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Abstract

Objective—Carotid endarterectomy (CEA) for symptomatic carotid artery stenosis and

intravenous tPA (IV-tPA) for acute ischemic stroke are proven therapies; however, the safety of

CEA in stroke patients who recently received IV-tPA has not been established.

Methods—We performed a retrospective review of a consecutive series of patients who

underwent CEA for symptomatic carotid artery stenosis. The primary safety endpoint was post-

operative symptomatic intracerebral hemorrhage (sICH). A univariate analysis of potential risk

factors for sICH including IV-tPA therapy, timing of CEA, degree of arterial stenosis, and severity

of presenting ischemic stroke was performed. Factors with p<0.1 on univariate analysis were

tested with multivariate logistic regression.

Results—The cohort included 142 patients. Three suffered sICH following CEA – 2 of 11

patients treated with IV-tPA (18.2%) and 1 of 131 patients not treated with IV-tPA (0.8%). Both

IV-tPA patients suffering sICH underwent CEA within 3 days of tPA administration. On

univariate analysis, IV-tPA (p = 0.02), female gender (p=0.09), shorter time between ischemic

event and CEA (p=0.06), and lower mean arterial pressure during the first 48 hours of admission

(p=0.08) were identified as potential risk factors for sICH. On multivariate analysis, IV-tPA was

the only significant risk factor (p=0.002 by stepwise backward elimination logistic regression;

p=0.03 by nominal logistic regression).
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Conclusion—Based on this case series, IV-tPA is an independent risk factor for sICH following

CEA. This suggests that CEA should be pursued cautiously in patients who recently received IV-

tPA. Early surgery may be associated with an increased risk for sICH.
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INTRODUCTION

Thrombolysis with intravenous recombinant tissue plasminogen activator (IV-tPA) is the

only proven therapy for patients presenting with acute ischemic stroke. For a variety of

reasons including a recently extended therapeutic window of opportunity for IV-tPA (up to

4.5 hours from ictus),1 the establishment and rapid growth of primary stroke centers

designed to treat appropriately selected ischemic stroke patients with IV-tPA,2 and the

increasing number of states that have mandated coordinated regional stroke care,3 the

number of eligible ischemic stroke patients being treated with IV-tPA therapy is expected to

increase in the coming years.4

Carotid endarterectomy (CEA) is an established revascularization procedure for secondary

stroke prevention in patients with symptomatic extracranial carotid artery atherosclerosis.5

Current guidelines recommend that appropriately selected patients with nondisabling acute

ischemic stroke or TIA should be offered CEA if the degree of carotid artery stenosis is

≥50% on catheter angiography.5 Moreover, the maximum benefit of CEA has been shown to

occur in patients who undergo surgical treatment within 2 weeks of the index ischemic

event, leading many to recommend early (≤2 weeks from ictus) rather than late (>2 weeks

from ictus) CEA for symptomatic patients with carotid artery stenosis.5, 6

As a result of these guidelines and ongoing efforts to promote their implementation, a subset

of patients has emerged who may undergo CEA soon after IV-tPA thrombolysis. However,

the safety and optimal timing of CEA in this group of patients remains unclear, with only

three small case series with conflicting results having been reported to date.7–9 To further

examine this important issue, we retrospectively examined whether antecedent IV-tPA

administration affects the risk of symptomatic intracerebral hemorrhage (sICH) in a

consecutive series of patients who underwent CEA for symptomatic carotid artery stenosis.

SUBJECTS AND METHODS

A retrospective chart review of a consecutive series of patients who underwent CEA for

symptomatic carotid artery stenosis at our institution between 1995 and 2007 was

performed, after obtaining Institutional Review Board approval. Data collected include

demographics, comorbidities (hypertension, diabetes mellitus, hyperlipidemia, coronary

artery disease, chronic heart failure), history of previous stroke or transient ischemic attack

(TIA), ongoing medications at admission (especially antiplatelet or anticoagulant therapy),

smoking status, clinical presentation [TIA or stroke, National Institutes of Health Stroke

Scale (NIHSS) at presentation), admission laboratory values (especially platelet counts,

prothrombin time and activated partial thromboplastin time), brain imaging findings (CT or
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MRI) at admission and during hospitalization, degree of carotid artery stenosis on digital

subtraction angiography, mean and maximum mean arterial pressure (MAP) at various time

points during hospitalization, and medical and surgical treatment details. Self reported

history was used for identification of comorbidities and medications at admission. Clinical

presentation was considered to be TIA if the patient presented with an acute focal

neurological deficit(s) lasting less than 24 hours, and stroke if there was acute onset focal

neurological deficit(s) lasting greater than 24 hours. NIHSS score was retrospectively

assessed if absent in medical records.10 North American Symptomatic Carotid

Endarterectomy Trial (NASCET) criteria were used to measure and classify the degree of

carotid artery stenosis.11 The prespecified primary end point was sICH, defined as CT

documented evidence of hemorrhage that temporally correlated to clinical deterioration in

the patient as assessed by the treating neurologist or neurosurgeon. Patients were excluded

from the study if adequate clinical data were not available in the medical records.

All patients underwent CEA under general anesthesia. Intraoperative neuromonitoring with

electroencephalography (EEG) was routinely employed. Carotid artery shunting was

performed selectively if EEG changes suggestive of impaired cerebral perfusion were

observed. In all patients, a bolus of intravenous heparin was administered before cross

clamping of the internal carotid artery. All patients received preoperative antiplatelet therapy

with aspirin.

Data were analyzed using JMP version 9.0 (SAS Institute, Cary, NC). Baseline variables

were compared between patients segregated by IV-tPA treatment status (treated vs. not

treated) using Fisher’s exact test for categorical variables and Mann-Whitney U test for

continuous variables. Variables with p < 0.05 were considered statistically significant. For

univariate analysis of potential risk factors for post-CEA sICH, categorical variables were

compared using Fisher’s exact test and continuous variables were compared using Mann-

Whitney U test. Variables with p<0.1 on univariate analyses were selected for multivariate

analysis. Two separate multivariate regression models were constructed. In the first model, a

stepwise backward elimination logistic regression procedure was employed. In the second

model, a nominal logistic regression procedure was utilized. A p<0.05 was considered

statistically significant in the multivariate analyses.

In order to assess the safety of CEA in tPA treated patients, data from our series was pooled

with data from 3 published case series,7–9 and the incidence of sICH was determined. The

pooled incidence of sICH and 95% confidence interval (CI) for the pooled data was

calculated as described.12

RESULTS

Patient Characteristics

One hundred forty two patients (55.6% male) underwent CEA for symptomatic carotid

stenosis. The median age of presentation was 66.5 years (IQR = 58 – 74 years). The majority

of patients (85%) had risk factors for stroke including hypertension (69%), diabetes mellitus

(27%), hyperlipidemia (44%) and cardiac disease (35%). Of the 142 patients, 11 were
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treated with IV-tPA and 131 were not treated with IV-tPA. Further description of the clinical

characteristics of the 11 IV-tPA treated patients is provided in Table 1.

Primary Outcome – Symptomatic Intracerebral Hemorrhage (sICH)

Three patients (2.1%) had post-CEA ICH. Among these 3 patients, two had received IV-tPA

(2/11, 18.2%) and one had not received IV-tPA (1/131, 0.8%). On univariate analysis of

potential risk factors for post-CEA sICH, there were 4 statistically significant (p<0.1) risk

factors: IV-tPA administration (p=0.02), time interval between index ischemic event and

CEA (p=0.06), female gender (p=0.09), and lower mean arterial pressure (MAP) during the

first 48 hours of hospital admission (p=0.08). Risk factors that were not statistically

significant include age at presentation, comorbidities, smoking history, presenting symptom,

NIHSS score at presentation, antiplatelet or anticoagulant therapy at admission, degree of

carotid stenosis, postoperative anticoagulation, mean or maximum MAP at presentation,

immediately before CEA and the first 48 hours after CEA, and maximum MAP during the

first 48 hours of hospital admission. The univariate analysis has been summarized in Table

2.

On backward stepwise elimination logistic regression analysis of the four risk factors that

were significant on univariate analysis, IV-tPA administration emerged as the only

statistically significant independent risk factor for sICH after CEA (p=0.002). The other

three variables which were significant on univariate analysis- gender (p=0.051), time

interval between index ischemic event to CEA (p=0.13) and mean MAP during the first 48

hours after admission (p=0.11) were not found to be statistically significant. Similarly, on

nominal logistic regression analysis, IV-tPA administration was the only statistically

significant independent risk factor for sICH after CEA (OR=26.8, 95% CI 1.22 – 1437.2;

p=0.03). The other three variables - gender (p=0.052), time interval between index ischemic

event to CEA (p=0.41) and mean MAP during the first 48 hours after admission (p=0.52)

were not statistically significant.

DISCUSSION

In the present series, antecedent IV-tPA administration was identified as a strong and

independent risk factor for sICH following CEA, with 18.2% of IV-tPA patients suffering a

post-operative sICH (2 of 11) vs. 0.8% of non-IV-tPA treated patients (1 of 131). Both IV-

tPA patients who suffered a post-operative sICH in our series underwent CEA within 3 days

of thrombolytic therapy, while no IV-tPA patient who underwent CEA > 3 days after

thrombolytic therapy developed a sICH. These data question the safety of CEA for patients

with symptomatic carotid artery stenosis who have recently been treated with IV-tPA.

Three retrospective single institution case series have previously examined the safety of

CEA following intravenous thrombolytic therapy. McPherson et al.9 reported a series of 5

ischemic stroke patients who were treated with IV-tPA either alone (2 patients) or in

combination with intra-arterial tPA (3 patients) followed by CEA for residual carotid artery

stenosis. All surgeries were performed within 2 days of thrombolytic therapy (median = 1

day). They reported no peri-operative complications including no sICH. The incidence of

post-operative sICH in this series was therefore 0.0%. Bartoli et al.7 reported a series of 12
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ischemic stroke patients who were treated with IV-tPA followed by CEA. All surgeries were

performed within 16 days of thrombolytic therapy (median = 8 days). They reported one

peri-operative complication – a sICH that occurred in a patient who underwent CEA 1.5

days after thrombolytic therapy. The incidence of post-operative sICH in this series was

therefore 8.3%. Crozier et al.8 reported a case series of 10 ischemic stroke patients who were

treated with IV-tPA followed by CEA. All surgeries were performed within 23 days of

thrombolytic therapy (median = 8 days). They reported no major cerebrovascular morbidity

or death. The incidence of post-operative sICH in this series was therefore 0.0%.

When pooling data from the four available case series (including ours), the incidence of

sICH following CEA in patients treated with IV-tPA was 10.5% (95% CI: 0.7% – 20.3%).

This is in stark contrast to the reported incidence of post-operative sICH in patients without

antecedent IV-tPA therapy. In our retrospective case series of 131 non-IV-tPA treated

patients, this incidence was 0.8%. In a retrospective single institution case series of 2362

non-IV-tPA treated patients, this incidence was 0.6%.13 In the prospective North American

Symptomatic Carotid Endarterectomy Trial (NASCET), of 1415 non-IV-tPA treated

patients, this incidence was 0.22%. Taken together, these data strongly suggest that the risk

of sICH following CEA is significantly increased in ischemic stroke patients who were

recently treated with IV-tPA.

Regarding the timing of CEA in patients with symptomatic carotid artery stenosis, recent

guidelines advocate that surgery be performed within 2 weeks of the presenting ischemic

event.5 Importantly, this recommendation is primarily based on data obtained from

NASCET and the European Carotid Surgery Trial – randomized control trials that did not

include patients who were treated with IV-tPA. Therefore, the applicability of this

recommendation to IV-tPA patients is unclear. In particular, CEA performed very early after

thrombolytic therapy appears problematic, as all 3 reported cases of post-operative sICH in

IV-tPA treated patients occurred when CEA was performed within 3 days of thrombolysis.

Regarding underlying mechanism for the observed increased risk of sICH following CEA in

IV-tPA treated patients, a direct anticoagulant effect of IV-tPA seems unlikely given that

tPA has a very short half-life (3–5 minutes).14 A more likely explanation is that tPA

activates a variety of downstream molecular cascades, one or more of which become the

downstream effector(s) that cause sICH after CEA. For example, tPA is known to induce

expression of the potent proteolytic enzyme matrix metalloproteinase 9 (MMP9) following

ischemic stroke,15,16 and increased MMP9 levels have been linked to hemorrhagic

transformation following brain ischemia.17 In the context of CEA where heparin is

administered intra-operatively and cerebral perfusion is often substantially augmented

following plaque removal, it is quite plausible that tPA-induced MMP9 upregulation would

create a cerebral environment that is vulnerable to sICH development.

Our study has several limitations. First, it is a retrospective series and is therefore subject to

limitations inherent to this study design. Second, the sample size of IV-tPA treated patients

who subsequently underwent CEA was small. Third, the incidence of the primary endpoint,

sICH, was rare. The latter limitations may have led the study to be underpowered to detect

risk factors other than IV-tPA therapy (e.g. timing of CEA after thrombolysis, severity of
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stroke by NIHSS). Due to these limitations, prospective studies examining larger patient

cohorts will be needed to validate our findings.

In conclusion, data from this single institution case series indicate that antecedent IV-tPA

administration likely increases the risk of sICH following CEA. This finding suggests that

caution should be exercised when undertaking a decision to perform CEA in ischemic stroke

patients who recently received IV-tPA. One potential strategy for reducing this increased

hemorrhage risk may be to delay CEA for 3 or more days following thrombolytic therapy,

given that post-operative sICH has not been reported in IV-tPA treated patients when CEA

was performed in delayed fashion.
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Figure 1.
A 47-year old female presented with acute ischemic stroke in the left middle cerebral artery

territory and an admission NIHSS of 10. There was no evidence of ICH at presentation

(Figure 1A). She was subsequently administered tPA and post-thrombolysis NIHSS was 3.

Digital subtraction angiography demonstrated 99% stenosis in the proximal left internal

carotid artery, and she underwent carotid endarterectomy 2 days after presentation. The

patient experienced acute worsening of her pre-operative aphasia on post-operative day 2,

and head CT showed an ICH (Figure 1B). The patient’s aphasia had fully recovered in late

follow up.
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Figure 2.
A 70-year old female presented with acute ischemic stroke in the right middle cerebral

artery distribution and an admission NIHSS of 6. There was no evidence of ICH at

presentation (Figure 2A). She underwent thrombolysis with tPA and post-thrombolysis

NIHSS was 1. Digital subtraction angiography demonstrated 75% stenosis in the proximal

right internal carotid artery, and she underwent carotid endarterectomy 3 days after

presentation. The patient experienced acute mental status decline and left hemiparesis on

post-operative day 1, and head CT showed an ICH (Figure 2B). A craniotomy and clot

evacuation was emergently performed, resulting in improved neurological status. However,

the patient developed additional complications following her craniotomy including repeat

sICH as well as ventriculitis resulting in further deterioration of her neurological status.

Ultimately, the family withdrew care and the patient died 38 days after presentation.
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