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Purpose: To investigate if glutamate levels also increase in carotid 
angioplasty and stent placement (CAS) procedures, since 
high plasma glutamate levels are associated with ischemic 
infarction and transient ischemic attacks, but the length 
of ischemia needed to elicit such elevation has not been 
assessed.

Materials and 
Methods:

All patients or their relatives signed informed consent. By 
using high-performance liquid chromatography, plasma 
glutamate concentrations were determined in 74 patients 
treated with CAS. Blood samples were obtained with arte-
rial and peripheral venous catheterization before and after 
the procedure, and venous blood samples were obtained 
24, 48, and 72 hours after CAS. Glutamate concentrations 
were also analyzed in two different control groups: 16 pa-
tients without carotid stenosis before and after diagnostic 
cerebral angiography and 20 patients treated with coro-
nary angioplasty and stent placement. The x2 test, t test, 
and analysis of variance were used to compare glutamate 
concentrations among the groups.

Results: Baseline glutamate concentrations were similar between 
patients who underwent CAS and both control groups. In 
CAS patients, glutamate concentrations in venous blood 
increased immediately after the procedure (354.1 mmol/L 
6 132.8) and returned to baseline levels at 24 hours 
(129.5 mmol/L 6 56.8) (P , .0001). Glutamate concen-
trations remained unchanged over time in both control 
groups.

Conclusion: A rapid increase in plasma glutamate levels occurs after 
CAS procedures, unrelated to stroke.
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visible on a brain scan or exhaust 
brain hemodynamic reserve or ICA 
stenosis greater than 60% if there 
was a contralateral carotid occlusion. 
Exclusion criteria were (a) no in-
formed consent accepted (n = 0); (b) 
lack of samples needed for the study 
(n = 5); or (c) ischemia not confirmed 
with transcranial Doppler ultrasono-
graphic (US) monitoring during CAS 
procedure, decrease of 50% or more 
in mean velocity in the side treated, 
or both (n = 6). The degree of ca-
rotid stenosis was measured accord-
ing to the North American Symptom-
atic Carotid Endarterectomy Trial  
criteria (10).

The treatment group consisted 
of 24 (32.4%) patients who had pre-
sented with asymptomatic carotid ste-
nosis; 23 (31.1%) patients, with ipsilat-
eral transitory ischemic attack; and 27 
(36.5%) patients, with ipsilateral ische-
mic stroke. The median time between 
transient ischemic attack or ischemic 
stroke and performance of CAS was 
14.9 days 6 5.9 (standard deviation) 
(range, 6–34 days). Thirty of the 55 
patients (54.5%) underwent magnetic 
resonance (MR) imaging after symptom 
onset and prior to stent placement.

The first control group consisted 
of 20 consecutive patients treated 
with coronary angioplasty and stent 
placement at the Coronary Unit of 
our center. The patients had no previ-
ous stroke and were specifically asked 

correlation with the extent of the 
infarct growth and poor functional 
outcome (1,6–8). Furthermore, sus-
tained high glutamate concentrations 
up to 24 hours after symptom onset 
have been associated with early neu-
rologic worsening, while in stable or 
improving ischemic stroke, glutamate 
levels rapidly return to baseline values 
(9). High plasma glutamate levels are 
associated with ischemic infarction 
and transient ischemic attacks, but 
the length of ischemia needed to elicit 
such elevation has not been assessed.

To investigate the organ-specific 
release of glutamate in brain ischemia 
and its serum profile after a short pe-
riod of cerebral ischemia, we assessed 
glutamate serum levels in a group of 
patients who underwent carotid angio-
plasty and stent placement (CAS) and 
in two control groups assigned to en-
dovascular procedures without any in-
terruption of cerebral blood flow. The 
purpose of our study was to investigate 
if glutamate levels also increase in CAS 
procedures.

Materials and Methods

This was a prospective study that in-
cluded a total of 74 patients treated 
with CAS at two tertiary stroke cen-
ters from September 2003 until Febru-
ary 2007. All patients or their relatives 
signed informed consent according 
to the guidelines of the Ethics Com-
mittee of Hospital Universitario de La 
Princesa.

Inclusion criteria for CAS were 
(a) symptomatic patients with greater 
than 70% ipsilateral internal carotid 
artery (ICA) stenosis or greater than 
60% stenosis if there was a contralat-
eral high-degree carotid stenosis (. 
70%) and (b) asymptomatic patients 
with ICA stenosis greater than 80% 
and ipsilateral silent brain infarcts 

G lutamate-mediated excitotoxicity 
is one of the pathophysiological 
mechanisms of spreading brain 

injury in acute ischemic stroke (1,2). 
The overactivation of glutamate iono-
tropic receptors (mainly n-methyl-d-
aspartate–NMDA) and metabotropic 
receptors leads to high intracellular cal-
cium concentrations and initiates the 
process known as ischemic cascade. 
Increased levels of extracellular gluta-
mate in acute cerebral ischemia are the 
result of presynaptic release and the 
failure of glutamate homeostatic trans-
port system. Excitatory amino acid 
transporters, which usually uptake ex-
tracellular glutamate into neurons, glia, 
and endothelial cells, can contribute to 
the release of glutamate from intracel-
lular spaces under ischemic conditions 
(3–5).

In clinical studies, both serum 
and cerebrospinal fluid levels of glu-
tamate within the first hours of acute 
ischemic stroke show a high positive 

Implication for Patient Care

nn Glutamate may be a marker of 
transient brain ischemia in the 
setting of temporary carotid 
occlusion.

Advances in Knowledge

nn Serum levels of glutamate elevate 
in carotid angioplasty and stent 
placement (CAS) procedures 
(129.7 mmol/L 6 113.0 vs 354.1 
mmol/L 6 132.8), such as in 
patients with acute stroke.

nn Glutamate levels do not change 
with other radiologic procedures, 
such as cerebral arteriography or 
coronary angioplasty and stent 
placement.

nn Acute brain ischemic lesions can 
be found after CAS in up to 
41.8% of patients examined with 
diffusion-weighted MR imaging 
before and after the procedure.

nn Glutamate increase is higher in 
patients with acute ischemic le-
sions (375.3 mmol/L 6 75.5), but 
it is also significantly higher than 
baseline (129.7 mmol/L 6 113.0) 
in patients without acute lesions 
(308.1 mmol/L 6 63.3).

nn Molecular changes associated 
with ischemia began after few 
seconds of brain ischemia.
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In the coronary group, samples 
were obtained before and after all 
the angioplasty and stent placement 
procedures.

Blood samples were collected in 
chemistry test tubes, centrifuged at 
3000 g for 15 minutes, and immedi-
ately frozen and stored at 80°C. Se-
rum levels of glutamate were deter-
mined with high-performance liquid 
chromatography analysis following 
a previously described method (11). 
Intra- and interassay coefficients of 
variation were 1.7% and 2.3%, re-
spectively. Determinations were per-
formed in a laboratory with authors 
blinded to clinical and neuroimaging 
data.

Statistical Analysis
Categorical variables are expressed as 
percentages and were compared with 
the x2 test. Continuous variables are 
expressed as mean 6 standard devi-
ation or median (and quartiles) and 
were compared by using Student t 
test, paired t test, Mann-Whitney test, 
analysis of variance, or Kruskal-Wallis 
test, as appropriate, after testing nor-
mality with the Kolmogorov-Smirnov 
test. Repeated-measure analysis of var-
iance was used for repeated measures 
in time. The correlation between con-
tinuous variables was performed by 
using the Pearson or Spearman coeffi-
cients, depending on their distribution.

Results

Table 1 shows demographic variables, 
vascular risk factors, and baseline serum 
glutamate concentrations in CAS pa-
tients and control groups. CAS patients 
were older and hypertension was more 
frequent in that group than in the other 
two groups. The proportion of men was 
higher in both CAS patients and those 
who underwent coronary angioplasty 
and stent placement. The three groups 
did not show significant differences 
regarding the rest of the vascular risk 
factors and glutamate baseline levels. 
Baseline concentrations of glutamate 
in arterial (111.1 mmol/L 6 77.6 and 
98.9 mmol/L 6 42.4, respectively, for 
CAS and cerebral angiography group) 

used with different pore sizes (80–130 
mm). In some patients, predilation of 
the ICA lesion was performed by us-
ing a 2–4-mm-diameter balloon cath-
eter. A self-expandable stent (Carotid 
Wallstent, Boston Scientific/Target 
Therapeutics, Natick, Mass; Carotid 
Acculink, Guidant; or Precise, Cor-
dis/Johnson & Johnson, Warren, NJ) 
was placed in the ICA and in common 
carotid artery, if needed. Postdilation 
was performed with a 5–6-mm-diam-
eter balloon catheter. The balloons 
were inflated to a pressure of up to 
8 atm. The mean occlusion time was 
34.4 seconds 6 15.4 (range, 5–68 sec; 
n = 51).

Imaging Studies
In 55 patients in the treatment group 
(74.3%), we performed a brain 3-T 
MR imaging study (diffusion-weighted, 
fluid-attenuated inversion recovery T2-
weighted sequences) the day before the 
CAS procedure and 24–48 hours after 
the procedure. Acute lesions were de-
fined (J.L.C.) as hyperintensities on 
diffusion-weighted images, associated 
with a reduction of the apparent diffu-
sion coefficient of at least 20%, com-
pared with the unaffected tissue of the 
opposite hemisphere. No neuroimaging 
tests were performed in the control 
groups.

Laboratory Tests
In the CAS group, arterial blood sam-
ples were obtained from the common 
carotid artery immediately before 
starting the procedure or any manipu-
lation near the atheromatous plaque. 
After the last injection of contrast ma-
terial, postprocedure arterial samples 
were obtained from the same point in 
the vasculature as the preprocedure 
blood samples. Simultaneously, pre- 
and postprocedure venous blood sam-
ples were obtained, and then samples 
were obtained from the peripheral 
veins at 24, 48, and 72 hours. In the 
control group that underwent diag-
nostic cerebral angiography, arterial 
blood samples were obtained from 
the common carotid artery before 
and after finishing contrast material 
injections for diagnostic purposes. 

about neurologic transient symptoms 
in the previous 24 hours prior to car-
diac symptoms. The second control 
group consisted of 16 consecutive 
patients who underwent diagnostic 
cerebral angiography; there were no 
atheromatous lesions in supraaortic 
trunks. Angiography had been rec-
ommended in seven patients with 
intracranial arteriovenous malforma-
tions, seven patients with intracranial 
aneurysms, and two patients with 
extracranial tumors. Demographic 
variables, including most common 
vascular risk factors, were collected 
from all patients in the treatment and 
control groups.

CAS Technique
Angioplasty procedures were per-
formed with local anesthesia by us-
ing a transfemoral approach. Patients 
were monitored with an electrocardio-
gram and noninvasive arterial blood 
pressure measurements. Brain blood 
flow was monitored in both middle 
cerebral arteries with transcranial 
Doppler US (Multi-Dop DWL; Elek-
tronische Systeme, Sipplingen, Ger-
many) at two depths with a 2-MHz 
probe through the temporal window. 
A decrease in flow was seen related 
to carotid occlusion while balloon di-
lation was performed. Hemodynamic 
complication was defined as systemic 
hypotension (defined by a decrease in 
systemic arterial blood pressure of 30 
mmHg or more), bradycardia (40 
bpm), or clinical syncope.

Interventional procedures were 
performed by two experienced inter-
ventional radiologists (including J.L.C., 
20 years of experience in radiology 
service, with more than 200 CAS pro-
cedures performed). Patients were 
treated with unfractioned heparin and 
two antiplatelet drugs prior to the pro-
cedure. Neither systemic anesthesia 
nor sedative drugs were administered 
to assess the neurologic function of the 
patients along the process.

A catheter was positioned in the 
common carotid artery. For most of 
the patients, a distal protection device 
(Spider, EV3, Plymouth, Minn; or Ac-
cunet, Guidant, Santa Clara, Calif) was 
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Arterial and venous glutamate 
levels showed a sharp increase imme-
diately after the procedure in the CAS 

angiography, and coronary angioplasty 
group) blood were similar (P = .551 and 
.987, respectively).

and venous (127.9 mmol/L 6 113.0, 
126.6 mmol/L 6 50.0, 123.8 mmol/L 
6 51.5, respectively, for CAS, cerebral 

Figure 1

Figure 1:  Graphs show evolution of glutamate levels in, A, venous blood and, B, arterial blood in patients who underwent CAS. SD = standard deviation.

Table 1

Patient Characteristics

Characteristic CAS (n = 74)
Cerebral Angiography without  
Stenosis (n = 16)

Coronary Angioplasty and Stent  
Placement (n = 20) P Value

Mean patient age (y)* 68.9 6 9.3 (45–88) 58.4 6 17.6 (26–80) 66.1 6 9.2 (43–80) .003
Mean age (y)
  Men 68.6 (45–88) 62.0 (44–80) 67.07 (43–80) NA
  Women 70.4 (56–83) 54.9 (26–76) 63.2 (53–71) NA
Men (%) 81.1 50.0 80.0 .026
Hypertension (%) 75.7 37.5 60.0 .009
Diabetes (%) 27.0 31.2 15.0 .472
Dyslipemia (%) 58.1 43.8 40.0 .268
Smoking (%) 27.0 37.5 45.0 .275
Previous diagnosis (%)
  Asymptomatic 32.4 NA NA NA
  Ipsilateral transient ischemic attack 31.1 NA NA NA
  Ipsilateral stroke 36.5 NA NA NA
  Ischemia at MR imaging 54.1 NA NA NA
Mean baseline glutamate (mmol/L)* 
  Arterial 111.1 6 77.6 98.9 6 42.4 NA .551
  Venous 127.9 6 113.0 126.6 6 50.0 123.8 6 51.5 .987

Note.—Data in parentheses are the range. NA = not available.

* Data are means 6 standard deviation.
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positive correlation between glutamate 
levels after CAS and occlusion times in 
the patients analyzed (Pearson coeffi-
cient = 0.307, P = .040) (Fig 2). Arterial 
and venous blood glutamate concentra-
tions before and after CAS were similar 
in all patients (Table 3).

New ischemic lesions were found 
after CAS in 23 of 55 patients (41.8%) 
examined with diffusion-weighted MR 
imaging before and after the proce-
dure. Most of them had small, single 
(n = 13) or multiple (n = 6) lesions 
(, 3 mm diameter) in the ipsilateral 
territory. Four patients showed large 
infarctions: watershed in three and 
territorial in one. Venous blood glu-
tamate concentration after CAS was 
higher for patients who presented with 
new ischemic lesions (375.3 mmol/L 6 
75.5 vs 308.1 mmol/L 6 63.3, P = .023) 
(Table 3).

the baseline range at 24 hours and 
remained stable up to 72 hours after 
the procedure (Fig 1A). There was a 

group, but did not change in the con-
trol groups (Fig 1, Table 2). Increased 
levels in venous samples decreased into 

Table 2

Levels of Plasmatic Glutamate in Arterial and Venous Blood in Relation to the Procedures

Glutamate in Arterial Blood (mmol/L) Glutamate in Venous Blood (mmol/L)

Variable Before Procedure After Procedure P Value Before Procedure After Procedure P Value 24 Hours* 48 Hours* 72 Hours*

CAS 111.1 6 77.6 297.9 6 108.1 ,.001 129.7 6 113.0 354.1 6 132.8 ,.001 129.5 6 56.8 123.5 6 81.2 134.8 6 111.6
CAWS 98.8 6 42.4 103.8 6 52.6 .488 126.6 6 50.1 130.4 6 74.1 .710 NA NA NA
CAP NA NA NA 123.8 6 51.5 128.1 6 58.3 .811 NA NA NA

Note.—CAP = Coronary angioplasty and stent placement, CAWS = cerebral angiography without stenosis, NA = not available.

* P = .608. Repeated-measure analysis of variance was used to check the values at 24, 48, and 72 hours without significant results.

Table 3

Levels of Plasmatic Glutamate in Relation to the Presence of Cerebral Ischemia

Glutamate in Arterial Blood (mmol/L) Glutamate in Venous Blood (mmol/L)

Variable Before Procedure P Value After Procedure P Value Before Procedure P Value After Procedure P Value

Without previous ischemic lesions  
at MR imaging (n = 25)

119.4 6 100.7 .442 290.2 6 103.1 .865 117.6 6 72.8 .611 338.1 6 107.0 .804

With previous ischemic lesions  
at MR imaging (n = 30)

104.2 6 60.9 … 296.6 6 113.3 … 104.9 6 77.6 … 326.9 6 136.1 …

Without acute ischemic lesions  
at MR imaging (n = 32)

112.4 6 77.8 .949 283.9 6 104.4 .189 110.6 6 80.2 .792 308.1 6 63.3 .023

With acute ischemic lesions  
at MR imaging (n = 23)

106.9 6 95.1 … 326.5 6 117.1 … 111.2 6 56.8 … 375.3 6 75.5 …

Uncomplicated (n = 41) 123.6 6 77.1 .536 286.6 6 120.9 .860 114.3 6 85.4 .176 313.1 6 128.6 .045
Ischemic stroke (n = 8) 98.3 6 64.1 … 313.1 6 126.3 … 113.6 6 58.9 … 399.9 6 56.1 …
Hypotension, bradycardia, or  

syncope (n = 21)
96.1 6 90.3 … 299.6 6 86.6 … 105.1 6 60.1 … 318.6 6 123.3 …

Note.—Unless otherwise indicated, data are means 6 standard deviation.

Figure 2

Figure 2:  Scatterplot of arterial 
occlusion time and glutamate 
plasmatic concentrations in 
venous blood after finishing the 
procedures.
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to check all potential confounders of 
these cases. Patients in the control 
groups were also being treated for other 
medical problems at the moment of in-
clusion, so they cannot be easily matched 
correctly to the treatment group.

These results open new investigation 
lines in acute stroke. Both in vitro and 
animal ischemic models can be designed 
to study molecular changes before tissue 
damage occurs. Recent studies have sug-
gested that MR spectroscopy could help 
identify molecular changes in ischemic 
tissue with normal diffusion-weighted 
MR findings in acute stroke (19). Fol-
lowing our findings, it would be inter-
esting to investigate how brief ischemic 
periods could help the brain better tol-
erate stroke, opening the door to neuro-
protection (20,21).
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of brain ischemia. Our results show that 
molecular changes start very soon after 
ischemia onset, even without evidence 
of tissue damage on MR images. In addi-
tion, results from control groups allow us 
to consider brain tissue as the source of 
glutamate release, being consistent with 
previous findings in stroke and other dis-
eases of the central nervous system, both 
in serum and cerebrospinal fluid (12–16).
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stroke progression cases, in which con-
tinuous glutamate release was related 
to enlarging ischemic area (1,2). Our 
findings match with those previously 
reported, but in our study patients 
did not show any neurologic deficit, 
therefore, it was a brain molecular 
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function. Asymptomatic patients after 
CAS and carotid endarterectomy with 
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images have been previously described 
(17,18), but in our study even patients 
with normal MR imaging findings had 
glutamate high levels.

One limitation of the present study 
was that all patients who were included 
were being treated. CAS is a very dy-
namic procedure, with different charac-
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