in the range rSO2 45–
95% [6]. After proper dissection of the CCA and its branches,
clips were applied. We first clipped the STA followed by clip-
ping of the ECA. The NIRS values on both sides were recorded
in a datasheet just before clipping of the ECA. We waited for a
minimum of 60 s before clipping the ICA. The lowest NIRS
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values over both hemisphereswere recorded. In case the decrease
of the NIRS values continued over the 60-s period, we waited
longer until stabilization of both values. We then instructed the
patient to start counting from 1 to 20, while squeezing a squeaky
rubber toy with the contralateral hand to monitor motor function.
At the start of the clinical evaluation, the ipsilateral ICA was
cross-clamped. In case of a stable neurological status (stable
group) of the patient, the surgery continued by clipping the
CCA and arteriotomy. In case of clinical deterioration (unstable
group), the clip was released and we prepared for shunt insertion.
In both scenarios, we recorded the lowest NIRS values above
both frontal lobes.

Postoperative care and clinical evaluation

After surgery, the patients were observed for 1 night in the in-
tensive care unit (ICU). Vital signs checking, neurological exam-
ination, and wound control were performed during admission at
the ICU and then on an hourly basis during thewhole stay. Three
doses of 5000 IU of heparin were administered every 8 h unless
the APTT reached values of 3.0 or above. In cases of an unevent-
ful stay at the ICU, the patient was transferred to the regular
neurosurgical ward. Three days after surgery, patients were usu-
ally discharged home or to their local hospitals if necessary. The
patient was clinically evaluated, and a new duplex ultrasound
was again assessed 3 months after surgery in the outpatient unit
of the neurosurgical department.

NIRS data evaluation and statistical analysis

The data of the patients were saved and recorded in Excel
Worksheets. The software STATISTICA, version 11, was
used for the analytical methods. The categorical demographic
characteristics between the stable and unstable patient groups
were compared using the chi-square test of independency, or
Fisher’s exact test when small frequencies occurred. Based on
the normality test, the non-parametric two-sample Mann–
Whitney test was used to compare the distribution of age
between the two patient groups.

We compared the relative change in the NIRS values be-
fore and after selective clamping of the ECA and the ICA in
patients with a stable clinical status during surgery and in
patients with clinical deterioration. The parametric two-
sample t test was applied. The p value below p < 0.05 was
considered statistically significant.

Results

Patients’ demographics

The study included 125 patients. Eighty-seven (70%) patients
were males and 38 (30%) were females (Table 1). The mean

age of the patients was 68.4 years, and it ranged from 46 to
88 years of age. Forty-seven (38%) patients suffered from
diabetes, 95 (76%) were treated for hypertension, and 5 pa-
tients (4%) had a coronary artery disease. Eighty-three (66%)
patients were either current or former smokers, 29 patients had
never smoked (23%), and in 13 patients (10%), we did not
have this information available. While 61 (49%) patients were
treated for a symptomatic carotid stenosis, 64 (51%) were
treated for an asymptomatic carotid stenosis. Also, 36 (29%)
patients had a significant contralateral stenosis (over 50%),
and 10 (8%) patients had a contralateral carotid occlusion.

There was a significantly higher representation of women
(50%) in the unstable group compared to the stable group
(27%; p < 0.05). Also, 70% of patients in the unstable group
had a significant contralateral ICA stenosis or occlusion, while
in the stable group, it was only 30% (p < 0.001). Apart from
that, there was not a statistically significant difference between
the groups in any other parameter (age, smoking, diabetes,
hype r t en s ion , co rona ry d i sease , smok ing , and
symptomatology).

Perioperative results

All 125 patients underwent CEA under local anesthesia, to-
gether with bilateral CO monitoring using NIRS. During sur-
gery, 105 (85%) patients were stable after clipping the ICA,
and they required no shunt insertion. The remaining 20 (16%)
patients presented with clinical deterioration after clipping
(Fig. 1). In 14 (11%) of these, we implanted a shunt immedi-
ately after clipping the ICA. The other 6 (5%) patients were
operated without shunt implantation; in 2 of these, increasing
the systemic pressure resulted in symptom improvement; in
the other 2 patients, the symptoms appeared during suturing
the carotid, and the surgeon decided to finish the surgery
without shunt implantation; and in 2 cases, the intraluminal
shunt was not implanted due to technical difficulties.

CO related to cross-clamping ECA

Overall, the mean value before clipping the ECA was 75.7 ±
0.6, and after clipping, the ECA the mean value decreased to
72.2 ± 0.6. The mean relative decrease in the NIRS values
after clamping the ECA was 5.3% ± 0.8.

In the stable group of patients, the mean value before clip-
ping the ECA was 75.7 ± 0.6, and after clipping the ECA, it
decreased to72.4 ± 0.6. The mean relative decrease in the
NIRS values after clamping the ECA was 4.4% ± 0.3%.

In the unstable group of patients, the mean value before
clipping the ECA was 75.5 ± 1.6, and after clipping the
ECA, it decreased to 71.6 (from 60 to 88). The mean relative
decrease in the NIRS values after clamping the ECA was
5.7% ± 1.2%.
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When comparing the change in the relative value of the
NIRS after clamping the ICA, there was no statistically sig-
nificant difference between the stable group and the unstable
group of patients (p > 0.05).

CO related to cross-clamping ICA

Overall, the mean value of ipsilateral CO before clamping the
ICAwas 72.5 ± 0.6, and after clamping, it decreased to 67.7 ±
0.6. The mean relative drop was 6.6% ± 0.5%.

The mean value in the stable group before clamping the
ICAwas 72.7 ± 0.6, and after clamping, it decreased to 68.9 ±
0.7. The mean relative drop in the NIRS values was 5.2% ±
0.4.

In the unstable group of patients, the mean value before
clamping the ICA was 71.8 (from 60 to 86), and after
clamping, it decreased to 61.3 (from 52 to 70). The mean
relative drop in the NIRS values was 14.5% ± 0.7.

When comparing the change in the relative value of the
NIRS after clamping the ICA, there was a statistically

Table 1 Patients’ characteristics including distribution between both subgroups (stable and unstable)

Variable Subgroup Stable patients Unstable patients All patients p value

Number of patients n = 105 n = 20 n = 125

Sex Males 77 (73%) 10 (50%) 87 (70%)

Females 28 (27%) 10 (50%) 38 (30%) 0.038*

Mean age 68.2 69.8 68.4 0.435

Diabetes 40 (38%) 7 (35%) 47 (38%) 0.793

Hypertension 80 (76%) 15 (75%) 95 (76%) 0.909

Coronary disease 4 (3%) 1 (5%) 5 (4%) 0.588

Smoking Current smoker 40 (38%) 14 (70%) 54 (43%)

Former smoker 26 (25%) 3 (15%) 29 (23%)

No smoking 26 (25%) 3 (15%) 29 (23%)

Unknown 13 (12%) 0 (0%) 13 (10%) 0.099

Symptomatology Symptomatic 52 (50%) 9 (45%) 61 (49%)

Asymptomatic 53 (50%) 11 (55%) 64 (51%) 0.711

Contralateral artery stenosis > 50% 28 (27%) 8 (40%) 36 (29%)

Occlusion 4 (3%) 6 (30%) 10 (8%) 0.001**

*Significant at 5% level

**Significant at 0.1% level

Fig. 1 Bilateral NIRS monitoring
in an unstable patient operated for
a symptomatic right ICA stenosis
(red—right hemisphere, blue—
left hemisphere)
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significant difference between the stable group and the unsta-
ble group of patients (p < 0.001, Fig. 2). When we set the
cutoff value at 10%, the sensitivity for selective clipping the
ICA was 100% and specificity 83.0% (Table 2). When we set
the cutoff value at 15%, the sensitivity for selective clipping
the ICA was 45.0% and specificity 99.0%. The ROC curve
shows that the 10% seems to be an optimal cutoff value for
predicting clinical deterioration (Fig. 3).

CO related to cross-clamping both CCA branches (ECA
and ICA)

Overall, the mean value before cross-clamping both CCA
branches was 75.7 ± 0.6, and after clamping, it decreased to
67.7 ± 0.6. The mean relative drop in the NIRS values was
10.6% ± 0.6%.

In the stable group of patients, the mean value before clip-
ping the ECA and the ICA was 75.7 ± 0.6, and after clipping,
it decreased to 68.9 ± 0.7. The mean decrease in the NIRS
values after clamping both the ECA and the ICA was 9.1%
± 0.5%.

In the unstable group of patients, the mean value before
clipping the ECA was 75.5 ± 1.6, and after clipping, it de-
creased to 61.3 ± 1.2. The mean relative drop in the NIRS
values after clamping both the ECA and the ICA was
19.2% ± 1.3%.

Then comparing the change in the relative value of the
NIRS after clamping both ECA and ICA, there was a statisti-
cally significant difference between the stable group and the
unstable group of patients (p < 0.001). When we set the cutoff
at 10% of a decrease of the ipsilateral NIRS before and after
clipping both the ECA and ICA, the sensitivity is again 100%
but the specificity reaches only 57.8% (Table 2). When we set
the cutoff value at 15%, the sensitivity is 72.2% and the spec-
ificity is 85.3%.

Clinical status results

Out of 125 patients in our study, 121 were discharged home in
a stable neurological state without any deterioration, com-
pared to the preoperative status. From these, 1 patient died
several days after discharge home due to a sudden collapse.

While in the stable group no patients suffered a stroke in the
perioperative period, there were 4 patients in the unstable
group who experienced a stroke. All 4 patients developed
completed strokes during surgery, and only 1 of them im-
proved significantly in the postoperative period.

DWI results

Out of the total 125 patients in our study, 120 had a DWMRI
examination before and after CEA. Five patients could not
undergo MRI mainly due to contraindications to MRI exam-
ination, such as the presence of a cardio-stimulator or metal
implants. Out of these 120, we observed no new ischemic
lesion in 100 patients and new ischemic lesion in 20 patients.
The vast majority were small asymptomatic ischemic lesions.
In the group of stable patients (n = 100), we observed a new
lesion in 8 (8%). In the patients with clinical deterioration (n =
20), we observed a new ischemic lesion in 11 (55.0%) patients
(p < 0.001).

Discussion

The perioperative use of a shunt is an integral part of CEA, but
the indication for shunt implantation is still controversial [28].
While some surgeons prefer the routine use of shunting, many
advocate selective insertion based on monitoring [7]. The use
of selective shunting has been reported between 7 and 12% [5,
13, 23, 26, 30]. This is in agreement with our recent study,
when selective shunting in patients undergoing CEA under
LA was 12% [26]. On the other hand, we have also shown
that carotid shunting in itself is associated with an increased
risk of developing DWI-positive ischemic lesions [26].
Although a vast majority of these lesions were clinically
asymptomatic, the routine use of shunts during CEA still puts
many patients at unnecessary risk of developing brain ische-
mia. Also, the use of shunt is associated with increased risk of
surgical revision due to an intimal flap, ICA stenosis, kinking,
etc. [17]. Therefore, selective shunting seems to be a rational
approach to avoid a hypoperfusion stroke during carotid
cross-clamping.

The use of shunt insertion is based either on clinical eval-
uation during awake surgery or on various supplementary
monitoring methods during CEA under GA; these include
SEP, EEG, TCD, stump pressure (SP), or less often also CO
utilizing NIRS technology [4, 24]. None of these methods is
considered superior, and they are often used based on local
preferences and experience, but NIRS is most likely the least
established one. NIRS measures light absorbance to calculate
oxyhemoglobin and deoxyhemoglobin, which provides an in-
direct measure of brain activity, particularly in the frontal cor-
tex. In the past 20 years, there have been several studies val-
idating the use of NIRS during CEA under LA (Table 3);

Table 2 Sensitivity and specificity for selective and non-selective ICA
cross-clamping for 10% and 15% cutoff values

Cutoff values ICA only ECA + ICA

10% Sensitivity 100% 100%

Specificity 83% 58%

15% Sensitivity 47% 72%

Specificity 99% 85%
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however, there still lacks a general consensus regarding the
cutoff value indicating an intraluminal shunt insertion.

Cutoff values of NIRS

In our study, we demonstrate that a 10% decrease in the ipsi-
lateral CO after carotid cross-clamping provides a reliable
cutoff value for indication of selective shunting. The sensitiv-
ity of the cutoff value is 100% in our series, meaning that none
of the patients who deteriorated would be missed. Even more,
in 4 patients, the clinical deterioration appeared later during
the study despite the fact that they were stable at the time of
clinical testing. In all these patients, the ipsilateral CO still
dropped by more than 10%. It seems that the change in the
ipsilateral CO shows the change earlier compared to clinical
testing which may manifest later after cross-clamping. This
may be of advantage as implanting the shunt right from the
beginning may prevent unnecessary stress and rush if the

clinical deterioration manifests later when the carotid artery
is already open.

Currently, there has been no generally accepted cutoff val-
ue for indicating an intraluminal shunt implantation during
CEA based on NIRS in the literature yet. One of the main
reasons for this is that there are 3 different companies distrib-
uting NIRS sensors and monitors, with each company using
slightly different technologies (INVOS 5100C, EQUANOX
Classic 7600, and Fore-Sight) [25]. They differ, for example,
in the depth of light penetration and collection, partly due to
various spatial differences between the sensors and detectors
in each device, which may influence the resultant values of
CO. Hyttel-Sorensen et al. showed in a study on peripheral
tissue oximetry that all 3 oximeters presented different results,
concluding that these three oximeters cannot be used inter-
changeably [14] (Table 3). Table 3 shows that the values have
ranged from 10 to 20%. While in most studies implementing
the INVOS the cutoff values were around 20%, in two studies
implementing the Fore-Sight (including ours), the cutoff
values were 9 and 10% respectively [15]. Also, the sensitivity
and specificity values in both studies are relatively high com-
pared to other monitoring techniques such as the SEPs, EEG,
or stump pressure [12, 24]. The lower values associated with
the use of Fore-Sight could be a possible result of a slightly
different technology, allowing monitoring of tissue 25 mm
below skin compared to INVOS, which provides monitoring
of tissue 20 mm below skin and could therefore be “contam-
inated” by the signal from soft tissues under the sensor.
Because of different methodologies, no universal cutoff value
can be probably drawn for NIRS in CEA, but it would need to
be specified for each NIRS technology.

Contribution of ECA to CO

In our study, we evaluated the change in signal with respect to
the contribution of selective ECA and ICA cross-clamping.
The cerebral oximeters currently on the market have 2

Fig. 2 A relative change in the
ipsilateral NIRS after selective
ICA cross-clamping during the
initial clinical evaluation in CEA
in unstable and stable patients
(*p < 0.05)

Fig. 3 ROC curve to evaluate the ability of NIRS to predict cerebral
ischemia compared with neurological evaluation during CEA under
LA. Cutoff value for NIRS ≥ 10%
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receptors. They use the process of spatial resolution in which
the increasing distance between them allows for the assess-
ment of deeper tissue and should prevent the signal from ex-
tracranial contamination. However, a simple experiment using
a pneumatic band around the forehead has shown that extra-
cranial contamination was demonstrated in all 3 NIRS devices
ranging between 6.8 and 16.6% [8]. A selective evaluation of
the change in CO values after selective clipping of the ICA
should eliminate this “contamination signal” providing more
precise decision-making in the indication of an intraluminal
shunt insertion.

In none of the studies utilizing NIRS during CEA summa-
rized in Table 3 would the authors present the exact procedure
of the cross-clamping algorithm during surgery. Was the clip
put on the CCA or selectively on the ICA? Naftalovich et al.
presented a case in which the rSO2 signal decreased by 8%
after selective shunting the ECA, while there was no change
after cross-clamping the ICA [25]. We found that cross-
clamping the ECA leads to a mean relative decrease in the
ipsilateral NIRS by an average of 5.3%. Furthermore, there
was a decrease in the ipsilateral NIRS value in the stable group
and the unstable group by 4.4% and 5.7%, respectively.
Therefore, excluding the influence of the ECA may be an
advantage to improve the differentiation of patients at risk of
shunting compared to the stable patients. The question still
remains whether the signal contributed by the ECA is only a
result of signal contamination from the soft tissue under the
probes or as a result of collaterals feeding the brain [25].

By first cross-clamping the ECA, we could increase the
specificity in the cutoff value from 58 to 83% (Table 2) while
keeping high sensitivity of 100%. If we used the cutoff value
of 10% without eliminating the influence of the ECA, we
could still reach 100% sensitivity, but only for the price of
significantly decreasing the specificity to 58%. This may be
a step forward as compared to the largest study implementing
CO using Fore-Sight during CEA under LA [15]. In that
study, the authors set a cutoff value at 9% with a sensitivity
of 95% and specificity 81%. Evaluating the change of ipsilat-
eral CO after selective clamping, the ICA may increase the
sensitivity and specificity of this method. This could be one of
the possible steps leading to improving the technology as sug-
gested by Kakkos and Tsolakis in their commentary to the
article of Jonsson et al. [16].

CO and shunt patency

NIRS monitoring may serve not only as guidance to selective
shunting during CEA but also possibly as an indicator of shunt
function during surgery as noticed in one previous study [15].
In our own study, we observed 2 cases of inadequate function
after shunt insertion (Fig. 4). In both patients, the values after
shunt implantation increased by less than 50% of the original,
pre-cross-clamping value. While in one patient, it was

associated with functional deterioration (loss of conscious-
ness); the other patient was clinically stable. In both cases,
we adjusted the shunt position by pulling them down to the
CCA, which eventually led to improved shunt function and
almost complete restoration of the NIRS values. In the symp-
tomatic patient, this resulted in restoration of the symptoms.
We speculate that the reason for shunt insufficiency was the
distal end of the shunt which most probably adhered to the
wall of the ICA; in both cases, the preoperative CTA showed
coiling of the ICA under the skull base (Fig. 4 insertion).

Clinical use of NIRS in CEA

Today, we have several available monitoring tools for cerebral
ischemia during CEA [22, 24]. Still, the advantage of NIRS is
that it provides continuous monitoring during surgery (oppo-
site to stump pressure). The probes can be readily applied on
the forehead and thus may be also used in cases when patients
in whom we need to convert them to GA due to intolerance.
According to our study, the data collection was very stable in
all the patients. Furthermore, the reading and interpretation are
simple, requiring no further highly qualified personnel, which
is otherwise necessary for interpretation of SEP or EEG.
Moreover, the technique is not dependent on a temporal win-
dow as opposed to TCD.

Patients following aminor stroke or TIA have a significant-
ly increased risk of repeated stroke, evenwithin hours after the
initial event, and should be treated early [10, 32]. Such sur-
geries may then be performed outside the regular operating
hours with limited personnel available. Also, some patients
may not tolerate LA and need to be converted to GA during
surgery. NIRS seems to be the most convenient monitoring
tool for these situations. The other option would be to proceed
with routine shunting. However, shunt insertion carries a risk
of developing an ischemic lesion and should be avoided if
unnecessary [26]. In our current study, we also found an in-
creased number of ischemic lesions in unstable patients
(50%), most of them being embolic in nature most probably
resulting from inserting the shunt into a lumen of an athero-
sclerotic vessel.

Risk factors for shunting

The need for shunt implantation was higher in patients with a
significant contralateral stenosis or occlusion. This is a con-
sistent finding in many other studies which have shown that
contralateral occlusion is probably the strongest predictor of
shunt placement [9, 21]. Some authors advocate routine
shunting or endovascular treatment for patients with a contra-
lateral occlusion [18, 34]. Despite the higher incidence of
neurological instability in patients with contralateral carotid
occlusion in our series (60%), the majority of patients (70%)
with contralateral stenosis or occlusion still did not require
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shunt during CEA.We thus still agree with Kretz et al. that the
status of the contralateral carotid artery should not be consid-
ered a high risk for surgery, and we do not recommend either
routine shunting or even primary endovascular treatment for
such patients [20]. We even tend to be more active in this
subgroup of patients as they carry a higher risk of ischemic
stroke [1]. At the same time, we recommend a routine evalu-
ation of the cerebral vasculature with specific focus on the
collaterals in the Circle of Willis using preoperative CT angi-
ography to better forecast the need for shunt placement.

Less is known about the influence of gender on periopera-
tive shunting during CEA. Only a few other studies aside from
ours have shown that females had a higher risk of periopera-
tive hypoperfusion requiring shunt implantation [9, 21]. Some
speculations regarding the differences in vascular anatomy
compared to men have been suggested, but overall, the issue
is still rather unclear and needs further studies [9, 19].

Study limitations

The study has some limitations.Most importantly, the patients
were operated under LA, and thus we cannot directly extrap-
olate the results to CEA in GA. Interestingly, a recent study
utilizing NIRS in patients undergoing CEA under GA used a
cutoff value of 15% (using the INVOS technology) with very
good results [17]. We have also not used any monitoring
methods other than clinical testing and NIRS. The use of more
techniques may provide more robust data.

Conclusions

The 10% relative decrease of the ipsilateral CO after selective
cross-clamping the ICA provides a reliable cutoff with 100%

sensitivity and 83% specificity in predicting cerebral hypoper-
fusion during CEA in patients operated under LA. NIRS is a
simple non-invasive technique enabling continuous monitor-
ing throughout the whole procedure, which may be addition-
ally used in proper shunt positioning in cases of complicated
vascular anatomy. The reliability of CO monitoring using
NIRS during CEA in patients operated under GA still needs
to be confirmed.
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Comments

We have here an outstanding clinical investigation by an experienced
carotid surgery group. The study goal was to validate bilateral NIRS
CO decreases with neurologic deterioration in awake patients, and
thereby to establish a critical NIRS value to indicate the need for
indwelling shunt.
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Themethodwas well conceived and elegant. Patients weremonitored
for COwith forehead NIRSmonitors, and were also operated under loco-
regional anesthesia. In this way the accuracy of the NIRS could be vali-
dated, but the shunting decision was actually made by direct observation
of the patient for neurological changes.

One hundred and five patients (85%) were stable throughout the
CEA, while 20 patients (15%) clinically deteriorated during surgery.
The mean drop in the cerebral oximetry after selective ICA clamping in
clinically stable patients was 6%, while in patients with clinical
deterioration the NIRS decreased by 14.5% (p < 0.05). When the cut-
off value for selective shuntingwas set as a 10% decrease of the ipsilateral
cerebral oximetry after selective ICA clamping, the sensitivity of the
technique was 100% and the specificity 83.0%.

As side observations, female sex and contralateral stenosis/occlusion
were significant risk factors for shunt placement.

The series is not completely pure, since for various reasons 5% of the
patients were not shunted despite a neurological change suggesting that
shunt placement would be beneficial (the unstable group). Four patients
(3.2% of the series) in the unstable group suffered strokes; it is unclear
whether these patients were the non-shunted patients or shunted patients,
but this is of concern.

DWI MRI studies were done postop in 120/125 patents and the
results are fascinating. In the group of stable patients (n = 100), they
observed a new lesion in 8 (8%). In the patients with clinical deterioration
(n = 20), they observed a new ischemic lesion in 11 (55.0%) patients
(p < 0.001). Clearly even most patients with DWI lesions were clinically

well, but it is interesting and worrisome that patients showed DWI lesions
despite successful shunt placement.

My personal technique is somewhat different, and my shunt
placement rate is a little higher. I use combined EEG/SSEP monitoring
and general anesthesia for CEA. We shunt for any change at all in either
EEG or SSEP, or both. With this technique I shunt 15% of patients, and
25% if there is contralateral occlusion, strictly by following the monitor-
ing (1).

The authors conclude that a 10% decrease in the ipsilateral brain
tissue oximetry after selective cross-clamping of the ICA provides a
reliable cut-off value for selective shunting during CEA. I agree with this,
and I believe their study is a true contribution to our knowledge of
selective shunting and patient protection for best outcomes.
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PA, USA
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