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 No uniform guidelines exist for the postoperative pre-
vention of thrombotic complications after coronary artery 
bypass (CAB) surgery (1). Although the results from sev-
eral studies have been inconclusive, there is a concern 
regarding an increased frequency in the development of 
graft failure caused by thrombotic events in off-pump CAB 
grafting surgery (OPCAB) procedures compared with con-
ventional CAB grafting surgery (CABG) (2–4). 

 The term “hypercoagulable state” or “preserved hemosta-
sis” in response to OPCAB surgery has received consider-
able attention recently because several studies have reported 
a tendency toward an increase in graft failure attributed 
to thrombotic complications (5–8). As a result, additional 

antithrombotic prophylaxis has been instituted in most 
Nordic cardiac centers when performing OPCAB surgery, 
whereas CABG patients are treated with aspirin alone (1). 

 Most of the studies reporting on the hemostatic response 
after OPCAB surgery have focused on the first 24 hours 
postoperatively (5–8). The aim of this study was to investi-
gate hemostatic alterations in terms of clot strength, mainly 
representing platelet reactivity, as evaluated by thrombelas-
tography maximal amplitude (TEG-MA) during the first 
4 postoperative days after CABG/OPCAB surgery to 
study whether the previously reported changes persist after 
the first postoperative day. Furthermore, the aim was to 
evaluate whether OPCAB patients have higher TEG-MA 
compared with CAGB patients. 

  MATERIALS AND METHODS 

 Fifty-three consecutive patients scheduled for elective 
CAB grafting were enrolled in the study. All patients signed 

   Abstract:   Hypercoagulability has been reported after off-
pump coronary artery bypass grafting (OPCAB) compared with 
patients undergoing standard coronary artery bypass grafting 
(CABG) with cardiopulmonary bypass. The aim of this study was 
to evaluate the changes in platelet reactivity in response to car-
diac surgery, both OPCAB and CABG. Platelet reactivity was 
monitored pre- and postoperatively (days 1 and 4) in elective 
OPCAB ( n  = 29) and CABG ( n  = 24) patients using the maximal 
amplitude (MA) parameter obtained with thrombelastography. 
Platelet reactivity was also examined at 1 month in 30 of the 
53 patients. Twenty-three percent of the patients (12/53) had a 
preoperative MA value above normal reference value (MA > 69 
mm). By postoperative day 4, 88% of the patients presented with 
an MA > 69 mm, and significant increases in MA were shown in 

both groups ( p  < .0001). Of the 30 patients examined at 1 month 
after surgery, 75% of the patients with high preoperative MA 
(6/8) remained at this level. In contrast, only 4.5% of patients 
with normal preoperative MA (1/22) presented with high MA 
at day 30. MA has previously been shown to correlate with the 
incidence of thrombotic and ischemic complications and this 
study identified 23% of patients needing coronary bypass surgery 
to be at high risk for recurrent ischemic events at 1 month after 
surgery, based on the MA. These results suggest that a more 
aggressive antithrombotic treatment might be warranted for 
patients undergoing coronary artery bypass grafting, both 
OPCAB and CABG, presenting with a high MA pre- and post-
surgery.       Keywords:    off-pump, on-pump, platelets, thrombelastog-
raphy, hypercoagulability.      JECT. 2009;41:15–19 

   Platelet Hyperreactivity in Response to On- and Off-pump 
Coronary Artery Bypass Grafting 

     Louise   Bochsen  ,   MSc  ;  *     Lisbeth Bredahl   Rosengaard  ,   MD  ;  †     Allan Bybeck   Nielsen  ,   MD  ;  ‡   
  Daniel A.   Steinbrüchel  ,   MD, DMSc  ;  ‡     Pär I.   Johansson  ,   MD, MPA  *  

 *Department of Clinical Immunology,   †Department of Cardiothoracic Anaesthesia, and   ‡Department of Cardiothoracic Surgery, 
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark 

   Presented at the European Association of Cardiothoracic Anaesthesiologists (EACTA) meeting, Krakow, Poland, June 
13–16, 2007.      

Address correspondence to: Louise Bochsen, Department of Clinical 
Immunology 2032, Rigshospitalet, University of Copenhagen, Bleg-
damsvej 9, DK-2100 Copenhagen, Denmark. E-mail: louise.bochsen@rh
.regionh.dk
  The senior author has stated that authors have reported no material, 
financial, or other relationship with any healthcare-related business or 
other entity whose products or services are discussed in this paper.  



16 L. BOCHSEN ET AL.

JECT. 2009;41:15–19

an informed consent before participation, and the study 
was approved by the local Ethics Committee (December 
9, 2005) and in accordance with the Helsinki 2 Declaration. 
Patients were excluded for the following reasons: myo-
cardial infarction (MI) within the last 10 days before sur-
gery, previous cardiac surgery, severe pulmonary disorders, 
renal or liver dysfunctions, or preoperative anticoagula-
tion therapy. Twenty-nine patients undergoing OPCAB 
surgery and 24 patients undergoing CABG surgery using 
cardiopulmonary bypass were included. The surgeon 
solely decided whether a patient was operated on or off 
pump. None of the patients received aspirin or clopidogrel 
within 7 days before surgery, whereas postoperatively 
all patients received life-long treatment with aspirin (150 mg/
day) from the first day after surgery. In addition, OPCAB 
patients received Klexane, a low-molecular-weight heparin 
(LMWH; 4000 IU/day) for the first 4 days postoperatively. 

  Blood Sampling 
 Blood samples were obtained from indwelling catheters 

when possible or through direct venipuncture. The blood 
was collected into Vacutainer tubes containing 1/10 volume 
of sodium citrate 3.2% (BD Biosciences, Plymouth, UK). 
Blood was collected before surgery (preoperatively) and 
at postoperative days 1 and 4 (POD1 and POD4, respec-
tively). Additionally, blood was collected at 1 month after 
surgery from 30 of the 53 patients. Because of logistic rea-
sons, not all patients revisited after 1 month. 

   TEG Analysis 
 The blood was analyzed within 30–60 minutes from 

blood collection using the Thrombelastograph Hemostasis 
Analyzer system (Series 5000; Haemoscope Corp., Niles, 
IL) and reagents. Standard TEG analysis was performed 
by adding and gently mixing 1 mL citrated whole blood in 
a kaolin vial (Haemoscope Corp.). Within 30 seconds, 340 
µL of the kaolin-activated blood was transferred to a stan-
dard TEG cup preloaded with 20 µL .2 mol/L CaCl 2 . Data 
collection was started immediately using the TEG software 
version 4.2.3 (Haemoscope Corp.). 

   Statistical Analyses 
 Data are presented as mean with SDs or mean with 

range as appropriate. The Wilcoxon rank-sum test was used 
to compare mean values between CABG and OPCAB 
patients. The Fisher exact test was used to compare categor-
ical variables. Statistic significance was defined as  p  < .05. 

    RESULTS 

 Preoperative patient characteristics were comparable 
in the two groups with respect to age, sex, ejection frac-
tion (EF), and preoperative cardiac risk factors including 
hypertension, hypercholesterolemia, previous MI, previous 
transient ischemic attack (TIA), stroke, and EuroSCORE 

(9). Compared with patients undergoing the OPCAB pro-
cedure, CABG patients had a higher body mass index 
(BMI; 26.9 vs. 29.8 kg/m 2 ,  p  = .018, OPCAB vs. CABG, 
respectively;  Table 1 ), longer duration of surgery (139.1 vs. 
173.8 minutes,  p  = .01), more grafts (1.9 vs. 2.5,  p  = .02), and 
a higher use of cyclocaprone (tranexamic acid, an antifi-
brinolytic; 37.9% vs. 87.5%,  p  = .0003;  Table 2 ). None of 
the patients received aprotinin. There were no differences 
in perioperative bleeding, transfusion of blood products, 
intensive care unit (ICU) length of stay (LOS), or hospi-
tal LOS. One patient in each group needed re-exploration 
because of bleeding ( Table 2 ). 

 The preoperative platelet reactivity, evaluated by the 
TEG-MA, was comparable between the two groups 
( Figure 1 ).  At POD1, there was no significant change in 
TEG-MA from the preoperative value within both groups; 

OPCAB ( n  = 29) CABG ( n  = 24)  p 

Age (years) 65.4 (41–85) 65.0 (51–80) NS
Male [ n  (%)] 19 (65.5) 19 (79.2) NS
Weight (kg) 80.0 (55–128) 87.3 (70–122) NS
BMI (kg/m 2 ) 26.9 (21.2–34.7) 29.8 (24.2–39.4) .018
Hypertension [ n  (%)] 28 (96.6) 20 (83.3) NS
Hypercholesterolemia 

[ n  (%)]
29 (100) 22 (91.7) NS

Previous AMI [ n  (%)] 15 (51.7) 15 (62.5) NS
Previous TIA/stroke 

[ n  (%)]
3 (10.3) 1 (4.2) NS

Ejection fraction 52.4 (35–60) 48.3 (25–60) NS
EuroSCORE 4.5 (0–9) 5.1 (1–10) NS

    Data are presented as mean (range) unless otherwise indicated.  
    NS, not significant; BMI, body mass index; AMI, acute myocardial infarc-
tion; TIA, transient ischemic attack.  

 Table 1.   Demographic data. 

OPCAB ( n  = 29) CABG ( n  = 24)  p 

Number of grafts 1.9 (1–3) 2.5 (2, 3) .02
CPB time (minutes) — 70.8 (39–172) —
Aortic cross clamping 

(minutes)
— 46.0 (24–133) —

Priming volume (mL) — 1725 (1500–2100) —
Cyclocaprone [ n  (%)] 11 (37.9) 21 (87.5) .0003
Operation time (minutes) 139.1 (70–245) 173.8 (120–275) .01
Perioperative bleeding (mL) 504.6 (50–1600) 475.0 (100–1000) NS
Transfusions (number of 

transfused patients)
Perioperative RBC 2 1 NS
Perioperative FFP 0 0 NS
Perioperative PC 0 0 NS
Postoperative RBC 8 8 NS
Postoperative FFP 2 3 NS
Postoperative PC 1 2 NS

Reoperation ( n ) 1 1 NS
ICU stay (days) 1.0 (1, 1) 1.1 (1–3) NS
Total length of stay (days) 11.1 (6–24) 10.2 (6–27) NS

    Data are presented as mean (range), otherwise indicated.  
    CPB, cardiopulmonary bypass; NS, not significant; RBC, red blood cells; 
FFP, fresh frozen plasma; PC, platelet concentrate; ICU, intensive care unit.  

 Table 2.   Surgical and postoperative data. 
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however, between-group analysis showed a significantly 
lower POD1 TEG-MA in the CABG group compared 
with the OPCAB patients (66.3 ± 5.47 vs. 62.2 ± 4.10 mm, 
 p  < .05;  Figure 1 ). By POD4, there was a significant 
increase in the TEG-MA in both groups compared with the 
preoperative values. The TEG-MA values for CABG 
patients increased 12% (  p  < .0001) and for OPCAB 
patients increased 9% (  p  < .0001;  Figure 1 ). There was no 
difference in the magnitude of TEG-MA increase at POD4 
between groups. 

 A total of 23% (12/53) presented with a preoperative 
TEG-MA value above the normal reference range of 69 
mm, but, by POD4, 88% (46/53) had a TEG-MA > 69 mm. 
Data for the TEG-MA at POD30 were collected in 30 of 
the 53 patients. In this group, six of the eight patients (75%) 
with a high TEG-MA (>69 mm) preoperatively also pre-
sented with high platelet reactivity at POD30 compared 
with only 1 of the 22 patients (4.5%) presenting with nor-
mal platelet reactivity (TEG-MA < 69 mm and >51 mm) 
preoperatively (  p  > .0001). 

   DISCUSSION 

 The primary findings of this study are that 23% of 
OPCAB and CABG patients present with hypercoagulabil-
ity preoperatively, as evaluated by TEG-MA, and that 88% 
of OPCAB and CABG patients become hypercoagulable 
during the early postoperative period. Furthermore, the 
majority (75%) of those patients expressing platelet hyper-
reactivity before surgery, as defined as a TEG-MA above 
the upper reference level, remain hyperactive 1 month 
after surgery. Moreover, it seemed that patients showing 
a TEG-MA within the reference range preoperatively 
return to this level 1 month after surgery. 

 It is widely accepted that platelets play a pivotal role 
in the development of thrombosis (10–12). The TEG-MA 
parameter reflects the ultimate physical strength of 
the clot including the fibrin network and especially the 

contribution of platelets to clot strength (13). Consequently, 
the TEG-MA provides a measurement mainly of platelet 
function and hence offers a measure of the maximal plate-
let reactivity, i.e., the platelets’ ability to become activated, 
as discussed by Samama et al. (14). The TEG-MA param-
eter has previously been shown to correlate with devel-
opment of both thrombotic and ischemic complications. 
McCrath et al. (15) showed, in a cohort of 219 patients 
undergoing major non-cardiac surgery, that the TEG-MA 
value, evaluated 2 hours postoperatively, correlated with 
the development of thrombotic complications and acute 
MI. As mentioned, the results of this study showed that 
23% of all patients undergoing elective CAB surgery pre-
operatively present with a TEG-MA above the upper ref-
erence level of 69 mm, validated in a population of healthy 
blood donors (16). This is in alignment with Gurbel et al. 
(17), who identified a subpopulation of patients (25%) 
who presented with a TEG-MA above the normal refer-
ence range among a population of 175 patients undergo-
ing elective percutaneous coronary intervention (PCI) 
with stent implantation. It should be noted that the nor-
mal reference range of TEG in this study differs from that 
in the PCI study because citrated blood was used in this 
study compared with native samples in the study of Gurbel 
et al. (17). Furthermore, Gurbel et al. (17) also found that 
an increased TEG-MA value, both before and after inter-
vention, was associated with an increased development 
of ischemic events. Because patients undergoing PCI and 
CAB grafting have the same disease as patients undergo-
ing CABG surgery, albeit to a lesser extent, we hypothesize 
that the patients identified in this study as being hyperco-
agulable with regard to TEG-MA are at increased risk 
of developing a thromboembolic complication compared 
with those presenting with a normal TEG-MA. 

 In contrast to our findings, Poston et al. (18), using the 
TEG-MA, found only 2 of 78 (3%) OPCAB patients pre-
senting with hypercoagulability preoperatively and 10/78 
(13%) as being hypercoagulable postoperatively. It is dif-
ficult to explain the conflicting data because Poston et al. 
also used citrate stabilized whole blood, although it is not 
described in detail whether their TEG analysis included ini-
tiation with kaolin. Their sampling time points were similar 
to ours: preoperatively and postoperative measurements at 
days 1 and 3 after surgery. There seems to be no appar-
ent differences in the patient demographics compared with 
this study population, but it cannot be excluded that our 
patients had more advanced disease and hence presented 
with higher TEG-MA preoperatively. However, it is sur-
prising that only 3% of OPCAB patients but 25% of PCI 
patients, all from the Baltimore area, had a high baseline 
TEG-MA (17,18). 

 Controversy exists regarding whether or not the 
OPCAB technique results in a hypercoagulable state 
per se and therefore an increased risk of early graft failure 

  Figure 1.     TEG-MA was measured preoperatively and days 1 and 4 
postoperatively on 29 patients undergoing OPCAB and 24 patients 
undergoing conventional CABG. Data are presented as mean ± SD. * p  < 
.05, ** p  < .0001, Wilcoxon rank-sum test.    
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compared with conventional bypass surgery and whether 
OPCAB patients should be more aggressively treated with 
additional antithrombotic drugs postoperatively. Several 
studies evaluating the hemostatic response to the 
OPCAB vs. CABG procedure have focused on the first 
24-hour period postoperatively (5–8). These studies have 
shown that OPCAB patients are more hypercoagulable 
compared with CABG patients. This study found that 
OPCAB surgery did not increase platelet reactivity, in 
terms of TEG-MA, during the first 24 hours postopera-
tively; however, by POD4, a significant increase in plate-
let reactivity was shown (TEG-MA > 69 mm). Patients 
undergoing CABG surgery, on the other hand, showed a 
decrease in platelet reactivity (TEG-MA) at POD1 com-
pared with OPCAB patients, but by POD4, platelet reac-
tivity increased to the same level as OPCAB patients. 
Güden et al. (7) found no differences in TEG between pre- 
and postoperative measurements immediately after arrival 
in the ICU, in alignment with the findings of this study not 
showing any TEG-MA differences at day 1 compared with 
preoperative values. 

 Our results showed a significant increase in platelet 
reactivity for both CABG and OPCAB patients by POD4. 
These results are in alignment with that of a study by 
Paparella et al. (11) showing that both OPCAB and CABG 
patients had preserved platelet function as determined by 
in vitro bleeding time and increased thrombin formation at 
patient discharge compared with preoperative values. 

 Considerable variability in the thrombotic prophy-
laxis after OPCAB procedures exists. In a Nordic survey 
of 26 Nordic units performing OPCAB procedures, 22% 
administered aspirin alone postoperatively, 52% admin-
istered aspirin and LMWH, 9% administered aspirin and 
clopidogrel, and 17% administered a combination of the 
three (1). At our institution, OPCAB patients receive 
life-long aspirin plus LMWH for the first 4 days postop-
eratively, whereas CABG patients only receive lifelong 
aspirin therapy. The results of this study suggest that plate-
lets from both OPCAB and CABG patients are equally 
prone to hyperreactivity by POD4. Early graft failure is 
hypothesized to be related to thrombus development, of 
which platelet reactivity may be an important compo-
nent (19). The data from this study suggest that there is 
a trend toward platelet-mediated hypercoagulability after 
cardiac surgery, which in turn may be related to graft fail-
ure. We therefore suggest that both OPCAB and CABG 
patients presenting with a preoperative TEG-MA above 
the upper reference range should be considered at high 
risk for developing thrombotic complications after sur-
gery. Additionally, our data showed that the majority of 
patients presenting with high platelet reactivity returned 
to the same TEG-MA level by 1 month postoperatively, 
suggesting that these patients should not be at particular 
risk of bleeding, and consequently, we find it reasonable to 

introduce a more aggressive antithrombotic approach, not 
only for OPCAB patients but for all CAB surgical patients 
with high platelet reactivity. Based on our data support-
ing that atherosclerotic patients have hyperreactive plate-
lets, the use of LMWH as additional thromboprophylaxis 
may not be the optimal strategy, because LMWH does not 
inhibit platelet function per se. 

 Our study contained no randomization, and the scope of 
this study was not to identify the event rate of thromboem-
bolic complications nor to determine whether the upper 
normal reference range of TEG-MA is the proper cut-off 
value for thromboembolic risk stratification of patients 
undergoing CAB grafting, although these issues deserve 
further attention with more patients. It is a weakness that 
the groups do not match completely in respect to number 
of grafts, BMI, and number of patients treated with cyclo-
caprone. Despite the limitations of this study, we have no 
reason to believe that patients undergoing CAB surgery 
should be less prone to developing thromboembolic com-
plications compared with PCI patients because of plate-
let hypercoagulability (17). Our data presumably identify 
a subgroup of patients with increased platelet reactivity 
(TEG-MA) undergoing CABG and OPCAB who may 
be at increased risk for developing thromboembolic com-
plications. These patients could potentially benefit from a 
more aggressive antithrombotic treatment regimen. This 
approach needs further study in a large population, and 
the benefit of such a treatment regimen is currently being 
investigated.          
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