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Changes in ADMA and TAFI levels after stenting
in coronary artery disease patients
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Abstract. The aim of this study was to examine the contribu-
tion of asymmetric dimethylarginine (ADMA), an endogenous
inhibitor of nitric oxide synthase (NOS) and a novel marker
of vascular endothelial dysfunction, and thrombin-activatable
fibrinolysis inhibitor (TAFI), a risk factor for venous throm-
bosis, to the predisposition of coronary restenosis following
stent implantation in coronary artery disease (CAD) patients.
Thirty-seven patients with CAD were recruited from the
Kobry El Obba Military Hospital, Cairo, Egypt. The patients
were hospitalized for coronary angiography and coronary
stenting (CS). Overnight fasting blood samples were collected
from patients prior to CS and four months later for the deter-
mination of plasma ADMA and TAFI levels. The patients
underwent follow-up coronary angiography to reveal in-stent
restenosis. The results showed that plasma ADMA levels in
CAD patients were significantly higher than those reported for
healthy subjects. ADMA levels were significantly increased by
30% in CAD patients four months following CS. CAD patients
who developed in-stent restenosis had a 35% increase in
ADMA levels following CS. TAFI levels were not significantly
changed after CS in CAD patients or in any of the subgroups.
In conclusion, ADMA, but not TAFI, is linked to the predispo-
sition of in-stent restenosis following CS.

Introduction

Percutaneous coronary intervention (PCI), also termed angio-
plasty, is a safe and effective way to unblock coronary arteries.
During this procedure, a catheter is inserted into the groin
or arm of the patient and guided forward through the aorta
and into the coronary arteries of the heart where stenosed or
blocked arteries can be opened with a balloon positioned at
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the tip of the catheter. Initially, angioplasty was performed
only with balloon catheters, but technical advances have been
made and an improved patient outcome has been achieved
with the placement of small metallic spring-like devices called
‘stents’ at the site of the lesion. The implanted stent serves asa
scaffold that keeps the artery open. There are, however, limita-
tions associated with angioplasty and stenting, one of which
is known as ‘restenosis’, which is defined as a recurrence of
significant narrowing in the treated vessel (1).

Asymmetric dimethylarginine (ADMA), an endogenous
competitive inhibitor of nitric oxide synthase, increases the
risk of cardiovascular disease. ADMA inhibits vascular nitric
oxide (NO) production at concentrations found in pathophysi-
ological conditions. It also causes local vasoconstriction when
infused intra-arterially. ADMA is increased in the plasma of
humans with hypercholesterolemia, atherosclerosis, hyperten-
sion, chronic renal failure, chronic heart failure and several
other disorders. In several prospective and cross-sectional
studies, ADMA has evolved as a marker of cardiovascular
risk (2). It remains uncertain whether elevations of ADMA
levels may play an important pathophysiological role in reste-
nosis that may occur following stent implantation.

The fibrinolytic system is closely correlated with several
processes that are involved in restenosis. Thrombin-activatable
fibrinolysis inhibitor (TAFI) is a type of fibrinolysis inhibitor
that circulates as procarboxypeptidase B2 zymogen,
which is converted to active form TAFIa during coagula-
tion. TAFT activation is catalyzed by plasmin, trypsin and
the thrombin-thrombomodulin complex. Activated TAFI
suppresses fibrinolysis through cleavage of carboxy terminal
lysine residues that are expressed during proteolysis of the
fibrin polymers, which are the binding sites of plasminogen (3).

The aim of this study was to assess the contribution of
ADMA, a novel marker of vascular endothelial dysfunction
and atherosclerosis, and TAFI, a risk factor for venous throm-
bosis, to the predisposition of coronary restenosis following
stent implantation in cardiovascular patients.

Materials and methods

Patients. In total, 37 patients with coronary artery disease
(CAD) were recruited from the Department of Cardiology at
Kobry El Obba Military Hospital, Cairo, Egypt. The patients
were hospitalized for elective coronary angiography and
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PCI, if necessary. Coronary angiography was performed as
a consequence of suggested or proven coronary disease by
non-invasive techniques. The study protocol was approved
by the Local Ethics Committee of Kobry El-Obba Military
Hospital in Cairo. Full informed consent was obtained from
all patients prior to participation in the study. Exclusion criteria
included any concomitant acute or chronic severe diseases such
as kidney failure, hepatic insufficiency, acute inflammatory
conditions or autoimmune diseases. The routine blood chem-
istry parameters for risk assessment of ischemic heart disease
were performed for each patient on the day of hospitalization.

During PCI, bare metal stents (BMS) and/or drug-eluting
stents (DES) were implanted into the coronary vessels
depending on the type of culprit coronary lesion, and the
co-morbidity of the patients. In total, 15 patients were treated
with 20 BMS, and 13 patients were treated with 18 DES, and
9 patients were treated with both 13 BMS and 14 DES. ADMA
readings of 95 healthy subjects were obtained from the results
of a previous study conducted in our laboratory (4).

Sampling and storage. Prior to PCI or elective coronary angio-
graphy, overnight fasting blood samples were collected from
the patients in order to determine ADMA and TAFI plasma
levels. All the patients were undergoing Plavix (clopidogrel)
treatment and samples were obtained prior to anticoagulant
(heparin) injection. Samples were collected in vacutainer tubes
containing Na,EDTA. Plasma samples were separated by
centrifugation at 3000 rpm for 15 min. Aliquots of collected
plasma were stored at -70°C until analysis of ADMA and TAFI
was undertaken.

Prior to PCI, combined antithrombotic treatment was
administered to each patient, i.e., 300-600 mg clopidogrel and
60 IU/kg sodium-heparin. Invasive examinations (coronary
and angiography) were performed using a Philips BH 5000
monoplane or biplane system. Recordings were subsequently
analyzed by two well-trained invasive cardiologists using
Philips QCA software.

Semi-qualitative analyses were performed independently
by two experienced interventional cardiologists. The location
of the restenotic lesions with respect to the stented segment
was classified as being within the stent body or at the proximal
or distal margin of the stent. Stenosis within the stent or at the
margins was further classified as being either diffuse or focal.

As part of a routine follow-up program to detect restenosis
4 months following successful CS, patients underwent follow-
up diagnostic coronary angiography. Fasting blood samples
were collected from the patients on EDTA prior to the angio-
graphic follow up and centrifuged at 3000 rpm for 20 min.
The plasma aliquots were then stored at -70°C until analysis of
ADMA and TAFIL.

Determination of ADMA and TAFI in plasma samples.
Quantitative determination of ADMA and TAFI in plasma was
performed by the ELISA technique using an ADMA® - ELISA
kit supplied by DLD Diagnostika GmbH (Hamburg, Germany)
and IMUBIND® TAFIa/ai Antigen ELISA kit supplied by
American Diagnostica Inc. (ADI) (Stamford, CT, USA).

Statistical analysis. Statistical analysis was performed using
the statistical package for social sciences (SPSS, Chicago, IL,
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Table I. Clinical, angiographic and procedural characteristics
of the studied groups.

Characteristics
Age (years), mean + SEM 553145
Total no. of patients, n 37
Patients with angiographic 29 (784)
follow up, n (%)
Patients with multislice 8 (21.6)
CT scan follow up, n (%)
Diabetic patients, n (%) 12 (32.4)
Non-diabetic patients, n (%) 25 (67.6)
Hypertensive, n (%) 20 (54)
Non-hypertensive, n (%) 17 (45.95)
Patients with bare 24
metal stent (BMS), n
Patients with drug-eluting 22
stent (DES), n
Smokers, n
Current smokers 8
Quit around 5 months before PCI 19
Non-smokers, n 10
Patients with patent stents, n 14
Patients with in-stent restenosis
(<50% of artery diameter), n 10
Patients with in-stent restenosis
(>50% of artery diameter), n 13

PCI, percutaneous coronary intervention.

USA) version 19 and GraphPad Prism version 5.5. Data were
presented as the mean values + SEM. P<0.05 was considered
to indicate a statistically significant difference. Categorical
variables were analyzed using the Pearson's Chi-square test,
whereas continuous variables were evaluated using the Student's
t-test to compare coronary risk parameters of the stent group
prior to CS and during follow-up coronary angiography.
One-way ANOVA tests were performed for comparison among
the different groups.

Results

Patient characteristics. Table 1 shows the clinical, angio-
graphic and procedural characteristics of the studied patients.
It also shows that 37.8% of patients had no in-stent restenosis
four months following stent placement. However, the remaining
patients (62.2%) were subjected to in-stent restenosis either
with <50% of artery diameter (27.0% of patients) or >50%
(35.2% of patients).

Coronary stenting and plasma ADMA levels. Results showed
that the mean plasma ADMA level was significantly higher by
19.73% in CAD patients (n=37) as compared with the healthy
control subjects (n=95; P=0.0021) (Fig. 1). In addition, in CAD
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Figure 1. Plasma ADMA levels in healthy (n=95) and CAD patients prior to
and after coronary stenting (CS) (n=37). Data are the means + SEM. *Sig-
nificantly different from mean ADMA level in control; p<0.05. ®Significantly

different from mean ADMA level prior to CS; p<0.05. ADMA, asymmetric
dimethylarginine; CAD, coronary artery disease.
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Figure 2. Plasma levels of ADMA prior to and following CS in CAD patients
with patent stents (n=14) and in-stent restenosis (n=23). Data are the means
+ SEM. “Significantly different from mean ADMA level before CS in CAD
with in-stent restenosis; p<0.05. ADMA, asymmetric dimethylarginine; CS,
coronary stenting; CAD, coronary artery disease.

patients the ADMA levels were significantly higher by 23.33%
following CS as compared to those prior to CS (P=0.0123).

In-stent restenosis and plasma ADMA levels. In the 14 CAD
patients with patent stents, ADMA levels prior to CS were not
significantly different from those levels after CS (P=0.0535).
However, in all CAD patients with in-stent restenosis (n=23),
ADMA levels after CS were found to be significantly higher
by 26.16% than those levels before CS (P=0.0102) (Fig. 2).

It was also revealed that plasma ADMA levels prior to CS
in patients with >50% in-stent restenosis were significantly
higher by 32.3% than ADMA levels prior to CS in patients
with <50% in-stent restenosis (P=0.0327) (Fig. 3).

Coronary stenting and plasma TAFI levels. Tt is of note that
in all 37 CAD patients, whether with patent stent or in-stent
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Figure 3. Plasma ADMA levels in patients with less than (n=10) and more
than (n=13) 50% in-stent restenosis. Data are the means + SEM. “Signifi-
cantly different from the mean ADMA level prior to CS in CAD with in-stent
restenosis; p<0.05. ADMA, asymmetric dimethylarginine; CS, coronary
stenting; CAD, coronary artery disease.
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Figure 4. Plasma TAFI levels in all CAD patients (n=37), CAD patients with
patent stent (n=14), and CAD patients with in-stent restenosis (n=23) prior to
and following coronary stenting (CS). TAFI, thrombin-activatable fibrino-
lysis inhibitor; CAD, coronary artery disease.

restenosis, or pre- or post-CS, the plasma TAFI levels did not
significantly change (Fig. 4).

Discussion

NO secreted by the endothelium is important in ensuring
cardiac homeostasis. NO provides basal tonus by relaxing
vascular smooth muscle cells (5). It inhibits the adhesion
of leukocytes and thrombocytes, as well as the activation
and aggregation of the latter. Additionally, NO inhibits the
formation of superoxide radicals, oxidation of low-density
lipoproteins, and the migration and proliferation of smooth
muscle cells (6-8). Decreased levels of NO initiate athero-
sclerosis and lead to its exacerbation (9,10). Decreased NO
activity, also thought to be one of the factors responsible for
restenosis, develops following arterial injury (11). Restenosis
following balloon angioplasty is a consequence of neointimal
hyperplasia and vessel remodeling. NO inhibits neointimal
hyperplasia.
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ADMA is a substance that inhibits NO synthesis by
blocking the NOS enzyme. High concentrations of plasma
ADMA may be used to predict the severity of coronary
atherosclerosis and the development of CAD (12). Increased
ADMA concentration produces elevation in aortic and arte-
rial blood pressure. Elevated blood pressure is associated
with the presence of coronary artery narrowing (13). A
multicentered, case-control CARDIAC (Coronary Artery
Risk Determination investigating the effect of ADMA
Concentration) study revealed that every 1 gmol/l increase
in plasma ADMA concentration led to a 2.35-fold increase
in the risk of CAD (14). Our study supports previous reports
and demonstrates the significant elevation of mean plasma
ADMA levels (P=0.0021) in CAD patients as compared to
control healthy subjects. The observation that ADMA levels
increase early in the development of atherosclerosis suggests
that ADMA has the potential to be both a marker and a
mediator of vascular lesions (15).

Sahinarslan et al (16) investigated the correlation of plasma
ADMA concentration with lesion distribution and severity at
coronary artery angiography. Those authors enrolled patients
with stable angina and divided them into two groups. Group I
included the patients with normal coronary arteries. All other
patients were included in group II. Results of that study showed
that ADMA levels were higher in group II compared to group I,
and the L-arginine/ADMA ratio was lower in group II patients
compared to group I patients. ADMA positively correlated
with the coronary atherosclerotic score. Moreover, ADMA
was an important predictor of angiographically defined CAD.
Thus, those authors (16) supported the hypothesis that plasma
ADMA concentration is a good predictor of CAD.

Our results showed that ADMA levels were significantly
higher (P=0.0123) by 23.33% in CAD patients (n=37) four
months after CS as compared to levels prior to stenting. This
finding may be attributed to the increased ADMA levels after
myocardial ischemia-reperfusion injury (17). This study also
revealed a significant increase of 26.16% in plasma ADMA
levels following CS in all CAD patients with in-stent restenosis.
This observation was not valid for patients with patent stent,
which may prove a positive correlation between increased
ADMA levels and the incidence of cardiovascular events and
in-stent restenosis. In contrast to our findings, Ajtay et al (18)
demonstrated that in patients with CAD, PCI stent placement
markedly decreased the plasma level of ADMA. Coronary
angiography alone resulted in an increase of ADMA.

Krempl et al (19) found that ADMA is significantly elevated
in patients with unstable angina. A reduced ADMA level at
6 weeks after PCI may indicate a decreased risk of recurrent
cardiovascular events. In their study, Krempl er al (19) investi-
gated the role of ADMA in the clinical outcome of patients with
unstable angina. Their results showed that baseline ADMA
concentration in controls was significantly lower than that in
patients with CAD. Additionally, patients with unstable angina
had significantly higher baseline ADMA levels than patients
with stable angina and there was a significant reduction in
ADMA levels at 6 weeks after PCI in patients with unstable
angina who experienced no recurrent cardiovascular event. By
contrast, those authors found that in patients who experienced
another acute event following CS, ADMA concentrations
remained elevated 6 weeks after PCI.
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Results of multivariate analysis indicated that plasma
ADMA independently almost tripled the risk for recur-
rent symptomatic stenosis of an arteriovenous fistula (AVF)
following percutaneous transluminal angioplasty. These
results suggest the involvement of ADMA in the progression
of symptomatic restenosis of AVFs after PCI and require
preventive strategies that target ADMA and/or endothelial
dysfunction to decrease the risk for AVF restenosis (20).

TAFI is a recently described inhibitor of fibrinolysis which
is involved in the regulation of the balance between coagula-
tion and fibrinolysis. High TAFI plasma levels may therefore
contribute to a hypo-fibrinolytic state and to an increased
risk of thrombotic disorders. There are contradictory results
regarding TAFI levels in CAD patients, possibly due to the
differences in the characteristics of patients and the time of
blood sampling among different studies (21).

The fibrinolytic system is closely correlated with several
processes that are involved in restenosis. In the study by Lau
et al (3), it was found that high pre-procedural plasma levels
of TAFI antigen increased the risk of restenosis following PCI.
Animal studies have shown that inhibition of the early initia-
tors of the coagulation pathway, such as factor VII and tissue
factor, decrease late neointimal hyperplasia (22). Therefore,
a potential target for the inhibition of restenosis is to limit
early thrombosis. High levels of TAFI have been associated
with deep venous thrombosis (23) and CAD (24). Increased
TAFI levels were found to be a risk factor for the development
of angina pectoris among apparently healthy males (25). A
high TAFI level was associated with a 2-fold increase in the
risk of recurrence of venous thrombosis in comparison with
patients with lower TAFI levels (26). Contradictory results
have been reported for the role of TAFI in myocardial infarc-
tion. Previous studies have shown that patients with a recent
myocardial infarction presented lower values of TAFI antigen
while elevated TAFI levels were actually protective against
myocardial infarction (27,28).

As the list of substrates for TAFI grows, it becomes clear
that besides the regulation of fibrinolysis, TAFI is likely to play
a potentially important role in processes such as blood pres-
sure regulation, inflammation and wound healing. Different
studies markedly suggest that besides being important in the
regulation of fibrinolysis, TAFI may also have an important
function in the regulation of inflammation. High TAFI levels
are protective against arterial thrombosis by inactivation of
inflammatory mediators such as bradykinin and C5a (29).

Paola Cellai et al (21) measured plasma TAFTI activity and
antigen levels in 44 patients admitted to the Coronary Care
Unit and in a group of 44 healthy controls, matched for age
and gender, to detect a possible association of their levels with
acute CAD. No differences were found in TAFI, either at the
activity or antigen levels, between patients and controls.

Our data revealed that the difference between TAFTI levels
prior to and following CS in all CAD patients was not signifi-
cant. Moreover, our findings have shown that TAFI levels prior
to CS in CAD patients with in-stent restenosis were not signifi-
cantly different from those after CS, indicating that TAFI does
not play a role in in-stent restenosis.

In conclusion, the salient findings of our study are as
follows: i) The mean plasma level of ADMA is significantly
higher in CAD patients than that reported for healthy subjects,



MOLECULAR MEDICINE REPORTS 6: 855-859, 2012

ii) plasma ADMA levels are significantly higher in CAD
patients four months after CS as compared to levels prior to
stenting, iii) CAD patients who developed in-stent restenosis
during angiographic follow-up had a significant increase in
ADMA levels following CS, in contrast to patients with patent
stent who did not show this significant increase, iv) plasma
ADMA levels prior to stenting in patients with >50% in-stent
restenosis were significantly higher than those in patients who
developed <50% in-stent restenosis; v) in non-diabetic CAD
patients who developed in-stent restenosis, ADMA levels were
higher by 19% after CS and vi) TAFI levels did not signifi-
cantly change following CS in CAD patients. Therefore, we
can conclude that ADMA, but not TAFI, is correlated with the
pre-disposition of in-stent restenosis following CS.
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