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Early Carotid Endarterectomy after Ischemic Stroke: The Results
of a Prospective Multicenter Italian Study
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Objectives. To evaluate safety of early carotid endarterectomy (CEA) in patients with acute brain ischemia presenting to
the emergency department stroke units (EDSU).
Methods. The neurologists, neuroradiologists and vascular surgeons on duty in emergency departments enrolled 96
patients who underwent very early CEA according to a predefined protocol within two years. The protocol included eval-
uation of neurological status by National Institute of Health Stroke Scale (NIHSS), neuroimaging assessment, ultrasound
of the carotid arteries and Transcranial Doppler. Patients with NIHSS> 22 or whose neuroimaging showed brain infarct
>2/3 of the middle cerebral artery territory were excluded. All eligible patients underwent CEA as soon as possible. Pri-
mary end points of the study were mortality, neurological morbidity by NIHSS and postoperative hemorrhagic conversion
on neuroimaging. Statistical analysis was performed by univariate analysis.
Results. The mean time elapsing between the onset of stroke and endarterectomy was 1.5 days (�2 days). The overall 30-
day morbidity mortality rate was 7.3% (7/96). No neurological mortality occurred. On hospital discharge, three patients
(3%) experienced worsening of the neurological deficit (NIHSS score 1 to 2, 1 to 3 and 9 to 10 respectively). Postoperative
CT demonstrated there were no new cerebral infarcts nor hemorrhagic transformation. At hospital discharge 9/96 patients
(9%) had no improvement in NHISS scores, 37 were asymptomatic and 45 showed a median decrease of 4.5 NIHSS points
(range 1e18). By univariate analysis none of the considered variables influenced the clinical outcome.
Conclusion. Our protocol selected patients who can safely undergo very early (<1.5 days) surgery after acute brain ischemia.
Large randomized multicenter prospective trials are warranted to compare very early CEA versus best medical therapy.

Keywords: Acute ishemic stroke; Extracranial internal carotid artery stenosis; Early carotid endarterectomy; Prospective
not randomised study.
Introduction

Even though some studies report that early carotid
endarterectomy (CEA) has a favorable outcome1e13

most neurologists and vascular surgeons are reluctant
to undertake CEA immediately after the onset of
stroke for fear that hemorrhagic transformation of
the cerebral infarct will occur. Reports describing con-
version of an infarction into a hemorrhagic infarction
after early reperfusion came mainly from the early
series of patients operated on without preoperative
computed tomographic (CT) scan so that appropriate
candidates could not be selected for surgery.14,15

Recently, trials of pharmacological reperfusion
with intravenous or intra-arterial thrombolysis on
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strictly selected cohorts of patients have given satis-
factory results in terms of reducing the severity of
neurological sequelae proving that in such patients
reperfusion of the ischemic territory of the brain can
be done with acceptable risks.16e20 As thrombolysis
of intracranial artery thrombosis can be performed
only within the first hours from stroke, the Emergency
departments organized stroke units to permit a very
fast work up. Sometime the patients with acute stroke
screened for thrombolysis have an appropriate inter-
nal carotid artery stenosis responsible for cerebral
embolisation. In these cases, neurologists and vascu-
lar surgeons were obliged to reconsider the indica-
tions for urgent or early CEA.

In a meta-analysis report including the major trials
on carotid endarterectomy (NASCET and ECST) Bond
et al.21 concluded that patients with a stabilized deficit
operated upon within 4 to 6 weeks after stroke
seemed not to be at higher surgical risk. However,
the characteristics that identify a patient as suitable
rved.
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for early endarterectomy after stroke have not been
clearly identified.

The aim of this prospective multicenter study was
to evaluate the safety of CEA undertaken as soon as
possible after stroke, according to a predefined proto-
col for selecting patients.

Methods

The Surgical Treatment of Acute Cerebral Ischemia
(STACI), a neurologically controlled observational
multicenter Italian study, approved by local ethical
committees, was conducted from September 2001 to
September 2003. During the study, 13 Italian hospitals
enrolled 96 consecutive patients.

All participating centers were experienced in ca-
rotid surgery and in the diagnosis and treatment of
acute cerebral ischemia. In each center the participat-
ing team included neurologists, neuro-radiologists
and vascular surgeons on duty in the emergency de-
partment (ED). After the neurologist and the vascular
surgeon on duty in Stroke Unit of the ED observed an
eligible patient the neurological status was assessed
according to The National Institutes of Health Stroke
Scale (NIHSS)22 immediately before carotid endarter-
ectomy (CEA) (Table 1). All the preoperative work
up was done in the ED and comprised contrast cere-
bral CT scan or magnetic resonance imaging (MRI),
echo color Doppler (ECD) ultrasonography of the
supra-aortic vessels to assess the degree of stenosis
in the extra-cranial carotid arteries and transcranial
Doppler (TCD) to verify the patency of the intracra-
nial arteries (especially the M1 and M2 portions of
the middle cerebral artery). None of the patients un-
derwent angiography. Inclusion and exclusion criteria
for patients enrollment are listed in Table 2.

Eligible consenting patients underwent operation
as soon as possible. Anesthetic and operative tech-
nique, monitoring and intraoperative control proce-
dures, were performed at the surgeons discretion.
Immediately after the operation and at discharge
from the hospital neurologists assessed the patient
again with the NIHSS scale to evaluate the outcome
of revascularization. The primary endpoints of STACI
were overall mortality, perioperative stroke rate at
30 days, and the incidence of perioperative cerebral
hemorrhage.

Statistical analysis

Categorical data were presented as absolute frequen-
cies and percent values. Quantitative measurements
were expressed as mean� SD. In the univariate
Eur J Vasc Endovasc Surg Vol 32, September 2006
Table 1. Simplified NIH Stroke Scale (NIHSS)

1a Level of consciousness
0¼Alert
1¼Not alert
2¼Ottunded
3¼Coma

1b LOC questions
0¼Answers both questions correctly
1¼Answers one question correctly
2¼Answers neither questions

1c LOC commands
0¼ Performs both tasks correctly
1¼ Performs one task correctly
2¼ Performs neither tasks correctly

2 Best Gaze
0¼Normal
1¼ Partial gaze palsy
2¼ Forced deviation

3 Visual
0¼No visual loss
1¼ Partial hemianopia
2¼ Bilateral hemianopia (blind including cortical lesion)

4 Facial Palsy
0¼Normal: symmetrical movements
1¼Minor paralysis
2¼ Partial paralysis
3¼Complete paralysis

5 Motor Arm
0¼No drift
1¼Drift
2¼ Some effort against gravity
3¼No effort against gravity
UN¼Amputation or joint fusion

5a Left Arm
5b Right Arm

6 Motor Leg
0¼No drift
1¼Drift
2¼ Some effort against gravity
3¼No effort against gravity
UN¼Amputation or joint fusion

5a Left Leg
5b Right Leg

7 Limb Ataxia
0¼Absent
1¼ Present in one limb
2¼ Present in two limbs
UN¼Amputation or joint fusion

8 Sensory
0¼Normal
1¼Mild to moderate
2¼ Severe to total

9 Best Language
0¼Normal
1¼Mild to moderate aphasia
2¼ Severe aphasia
3¼Mute, global aphasia

10 Dysarthria
0¼Normal
1¼Mild to moderate dysarthria
2¼ Severe dysarthria
UN¼ intubated or other physical barrier

11 Extinction and inattention
0¼No abnormality
1¼Visual tactile, auditory or personal inattention or extinction
2¼ Profound hemi inattention or extinction

(does not recognize own hand or orients only to one side of
the space)
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analysis performed, the patient population was
divided into the clinically improved (decrease of
NIHSS� 4) and those not improved (decrease of
NIHSS< 4), and compared by Fisher exact probabil-
ity test for categorical variables and ManneWhitney
test for quantitative variables. A p value �0.05 was
considered statistically significant.

Results

Of the 96 patients enrolled in the 13 centers, 81 were
men. The mean age was 70.8 years (range 51e85 y).
Seventy four (77%) patients had hypertension, 59
(61%) were smokers, 34 (35%) were diabetic and 27

Table 2. Inclusion e exclusion criteria of the study

The inclusion criteria for patients enrollment:
� Clear time of onset of symptoms;
� NIHSS less than 22;
� Absence or evidence of recent ischemic infarct in the appro-

priate hemisphere <1/3 of the middle cerebral artery territory
irrespective of blood brain barrier disruption at CT Scan or
MRI,
� Internal carotid artery stenosis at ECD >70% or ulcerated

plaque <70%, appropriate to cerebral ischemia;
� Patent middle cerebral artery appropriate to symptoms in the

detectable portion M1 and M2.

The exclusion criteria for patients enrolment:
A. By clinical presentation at admission:
� Uncertain time onset of symptoms;
� Severe neurological deficit (NIHSS> 22);
� Cerebral ischemia onset with epileptic crisis;
� Previous ischemic or hemorrhagic stroke with relevant resid-

ual deficit (ranking stroke scale� 2)
� History of cerebral haematomas;
� Other central nervous system disease with residual perma-

nent deficit.
B. By CT Scan at admission:
� Recent cerebral infarct extending <1/3 of the middle cerebral

artery territory;
� Presence of cerebral hemorrhage;
� Cerebral neoplasia;
� Cerebral AV malformation;
� Cerebral aneurysm;

Table 3. Echo-color Doppler assessment before operation

Symptomatic side n %

% stenosis
60e69 15 15.6%
70e89 49 51.0%
90e99 31 32.3%
Fresh thrombosis 1 1.1%
Total 96

Contralateral artery
% stenosis
0e50 65 68%
51e70 20 21%
71e90 4 4%
91e99 1 1%
100 6 6%
(28%) had dyslipidemia. The mean NIHSS score at op-
eration was 5.7� 4 (SD) points, median 4 (range 1e
20). Preoperative cerebral CT or MRI detected acute
cerebral infarct in 58 of the 96 cases (60%); in three
cases scans showed contrast enhancement. The results
of Echo-color Doppler assessment before operation
are reported in Table 3. The mean time elapsing
between the onset of stroke and CEA was 1.5 days
(�2 days) (range 8 he11.5 days) (Table 4).

Of the 96 patients enrolled, 53 (55%) were operated
on within 24 hours after the onset of stroke; and 94
(98%) within the first week. Only two were operated
on during the second week after stroke onset. Reasons
for delay were clinical instability (n¼ 1) and consent
uncertainty (n¼ 2).

Data on the type of anesthesia, reconstructive pro-
cedure and intraoperative monitoring and protection
are reported in Table 5.

The overall 30-day morbidity-mortality rate was
7.3% (7/96). Two patients died, one from cardiac fail-
ure and the other from aspiration pneumonia (2.1%).
No neurological deaths occurred. Three patients (3.1%)
experienced a slight worsening of the neurological
deficit at hospital discharge. In one patients the

Table 5. Intraoperative management of the 96 patients

Anesthetic technique Cases %

General Anesthesia 61 63.5
Local Anesthesia 35 36.5

Operative technique Patch Direct suture
Standard CEA 72 47 25
Eversion CEA 21 e e
Bypass 3 e e

I.O. Monitoring in General Anesthesia
SSEPs 25
TCD 15
EEG 5
N.S. � 8
Shunt 31*

*In 8 patients routine shunt in general anesthesia.
�N.S. not stated.

Table 4. Interval between the onset of stroke and carotid
endarterectomy (CEA)

Day 1 53
2 20
3 6
4 5
5 5
6 5
8 1

12 1

Total 96

{Mean time from onset of stroke and endarterectomy: 1.5 days� 2
(SD) (range: 8 he11.5 days)}.
Eur J Vasc Endovasc Surg Vol 32, September 2006
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NIHSS score progressed from 1 to 2 points, in one case
from 1 to 3 and in the other from 8 to 11. Two more pa-
tients (2.1%), one operated on at 40 and the other at 60
hours after the onset of the neurological deficit had
a worsening of their deficit in the first 24 hours after
operation. This worsening was transient (lasting 36
hours) and associated with postoperative headache.
Serial postoperative CT scans showed no new cerebral
infarct or conversion to hemorrhage and the NIHSS
was improved by 2 and 10 points by discharge
respectively.

The postoperative NIHSS score at hospital dis-
charge showed that in 9.3% (9/96) patients the neuro-
logic deficit remained unchanged; in 37/96 (38.5%)
patients the stroke resolved (Fig. 1); and in 45/96
(47%) the NIHSS score markedly improved (median
4.5 points; range 1e18) (Fig. 2). Postoperative CT scans
detected no hemorrhagic transformation of cerebral
infarcts, even in the three patients whose preoperative
cerebral scan showed contrast enhancement.

Table 6 shows the results of the univariate analysis.
None of the considered variables (age> 75), sex,
smoking, hypertension, hyperlipemia, diabetes,

Pre-op NIHSS in 37 pats who became asymptomatic after CEA
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pre-op NIHSS
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Fig. 1. Pre-operative NIHSS score in 37 patients who were
asymptomatic at discharge from hospital.
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cardiac disease, time of operation (>24), intraoperative
shunt, visible cerebral infarct on preoperative CT Scan,
influenced the clinical outcome.

Discussion

The results of our multicenter study show that patients
whose neuroimaging studies document in the early
hours after stroke a recent, limited cerebral infarction
can safely undergo very early CEA (1.5 days after
stroke). Our study underlines that if patients to un-
dergo early CEA after an acute stroke are strictly
selected, early surgery incurs similar risks to elective
surgery. We attribute the low risk rate for early revascu-
larization in our study chiefly to our decision to recruit
in the various centers a series of patients who were ho-
mogeneous from the standpoint of anatomical cerebral
damage. In contrast, we made no attempt to limit
recruitment by clinical criteria, we included patients
who had moderate or even severe, stable neurological
deficits because similar neurological presentations
can correspond to cerebral infarctions that differ nota-
bly according to their localization. When we reviewed
the literature we found only three prospective studies
concerning early CEA in patients with acute stroke.
None of the three are comparable because the inclusion
and exclusion criteria differ. The study conducted by
Hubner et al.,23 for example, included all patients
with acute stroke, even those with an unstable neuro-
logic deficit, who are at notoriously high risk for early
revascularization. The studies conducted by Eckstein24

and Ricco25 included also a number patients who were
asymptomatic when they underwent surgery. The only
feature in common is that none of the three used selec-
tion criteria restricting the surgical indications accord-
ing to the extension of the acute cerebral infarction.

Despite these differences, a detailed analysis of
the complications reported in all three studies shows
that the rate of complications directly related to
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Fig. 2. Reduction in National Institute of Health Stroke Scale (NIHSS) at discharge in the 45 patients with residual neuro-
logical deficit.
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Table 6. Results of Univariate analysis for neurological outcome by 4 points of NIHSS to evaluate clinical improvement by usual neu-
rological examination

Variables Neurological outcome by 4 points NIHSS p*

Not improved (n¼ 59) Improved (n¼ 37)

mean� SD mean� SD

n % n %

Age 70.7� 8.5 70.9� 9.3 NS

Age NS
- <75 y 33 55.9 20 54.1
- �75 y 26 44.1 17 45.9

Sex NS
- F 9 15.3 6 16.2
- M 50 84.7 31 83.8

Smoking NS
- No 24 40.7 13 35.1
- Yes 35 59.3 24 64.9

Hypertension NS
- No 14 23.7 8 21.6
- Yes 45 76.3 29 78.4

Hyperlipemia NS
- No 40 67.8 29 78.4
- Yes 19 32.2 8 21.6

Diabetes NS
- No 37 62.7 25 67.6
- Yes 22 37.3 12 32.4

Coronary Disease NS
- No 40 67.8 29 78.4
- Yes 19 32.2 8 21.6

Timing of operation NS
- <24 h 30 50.8 23 62.2
- �25 h 29 49.2 14 37.8

Timing of operation (hours) 36.2� 32.9 46.7� 61.8 NS

Shunt NS
- No 39 66.1 25 67.6
- Yes 20 33.9 12 32.4

CT Scan (acute infarct) NS
- No 32 54.2 22 59.5
- Yes 27 45.8 15 40.5

NIH-T0 3.5� 2.4 9.0� 3.7 <0.0001

NIH-T0 <0.0001
- <5 46 78.0 5 13.5
- �5 13 22.0 32 86.5

NIH-T1 2.0� 2.8 1.9� 2.0 NS

NIH_D(T1-T0) �1.5� 1.3 �7.0� 3.2 <0.0001

NIH_precent variation �0.5� 0.5 �0.8� 0.2 NS

*Quantitative variables: ManneWhitney test; qualitative variables: Fisher’s exact.
revascularization of the cerebral infarct is minimal
given that most complications (1.8% in the study
conducted by Eckstein,24 and 1.5% in that of Hubner
et al.23) were related to technical factors (intraoperative
embolisms or preoperative thrombosis, or both events)
that have little bearing on the risk of early revasculari-
zation after an acute ischemic stroke. Hence technical
complications apart, the results of these studies also
confirm that the risk of early revascularization after
acute stroke is not high if patients are appropriately
selected.

Another important reason why our findings differ
from those of published studies is the time elapsing
after the onset of stroke symptoms and revasculariza-
tion by CEA. The mean time lapse of 1.5 days is the
shortest so far reported. This is a noteworthy finding
considering that 5e12% of patients are reported risk
to suffer a recurrent stroke early after the primary event.
Eur J Vasc Endovasc Surg Vol 32, September 2006
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Early reperfusion may also assist the relatively
ischaemic cerebral tissue (ischemic penumbra). Only
3/96 (3%) patients had a slight worsening of their
clinical conditions after CEA. We observed a rapid
improvement in our patients’ immediate postopera-
tive neurologic conditions. At discharge, approxi-
mately 40% of patients had a normal neurological
examination and a half had NIHSS scores indicating
an improved neurologic deficit.

In a study on 8 patients submitted to CEA within 2
days of stroke, compared to 8 patients treated with
heparin, Hubner et al.23 demonstrated, through pre- and
post-operative diffusion-weighted (DW) and perfusion-
weighted (PW) MR, a reduction of the cerebral ischemic
lesion in the patients operated on. Speculatively, these
data might suggest a role of surgical reperfusion in
rapidly improving the clinical course even 24 to 48
hours after stroke onset, as we observed in our patients.
Obviously, this speculation would need to be tested
in large number of patients studied with DW and
PW MR.

Finally, even though 60% of the patients had CT-
documentable evidence of recent brain infarct before
CEA, the postoperative CT scans disclosed no conver-
sion into hemorrhagic transformation.

Our study has two limitations: the small number of
patients enrolled and the disadvantage that none of
the participating centers had access to the mentioned
highly sensitive diagnostic imaging techniques, that
would have allowed us to increase the safety levels
of the surgical indications and probably to include
a larger number of patients.

In conclusion, this prospective multicenter study
suggests that the protocol we applied may help in
identifying the right candidates for very early (<1.5
days) surgery after acute stroke. These encouraging
results warrant confirmation in a larger randomized
multicenter prospective study, selecting patients with
the most sensitive neuroimaging techniques presently
available, and designed to compare early versus late
surgery and/or medical therapy.

Appendix A. Participating centers

1. I Cattedra di Chirurgia Vascolare Università di
Roma La Sapienza. e Paolo Fiorani

2. Cattedra Chirurgia Vascolare Università di Roma
Tor Vergata. e Giuseppe Raimondo Pistolese

3. Azienda ospedaliera Monaldi, Napoli. e Basilio
Crescenzi

4. U.O. Chirurgia Vascolare ad angiologia Ospedale
Aosta. e Flavio Peinetti
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5. Cattedra Chirurgia Vascolare Università di Fire-
nze. e Carlo Pratesi

6. Chirurgia Vascolare Policlinico Monteluce, Peru-
gia. e Piergiorgio Cao

7. Cattedra Chirurgia Vascolare Università di Siena. e
Carlo Setacci

8. Cattedra di Chirurgia Vascolare, Università degli
studi di Milano, Istituto E. Malan, Policlinico San
Donato Milanese. e Domenico Tealdi

9. Chirurgia Vascolare Ospedale San Raffaele
Milano. e Roberto Chiesa

10. Cattedra di Chirurgia Vascolare Università degli
studi di Milano Ospedale San Carlo. Carlo
Settembrini

11. Chirurgia Vascolare Ospedale Pellegrini Napoli. e
Gianfranco Pane

12. Chirurgia Vascolare Ospedale Mauriziano Di
Torino. e Domenico Palombo

13. Clinica Chirurgica Università di Trieste. e Roberto
Adovasio
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