
Abstract. Background/Aim: Acute myocardial infarction
(AMI) is associated with increased coagulation which in the
presence of unstable atheroma or endothelial damage leads
to occlusive coronary vessel thrombosis. AMI is usually
characterized by increased levels of catecholamines. It is
possible there may be a link between catecholamines and
hypercoagulation, but this still remains to be determined. In
the current study we sought to verify whether
hypercoagulation is associated with hypersympathetic
activity in AMI patients, and whether there is a correlation
between increased Methoxyhydroxyphenylglycol (MOPEG)
levels (a metabolite of catecholamines) and shorter APTT (a
marker of hypercoagulation). Results: Shorter APTT values
were detected in the plasma of AMI patients, which had also
increased MOPEG levels. A linear correlation between APTT
and MOPEG values was observed. High levels of the
coagulation marker prothrombin (fragments 1+2) were also
found. Conclusion: Shortened APTT demonstrates
hypercoagulation and high MOPEG levels indicate increased
catecholamine metabolism. A direct correlation between
APTT and MOPEG was found herein, demonstrating a link
between catecholamines and the process of coagulation.
Catecholamines may interact with the α2-adrenergic

receptors located on platelets and convert factor XII to XIIa
or through the kallikrein-kinin system, they may activate
factor XII. The activation of factor XII initiates the intrinsic
coagulation pathway, which is monitored by APTT. It is
suggested to control patients with a shortened APTT and
increased sympathetic activity with the aim of preventing
secondary coagulation and cardiovascular accidents by
administering anti-thrombotic and anti-adrenergic agents. 

Acute myocardial infarction is associated with
hypercoagulation which in the presence of unstable atheroma
or endothelial damage leads to occlusive coronary vessel
thrombosis (1). The origin of the hypercoagulation is multi-
factorial, but an important role is played by a fissured and
unstable atherosclerotic plaque induced by conditions of
stress (2, 3). 

In previous articles of our group in AMI patients, both an
increase of prothrombin fragments F1+2, demonstrating a
hypercoagulation state and an increase of matrix
metalloproteinase-9 (MMP-9), a metalloproteinase secreted
by inflammatory cells infiltrating the atherosclerotic plaque,
capable of priming coagulation through tissue factor and
factor VII, was shown (4). Several other factors may also
trigger hypercoagulation.

Fissures in the caps of atherosclerotic plaque allow for
blood to penetrate the arterial wall, where a thrombus
forms in the intima that may be followed by thrombosis in
the lumen (2). It has been shown that factor XII binds to
the surface of endothelial cells, which express a matrix
protein capable of binding it (5). At the site of a fissured
atheroma, materials such as the polyphosphates released
by activated platelets, collagen exposure, and
oligonucleotides contribute to activating factor XII (6, 7),
which in turn can activate factor XI and the intrinsic
coagulation cascade (7). The activity of the factors of the
intrinsic coagulation pathway can be monitored by means
of activated partial thromboplastin time (APTT), a global
coagulation test (8). 
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It is important to observe the hyperactivity of
catecholamines which may affect coagulation. We have
previously shown, in rabbits, that injection of the
catecholamine isoproterenol induces a shortening of partial
thromboplastin time (PTT) and this hypercoagulation induces
acute myocardial infarction in rabbits (9). 

Atherosclerotic plaque disruption may be induced by stress
and may be associated with an elevation of catecholamines,
and thrombus formation (3). An increase in the levels of
adrenomedullary catecholamines is found after injection of
factor XII, responsible for promoting the intrinsic pathway of
coagulation (10, 11). Thus the hypersympathetic activity may
be associated with hypercoagulation. A relationship may exist
between sympathetic activity and coagulation but the link
between catecholamines and hypercoagulation has not been
yet clearly demonstrated.

The aims of the present study were to verify whether
hypercoagulation is associated with hypersympathetic
activity in AMI patients, measuring APTT and MOPEG and
whether there is a correlation between increased MOPEG
levels and a shorter APTT.

Patients and Methods

Ten selected male patients with AMI aged 50-65 years, with a
history of hypertension and 10 healthy males of the same age were
chosen in order to verify whether coagulation and sympathetic
markers are interrelated in the processes leading to AMI.

Patients with metabolic syndromes or kidney diseases were
excluded. This preliminary study was approved by the Ethics
Committee of Niguarda Ca’ Granda Hospital, Milan, Italy. Patients
did not receive any medication before withdrawing the blood.

The presence of AMI was demonstrated by means of a clinical
evaluation and by measuring plasma c-troponin T (c-TnT) levels
with a commercial kit provided by Roche (Roche, Milan, Italy) (12).
Plasma prothrombin fragment 1+2 (F1+2) was measured using an
immuno-enzymatic procedure (Enzygnost F1+2 monoclonal,
Siemens, Milan, Italy) (13).

APTT was evaluated with the APTT reagent Pathromtin SL
obtained from Siemens Healthcare Diagnostics. The test was
performed according to the manufacturer’s recommendations.
Results for APTT were expressed as a ratio of test: reference
coagulation times, using as reference normal plasma tested in
parallel with test plasmas (14).

MOPEG is a catecholamine metabolite which expresses
sympathetic activity (15). MOPEG levels were determined by means
of high-performance liquid chromatography (HPLC) with
amperometric detection (16).

Statistical analysis. Descriptive statistics (median values, quartiles,
minimum and maximum values, mean values, standard deviations,
and coefficients of variation) were used to describe the markers in
the healthy subjects and AMI patients. The differences in median
values were tested using Wilcoxon’s signed-rank test. In accordance
with Šidák’s correction for multiple comparisons (17), each
comparison was considered significant if the p-value was less than
1–(1–α)1/n, where α is the overall type I error probability and n the
number of comparisons: an overall α of 0.05 (n=7) means that the
significance of each comparison is 0.01 (one-tailed test). Spearman’s
rank correlation coefficient (r) was calculated in order to evaluate
the relationships between the markers. The correlations were
considered weak if r was ≤0.35, moderate if r was 0.6-0.66, and
strong if r was >0.66 (18).
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Figure 1. Box and Whisker plots for the coagulation marker
prothrombin fragment F1+2. The top and bottom edges of the box are
the 3rd and 1st quartiles, the horizontal line inside the box is the
median, the dot is the mean, the “whiskers” represent the highest and
lowest values. H, Healthy subjects; AMI, patients with acute myocardial
infarction. ***p<0.001.

Table I. Marker  values [median, 1st (Q1) and 3rd (Q3) quartiles,
minimum (min), maximum (max), mean, standard deviation (S.D.),
coefficient of variation % (CV%)] for patients with acute myocardial
infarction (AMI) and healthy subjects (H). 

Subjects F1+2 MOPEG APTT
pmol/L ng/ml Ratio

Median H 187.5 4.1 1.06
AMI 1013.0*** 6.1* 0.89**

min H 140.0 2.8 0.96
AMI 530.0 3.8 0.79

Q1 H 160.0 3.5 1.03
AMI 833.0 5.0 0.87

Q3 H 219.8 5.1 1.10
AMI 1620.0 8.1 0.94

max H 294.0 5.9 1.17
AMI 2342.0 10.0 1.10

Mean H 196.5 4.3 1.07
AMI 1221.0 6.5 0.91

S.D. H 49.9 1.1 0.06
AMI 604.0 1.9 0.09

CV% H 25% 25% 5.6%
AMI 49% 29% 1.0%

F1+2, Prothrombin fragments 1+2; MOPEG,
methoxyhydroxyphenylglycol; APTT, activated partial thromboplastin
time. *p<0.05; **p<0.02, ***p<0.001.



Results

Mean plasma c-TnT levels were greatly higher in AMI
patients compared to healthy subjects (mean±SE: 3.07±0.98
vs. <0.01±0.001 ng/ml) (p<0.001), thus demonstrating the
presence of AMI.

Table I shows the descriptive statistics related to F1+2,
APTT and MOPEG. Figure 1 shows box and whisker plots
of F1+2 levels: the values were significantly higher in the
AMI patients (p<0.001). Figure 2A and 2B show box and
whisker plots of MOPEG levels and APTT, both of which
were significantly different for the two groups: In AMI vs.
healthy subjects MOPEG was found to increase, while APTT
became shorter for AMI patients.

Figure 3 shows the scatter plot and linear correlation
coefficient (r) between APTT and MOPEG levels in AMI
patients: r≥0.67 indicating a strong correlation. 

Discussion

The presence of myocardial infarction was demonstrated by
high c-TnT levels, electrocardiographic alterations and a
clinical evaluation (12). Furthermore, the increase in F1+2
levels demonstrated up-regulated coagulation due to increased
thrombin generation (4, 19). Increased F1+2 values were
previously shown by our group to be associated with high
levels of matrix metalloproteinase-9 (MMP-9), released from
inflammatory cells infiltrating the atherosclerotic plaque (4).

AMI patients also had a shorter APTT, with involvement
of factors of the intrinsic coagulation pathway (14).
Localized coagulation requires for specific binding factors

on surfaces, such as phospholipids, collagen and other
various factors docking at the lesion site (6). In particular
factor XII is activated and initiates the intrinsic coagulation
cascade (7) evaluable with APTT analysis.  

The present study demonstrated a correlation between
prothrombin fragment F1+2 and APTT (r=0.736; p=0.020). 

However, bearing in mind that APTT is a global and non-
selective marker, its shortening proves the existence of
hypercoagulation representing high risk of thromboembolism
(14). When APTT is shortened, it could contribute to
thrombotic risk (20-22).

Our patients also had increased MOPEG levels, thus
demonstrating a high degree of sympathetic activity in the
presence of hypercoagulation, and there was a direct
reciprocal relationship between MOPEG levels and APTT
(r=0.67; p=0.031). This shows the existence of a link
between hypersympathetic activity and hypercoagulation in
AMI patients. 

It is important to explain how hypersympathetic activity
relates to hypercoagulation. Our findings are in line with data
from experimental observations. It has been described that
epinephrine binds to alpha-2 adrenoreceptors of platelets and
activates them (23). Upon activation platelets release large
amount of polyphosphates, by which factor XII is activated
priming intrinsic coagulation (24). 

The activation by contact with negatively-charged surfaces
of the complex HMWK-prekallikrein leads to release of
kallikrein, which cleaves the factor XII into active factor
XIIa, inducing the intrinsic coagulation cascade (5, 25). 

It is important to observe that among the factors activating
the complex prekallikrein–HMWK there are catecholamines.
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Figure 2. Box and Whisker plots for sympathetic metabolite methoxyhydroxyphenylglicol (MOPEG) (A) and activated partial thromboplastin time
(APTT) (B) in healthy subjects and AMI patients. The top and bottom edges of the box are the 3rd and 1st quartiles, the horizontal line inside the
box is the median, the dot is the mean, the “whiskers” represent the highest and lowest values. H, Healthy subjects; AMI, patients with acute
myocardial infarction. °Ratio values between analyzed samples and the plasma reference pool. *p<0.05; **p<0.01. 



A lowering of kininogen in rat blood by catecholamines has
been shown (26). Also consumption of kininogen, formation
of kinins in rat plasma in presence of L-adrenaline have been
reported (27). 

In the current study we demonstrated a correlation
between hypersympathetic activity (increased MOPEG
levels) and hypercoagulation (shortened APTT values). 

It is probable that in our patients sympathetic activity,
activates kallikrein and consequently factor XII and the intrinsic
coagulation pathway. These observations are in line with other
reports describing that epinephrine activates the kallikrein-kinin
system (28) and the intrinsic coagulation cascade. Thus, factor
XII (Hageman factor) appears to be the missing link between
stress (epinephrine) and hypercoagulability (23). The inter-
relationship between hypersympathetic activity and
hypercoagulation is further supported by observations that
injection of pro-coagulant factor XII causes increased elevation
of epinephrine (10, 11). 

It has been reported that the hypercoagulation expressed
by short APTT correlates with poor survival in head trauma
patients and may be related to a high catecholamine values
(29-31).

Since the activation of factor XII initiates the intrinsic
coagulation cascade, the pharmacological regulation of this
factor may be a new target to control for pathological
coagulation (5).

It is important to monitor patients with shortened APTT
values and increased sympathetic activity with the aim of
preventing cardiovascular accidents, especially those with
hypertension associated with increased sympathetic activity.

Hypertensive subjects have a strong “adrenergic drive” (32)
and increased catecholamine levels (33), and it is known
that epinephrine is involved in the genesis of hypertension
(34). Such patients should be given both low anticoagulant
doses capable of prolonging APTT (35,36) and anti-
adrenergic drugs capable of counteracting the adrenergic
drive (32).

It would also be important to monitor coronary ischemic
syndrome patients with shortened APTT values and
increased MOPEG levels as there is arteriographic evidence
of coronary arterial spasm in patients with AMI (37). Alpha-
2 adrenergic activation reduces coronary blood flow by
microvascular constriction. Both alpha-1 and alpha-2
adrenergic epicardial and microvascular constrictions are
augmented by atherosclerosis and can induce myocardial
ischemia. Epinephrine-increased levels expose patients
affected by coronary artery disease (CAD) to AMI (38).

Administration of low anti-coagulant doses to prolong
APTT may prevent from secondary coagulation in subjects
with acute coronary syndrome (35, 36), and anti-adrenergic
treatment is recommended to prevent from adrenergic effects
in such patients (38).

Conclusion 

Given the limitation of the study (low number of patients),
our findings clearly demonstrate a relationship between
MOPEG levels (hypersympathetic activity) and APTT
(hypercoagulation) in AMI patients. Subjects at
cardiovascular risk with shortened APTT values and
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Figure 3. Scatter plot and linear correlation coefficient (r) between activated partial thromboplastin  time (A) and metabolite
methoxyhydroxyphenylglicol (MOPEG) (B). Spearman’s correlations. (A) r=+0.67; p<0.031. (B) r=–0.28; not significant.



increased MOPEG levels should be closely monitored, and
it is advisable to administer anti-coagulants capable of
prolonging APTT and anti-adrenergic agents to block the
effects of catecholamines on coagulation in order to prevent
cardiovascular accidents. 
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