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Autoantibodies Against Oxidatively Modified Lipoproteins
and Progression of Carotid Restenosis

After Carotid Endarterectomy
Maria Vittoria Meraviglia, MD; Elena Maggi, MD; Giorgio Bellomo, MD; Marco Cursi, BME;

Giovanna Fanelli, MD; Fabio Minicucci, MD

Background—The purpose of this study was to determine whether LDL oxidation could play an important pathogenic role
in early restenosis after carotid endarterectomy. An immunologic and biochemical study was performed on a group of
patients who underwent carotid endarterectomy, and the degree of intima-media thickness was measured 6 months after
surgery.

Summary of Report—Fifty-two consecutive patients were included in the study. The presence of antibodies against
oxidized LDL in the serum at the time of surgery was evaluated and compared with echo Doppler flow imaging 6
months after the operation. A statistically significant correlation was found between the arterial wall thickness at the site
of surgery and the absolute value of IgG antibodies against oxidized LDL (P�0.012) and IgM immunocomplexes
(P�0.043).

Conclusions—The presence of antibodies against oxidized LDL at the time of surgery seems to predict a greater
intima-media wall hyperplasia at 6 months after surgery, usually recognized as early restenosis. (Stroke. 2002;33:1139-
1141.)
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The study of the natural history of carotid stenosis empha-
sizes the importance of oxidized LDL in the progression

of the disease.1 We investigated whether the same pathogenic
mechanism may play a role in restenosis after endarterectomy
or whether a different cause-effect relationship exists.

Subjects and Methods
We investigated 52 patients (37 men and 15 women, aged 67.3�8.18
years) who underwent carotid surgery for symptomatic stenosis of
�75%.

The diagnosis of carotid atherosclerosis had been made by echo
color-Doppler flow imaging, and the preoperative evaluation of each
patient was made by intra-arterial digital subtraction angiography or
MR angiography. After the patient had fasted for 12 hours, blood
samples were collected from the forearm with the patient seated and
with minimal vein compression. Blood was collected in EDTA test
tubes (1 mg/mL) and centrifuged, within 1 hour, at 1500g for 30
minutes at 4°C.

To isolate LDL from plasma, we used the method described by
Esterbauer et al.2 LDL in vitro oxidation was then monitored by a
spectrophotometer at 234 nm to detect conjugated diene formation,
with the use of a Beckman DU-68 device. We then measured the lag
phase, the peak time, and the propagation rate (Figure 1) following
the same method described by Esterbauer et al.2

The antibodies against both native LDLs and oxidized LDLs were
measured in patients’ serum as well as the antibodies against

malondialdehyde (MDA)-LDL and MDA–human serum albumin
(HSA) and immunocomplexes IgG and IgM.3

Six months after surgery, each patient underwent carotid echo
Doppler sonography to study arterial wall aspects. All the examina-
tions were performed by the same operator blinded with respect to
antibody detection and clinical examination.

Sonographies were performed with an Acuson 128�P/10W de-
vice with an L538 5-MHz probe. Intima-media arterial wall thick-
ness (IMT) was measured by echography, and the mean intima-
media thickness (MIMT) in 3 different sites was calculated: pre-
bifurcation (�5 mm before bifurcation, on the common carotid
artery), peri-bifurcation (�5 mm before and �5 mm beyond bifur-
cation), and post-bifurcation (�5 mm beyond bifurcation). IMT was
determined as the maximal distance, in each of the 3 sites, between
the vessel surface near the lumen and the hyperechogenic zone inside
the wall itself.

The edge of the operated zone appears as a vessel indentation,
gradually sloping toward the internal carotid artery. At the site of the
indentation a poorly echogenic layer is evident, which seems to form
a double profile because of the adventitia and remaining media
(usually no thicker than 1.5 to 2 mm), which remains the same over
time.4

All data were processed by linear regression analysis with the use
of BMDP statistical software.

Results
At 6 months after surgery, 15 subjects had an IMT �2.5 mm
(11 patients before bifurcation, 2 patients beyond bifurcation,
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and 2 patients along the internal carotid artery). The MIMT
value in 5 of 52 patients was �2.5 mm. No correlation was
shown with percent stenosis before surgery, type of plaque
before surgery, or surgeon performing the operation. No
correlation was found with clinical parameters such as high
arterial blood pressure (69% of subjects), dyslipidemia
(26%), diabetes (21%), obesity (7%), and smoking (22%).

A statistically significant correlation was evident between
lag-phase duration and peri-bifurcation IMT (P�0.0019). A
positive trend was also noted between lag-phase duration and
pre-bifurcation (P�0.096) and post-bifurcation IMT
(P�0.054). This determined a highly significant correlation
(P�0.008) between MIMT of the whole carotid tract at the
site of surgery and decrease of the lag phase.

No statistically significant correlation was shown between
MIMT and antibodies against native LDL, while a significant
correlation was revealed between MIMT and the absolute
value of IgG antibodies against oxidized LDL (P�0.012)
(Figure 2), for both the peri-bifurcation IMT (P�0.032) and
post-bifurcation IMT (P�0.018). No statistically significant
positive correlation was shown in comparison to MDA-LDL
IgG (P�0.046), MDA-LDL IgM (P�0.057), HSA-MDA
IgM (P�0.411), and IgG immunocomplexes (P�0.406).

A significant positive correlation was shown between
MIMT and IgM immunocomplexes (P�0.043) (Figure 3).

Discussion
Despite a large amount of research on the pathogenesis of
restenosis, no clear causative factors are reported in the
literature. Arterial wall trauma is considered the main cause
of restenosis, but it is not sufficient to explain restenosis
variability. In addition, no correlation exists between stenosis
before surgery and restenosis at 6 months after the operation.
Pauletto et al5 showed an abundance of smooth muscle cells
and a scarcity of macrophages in the primary lesions of
patients with abnormal development of intima after surgery.

We noted that echographic aspects and growth time of
restenotic plaques differ from those of typical atherosclerotic
plaques. We found a direct positive correlation between the
altered immune response and IMT, the measurement of which
is considered a valid method to evaluate atherosclerotic
progression.6

In vivo LDL oxidation causes antigenic epitope formation,
which elicits formation of an immune response. Among the
observed modifications, transformation of lysine �-amino
groups into apoprotein B100 by MDA and the presence of
autoantibodies against MDA-LDL are considered biological
indices of LDL in vivo oxidation. Since MDA-lysine is the
antigenic determinant of the immune reaction, the transfor-
mation into MDA of several proteins other than LDL could
give rise to cross-reactions with MDA-LDL and to false-
positive results. A lack of significant cross-reaction with
HSA-MDA–derived LDL constituted the criterion for deter-
mining autoantibody specificity against LDL.7

The lag-phase duration depends on the content of LDL
antioxidants. The peak time represents maximal oxidation
and is strictly related to lag-phase duration and to propagation
rate velocity.

A reduction in lag phase indicates higher LDL susceptibil-
ity to in vitro oxidation. However, this parameter does not
provide any explanation in regard to in vivo oxidation. LDL
modifications during oxidation consist mainly of the produc-
tion of adducts among the apoprotein B100 and the aldehydes
derived from lipid peroxidation. The structural change pro-
vokes such important modifications in the lipoprotein mole-

Figure 1. Kinetics of LDL in vitro oxidation. Increase of adsor-
bence (Abs) of antibodies at 234 nm is due to transformation of
polyunsaturated fatty acids with isolated double bindings into
hydroperoxides with conjugated double bindings. Monitoring
this parameter allows division of the LDL oxidation process into
3 time phases: (1) initial lag phase; (2) rapid increase of adsor-
bence (propagation rate); and (3) decomposition or terminal
phase (peak time).

Figure 2. MIMT, expressed in millimeters, 6 months after sur-
gery, comparing the IgG antibodies against oxidized LDL
(OXIGG) in patients’ serum at the time of surgery. The equation
describing the regression line is MIMT�1.2002�0.0009�
oxidized LDL IgG (r�0.34; CI, 0.10 to 0.58; P�0.012; n�52).

Figure 3. MIMT, expressed in millimeters, 6 months after sur-
gery, comparing the IgM immunocomplexes (ICIGM) in patients’
serum at the time of surgery. The equation describing the
regression line is MIMT�1.2901�0.0011�IgM immunocom-
plexes (r�0.28; CI, 0.03 to 0.53; P�0.043; n�52).
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cule as to modify its antigenic characteristics and to evoke an
antibody response.8

The presence of antibodies against oxidized LDL in the
serum or plasma is thus considered a biological marker of in
vivo oxidation.

Conclusion
Carotid restenosis is associated both with increased suscep-
tibility of LDL to in vitro oxidation (increased lag phase) and
with the production of antibodies against oxidized LDL,
which proves in vivo oxidation. This is possibly due to the
arterial wall hyperplastic response to surgery and to the
altered immune response at the time of operation, as indicated
by the correlation with IgM immunocomplexes.

These data may be a starting point in the development of a
new treatment for the prevention of carotid restenosis, such as
the use of antioxidant or even immunosuppressive drugs at
the time of surgery.
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