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Abstract

Aim The aim of the study was to assess the role of a temporary carotid shunt in patients undergoing carotid endarterectomy.
Materials and methods This was a retrospective, multicentric (n = 159) study carried out between January 2005 and October
2020. The study included 3114 patients undergoing carotid endarterectomy who had a reduced retrograde internal carotid
artery pressure (<60% of systolic blood pressure). A temporary carotid shunt was used in 1328 patients and 1786 patients
underwent carotid endarterectomy without a shunt.

Results The in-hospital outcomes were comparable in terms of the incidence of deaths, myocardial infarctions, and stroke
between the two groups. However, asymptomatic strokes (confirmed on computed tomography) occurred more frequently in
the group where the temporary shunt was used (34 (2.5%) vs. 10 (0.55%), p <0.0001). The composite endpoints of adverse
events were also higher in the group where a temporary shunt was used (44 (3.3%) vs. 28 (1.5%), p=0.002). The risk of
symptomatic stroke (both fatal and non-fatal) was higher in the group where a temporary shunt was not used, though this was
statistically not significant. Logistic regression analysis identified diabetes mellitus and stenosis (81-90%) of the contralateral
internal carotid artery to be important predictors for stroke.

Conclusion Temporary carotid shunts during carotid endarterectomy were associated with increased rates of asymptomatic
stroke. There were no statistically significant differences in the incidence of non-fatal or fatal stroke, myocardial infarction,
and mortality.

Keywords Carotid endarterectomy - Classical carotid endarterectomy - Shunt - Contralateral stenosis - Retrograde
pressure - Refusal of a shunt

Introduction

Carotid endarterectomy is one of the most commonly per-
formed operations on carotid arteries [1-5]. The safety of
carotid endarterectomy depends on reducing the interrup-
tion to cerebral blood flow that occurs during clamping of
the internal carotid artery (ICA) [6—10]. The assessment of
compensatory mechanisms and estimation of the collateral
blood flow were carried out previously with the Matas test
[11-15]. With technological advancement, the measurement
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of retrograde pressure in the ICA and cerebral oximetry are
now feasible [16-20]. According to current Russian rec-
ommendations, use of a temporary shunt during carotid
endarterectomy is not mandatory [21-25]. However, there
are studies that suggest that when the retrograde pressure in
the ICA drops below 60% of the systemic pressure and/or
cerebral oximetry parameters fall below 40% of the base-
line, a temporary shunt is recommended [26-30]. Temporary
shunts are used in a small number of cases of carotid endar-
terectomy and there is a lack of evidence with respect to
their role in reducing postoperative complications [31-35].
The aim of the study was to assess the role of a temporary
carotid shunt in patients undergoing carotid endarterectomy
with a concomitant decrease in retrograde pressure in the
ICA.
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Materials and methods

This was a retrospective, multicentric study (n=159) carried
out between January 2005 and October 2020. Retrograde
pressure in the ICA was measured in every patient at the
time of carotid endarterectomy. Patients who had retrograde
pressure in the ICA less than 60% of systolic blood pressure
were included in the study.

According to current Russian recommendations, use of
temporary carotid shunts, even in the presence of reduced
retrograde carotid pressures, is not mandatory. Utilization
of a temporary shunt was therefore based on surgeon and
institutional preference. Based on the usage of the shunt,
two groups were created. Group 1 included patients where
a temporary shunt was used, and group 2 where the carotid
artery was clamped without using a temporary shunt. The
shunt used across all the institutions was the Pruitt-Inahara
(LeMaitre) temporary shunt (https://www.lemaitre.com/
products/pruitt-f3-carotid-shunts). The choice of the revas-
cularization strategy for the carotid artery was made by a
multidisciplinary team that included a cardiovascular sur-
geon, an endovascular surgeon, a neurosurgeon, a cardi-
ologist, and a neurologist. In the postoperative period, all
patients underwent color duplex scanning of the reconstruc-
tion area and computed tomography (CT) of the brain.

Outcome of the study

The primary outcome of the study was stroke (fatal, non-
fatal, and asymptomatic). Secondary outcomes included
myocardial infarction, thrombosis of the ICA, hemodynami-
cally significant restenosis of the ICA, and bleeding — type
3b and higher, according to the Bleeding Academic Research
Consortium (BARC) scale. Composite endpoint was defined
as sum of both primary and secondarycomplications.

Inclusion criteria

1. All patients eligible for carotid endarterectomy based on
current guidelines;

2. Patients with hemodynamically significant stenoses of
both the ICAs;

3. Patients where preoperative information was available
on the completeness of the circle of Willis based on
computed tomography angiography (CTA) of the brain;
and

4. Availability of brain CT data in the postoperative period.

Exclusion criteria

1. Contralateral occlusion of the ICA;
2. Contralateral steal syndrome;

3. Open circle of Willis, according to CTA of the brain;

4. Presence of stenosis/occlusion of the vertebral and sub-
clavian arteries;

5. Contraindications to carotid endarterectomy according
to current recommendations; and

6. Patients requiring concomitant coronary artery bypass
grafting, either as a single or as a staged procedure. (In
Russia, the carotidscore.ru calculator is used to select a
treatment strategy for such patients).

Carotidscore.ru calculator

Carotidscore.ru is an online risk stratification calculator for
postoperative complications of carotid endarterectomy. It
was created using a complex mathematical analysis of the
results obtained from more than 25 thousand operations car-
ried out in a large Russian multicentric study. Carotidscore.
ru helps in identifying patients with a high risk of com-
plications and helps in considering alternative treatment
strategies like endovascular intervention or conservative
treatment.

Measurement of retrograde pressure in the ICA

When performing carotid endarterectomy in Russia, ret-
rograde pressure in the ICA is measured in all patients.
The blood pressure was increased pharmacologically to
systolic (180-200 mmHg) and diastolic (90-100 mmHg).
Five thousand units of unfractionated heparin was admin-
istered intravenously and a direct measurement of ret-
rograde pressure was made in the ICA, distal to the
stenosis.

In patients where the retrograde pressure was less than
60% of systemic systolic blood pressure, carotid endarter-
ectomy was performed maintaining a higher blood pres-
sure (systolic between 180 and 200 mmHg and diastolic
between 90 and 100 mmHg). If retrograde pressure in the
ICA was 60% or more of systemic systolic blood pressure,
carotid endarterectomy was performed with blood pres-
sure between 140-179 mmHg systolic and 60-89 mmHg
diastolic.

Computed tomography angiography

All patients underwent CTA of intra- and extracranial arter-
ies. The degree of stenosis was determined according to the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) criteria. Coronary angiography was performed
using the Innova 2100 (General Electric, USA) and Innova
iQ 3100 (General Electric, USA) units. The severity of coro-
nary lesions was assessed using the SYNTAX Score (www.
syntaxscore.com).
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Table 1 Comparative clinical
and anamnestic characteristics
of patient groups

Index

Group 1 Group 2 p
A temporary shunt Temporary shunt

was placed was not installed

n=1328 n=1786
Age, years, mean+SD 63.7+4.9 64.2+6.6 0.64
Male sex, n (%) 991 (74.6) 1374 (76.9) 0.14
History of myocardial infarction, n (%) 318 (23.9) 416 (23.3) 0.70
Diabetes mellitus, n (%) 104 (7.8) 129 (7.2) 0.56
Chronic obstructive pulmonary disease, n (%) 34 (2.6) 41 (2.3) 0.72
Chronic kidney disease, n (%) 26 (1.95) 34 (1.90) 0.98
Left ventricular ejection fraction, %, mean + SD 63.6+1.9 64.1+1.3 0.45
Left ventricular aneurysm, n (%) 2 (0.15) 1(0.05) 0.79
EuroSCORE II, mean+ SD 49+1.1 5.0+1.7 0.33
History of percutaneous coronary intervention, n (%) 341 (25.7) 473 (26.5) 0.64
History of coronary artery bypass surgery, n (%) 31(2.3) 37(2.1) 0.70
History of stroke, n (%) 919 (69.2) 1197 (67.0) 0.21

EuroSCORE, European System for Cardiac Operative Risk Evaluation

Statistical analysis

The type of distribution was determined using the Kolmogo-
rov—Smirnov test. Group comparisons were made using Pear-
son’s chi-square test with Yates and Mann—Whitney correc-
tions. Differences were assessed as significant at p <0.05. To
identify the predictors of the development of stroke, binary
logistic regression was performed with stepwise inclusion
and exclusion of predictors (stepwise logistic regression).
Statistica for Windows 8.0 was used for data analysis.

Angiography/coronary angiography

The severity of the lesion of the coronary bed corresponded to a
mild degree. According to angiography of the brachiocephalic
arteries, the groups were comparable in terms of the severity
of ipsilateral stenosis of the ICA. At the same time, stenosis of
the contralateral ICA was 91-99% statistically more often diag-
nosed in the group in which a temporary bypass was installed.

Results

Between 2005 and 2020, of all the patients undergoing
carotid endarterectomy, 3114 had a retrograde pressure in
the ICA less than 60% of the systolic systemic blood pres-
sure and were included in the study. Of these, a temporary
shunt was used in 1328 patients (group 1) and 1786 had the
procedure without a temporary shunt (group 2).

The groups were well matched in terms of baseline charac-
teristics (Table 1) and had a similar risk profile as confirmed
by the European System for Cardiac Operative Risk Evalu-
ation II (EuroSCORE II) (4.9+1.1 vs. 5.0+ 1.7, p=0.33).

The majority were male and elderly; one in four had a history
of myocardial infarction and/or myocardial revascularization.
The number of patients presenting with carotid artery stenosis
and history of symptomatic stroke was also similar between
the groups (Table 1). The incidence of varying degrees of
stenosis (91-99%, 81-90%, and 60-80%) in the contralateral
ICA was compared between the patients with or without a
shunt (Table 2). The incidence of contralateral ICA stenosis
91-99% (near-occlusion) was significantly higher (18.9%) in
the group where a shunt was used, compared to the group
where a shunt was not used (15.6%), p=0.01. The duration of
clamping of the ICA was similar in both the groups (26.9 +3.1
vs. 27.4+3.9, p=0.36). The average time needed for deploy-
ment of the shunt was 46.2+17.6s.

All strokes were ischemic and no hemorrhagic strokes were
observed in our study. Overall mortality was 12 (0.3%) and was
similar in both groups. Postoperative myocardial infarction (both
fatal and non-fatal) and ipsilateral (fatal or non-fatal) stroke and
mortality were similar in both the groups (Table 3). The occur-
rence of asymptomatic ipsilateral stroke was significantly more
common in patients where temporary shunt was deployed
(p<0.0001). The composite outcomes, driven primarily by the
asymptomatic ipsilateral strokes, were also significantly more
common in the group where the shunt was deployed. Diabetes
and 81-90% stenosis of the contralateral ICA were independent
predictors of all strokes in these patients (Table 4, Fig. 1).

Discussion

There is no consensus on the use of shunts during carotid
endarterectomy. On the one hand, indiscriminate use of
temporary shunt is associated with the risk of embolization
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Table 2 Carotid angiographic characteristics
Index Group 1 Group 2 D
A temporary shunt was placed Temporary shunt not used
(n=1328) (n=1786)
Stenosis of the contralateral ICA 60-80%, n (%) 391 (29.4) 556 (31.3) 0.33
Contralateral ICA stenosis 81-90%, n (%) 685 (51.6) 952 (53.3) 0.35
Contralateral ICA stenosis 91-99% (near-occlusion), n (%) 252 (18.9) 278 (15.6) 0.01
Unstable atherosclerotic plaque, n (%) 389 (29.3) 559 (31.3) 0.24
Percentage stenosis of the ipsilateral ICA (mean +SD) 82.4+7.3 84.7+7.5 0.54
SYNTAX Score mean +SD 16.3+2.1 15.6+2.7 0.75
Clamp time of the ICA, mean+SD 26.9+3.1 27.4+3.9 0.36
ICA, internal carotid artery; SYNTAX Score, Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery
Table 3 ' Postoperative Index Group 1 Group 2 P
in-hospital outcomes A temporary Temporary shunt
shunt was placed was not installed
n=1328 n=1786

Death, n (%) 4(0.3) 8(0.44) 0.71

Myocardial infarction (non-fatal), n (%) 3(0.2) 2(0.11) 0.73

Myocardial infarction (fatal), n (%) 1 (0.07) 1 (0.05) 0.61

Ipsilateral stroke (fatal), n (%) 3(0.2) 7(0.4) 0.62

Ipsilateral stroke (non-fatal), n (%) 3(0.2) 8 (0.44) 0.46

Asymptomatic ipsilateral stroke according to computed 34 (2.56) 10 (0.55) <0.0001

tomography, n (%)

Bleeding type 3b and above on the BARC scale, n (%) 5 (0.4) 4(0.2) 0.65

Thrombosis of the internal carotid artery, n (%) 3(0.2) 0 0.15

Combined endpoint, n (%) 44 (3.3) 28 (1.56) 0.002

BARC, Bleeding Academic Research Consortium

and ischemic stroke, and on the other hand, the failure to
use them may lead to cerebral blood flow insufficiency and
subsequent adverse events. Proponents of using the shunt
have demonstrated both safety and efficacy of the practice
[35-38], while those against the deployment of shunts have
reported its futility as well as an increase in incidence of

Table 4 Predictors of all stroke

Oddsratio  95% confi- P
dence interval

Diabetes 15.54 6.41-78.19 0.028
Stenosis of the contralat- 14.21 5.86-49.21 0.001

eral internal carotid artery

81-90%
ROC curve analysis
Area under the ROC curve 0.894
Standard error 0.065
95% confidence interval 0.83-0.95

ROC, receiver operating characteristic

adverse ischemic events [22, 23, 25]. There is evidence that
temporary shunt deployment is associated with the develop-
ment of multiple emboli, often asymptomatic, that result
in asymptomatic stroke [26-28, 32, 33, 39]. However, cur-
rently, there is limited data to either support or discourage
the use of shunts during carotid endarterectomy. The choices
are guided by surgeon and institutional preferences.

While there is no consensus on use of shunts, there are
specific situations where its use is supported by studies.
Researchers have used transcranial Doppler to assess the
cerebral blood flow and, in the presence of reduced flow,
have used temporary shunts with satisfactory outcomes
[29]. The protective role of shunts has also been shown in
patients presenting with acute watershed stroke and undergo-
ing carotid endarterectomy [30]. Thus, there is some agree-
ment that temporary shunt may be justified in the presence of
hemodynamic ipsilateral stroke, as well as in the conditions
of unclosed circle of Willis.

It has been argued that routine placement of shunts
is inappropriate and may result in complications like
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Fig.1 ROC curve: predictors of all stroke development. ROC,
receiver operating characteristic

dissection, thrombosis, and air embolism. As a result,
additional parameters are sought that can guide the usage
of shunts. It has therefore been suggested that shunt usage
should be guided by cerebral blood flow and should be
restricted to patients where there is a potential for compro-
mise. A number of techniques exist to assess cerebral blood
flow in this context. However, the more commonly used
techniques are near-infrared spectrometry (NIRS) and the
stump pressure. NIRS can be used to assess cerebral oxygen
levels and if the values after cross-clamp application drops
more than 10-20%, a shunt should be deployed. Stump pres-
sure, which reflects the perfusion pressure in the circle of
Willis, is an important measure and a value of 3040 mmHg
has been taken as a cut-off. The potential for neurological
impairment below this is high. Unfortunately, none of these
methods is perfect and some authors have suggested using
both the measures to determine placement of a shunt [31].

Our results demonstrated no significant intergroup dif-
ferences in the development of all symptomatic or clinically
apparent neurological adverse events. However, due to routine
CT of the brain in the postoperative period, we were able to
identify patients with asymptomatic strokes. This was seen
mainly in the group where temporary shunt was used. Asymp-
tomatic ischemic strokes were most frequently localized to the
frontal lobe and the size was less than 1 cm. The higher com-
posite outcomes, seen in the group where a shunt was used,
was driven mainly by the occurrence of asymptomatic strokes.
It has been shown that use of temporary shunt has been asso-
ciated with a large number of microemboli to the brain, which
result in these asymptomatic strokes [26-28, 40]. The clinical
relevance of asymptomatic stroke is however uncertain in the
short term, but may have long-term implications.

Another important observation in our work was that
the number of clinically apparent or symptomatic strokes

were significantly more common in patients where a
shunt was not used. This was true for both fatal and non-
fatal strokes. However, this was statistically not signifi-
cant. Our study was large but, because of the event rate
(stroke) being low, may not be powered to detect a differ-
ence. Linear regression in our study showed that diabetes
and stenosis of the contralateral ICA 81-90% were inde-
pendent risk factors for all strokes. Shunt usage, based on
the retrograde measurement of the ICA pressure, was not
related to the stroke rate in our study and thus proved to
be a low-sensitivity method in predicting hemodynamic
cerebral insufficiency, which has also been confirmed by
other studies [30, 31].

The independent effect of shunt placement on stroke rates
was equivocal in our study and thus the decision to place a
temporary shunt should be made based on the experience
and preferences of the surgeon, as well as the opinion of a
fully informed patient.

Limitations of the study

Retrospective, no randomization.

Conclusion

Placement of a temporary shunt was associated with
increased risk of asymptomatic stroke. There was a non-
significant increase in symptomatic stroke rates in patients
where a shunt was not used, and based on this observation,
the authors prefer and recommend the use of a temporary
shunt during carotid endarterectomy.
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