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Aspirin Resistance in Patients with
Saphenous Vein Coronary Bypass
Graft Occlusion

Safen Ven Koroner Baypas Greft Tikanikliginda
Aspirin Direnci

ABSTRACT Objective: Autologous saphenous veins are widely used for coronary artery bypass sur-
gery (CABG) despite a higher incidence of graft closure. Early initiation of antiplatelet drugs redu-
ces the incidence of graft occlusions. In this study, we assessed the aspirin resistance by PFA-100®
(Platelet Function Analyzer) system in the patients with saphenous vein graft (SVG) occlusion. Ma-
terial and Methods: Fourty-four patients who underwent cardiac catheterization were evaluated.
Patients were divided into two groups according to SVG patency. Patients with occluded SVG we-
re compared with patients with patent SVG in terms of clinical, angiographical and laboratory pa-
rameters. Results: Thirteen of 44 (29.5%) patients were aspirin non-responder. The number of
non-responders in patients with and without occlusion in SVG were similar (35% vs 24%, p= 0.4).
Basal characteristics and mean aperture closure time/ADP (CT/ADP), aperture closure time/epi-
nephrine (CT/EPI) values were similar in patients with occluded and patent SVGs. Hyperlipidemia
was only significantly increased the risk of SVG occlusion in multivariate analysis. There was no
significant difference between aspirin responders and nonresponders in terms of clinical parame-
ters, major cardiovascular risk factors, occlusion in SVGs in any time period. However, mean plate-
let volume, CT/EPI and CT/ADP values were higher in the non-responder group. CT/EPI was
negatively correlated with mean platelet volume and hematocrit levels. Conclusion: Aspirin resis-
tance does not seem to play an important role in SVG occlusion.
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OZET Amag: Otolog safen venler koroner arter baypas cerrahisinde, yiiksek greft tikaniklig1 insi-
dansina ragmen sikca kullanilmaktadir. Antiplatelet ilaglarin baypas sonrasi erken donemde baglan-
mas1 greft tikaniklig: insidansini azaltmaktadir. Biz bu ¢calismada, safen ven greft (SVG) tikaniklig
olan hastalarda PFA-100® (Platelet Fonksiyon Analizatérii) yontemini kullanarak aspirin direnci-
ni aragtirdik. Gereg ve Yontemler: Koroner angiografi yapilan 44 hasta incelendi. Hastalar SVG
acikligina gore 2 gruba ayrildi. SVG tikaniklig: olan hastalar, SVG'i agik olan hastalarla klinik, an-
giografik ve laboratuar parametreleri agisindan karsilagtirildi. Bulgular: Oniig (%29.5) hastada as-
pirin direnci vardi. SVG tikaniklig1 olan ve olmayan hastalardaki aspirin direnci benzerdi (%35 ve
%24, p= 0.4). Tki grup arasinda baslangig 6zelikleri ve ortalama Kollagen/ADP, Kollagen/Epinefrin
degerleri agisindan fark yoktu. Coklu degisken analizlerinde, SVG tikaniklig: riskini arttiran tek
degisken hiperlipidemi idi. Aspirin direnci olan ve olmayan iki grup klinik 6zellikler ve major kar-
diyovaskiiler risk faktorleri agisindan karsilagtirildiginda, iki grup arasinda fark yoktu. Fakat, orta-
lama trombosit hacmi, Kollagen/ADP ve Kollagen/Epinefrin degerleri aspirin direnci olan grupta
daha yiiksek idi. Kollagen/Epinefrin ile ortalama trombosit hacmi ve hemotokrit arasinda negatif ko-
relasyon vardi. Sonug: Aspirin direnci SVG tikanikliginda énemli bir rol oynamamaktadur.

Anahtar Kelimeler: Aspirin; koroner arter hastalig1; safen ven
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oronary saphenous vein-graft disease is an important factor con-
tributing to the morbidity after coronary bypass surgery (CABG).!
Early and late occlusion of saphenous vein graft is a serious clini-
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cal condition that limits the use of saphenous vein
as a coronary bypass conduit. Saphenous vein grafts
(SVGs) are closed with rate of 15% in the first ye-
ar. Between one and six years, annual graft attriti-
on rate is 1 to 25% and becomes 4 to 6% per year
after that, so about half of SVGs have significant
stenosis or are occluded after 10 years.>® Aspirin is
the cornerstone of antiplatelet therapy in cardio-
vascular medicine today. Early initiation of antip-
latelet or anticoagulant drugs reduces the incidence
of graft occlusion after coronary artery bypass sur-
gery.*® Despite the demonstrated benefits of aspirin
in coronary heart disease, a large segment of the
population underwent CABG does not benefit from
aspirin.® Aspirin resistance defined by failure to ef-
fectively inhibit thromboxane synthesis is associa-
ted with a higher risk of recurrent myocardial
ischemia and cardiovascular death.” In this study,
we assessed the aspirin resistance in patients with
SVG occlusion after CABG.

I MATERIAL AND METHODS
STUDY POPULATION

Fourty-four patients who underwent cardiac cat-
heterization because of angina and/or dyspnea we-
re evaluated. All patients had a history of CABG
with implantation of aortocoronary saphenous ve-
in grafts and had been used aspirin at dose of 150-
300 mg/day. Patients with acute or chronic
inflammatory disease, myeloproliferative disorders,
malignancy, renal, hepatic or thyroid disease and
patients treated with immunsupressive or cytoto-
xic drugs, acute coronary syndromes, a hematocrit
< 0.30 or > 0.52 and a platelet count < 100 G/L we-
re excluded. A written consent was obtained from
all patients, and our local ethical committee appro-
ved the study.

CORONARY ANGIOGRAPHY

All cineangoigrams were reviewed by two experi-
enced cardiologists, who were blinded to the pati-
ents’ clinical status and laboratory findings. The
reviewers were informed about the number and lo-
calization of SVG’s, and rewieved the cineangiog-
ram only the determine the status of grafts. The
bypass grafts were examined in multiple projecti-
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ons and the degree of stenosis was determined in
the projection that showed the most severe narro-
wing. Patients were divided into two groups accor-
ding to SVG patency. The occluded SVG was
defined 100% stenosis and patent SVG was defined
as < 20% narrowing in the graft. In patients with
occluded grafts (100% stenosis), stumps of grafts
were selectively injected or visualized on aortog-
raphy in the appropriate projection. Patients with
occluded SVGs were compared with the patients
with patent SVG.

BLOOD SAMPLING AND LABORATORY DETERMINATIONS

Blood samples were drawn from each subject, 2-4
h after aspirin intake in the morning between 8 and
10 a.m. in the fasting state. Blood was withdrawn
by antecubital venipuncture and the initial first mi-
liliters of blood were discarded to avoid spontane-
ous platelet activation. Citrated blood (0.129 M
trisodium citrate in dilution 1:10) were analyzed
for aspirin resistance by PFA-100® (Platelet Func-
tion Analyzer, Dade Behring, Germany) using col-
logen and/or epinephrine (CT/EPI) and collogen
and/or ADP (CT/ADP) cartridges to measure aper-
ture closure time (CT). Aspirin resistance was defi-
ned as CT/EPI <186 s. Total cholesterol, HDL
cholesterol and trigliseride levels were measured
enzymatically by the autoanalyzer (Hitachi 911, Ja-
pon). LDL cholesterol levels determined with Fri-
edewald formula.

STATISTICAL ANALYSES

Results are reported as mean + standard deviation
(SD) and percentiles. Student’s t-test was used to
compare normally distributed continuous variab-
les and the Mann—Whitney U test for variables wit-
hout normal distribution. Categorical variables
were compared by using x? test. In order to deter-
mine independent predictors of late saphenous ve-
in graft occlusion, multiple logistic regression
analysis was performed by including major risk fac-
tors atributable to atherosclerosis. Spearman corre-
lation analysis was used to evaluate the relationship
between different variables. A value of p< 0.05 was
considered as statistically significant. SPSS-10.0 for
Windows statistical software package program was
used for statistical analyses.
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I RESULTS

This study included 44 patients (34 males, 10 fe-
males, ages ranged between 41 and 77 years). Of
44 patients, 13 (29.5%) were aspirin non-respon-
der. The rate of non-responder patients in two gro-
ups were similar (35% vs 24%, p= 0.465). The time
between surgery and control coronary angiog-
raphy ranged between 5-192 months. There was
no difference between both groups concerning
age, gender, body masss index, time interval after
surgery, major cardiovascular risk factors such as
hyperlipidemia (HL), hypertension (HT), diabetes
mellitus (DM), smoking, medical treatment inclu-
ding daily aspirin dosage, myocardial infarction
(MI) history or left ventricle ejection fraction
(Table 1). Furthermore, among laboratory para-
meters, white blood cell and platelet counts, he-
matocrit (Htc), mean platelet volume (MPV),
fibrinogen and cholesterol levels, graft numbers,
mean CT/ADP, CT/EPI values and rate of respon-
se to aspirine were similar in two groups (Table 2).
However, on multivariate logistic regression
analysis, among major risk factors atributable to
atherosclerosis, only hyperlipidemia was found as
an independent variable that significantly increa-

sed the risk of aortocoronary saphenous vein graft
occlusion.

When aspirin responders were compared with
nonresponders (aspirin resistant), there was no signi-
ficant difference between both groups in terms of cli-
nical parameters, major cardiovascular risk factors,
medical treatments, aspirin dosages or occlusion rate
in saphenous vein coronary grafts in any time period.
However, mean platelet volume, CT/EPI and
CT/ADP values were higher in non-responder group
when compared to responder group (Table 3).

Mean CT/ADP and CT/EPI values were simi-
lar in patients with stenosis in saphenous vein
grafts <12 months after surgery and those with pa-
tent saphenous grafts > 12 months after surgery.
There was no difference in mean CT/ADP and
CT/EPI values when the patients with stenosis in
saphenous grafts < 12 months and > 36 months
were compared with each other or with those wit-
hout stenosis in saphenous vein grafts (Table 4).

On correlation analysis, CT/ADP was found to
be negatively correlated (r= -0.4, p= 0.003) with
age. In addition, CT/EPI was negatively correlated
(r=-0.5, p= 0.024) with mean platelet volume and
with hematocrit levels (r=-0.2, p= 0.042).

TABLE 1: Baseline characteristics of patients with saphenous vein graft stenosis and non-stenosis.
Non-stenosis group (n = 21) Stenosis group (n = 23) p value
Age (years) 631+ 9.6 651+ 87 0,515
Male/female 16/5 18/5 0.534
BMI (kg/m?) 263+ 5.4 257+ 4.9 0.618
Time interval after surgery (months) 52.8+37.2 68.2 + 57.6 0.327
Hypertension 10 (48%) 12 (52%) 0.739
Diabetes mellitus 7 (33%) 6 (26%) 0.502
Smoking 5 (24%) 6 (26%) 0.712
Hyperlipidemia 16 (76%) 14 (61%) 0.111
History of myocardial infarction 7 (33%) 7 (31%) 0.546
Ejection fraction (%) 51.1+ 131 493+ 11.7 0.429
Aspirin dose {mg/day) 209.5 + 109.1 2474+ 90.5 0.214
Beta-blockers 18 (86%) 17(74%) 0.502
ACE inhibitors 13 (62%) 13 (57%) 0.610
Statins 11 (52%) 10 (44%) 0.508
Nitrates 10 (48%) 9 (39%) 0.228

BMI: body mass index, ACE: angiotensin converting enzyme.
Values are mean + SD and percentiles.

P values are based on the student t test and Mann-Whitney U test for continuous variables and on the x? test for categorical variables.
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TABLE 2: Compared laboratory findings of patients with saphenous vein graft stenosis and without stenosis.
No-stenosis group (n = 21) Stenosis group (n = 23) p value

Hematocrit (%) 43128 433+ 25 0.617
White blood cells (nl") 81+23 8027 0.762
Platelets 233.8+53.6 2474 + 90.5 0.214
Mean Platelet Volume (fl) 11.0+0.9 108+ 1.0 0.446
Fibrinogen (mg/dl) 35+ 13 43+24 0.234
Total cholesterol (mg/dl) 234.7+ 58.3 238.8+ 422 0.406
LDL cholesterol {mg/dl) 147.9 £ 52.6 156.7 = 31.3 0.117
HDL cholesterol (mg/dl) 392+72 355+ 6.6 0.230
Trigliserid {mg/dl) 166.5 £ 62.2 183.7 £ 123.3 0.306
Graft number 1.5+ 05 19+08 0.062
Patients with one or multipl saphenous vein grafts

One 15 (47%) 17 (49%) 0.368

Two 16 (50%) 16 (46%) 0.478

Three or more 1(3%) 2 (5%) 0.583
Intemal mammary artery graft 17 (%) 18 (%) 0.818
CT/ADP 98.1+47.8 94.6 +54.9 0.880
CT/EPI 219.9+77.9 2401 £ 728 0272
Aspirin non-responders 5 (%24) 8 (%35) 0.465

LDL: low density lipoprotein, HDL: high density lipoprotein, CT/EPI: closure time for collagen/epinephrine, CT/ADP: closure time for collagen/adenosine diphosphate

Values are mean + SD and percentiles.

P values are based on the student t test and Mann-Whitney U test for continuous variables and on the X2 test for categorical variables.

I DISCUSSION

Autologous saphenous veins are widely used for
CABG despite a higher incidence of early and late
graft closure.! Four consecutive phases of aortoco-
ronary bypass saphenous vein-graft disease were
defined:® 1) an early postoperative phase of platelet
thrombotic occlusion which is significantly preven-
ted by platelet inhibitor therapy when started in the
perioperative period and accompanied with a good
surgical and technical experience; 2) an intermedia-
te phase of platelet-related intimal hyperplasia wit-
hin the first postoperative year which is not
prevented with anti-platelet therapy; 3) a late pha-
se of occlusion toward the end of the first year in
which intimal hyperplasia and complicated platelet
thrombi superimposed and platelet inhibitor therapy
is of significant benefit in prevention, 4) a phase of
atherosclerotic disease after the first year in which
aspirin treatment is beneficial although there are co-
me controversies about the duration.’

Several factors affect the fate of SVGs such as
smoking,'” hyperlipidemia, recipient artery dia-
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meter,'!® and hypertension.”® Some hemostatic
factors such as factors VII and VIII, fibrinogen and
tissue plasminogen activator are related to graft oc-
clusion and the assessement of these factors may
contribute to the identification of individuals at
risk for an early vein graft closure.' Recently, Zim-
mermann et al.’®> demonstrated that platelet activa-
tion by aspirin is compromised within several days
after CABG probably due to an impaired interacti-
on between aspirin and platelet cyclooxygenase.

Aspirin exerts its antithrombotic effect prima-
rily by interfering with the biosynthesis of thrombo-

1617 and several studies have demonstrated

xane A,
beneficial role of aspirin in primary or secondary
prevention heart disease.!®!® However, aspirin’s an-

tiplatelet effect is not uniform in all patients.?’

Aspirin resistance, as defined by failure to ef-
fectively inhibit thromboxane synthesis, is associ-
ated with a higher risk of recurrent myocardial
ischemia and cardiovascular death,” as well as re-
current cerebral ischemic attacks.?’ Gum et al.? re-
ported that aspirin resistance was associated with

Turkiye Klinikleri ] Med Sci 2010;30(2)
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TABLE 3: Characteristics of the aspirin responder and non-responder groups.

Non-responders (n=13)
Age (years) 65.1+88
Male/female 9/4
BMI {kg/m?) 258+ 64
Time interval after surgery (months) 65.0 + 58.7
Hypertension 7 (54%)
Diabetes mellitus 5(39%)
Smoking 4 (31%)
Hyperlipidemia 8 (62%)
History of myocardial infarction 4(30%)
Ejection fraction (%) 47.3+ 181
Aspirin dose {mg/day) 2455 £ 934
Beta-blockers 9 (69%)
ACE inhibitors 9 (69%)
Statins 6 (46%)
Nitrates 5 (39%)
Hematocrit (%) 441122
White blood cells (nl-1) 8.0£32
Platelets 238.6 + 59.6
Mean Platelet Volume (fl) 11.1+0.810
Fibrinogen (mg/dl) 39+14
Total cholesterol (mg/dl) 240.2 + 48.3
LDL cholesterol (mg/dl) 149.9 + 62.6
HDL cholesterol {mg/dl) 37.4+£92
Trigliseride (mg/dl) 170.8 £ 70.2
Graft number 1.8+08
Occlusion in saphenous grafts (%) 8 (62%)
Occlusion <12 months (%) 4(31%)
Occlusion >36 months (%) 3(23%)
CT/EPI 1229+ 26.3
CT/ADP 76.5+10.7

Responders (n=31) p value
637+ 9.3 0.145
25/6 0.565
249+ 59 0.584
58.2 + 44.3 0.734
14 (45%) 0523
8 (26%) 0.543
7 (23%) 0.767
22 (711%) 0.754
6 {19%) 0.224
52.4 +14.7 0.118
220.7 £ 104.8 0424
26 (79%) 0.442
17 (55%) 0.368
15 (48%) 0.585
14 (45%) 0.794
428+2.6 0.116
81£29 0.654
2424 + 82.5 0.442
212 0.032*
3821 0.852
231.8 + 54.1 0.424
151.9+41.3 0.516
365+ 7.1 0.584
177.9+100.3 0.422
1.6+£07 0.511
15 (48%) 0.316
6 {19%) 0.556
7 (22.5%) 0.824
2733+ 40.9 0.001*
103.1 £ 56.9 0.022*

BMI: body mass index, ACE: angiotensin converting enzyme, LDL: low density lipoprotein, HDL: high density lipoprotein, CT/EPI: closure time for collagen/epinephrine, CT/ADP: clo-

sure time for collagen/adenosine diphosphate.
Values are mean + SD and percentiles.

P values are based on the student t test and Mann Whitney-U test for continuous variables and on the 2 test for categorical variables.

* statistically significant.

4.1-fold excess adjusted hazard of serious vascular
events, independent of age, gender and conventio-
nal vascular risk factors. Additionally, the inciden-
ce of aspirin resistance ranges between 5-61%
depending on timing and technique of examinati-
on, time of the last aspirin intake, dose of aspirin as

well as heterogenecity of patient population.”2

Aspirin resistance may be a consequence of
following mechanisms:?*3? 1) nonadherence to as-
pirin; 2) requirement for higher doses of aspirin; 3)

Turkiye Klinikleri ] Med Sci 2010;30(2)

alternative upstream pathways of platelet activati-
on that are not blocked by aspirin; 4) aspirin-in-
sensitive thromboxane synthesis; 5) drugs that
interfere with the antithrombotic effects of aspirin;
6) platelet glycoprotein polymorphism.

Grotemeyer et al.” found that patients with el-
evated platelet reactivity despite aspirin were mo-
re likely to experience vascular death, MI or
cerebrovascular accident. Andersen et al.** demon-
strated that P-selectin but not f-thromboglobulin
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TABLE 4: Comparison of CT/ADP and CT/EPI values of the patients with occlusion in SVG <12 months after surgery with
occlusion>12 months and comparison of the patients with occlusion<12 months and >36 months with those without
stenosis in saphenous vein grafts.

Occlusion < 12 months (n=10) Occlusion > 12 months (n=13) p value
CT/ADP 97.2+ 374 93.7+61.2 0813
CT/EPI 234.6 + 72.1 2382+ 824 0.834
Occlusion < 12 months {n=10) No-stenosis group (n=21)
CT/ADP 97.2+ 374 98.1+478 0.724
CT/EPI 234.6 + 72.1 219.9+77.9 0.546
Occlusion > 36 months (n=10) No-stenosis group (n=21)
CT/ADP 95.9 + 66.1 98.1+478 0818
CT/EPI 2305+ 795 219.9+77.9 0.525

CT/EPI: closure time for collagen/epinephrine, CT/ADP: closure time for collagen/adenosine diphosphate.

Values are mean + SD.
P values are based on the Mann Whitney-U test for continuous variables.

was significantly higher in the non-responders sug-
gesting increased activation of platelets in this gro-
up. Similarly, we found higher mean platelet
volumes reflecting more reactive platelets® in non-
responders. Moreover, CT/EPI was negatively cor-
related with MPV contributing to the hypothesis
that there is an increased activation of platelets in
patients with aspirin resistance. In the same way,
Gavaghan et al.®* found increased plasma beta-
thromboglobulin in patients with coronary vein
graft occlusion and suggested that patients at high-
est risk for saphenous bypass graft occlusion might
be identified preoperatively by the evidence of pla-
telet activation. Therefore, it may be suggested that
aspirin resistance may play a role in occlusion of
SVGs. However we found that there was no signi-
ficant difference in occlusion of SVGs between as-

pirin responders and non-responders. It may be du-
e to the fact that pathogenesis of saphenous aorto-
coronary vein graft disease is multifactorial and
hemostatic factors are only one of them.

In conclusion, aspirin resistance does not play
an important role in aortocoronary saphenous ve-
in graft occlusion. However, further and larger stu-
dies are required.

STUDY LIMITATIONS

The most important limitation of our study is the
small number of patients in both groups. Some may
argue about the cut-off level for CT/EPI in our la-
boratory since it was lower than reported previo-
usly by Christiaens et al.” and Andersen et al.,*
however it was higher than defined by Grundmann
et al.?! and Watala et al.*®
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