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SUMMARY

Introduction Activation of haemostasis during physical stress or during myocardial ischemia could be an important
mechanism to trigger coronary and stent thrombosis. We examined changes in haemostatic parameters and its asso-
ciation with myocardial ischemia during adenosine-exercise-SPECT (adeno-EX) stress test in coronary patients at least
4 months after coronary stenting.

Objective The aim of this study was to examine relationship between changes in haemostatic parameters and stress
induced myocardial ischemia quantified by perfusion scintigraphy in stented coronary patients.

Methods Thirty-seven patients on dual antiplatelet therapy (26 on clopidogrel plus aspirin and 11 on aspirin only) 4-8
months after successful intracoronary stentimplantation were enrolled in the study. We determined the levels of plate-
let aggregability (PA) on ADP (PA-ADP) and epinephrine (PA-EPI), beta-thromboglobulin, platelet factor-4, protein C (PC)
and antithrombin (AT) before and 15 minutes after intravenous injection of 150 pu/kg adenosine for 4 minutes concom-
itant with supine ergo-bicycle exercise test for 50 W. The size of stress perfusion defect was measured 15 minutes after
stress and in rest 4 hours later by **™Tc-tetrofosmin single photon emission computed tomography (SPECT) within 17
myocardial segments.

Results There were no differences between haemostatic parameters before and after stress. A significant myocardial
ischemia after exercise was registered in 12 patients on combined antiaggregation therapy and in 5 patients on aspi-
rin. In this preliminary report, because of a small number of patients in the aspirin group we did not analyse difference
in the levels of haemostatic markers and their correlations with the size of perfusion defect. The only significant differ-
ence between measured haemostatic parameters in the patients with stress induced ischemia compared to the patients
without it, was a lower level of AT activity after stress (81.0% vs. 87.5%; p=0.027). Antithrombin activity before stress had
significant negative correlation with the size of perfusion defect in rest (R?=0.219; p=0.016) and PC activity before stress
had significant linear correlation with stress perfusion defect (R?=0.248; p=0.010).

Conclusion Baseline activities of natural anticoagulant proteins AT and PC are associated with the size of myocardial
perfusion defect during adeno-EX-SPECT test. Patients with significant stress-induced ischemia had lower levels of AT
activity after stress.

Keywords: single photon emission computed tomography (SPECT); adenosine exercise stress test; platelets; protein
C; antithrombin

INTRODUCTION

Both physical and mental stress can provoke myocar-
dial ischemia in patients with coronary stenosis and
even plaque rupture or erosion with subsequent intra-
coronary thrombus formation and the development
of myocardial infarction [1]. Stress causes increase
of oxygen demand and procoagulant state. Balance
between coagulation and anticoagulation system can
be of crucial importance for the outcome of plaque
rupture or endothelial denudation caused by a stress
event [2]. Elevated levels of fibrinogen and D-dimer
have a prognostic value in patients with proven coro-
nary artery disease in predicting cardiovascular death
even after adjustment for conventional risk factors and

C-reactive protein level [3]. Enhanced platelet reactivity
and activity of several coagulation factors together with
down-regulation of anticoagulant and fibrinolytic system
are closely connected with several risk factors in coro-
nary patients, which can trigger thrombus formation
and myocardial infarction [4]. Furthermore, patients
with acute coronary syndrome, especially myocardial
infarction, have pronounced procoagulable state, with
increased markers of platelet activation and thrombin
generation and suppression of fibrinolytic system [5, 6].

The association of stress induced myocardial isch-
emia quantified by state of art perfusion scintigraphy
imaging and changes in platelet function and other
haemostatic parameters in coronary patients have not
been established till now.



OBJECTIVE

The goal of this study was to establish if there is any rela-
tionship between changes in the platelet activity, coagula-
tion and anticoagulation system during adenosine-exer-
cise induced myocardial ischemia measured by perfusion
scintigraphy with a ®™Technecium-sestamibi (*™Tc-MIBI)
radiotracer in coronary patients submitted to percutaneous
coronary intervention with stenting 4-6 moths before testing.

METHODS
Subjects

Thirty-seven patients who underwent adenosine-exercise
myocardial perfusion scintigraphy stress test at least 3 months
after coronary stenting for acute coronary syndrome were
enrolled in the study. All patients were on chronic aspirin
therapy 100 mg per day, and 26 of them received 75 mg
of clopidogrel daily. The main characteristics of patients
are presented in Table 1. Only 5 patients had mild effort
angina and all others were asymptomatic.

Stress test

Single photon emission computed tomography (SPECT)
was performed after 30 minutes in rest with a *™Tc-MIBI
(740 MBq) radiotracer administered at the end of the second
minute of the combination of adenosine (150 ug/kg) for
4-minutes intravenous bolus injection concomitant with
a low level of exercise on the ergo-bicycle in supine posi-
tion (50 W for 4 minutes). Imaging started 15 minutes after
stress by an Orbiter Siemens gamma camera. The second
imaging was performed at rest 3-4 hours after the stress
with 370 MBq of #™Tc-MIBI iv. bolus (imaging started 30
minutes after administration of radiotracer).

The quantification of myocardial perfusion defect was
measured using the AutoQuant Software, within 17 myocar-
dial segments and was shown as a total percentage of perfu-
sion defect (uptake of radiotracer less than 50%) or using
the sum of four-graded scoring across the segments (1 -
normal perfusion; 2 — mild; 3 - moderate; and 4 - severe
decrease of radiotracer uptake). Significant ischemia was
defined as the difference of both total perfusion defects by
more than 5% and scoring sum by more than 5 between
rest and stress imaging (stress score — rest score 25%).

Haemostatic parameters

Venous blood was sampled in tubes containing 3.8%
sodium citrate from an antecubital vein under minimal
stasis after 30 minutes of rest and just before stress test
and 15 minutes after the stress (4 minutes exercise plus
adenosine bolus injection). Platelet-rich plasma (PRP) was
obtained by centrifugation at 150x g for 10 minutes at room
temperature. The platelet aggregation response to ADP (20
pmol/l) was recorded 5 min. after addition of the agonist
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using an aggregometer from BCT-system (Dade-Behring,
Germany). For the determination of protein C (PC) and
antithrombin (AT) activity, as well as p-thromboglobulin
(BTG) and platelet factor-4 (PF4) concentrations, platelet
poor plasma (PPP) was obtained from the citrated samples
with 2000x g centrifugation for 15 minutes at room temper-
ature and aliqouots were frozen at -80C° till the time of
final measurement. Protein C and antithrombin activity
were determined by colorimetric assays (Berichrom, Dade-
Behring, Germany). BTG and PF4 were assayed in plasma
by enzyme immunoassay (Boehringer-Mannheim kits
Asserachrom bTG and Asserachrom PF4, respectively).
All procedures were performed according to the instruc-
tions from the manufacturer.

Statistics

Since this is a preliminary report with a relatively small
number of participants and some variables had normal
and some abnormal distribution assessed by Kolmogorov-
Smirnov test, we decided to present non-parametric statis-
tics for the description of data (median and interquartile
range as 25-75 percentiles) and we used Wilcoxonss test for
the comparison of haemostatic parameters before and after
stress. Linear correlation was performed using variables
with normal distribution. The value p<0.05 was consid-
ered to indicate significance.

RESULTS

The baseline characteristics of the patients are shown on
Table 1. The patients on clopidogrel and aspirin therapy
had increased heart rate during test from 62+11 beats/
min to maximum of 116£15 beats/min at the end of test.
A similar increase of heart rate was noticed in the aspirin
group. Because of the small number of patients, especially
in the aspirin group, in this preliminary report we did not
compare demographic parameters between the two groups.
There were no significant changes of haemostatic param-
eters after stress (Table 2).

Significant ischemia was induced in 12 patients on clopi-
dogrel plus the aspirin group and 5 patients on aspirin only.
There was no difference between platelet aggregability and
markers of platelet activation between the patients with

Table 1. Baseline characteristics of study population

Clopidogrel -
Parameter + Aspirin Aspirin
Number of patients
(male/female) 26 (19/7) 11(10/1)
Mean age (years) 57 (33-76)* 55 (28-69)*

Mean BMI (kg/m?) 26.6 (20.5-31.0)* | 26.2 (23.8-29.5)*

Hypercholesterolemia (n) 19 7
Treated hypertension (n) 13 7
Active smokers (n) 4 1
Diabetes (n) 6 2
Previous infarction (n) 19 7

*range; n - number
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Table 2. Haemostasis parameters before and 15 minutes after stress (median value and IQR in parentheses)

Haemostatic parameters

Clopidogrel + Aspirin

Aspirin

Before stress

After stress Before stress After stress

Platelet aggregability on ADP 37.1(13.7-56.3)

38.2(30.0-55.3)

64.4 (45.5-72.0) 70.5 (46.7-76.0)

Platelet aggregability on EPI 35.2(29.0-47.4)

36.7 (31.7-43.7)

39.0 (32.3-42.9) 33.0(29.6-39.5)

Protein C activity 110.0 (99.0-122.0)

109.5 (100.0-117.0)

113 (109.0-124.0) 114.0 (104.0-127.0)

Antithrombin activity 87.0 (84.0-89.0)

87.0 (82.0-89.0)

92.0 (86.0-96.0) 91.0 (87.0-93.0)

Platelet factor 4 50.0 (45.0-50.0)

50.5 (45.0-59.0)

48.0 (45.0-50.0) 49.0 (45.0-59.0)

Beta-thromboglobulin 100.0 (77.0-105.0)

96.0 (80.0-100.0)

100.0 (95.0-105.0) 100.0 (94.0-105.0)

* none of the values were statistically significant

and without ischemia in both groups. In the clopidogrel
plus aspirin group and in all patients antithrombin activity
after stress was significantly lower in the patients with isch-
emia (Graphs 1 and 2).

In the clopidogrel + aspirin group both PC and AT
activity showed significant but opposite linear correlation
with the size of perfusion defect in rest and stress, respec-
tively. AT activity before stress had the best negative corre-
lation with the size of rest perfusion defect (Graph 3), and
PC activity before stress had the strongest positive correla-
tion with stress perfusion defect (Graph 4). Other haemo-
static parameters did not show significant linear correla-
tion with the size of perfusion defect either in rest or stress
SPECT (Table 3).

DISCUSSION

In our study pharmacological-exercise stress test with
adenosine plus a concomitant mild physical exercise
did not influence the measured haemostatic parameters,
but induced significant myocardial ischemia in 16/37
patients. In these patients we found lower levels of anti-
thrombin activity. Such event mimicked unstable angina
as a mismatch between myocardial perfusion and needs. In
this situation thrombin generation was raised during acute
myocardial ischemia [7] and the activity of antithrombin
lowered very probably due to the consumption of this anti-
coagulant protein [8] and its capture in the microcircula-
tion of ischemic myocardium. Since there was no differ-
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Graph 1. Antithrombin activity after exercise and ischemia on SPECT-
stress test in patients on clopidogrel and aspirin therapy

Graph 2. Antithrombin activity after exercise and ischemia on SPECT-
stress test in all patients
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Graph 3. Linear correlation between antithrombin activity before
stress and the size of perfusion defect on rest-SPECT in patients on
clopidogrel and aspirin therapy

Graph 4. Linear correlation between protein C activity before stress
and the size of perfusion defect on stress-SPECT in patients on clo-
pidogrel and aspirin therapy
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Table 3. Linear correlation between haemostasis parameter and the size of perfusion defect in rest and stress (SPECT)

. Rest perfusion defect Stress perfusion defect
Haemostatic parameters
R? p R? p
. Before stress 0.022 NS 0.031 NS
Platelet aggregability on ADP
After stress 0.003 NS 0.007 NS
. Before stress 0.002 NS 0.001 NS
Platelet aggregability on EPI
After stress 0.053 NS 0.032 NS
. . Before stress 0.176 0.033 0.248 0.010
Protein C activity
After stress 0.095 NS 0.160 0.043
. . . Before stress 0.219 0.016 0.172 0.035
Antithrombin activity
After stress 0.081 NS 0.049 NS
Before stress 0.047 NS 0.066 NS
Platelet factor 4
After stress 0.089 NS 0.021 NS
. Before stress 0.031 NS 0.101 NS
Beta-thromboglobulin
After stress 0.019 NS 0.021 NS

ence between antithrombin level change during adenosine-
exercise challenge in the patients with and without stress
induced ischemia, our results support the hypothesis that
antithrombin levels are predetermined very probably with
repeated attacks of myocardial ischemia. Neither aspirin
[9] nor clopidogrel [10] could inhibit the development of
procoagulant state and platelet activation during exercise
and this decrease of antithrombin levels probably mirrored
the defensive mechanism in such situation.

Lower activity of protein C and antithrombin predict
ischemic events in patients with acute coronary syndrome
without ST segment elevation [11]. However, it is unknown
if this parameters are somehow changed after myocardial
infarction and how lower ejection fraction can influence
the activity of anticoagulant proteins activity. Our results
show that antithrombin and protein C levels correlate
with myocardial perfusion at rest and stress. The myocar-
dial perfusion defect at rest represents the size of irrevers-
ible myocardial damage by the pervious infarction and the
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MpomeHe y TPOMOOLUTUMA U AKTUBHOCTM aHTUKOAryNAaHTHUX NPOTEMHA
TOKOM aZleHO3UHCKe Bexbe 33 ucnutuBare cTpeca — CUMHTUrpadCcku npernes,
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KPATAK CAZIPXKAJ

YBop AKTMBaLMja XeMOoCTa3e TOKOM r3mnyKe akTUBHOCTY WU UC-
Xemuje MoKapaa Moxe 6UTI BaxaH MexaH13aM 3a HaCTaHak TPOM-
603e cTeHTa. cnuTiBanu cMo npomeHe napameTapa XeMocTase 1
FoUXOBY Be3Y C MCXEMWjOM MUOKapfa TOKOM KOMOMHOBAHOT afjeHo-
3MHCKOT 1 GU3NYKOr cTpec-cunHTUrpadcKor npernega (adeno-EX-
SPECT) kop, 6onecHvKa ¢ ucxemujckom bonelhy cpua Hajmarbe ye-
TUPY MeceLa HakoH MHTPaKOPOHapHe yrpafkbe CTeHTa.

Lum papa Linmb ucnutuBatba je 610 fja ce Ha OCHOBY nepdy3mno-
He cuuHTMrpaduje yTBpaM ogHoc n3mehy npomeHa napameTapa
XeMoCTase 1 Ucxemmje MoKapaa n3a3BaHe CTPecom Kop Kopo-
HapHWX 6ONECHIKA Ca CTEHTOM.

MeToge paga Y cTyamjy je ykibyueHo 37 6onecHuKa Ha aHTmarpe-
ralMoHoj Tepanuju — 26 Ha KNnonuaorpeny 1 aueTuncanmiuyuiHoj
kncenuuu (AK) n 11 camo Ha AK - 4-8 meceLin HaKoH ycneluHe NmM-
nnaHTaLuje KopoHapHor cteHTa. OgpehrBaHu cy arperabunHoct
TpombouuTa Ha ageHo3nHandocdat (ADP) n enmHedprH 1 HUBO
6eta-TpombornobynHa, TpomboLnTHOT GpakTopa 4, npotenHa C
1 QHTUTPOMOUHA MNpe 1 15 MUHYTa HaKOH YeTBOPOMUHYTHE WH-
TpaBeHcKe nHjekuuje 150 u/kg aneHo3nHa y3 ontepeherbe Ha ep-
robuumkny og 50 W. Bennunta mnokapgHe nepdysuje ogpehusa-
Ha je 15 MMHYTa HakoH onTepehetba, a BennumuHa nepdysuje y mu-
pOBatby YeTVPK caTa KacHuje CLMHTUrPadUjoM C TEXHELIMjyMOM-
99m (*™Tc) n TeTpado3mmHoM (eHrn. single photon emission com-

puted tomography - SPECT) yHyTap 17 cermeHara.

Pesyntatn Huje 6uno 3HauajHe pa3nvke nsmehy napametapa xe-
MocTa3e npe 1 nocne ontepehera. 3HauajHa ncxemmja MUOKap-
[Aa je 3abenexeHa Ko 12 6onecHrKa Ha KOMOMHOBAHO] aHTHarpe-
raunoHoj Tepanuju 1 net Koju cy npumanu AK. 36or manor 6po-
ja ncnutanuka Koju cy npumanm AK, y Toj rpynu Huje paheHa ko-
penaumja nokasare/ba XeMocCTase 1 Ucxemuje muokapga. Jegu-
Ha 3HayajHa pasnuka n3mehy ncnuTaHmka ¢ MMOKapAHOM MCxe-
MUjOM 1 OHVX 6€3 He buna je cnabuja akTMBHOCT aHTUTPOMOU-
Ha Kof 6onecHKa C MCxeMmrjom HakoH TecTa (81,0% npema 87,5%;
p=0,027). AKTUBHOCT aHTUTPOMOUHA 1 NpoTenHa C npe cTpeca
MMana je 3HayajHy HeraTBHy Kopenauujy ¢ BeMynHom nepdysu-
oHor owTehera Ha cTpec-cLuMHTUrpaduju Muokapga (R?=0,219,
p=0,016; n R?=0,248, p=0,010).

3aksbyyak OCHOBHE aKTUBHOCTW MPUPOAHNX aHTUKOArynaHTHNX
npoTenHa (@HTUTPOoMOUHa 1 npoTeunHa C) MoBe3aHe Cy C BeNNYN-
HOM nepdy3noHor owTeherba 13a3BaHOr CTPECOM Ha CLIMHTUIPa-
dunjn mmokappaa. bonecHuLM C OTKPUBEHOM 3HaUYajHOM MCXeMU-
JOM MrOKapAa TOKOM CTpeca UMajy Makby akTUBHOCT aHTUTPOM-
6uHa npe TecTa og 6onecHuKa 6e3 ncxemuje.

KmbyuHe peun: dusmnyku ctpec-cumHTUrpadcki npernep (adeno-
EX-SPECT); afieHO3MHCKe BeX6Oe 3a MCMUTKBakbe CTPeca; TPOMb0o-
umnTK; NpoTenH C; aHTUTPOMOUH

Slobodan OBRADOVIC

Clinic of Emergency Internal Medicine, Military Medical Academy, Crnotravska 17, 11000 Belgrade, Serbia

Email: sloba.d.obradovic@gmail.com



