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Objective: Objective platelet function assessment after cardiac surgery can predict postoperative blood 
loss, guide transfusion requirements and discriminate the need for surgical re‑exploration. We conducted 
this study to assess the predictive value of point‑of‑care testing platelet function using the Multiplate® device. 
Methods: Patients undergoing isolated coronary artery bypass grafting were prospectively recruited (n = 84). 
Group A (n = 42) patients were on anti‑platelet therapy until surgery; patients in Group B (n = 42) stopped 
anti‑platelet treatment at least 5 days preoperatively. Multiplate® and thromboelastography (TEG) tests 
were performed in the perioperative period. Primary end‑point was excessive bleeding (>2.5 ml/kg/h) 
within first 3 h postoperative. Secondary end‑points included transfusion requirements, re‑exploration rates, 
intensive care unit and in‑hospital stays. Results: Patients in Group A had excessive bleeding (59% vs. 
33%, P = 0.02), higher re‑exploration rates (14% vs. 0%, P < 0.01) and higher rate of blood (41% vs. 14%, 
P < 0.01) and platelet (14% vs. 2%, P = 0.05) transfusions. On multivariate analysis, preoperative platelet 
function testing was the most significant predictor of excessive bleeding (odds ratio [OR]: 2.3, P = 0.08), 
need for blood (OR: 5.5, P < 0.01) and platelet transfusion (OR: 15.1, P < 0.01). Postoperative “ASPI test” 
best predicted the need for transfusion (sensitivity ‑ 0.86) and excessive blood loss (sensitivity ‑ 0.81). TEG 
results did not correlate well with any of these outcome measures. Conclusions: Peri‑operative platelet 
functional assessment with Multiplate® was the strongest predictor for bleeding and transfusion requirements 
in patients on anti‑platelet therapy until the time of surgery. Study registration: ISRCTN43298975 (http://
www.controlled‑trials.com/ISRCTN43298975/).
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ABSTRACT

hence, anti‑platelet therapy is often continued 
until the day of surgery.[2‑5] Besides, patients 
who had recent percutaneous coronary 
intervention (PCI) need to continue anti‑platelet 
medications until the day of surgery to prevent 
stent thrombosis.[2‑5]

However, patients who are still on anti‑platelet 
drugs are at an increased risk of postoperative 
bleeding.[2,6‑8] Transfusions of blood and blood 

INTRODUCTION

Patients suffering from coronary artery disease 
are usually advised to stop anti‑platelet 
medication a few days prior to coronary 
artery bypass graft surgery (CABG) to 
reduce the incidence of postoperative 
bleeding.[1] However, discontinuation of 
anti‑platelet therapy increases the risk 
of early graft thrombosis after CABG and 
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products have got deleterious effects, and hence efforts 
should be made to minimize transfusion.[9‑12] Currently, 
the transfusion of blood and blood components to 
manage postoperative bleeding after CABG remains 
largely empirical, with considerable variation among 
institutions.[9,13]

Algorithm‑based hemostatic therapy has been shown 
to be superior to empiric hemostatic therapy that 
is based on clinical judgment.[9‑13] Hence, there 
is a need to have objective tests to demonstrate 
platelet dysfunction before platelet transfusion.[9,13] 
Several platelet function tests have been reported in 
clinical studies to evaluate platelet dysfunction and 
quantify the need for anti‑platelet therapy.[2,9] The 
recently introduced point‑of‑care (POC) machine, the 
Multiplate® analyzer (Multiplate®, Roche Diagnostics, 
Mannheim, Germany), allows objective evaluation of 
platelet aggregation after using agonists by detecting 
changes in electrical resistance in whole blood.[14,15]

We hypothesized that objective measurement of platelet 
function after cardiac surgery can be useful in prediction 
of postoperative blood loss and in guiding postoperative 
transfusion requirements (blood and platelets) and the 
need for surgical re‑exploration. Hence, the predictive 
accuracy of thromboelastography (TEG: Hemoscope Inc., 
Niles, IL, USA) and Multiplate® analyzer was compared.

METHODS
Patients undergoing 1st time isolated CABG on 
cardiopulmonary bypass (CPB) (n = 84) were enrolled in 
the study. Group A (n = 42) included patients who were 
on anti‑platelet drugs until the day of surgery. Patients 
in Group B (n = 42) stopped anti‑platelet drugs at least 
5 days preoperatively. This was a prospective, controlled, 
double‑blind, single center trial. The trial was approved 
by the National Research Ethics Committee (NREC, 
05/07/2011, Ref: 11/WM/0130). The trial was registered 
with the ISRCTN Register: ISRCTN43298975‑http://
www.controlled‑trials.com/ISRCTN43298975/. The 
study was partly funded by the local cardiothoracic 
services charitable fund. Exclusion criteria included 
severe liver or renal dysfunction (altered liver function 
test, creatinine >200 µmol/L) and patients with known 
bleeding diathesis amongst others. All patients signed 
informed consent.

The primary endpoint was to correlate excessive 
postoperative bleeding defined as blood loss in excess 
of 2.5 ml/kg/h in the immediate 3 h, with the presence 
of platelet dysfunction as assessed by Multiplate® 

and TEG. The secondary outcome measures were 
transfusion requirements for blood and blood products, 
overall blood loss within 8 h of surgery, postoperative 
complications, intensive care unit (ICU) length of stay 
and hospital length of stay.

Patients enrolled in the study were managed according 
to institutional routine during the intra‑operative 
and postoperative period. The latter included a 
blood‑transfusion trigger set at 8 g/dl and transfusion 
of blood products based on the clinical picture, TEG 
results and clinician’s decision. TEG is part of our 
routine practice. Aprotinin was not administered to 
any of the patients. Power calculations for this study 
confirmed that for a power of 0.9 and an alpha of 0.01, 
40 patients were needed in each group.

Blood was sampled for Multiplate® (ASPI and adenosine 
diphosphate [ADP] tests) and TEG (R, MA) assessments 
before induction of anesthesia (preoperative) and 
after protamine administration after cessation of 
CPB (postoperative).

Multiple platelet function analyzer (Multiplate®) is whole 
blood test based on measurement of electrical impedance.
[2,16‑20] The method has been previously described.[19‑24] It is 
a multiple electrode (five independent channels) platelet 
aggregation monitoring system with electronic pipetting 
and integrated computer analysis. Only 0.3 ml of whole 
blood is required per test. The Multiplate® machine has 
single use test cells with two sensor units. Adhesion and 
aggregation of platelets on the sensor surface enhances 
the electrical resistance between the two sensor wires 
and the increase of impedance is detected for each sensor 
unit separately and transformed to arbitrary aggregation 
units (AUs) that are plotted against time. The second 
sensor serves as an internal control.

Blood samples were collected into double walled 
Hirudin tubes (Roche Diagnostics, UK). Following 
a 3 min incubation adhesion and aggregation of 
platelets was measured for 6 min via the change of 
electrical resistance between two sensor wires.[15] 
Platelet aggregation was initiated by 32 µM thrombin 
receptor‑activating peptide 6 (TRAP test), 0.5 mM 
arachidonic acid (ASPI test), or 6.4 µM ADP test using 
commercially available reagents (Roche Diagnostics, 
UK). Platelet aggregation in each test was quantified 
by the area under the aggregation curve (AUC) given in 
AUs (U). The units we used were U (not AU as reported 
by Weber et al.[9]), as recommended by the manufacturers 
in recent years (U = AU/10). The reference ranges for 
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healthy subjects given by the manufacturer were 84–128 
U for the TRAP test, 71–115 U for the ASPI test, and 
57–113 U for the ADP test. Standard quality control 
procedures for each device were routinely performed as 
per the manufacturer’s instructions. Since the change 
in impedance was measured simultaneously on two 
sensor units, the results of each test represented the 
mean value of the two aggregation curves obtained.[15‑22] 
Performance of POC testing required approximately 
9 min. No additional manpower was required to perform 
these tests.

Statistical analysis
Patients’ demographics and clinical characteristics data, 
preoperative and postoperative laboratory data along 
with the POC tests data were prospectively collected. 
Data pertaining to the secondary outcome measures was 
also recorded. Anesthetists and surgeons (clinicians 
managing the patient on CICU) were blinded to the 
results of the Multiplate® measurements.

The data was analyzed using SPPS version 11.5 (IBM, 
Chicago, IL, USA). Continuous data is expressed as the 
mean (standard deviation) for Gaussian distributed data 
and median (range) for skewed data and any difference 
between the two groups was tested using the t‑test 
and nonparametric test respectively. Nominal data 
is expressed as percentages, and any difference was 
assessed using the Chi‑squared test. A P < 0.05 was 
considered significant.

RESULTS

Table 1 shows baseline demographic, clinical and 
laboratory tests data. There were no significant 
differences between the two groups in terms of age and 
gender or risk stratification scores. There were more 
diabetics and “in‑hospital urgent” patients in Group A. 
There were no significant differences in postoperative 
complications, e.g. atrial fibrillation, wound infection, 
renal and pulmonary complications [Table 2]. Median 
ICU stay was 2 (0, 9) days for Group A and 1 (1, 13) day 
for Group B (P = 0.002). Median in‑hospital stay was 
5.5 (3, 18) and 4 (3, 18) days, respectively (P = 0.02). 
There were no drop‑outs in our study.

There were significant differences immediately 
postoperative with excessive bleeding (>2.5 ml/kg/h) 
(59% vs. 33%, P = 0.02), higher re‑exploration rates (14% 
vs. 0%, P < 0.01) and a higher rate of blood (41% vs. 
14%, P < 0.01) and platelet transfusion (14% vs. 2%, 
P = 0.05), in Group A.

All patients enrolled in this study were discharged and 
were alive at 30 days.

On multivariate analysis, preoperative platelet function 
testing was the most significant predictor of excessive 
bleeding (odds ratio [OR]: 2.3, P = 0.08), need for 
blood transfusion (OR: 5.5, P < 0.01) and platelet 
transfusion (OR: 15.1, P < 0.01). Factors included in 
the multivariate model included age, gender, diabetes, 
Log EuroScore, preoperative hemoglobin level, priority 
of surgery, CPB time, preoperative and postoperative 
TEG values (R, MA) and preoperative and postoperative 
ASPI values.

Pre‑operative “ASPI test” predicted the need for platelet 
transfusion (sensitivity ‑ 0.86, negative predictive value 
‑ 0.98). Post‑op “ASPI test” best predicted the need for 
blood transfusion (sensitivity ‑ 0.86) and excessive blood 
loss (sensitivity ‑ 0.81). TEG results did not correlate 
well with any of these outcome measures. The area‑
under‑the‑curve (ROC) for the TEG R value and MA 
value predicting the need for either blood transfusion or 
platelet transfusion was 0.53 and 0.51 respectively. TEG 
did not predict the need for platelet transfusion even 
in a single “excessive‑bleeding” patient (>2.5 ml/kg/hr) 
and had a negative predictive value of 0.91. The ASPI 
and TEG data distributions are illustrated in Figures 1 
and 2. Table 3 depicts the platelet function test results 
(both preoperatively and postoperatively) along with 
the TEG results. 

DISCUSSION

Although it would be preferable to stop the use of 
aspirin preoperatively (to reduce postoperative bleeding 
and transfusion requirement), there are a number of 
situations when this may not be possible.[1,2] The latter 
includes patients who have recently experienced a 
myocardial infarction or who have had PCI as well 
as reported issues with withdrawal of anti‑platelet 
medications (risk of thrombosis, risk of acute coronary 
events).[1,2,4]

Point‑of‑care testing has been reported to be associated 
with a reduced requirement for transfusion of blood 
products and can improve outcomes.[9,25] Weber et al. 
showed reduction in mortality with the use of POC 
testing though the study was not powered to test 
mortality reduction.[9]

The pathophysiology of bleeding after cardiac surgery 
is multifactorial and hence standard laboratory tests 
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are of limited value.[1,2,9] Conventional laboratory tests 
for bleeding are quantitative in nature, time‑consuming 
(with a median reported time 53–88 min) and nearly 
twice as expensive as POC guided coagulation 
management.[9,16,26] POC tests provide a functional 
assessment and are consequently more representative 
of in vivo coagulation than conventional laboratory 
tests.[9,25]

Several POC tests have been described to monitor 
platelet function in order to stratify bleeding 
risk and guide anti‑platelet therapy.[1,2,6] TEG is a 
commonly performed test, and maximum amplitude 
is used as a surrogate for clot strength, platelet activity 
and fibrinogen level.[2,6,27,28] A number of platelet 
function tests are currently available.[2,6] Classical 
aggregometry otherwise known as light transmission 
aggregometry (LTA) takes a significant amount of time 
to perform, and sample processing is complex.[2,6,14] LTA 
assesses platelet activation by the reduction of optical 
density of platelet rich plasma. It requires preparation 
of platelet rich and platelet poor plasma.[29] PFA‑100 has 
a high rate of false positive and false negative results 
and does not predict bleeding risk.[1,30] Therefore, 
none of the above‑mentioned platelet function tests 
are recommended for the routine monitoring of the 
effects of anti‑platelet therapy[18,22,28] as they are either 
laborious, time consuming or the predictive value of 
these tests in management of postoperative bleeding is 
as yet unclear.[2,6,17,27,28]

Multiple electrode aggregometry (MEA, Multiplate®) 
is an impedance aggregometry test which tests 
whole‑blood.[17,18,25] In contrast to classical aggregometry, 
there is no centrifugation of plasma required or no 
adjustment of plasma concentration.[6,14,15,17] Multiplate® 
is relatively simple to perform.[6,14,15] The turnaround 
time for Multiplate is around 9 min, including 3 min 
for incubation of the blood sample.[6,9,14,15] Median 
turnaround time for TEG is 23–28 min if performed in a 
central laboratory or 18 min if performed at the bedside 
as a POC test.[6,9] As a result of the short turnaround time, 
an MEA tests based treatment algorithm has been used 
in an emergency room for treatment of trauma victims 
with improved mortality results.[1]

Moreover, the blood samples for Multiplate® are 
collected into tubes containing an anticoagulant that 
does not influence the blood calcium concentration 
that is, with hirudin, melagatran or heparin.[18,27,28] 
Different platelet agonists can be used as test reagents, 
e.g. arachidonic acid, ADP, collagen, TRAP, ristocetin 

etc.[1,19,20] It aids differential diagnosis for platelet 
dysfunction induced by aspirin, thienopyridines and 
glycoprotein IIb/IIIa inhibitors (e.g. abciximab) and 
von Willebrand Disease (Ristotest on Multiplate®).[1,19,20]

Multiple electrode aggregometry is sensitive to platelet 
dysfunction resulting from anti‑platelet drugs, CPB, or 
hypothermia and therefore allows for more targeted 
hemostatic therapy in post‑CABG patients.[9,11,15,17,19‑22] 
Perioperative platelet function testing during cardiac 
surgery using MEA or TEG analysis to guide hemostatic 
therapy is associated with a significant reduction 
in bleeding, reduced reexploration rates, reduced 
allogeneic blood product transfusion requirements and 
improved outcomes.[1,9,11,15,21,22,25] It also reduces the cost 
and possibly significantly reduces mortality.[9] Besides, 
patients on anti‑platelet drugs can be hyper responders 
with increased risk of bleeding or poor responders at 
increased risk of ischemic and thrombotic events.[1,4,5] 
This variable response can be a risk stratified using POC 
platelet function analyzers: Minimal risk is associated 
with platelet inhibition <30%, but >60% inhibition 
with 2‑ to 6‑fold increased risk.[1,5]

Hence, some institutions have started using POC platelet 
function testing for patients who are still on anti‑platelet 
medications at the time of surgery.[2] Di Dedda et al. has 
shown that a preoperative MEA ADP test value of <31 
U is associated with significant postoperative bleeding 
and hence surgery was deferred in such patients if 
possible.[2] Our study results corroborate these findings. 
Multiplate® results (ASPI test and ADP test) correlate 
well with bleeding and thrombotic complications both 
after cardiac surgery and PCI.[9,15,18,25] Consistent with 
these studies we found that in patients on anti‑platelet 
drugs until surgery, peri‑operative platelet testing (ASPI) 
with Multiplate® was the strongest predictor of bleeding 
and need for allogenic blood and platelet transfusion. 
TEG did not correlate well with any of these outcome 
measures in our study.

In contrast to the study by Rahe‑Meyer et al.[14] where 
all types of cardiac surgery patients were included 
with varying CPB and cross clamp times, and probably 
altered platelet function in patients of aortic stenosis, 
in our study only CABG patients were enrolled. In 
addition and also in contrast, none of the patients 
received aprotinin (known to have protective effects 
on platelets). Several studies found as we did, a good 
correlation between Multiplate® results and total blood 
transfusion requirements during the intra‑operative and 
the 24‑h postoperative period.[15,21,22]
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Figure 1: Box‑plots for the data distribution in relation to need for blood transfusion. Multiplate analyser for ASPI (immediately pre‑op and post protamine) showing 
significantly (p<0.01)  low values for Group A (anti‑platelet till day of surgery) TEG data (R and MA) post protamine demonstrating no significant differences (p=0.4) 
between the values for Groups A & B and hence non‑predictive for the need for blood transfusion.

Figure 2: Box‑plots for the data distribution in relation to need for platelet transfusion. Multiplate analyser for ASPI (immediately pre‑op and post protamine) showing 
significantly (p<0.01)  low values for Group A (anti‑platelet till day of surgery) TEG data (R and MA) post protamine demonstrating no significant differences (p=0.2) 
between the values for Groups A & B and hence non‑predictive for the need for platelet transfusion.

benefit of peri‑operative POC platelet testing is also 
confirmed in our study.

Platelet POC testing is more established within PCI 
practice. In a comparative study of various platelet 
function analyzers using high on‑treatment platelet 

Studies suggest that routine “preoperative” (prior 
to hospital admission) POC measurement of 
coagulation does not predict bleeding during or after 
surgery and is not cost effective.[1] POC monitoring 
devices are more suitable for rapid differential 
diagnosis in the peri‑operative period.[1,2] The 
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reactivity to predict ischemic events post‑PCI the 
highest odds ratio was reported for Multiplate® (12) 
versus VASP (1.16) versus Verifynow (2.09–2.76) and 
LTA (3.8–5.8).[29] In this “consensus paper” (white 
paper) the authors concluded that Multiplate is the 
only platelet function test with convincing data for the 
prediction of bleeding in patients following PCI and 
patients undergoing cardiac surgery.[29]

In our study, we also demonstrated that patients 
who develop excessive bleeding have a higher rate of 
re‑exploration, need more blood and blood product 
transfusions, and have longer CICU and in‑hospital 
stays. Although this study was not setup to assess 

the cost implications, the above‑mentioned issues 
all contribute to a significant cost. Thus, being able 
to predict platelet dysfunction and to treat it early 
could potentially benefit not only the patient but also 
contribute to substantial cost savings.

In summary, Multiplate® device has several advantages 
as a POC method for platelet function.[15] It is quick and 
easy to perform, uses small amounts of diluted whole 
blood, electronic pipetting and single‑use test cells.[15,29,30] 
The analysis of whole blood allows assessment of platelet 
function in the actual physiological environment of other 
cellular components such as red cells, monocytes, and 
other white blood cells.[11,29] Adoption of Multiplate® 
facilitates reliable detection of patients with excessive 
residual effects of anti‑platelet medications, therefore, 
nonurgent cases can be deferred.[9,11,29] This will reduce 
the risk postoperative bleeding, blood product transfusions 
and re‑exploration.[9,14,29] In urgent cases, early availability 
of these test results showing poor platelet aggregation 
may prompt more targeted platelet transfusion.[1,11] These 
measures will lead to a better postoperative outcome, 
better resource utilization and cost reduction.[1,11,14,29]

CONCLUSION

Peri‑operative platelet functional assessment with the 
Multiplate® was the strongest predictor of bleeding and 
the need for blood and platelet transfusions in patients 
exposed to anti‑platelet therapy until surgery. This 
POC test complements the surgical team in terms of 
managing postoperative bleeding after CABG.

Table 1: Pre-operative characteristics of patients 
from the two groups (Group A: continued 
anti-platelet medication until surgery, Group B: 
stopped anti-platelet medication at least five 
days prior to surgery)

Group 
A 
(n=42)

Group B 
(n=42)

p-Value

Age* (years) 62 (11) 63 (10) 0.7

Pre‑op Hb* (g/dl) 13.7 (1.6) 14.3 (1.3) 0.06

Log Euroscore* 3.8 (3.5) 3.2 (4.6) 0.02

Male (n, %) 38, 91% 36, 86% 0.4

Urgent surgery (n, %) 29, 69% 3, 7% <0.01

Diabetics (n, %) 15, 36% 10, 24% <0.01

PVD (n, %) 10, 24% 9, 21% 0.1

*denotes mean (SD), PVD: Peripheral Vascular Disease Preop Hb: 
Preoperative Haemoglobin, Log Euroscore: Logistic Euroscore

Table 2: Intra-op and post-op data for the two 
groups including post-op outcomes

 Group 
A 
(n=42)

Group B 
(n=42)

p-Value

CPB time* (minutes) 98 (27) 89 (20) 0.08

8‑hr blood loss* (ml/kg/hr) 8.01 (6.9) 4.98 (3.0) 0.02

CICU stay** (days) 2 (0,9) 1 (1,13) <0.01
In‑hospital stay** (days) 5.5 (3,18) 4.0 (3,18) 0.02

Excessive bleeding (n, %) 24, 59% 14, 33% 0.02
Re‑exploration (n, %) 6, 14% 0, 0% 0.01

Atrial Fibrillation (n, %) 8, 19% 9, 21% 0.5

Chest infection (n, %) 1, 2% 1, 2% 0.7

CVVHF (n, %) 0, 0% 1, 2% 0.5

Blood transfusion (n, %) 17, 41% 6, 14% <0.01

Platelet transfusion (n, %) 6, 14% 1, 2% 0.05

FFP transfusion (n, %) 3, 7% 0, 0% 0.12

Blood transfusion** (units) 0 (0,15) 0 (0,3) <0.01

Platelet transfusion** (units) 0 (0,5) 0 (0,1) 0.04

FFP transfusion** (units) 0 (0,4) 0 (0,0) 0.08

*denotes mean (SD), **denotes median (range), Excessive bleeding = 
>2.5ml/kg/hr for first 3 hours post‑op, CPB: Cardiopulmonary Bypass, 
CICU: Cardiac Intensive Care Unit, CVVHF: Continuous Veno‑Venous 
Haemofiltration,FFP: Fresh Frozen Plasma

Table 3: Platelet Function Test Results (Preoperatively 
and postoperatively) and TEG results

 Group A 
(n=42)

Group B 
(n=42)

p-Value

Pre‑op data    

ASPI 30.8 (20) 88.4 (30) <0.01

ADP 68.6 (28) 74.6 (27) 0.6
TEG ‑ R value 8.3 (2.3) 7.4 (1.9) 0.1

TEG ‑ MA value 72.3 (7) 68.9 (6) 0.04

TEG ‑ Angle 59.8 (10) 60.1 (7) 0.9

Post‑op data    

ASPI 15.4 (10) 51.7 (26) <0.01

ADP 37.2 (25) 48.3 (25) 0.01

Plain samples    

TEG ‑ R value 7.1 (3) 7.2 (2) 0.4

TEG ‑ MA value 61.3 (9) 59.3 (6) 0.2

TEG ‑ Angle 59.6 (10) 58.2 (6) 0.2

Heparinase samples    

TEG ‑ R value 6.6 (1) 6.6 (2) 0.9

TEG ‑ MA value 60.7 (8) 58.2 (6) 0.08

TEG ‑ Angle 62.0 (8) 59.4 (9) 0.2



Mishra, et al.: Role of platelet function assessment in managing postoperative bleeding after CABG

Annals of Cardiac Anaesthesia  |  Jan-Mar-2015  |  Vol 18  |  Issue 1 51

We recommend wider usage of the Multiplate® test in 
bleeding algorithms to risk stratify patients and guide 
transfusion protocols.

Limitations of the study
It is a single center nonrandomized study with its 
inherent limitations. Patients were managed according 
to the routine institutional protocol.
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