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Abstract Patients undergoing cardiac surgery are at risk of excessive bleeding and its associated
complications. Excessive bleeding during and after cardiac surgery has an incidence
of ~20%. Massive bleeding and subsequent requirement for blood product adminis-
tration and mediastinal reexploration are associated with significant morbidity and
mortality. Postoperative, nonsurgical bleeding in cardiac surgical patients is often
multifactorial. Platelet dysfunction, excessive fibrinolysis, hypothermia, preopera-
tive anemia, and deficiency of coagulation factors or their dilution are all suggested
etiologies of postoperative bleeding. In the Arachidonic Acid Thromboelastometry
(ARATEM) test, platelets are activated with arachidonic acid; in Adenosine diphosphate

Keywords Thromboelastometry (ADPTEM) test, platelets are activated with adenosine diphos-
= CABG phate; and in TRAPTEM test, platelets are activated with thrombin receptor-activating
= platelet function peptide 6. Measurement time is 6 minutes, and results are expressed in three different
testing parameters: A6 (amplitude at 6 minutes, in Ohm); MS (maximum slope of the aggrega-
= predicting postopera-  tion curve in Ohm/min), and AUC (area under the curve in Ohm.min). Algorithm-based
tive bleeding risk point-of-care platelet function testing helped us to preemptively give the right blood

component therapy, avoiding fibrinolytic bleeding in the postoperative period.

Introduction which occurs as a result of the interplay of acquired and
pharmacologically induced factors.*® Patients suffering from
coronary artery disease are usually advised to stop antiplate-
let medications a few days prior to coronary artery bypass
grafting (CABG) to reduce the incidence of postoperative
bleeding.® However, patients who are still on antiplatelet
drugs are at an increased risk of postoperative bleeding.”®
Predicting postoperative bleeding risk in these patients is
difficult. Transfusions of blood and blood products have got
deleterious effects, and hence efforts should be made to min-
imize transfusion.® Currently, the transfusion of blood and
blood components to manage postoperative bleeding after
CABG remains largely empirical, with considerable variation
among institutions.' Platelet function analysis tests available

Patients undergoing cardiac surgery are at risk of exces-
sive bleeding and its associated complications.! Excessive
bleeding during and after cardiac surgery has an incidence
of ~20%.2 Massive bleeding and subsequent requirement for
blood product administration and mediastinal reexplora-
tion are associated with significant morbidity and mortal-
ity.> Postoperative, nonsurgical bleeding in cardiac surgical
patients is often multifactorial. Platelet dysfunction, exces-
sive fibrinolysis, hypothermia, preoperative anemia, and
deficiency of coagulation factors or their dilution are all sug-
gested etiologies of postoperative bleeding.? Among these,
the most important is thought to be platelet dysfunction,
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today in 2021 are not just for diagnosis and management of
patients with hemostatic disorder, but with the advent of
point-of-care (POC) testing, sample processing is done away
with. What is available in 2021, today, for thrombosis and
bleeding is adequate POC testing for the etiology of bleed-
ing but there is still lack of awareness of its use and inter-
pretation. Identifying potential causes of abnormal bleeding,
monitoring prohemostatic therapy, preoperatively and post-
operatively,'" predicting surgical bleeding, monitoring des-
mopressin therapy and other antiplatelet drug therapies, and
doing quality control of platelet concentrates in the patient
are an urgent need today. A large number of published guide-
lines exist, which may be used to minimize platelet activa-
tion and aggregation,'* one of which is minimizing delays in
time form sampling to analysis as ensuring sample quality
is essential. Algorithm-based hemostatic therapy has been
shown to be superior to empiric hemostatic therapy that is
based on clinical judgment.'> Hence, there is a need to have
objective tests to demonstrate platelet dysfunction before
platelet transfusion.’® Several devices platelet function tests
have been reported in clinical studies to evaluate platelet
dysfunction and quantify the need for antiplatelet therapy.”°
Those devices range from highly sophisticated ones, such as
light transmittance aggregometers and whole blood flow
cytometers, to simple POC technologies. The problem is that
no consensus exists concerning several issues: which device
is optimal, what cutoff values to apply for discrimination of
bleeding risk, and how to proceed with antiplatelet strategies
once the results of platelet testing are determined?'®

We hypothesized that objective measurement of platelet
function can be useful in prediction of postoperative blood
loss and in guiding postoperative transfusion requirements
(blood and platelets) and the need for surgical reexploration.
Hence, we designed a prospective observational study with
an algorithm to investigate the association between platelet
function by ROTEM Platelet aggregometry and postoperative
blood loss."”

Materials and Methods

Study Design

This prospective observational study was undertaken in the
Department of Cardiac Anaesthesiology, AIIMS, New Delhi
after Institutional Ethics Committee approval and obtaining
written informed consent from the patient or his relatives.

Methods of Collection of Data

Selection of cases: The cases were selected in a consecutive
manner, between December 2020 and January 2022 after fol-
lowing strict inclusion and exclusion criteria.

Inclusion Criteria

Patients of either gender, belonging to American Society of
Anaesthesiologists grade I to Il undergoing isolated CABG
using cardiopulmonary bypass (CPB), were enrolled in the
study.

Exclusion Criteria

1. Patients on preoperative single antiplatelet therapy with
Aspirin.

. Patients undergoing off-pump CABG.

. Patients with known coagulopathy.

. Patients undergoing emergency surgery.

. Patients with preoperative renal or hepatic impairment.

. Platelet count < 100 x 10° /L

U WN

Methodology

Preanesthetic examination was performed 1 day prior to
surgery. The procedure was explained to the patient and
written informed consent was obtained. Anesthesia was
induced with etomidate (0.2-0.3 mg/kg) or thiopentone
(3-5mg/kg), fentanyl (2-3 pg/kg), and rocuronium bromide
(0.8-1 mg/kg). Patient was intubated with Portex endotra-
cheal tube of appropriate size. Anesthesia was maintained
using sevoflurane (0.5-1%) in oxygen air mixture with inter-
mittent doses of fentanyl, midazolam, and cisatracurium
that is the standard practice in our institute. All patients
were monitored with five lead electrocardiogram, oxygen
saturation, invasive blood pressure, central venous pres-
sure, temperature, capnography, and urine output. Patients
were operated according to our standard protocol with CPB.
Before cannulation, heparin (400 IU/kg) was given and sup-
plemented as required to maintain an activated clotting time
(ACT) more than 480 seconds. The standard uncoated CPB
circuit was primed with 1 L lactated ringer solution, sodium
bicarbonate 50 mL, 0.5 g/kg mannitol, and 10,000 IU heparin.
CPB was performed with membrane oxygenator using stan-
dard nonpulsatile technique. After decannulation, heparin
was neutralized with protamine sulfate (1 mg protamine per
100 IU heparin). Packed red blood cells (RBCs) were added
to maintain hematocrit more than 30%. ACT and blood gas
analysis was done half hourly. Pump flow was maintained
between 2.2 and 3 L/m? body surface area. Postoperative
bleeding was defined as the total amount of chest tube drain-
age during the first 24 hours. After surgery, the decision to
transfuse packed RBCs was based on clinical and hemody-
namic status with the aim of maintaining the hemoglobin
above 10 g/dL. Plasma was transfused for ongoing signifi-
cant bleeding and increased international normalized ratio.
Platelet was transfused if platelet count was < 100*10¢/dL and
significant bleeding was observed.

Blood samples for ROTEM Platelet aggregometry were
obtained at two different time points: after induction of
anesthesia before heparinization (T1); and 5 to 10 minutes
after protamine administration (T2) in a tube containing
citrate and analyzed within 1 hour, after recalcification with
20 pL CaCl,. All measurements were performed by physicians
trained to operate study device and not directly involved in
the patient's care. If any of the areas under the curve (AUC)
were less than the following, the normal values for the three
reagents used for platelet function testing was adhered to,
which are shown below
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Test|/parameter AUC A6 MS

ADPTEM 56-139 16-38 4-11
TRAPTEM 61-156 15-36 5-14
ARATEM 70-153 19-41 6-13

Parameters Evaluated

Demographic and perioperative data like sex, age, height,
body weight, duration of CPB, postoperative chest drain out-
put, use of blood, and blood products was observed in all
patients. A baseline heart rate, blood pressure, saturation,
central venous pressure, and routine hematological investi-
gations were noted.

Patients were assigned to the “nonexcessive” and “exces-
sive” postoperative bleeding groups, respectively, according
to the postoperative chest tube drainage over 24 hours post-
operatively divided by their respective bodyweight (24 hours
chest tube drainage in mL/kg). If drainage over 24 hours
exceeds the 75th percentile of the whole study population,
patients was characterized as “excessively bleeding.”'

For each test, different parameters, after the recognition
and computation by the integrated software detection: the
area under the aggregation curve (AUC), the amplitude after
6 minutes (A6), and the maximum slope (MS) were noted at
T1 and T2 time points. Anesthetists and surgeons (clinicians
managing the patient in intensive care unit) were blinded to
the results of the ROTEM Platelet aggregometry measure-
ments. Theses parameters were correlated among them-
selves and with patients, EXTEM, FIBTEM, and INTEM and
results were interpreted with chest drainage output after a
detailed statistical analysis. These were then treated with an
algorithm as devised for the study.

Statistical Analysis
Study Design
Prospective observational study, interim results.

Sample Size

Data was collected and recorded by using the Microsoft Excel
Statistics Software package. In this prospective observa-
tional study, we present our interim results on 26 patients.
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Anticipating the risk of excessive bleeding due to platelet dys-
function in 30% patients two times more than nonexcessive
bleeding group with 5% level of significance (a error) at 8%
power, we need to study 103 samples to predict excessive
bleeding. Continuous variables were expressed as mean *
standard deviation. Student’s “t” test was applied for compar-
ison of means and significance was established with p-values
level of 0.001 (p < 0.001). We present here our interim results
on 26 subjects undergoing elective CABG, under CPB.

Results

We observed a significant reduction at T2 as compared with
T1 in the CT values of EXTEM and INTEM while it was a sig-
nificant increase for FIBTEM. The clot formation time values
did not see any significant change at T2 as compared with
T1. At the same time, the maximum clot firmness values
showed significant increase in EXTEM, while decrease was
seen in INTEM and FIBTEM. The A6, MS, and AUC param-
eters of all the three platelet indices, that is, TRAPTEM,
ARATEM, and ADPTEM showed significant decrease at T2
as compared with T1 (=Table 1). More importantly, from
= Figs. 1-3 we noticed a few outliers that were subsequently
mapped to patients who went on to experience adverse
fatal events in future. Such mappings suggested that cor-
relations might exist between these parameters and out-
come variable.

The mean blood volume loss decreased from 244.50
+ 127.19 to 140.50 + 29.74 mL, that is, shrunk by 43.24%.
As an obvious repercussion, the amount of blood transfused
increased from 3.73 + 1.43 to 5.12 + 1.88 units. Also, the fibrin-
ogen levels showed a significant decrease from 130.27 to
124.65 units (=~Table 2 and ~Fig. 4).

From =Table 3, we observed that there is no significant
correlation between blood volume loss and A6, MS param-
eters of platelet indices. However, AUC showed a significant
negative correlation suggesting that increase in AUC leads to
decrease in blood loss (=Fig. 5). Hence, increased AUC is an
indicator of better outcomes. Similar results were observed
in correlation of these parameters with amount of blood
transfused (~Table 4 and ~Fig. 6).

Table 1 Platelet indices at follow-ups between T1 (postprotamine) and T2 (after 48 hours of surgery, in the ICU)

T1 T2 p-Value
Mean + SD Mean + SD
TRAPTEM A6 14.69+5.13 10.65 £4.43 <0.001
MS 5.08 £2.24 3.73+£2.09 0.018
AUC 61.35+16.55 48.00+17.74 <0.001
ARATEM A6 11.23 £5.05 7.19+£2.64 0.001
MS 3.50+1.53 2.04+0.96 <0.001
AUC 55.15 + 18.08 32.04+12.35 <0.001
ADPTEM A6 12.96 +3.05 10.73 £2.57 0.003
MS 5.23+7.73 3.54+1.07 0.143
AUC 47.35+7.79 37.04+8.55 <0.001

Abbreviations: AUC, area under the curve; ICU, intensive care unit; MS, maximum slope; SD, standard deviation.
Difference was significant between ADPTEM T1 and T2 and TRAPTEM T1 and T2 as well as ARATEM T1 and T2 intervals.
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Fig. 1 Follow-up of TRAPTEM parameters of A6, maximum slope
(MS), and area under the curve (AUC) at T1 and T2 intervals was
significant to represent outliers or extreme observations beyond 3
sigma.
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Fig. 2 Follow-up of ARATEM parameters of area under the curve (AUC)
ARATEM at T1 and T2 interval is significant. MS, maximum slope.
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Fig. 3 Follow-up of ADPTEM parameters at T1 and T2 intervals show-
ing ADPTEM area under the curve (AUC) T1 and T2 is significant of
morbidity and amount of volume loss. MS, maximum slope.
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The AUC component of all the three platelet indices was
correlated with adverse fetal outcome. Area under receiver
operating characteristic curve for TRAPTEM is 91.6%, ARATEM
i 93.2%, and ADPATEM is 93.6% (p-values = 0.001). The thresh-
old value for TRAPTEM AUC to identify adverse fatal outcome
is 53 that yields a sensitivity of 100%, specificity of 84.21%, pos-
itive predictive value (PPV) of 70%, negative predictive value
(NPV) of 100%, and accuracy of 88.46%. Also, threshold value
for ARATEM AUC to identify adverse fatal outcome is 49.5 that
yields a sensitivity of 100%, specificity of 84.21%, PPV of 70%,
NPV of 100%, and accuracy of 88.46%. Further, threshold
value for ADPTEM AUC to identify adverse fatal outcome is
43 that yields a sensitivity of 85.71%, specificity of 94.74%, PPV
of 85.71%, NPV of 94.74%, and accuracy of 92.31%.

Discussion

Predicting postoperative bleeding risk in these patients
is easy if we use a preoperative point of care like ROTEM.
The ROTEMPlatelet (TEM International GmbH, Munich,
Germany) is a new module that can be added to the ROTEM.
It measures platelet aggregation using impedance aggregom-
etry. During measurement, platelets are activated with dif-
ferent agonists. In the ARATEM test, platelets are activated
with arachidonic acid; in ADPTEM test, platelets are activated
with adenosine diphosphate (ADP), and in TRAPTEM test,
platelets are activated with thrombin receptor-activating
peptide 6. Measurement time is 6 minutes, and results are
expressed in three different parameters: A6 (amplitude at
6 minutes, in Ohm), MS (maximum slope of the aggregation
curve in Ohm/min), and AUC (area under the curve in Ohm.
min). A6 describes how well platelets aggregate after selec-
tive activation. MS is a measure of the rate of aggregation and
describes how quickly platelets aggregate after selective acti-
vation. The AUC represents the area under the aggregation
curve, from the start of the measurement until 6 minutes of
run time. AUC reflects the overall platelet aggregation.!'®*

Recent studies have investigated the capability of differ-
ent types of POC platelet function tests to predict the risk of
postoperative bleeding; a nonstandardized approach in study
design and reporting results, coupled with lack of consensus
in definition of observed outcomes and various devices used,
makes it difficult to pool the evidence on the exact role of
POC platelet function testing in routine hemostatic manage-
ment. We will assess platelet function with three activators
at two different time points: before surgery and after heparin
reversal with protamine and evaluate whether perioperative
platelet function, as assessed by impedance aggregometry at
two different time points, may reflect bleeding measured as
the volume of postoperative chest tube drainage.

Platelet dysfunction may contribute to hemostatic alter-
ations in cardiac surgery and can be influenced by preoper-
ative antiplatelet therapy, comorbidities, or the effects of CPB
itself.’® Therefore, perioperative platelet function analysis
might have value in prediction of excessive bleeding and trans-
fusion requirements and guiding hemostatic interventions.
Fattorutto et al studied if the platelet function ana-
lyzer (PFA-100) could predict blood loss after CPB.
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Table 2 Blood parameters at various follow-ups of T1 and T2
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T1 T2 p-Value
Mean +SD Mean +SD
Blood volume loss (Chest Tube Drainage) (ml) 244.50 +127.19 140.50 +29.74 <0.001
Amount of blood transfused 3.73 +1.43 5.12 +1.88 <0.001
Fibrinogen levels 130.27 £41.32 124.65 +35.74 0.012
Transfusion 1.73 +0.46 2.0 +0.42 <0.001
FFP 1.60 +1.18 3.0 +0.58 <0.001
Cryoprecipitate 2.13 +0.46 2.0 +1.6 <0.001
Percentage of aggregation For ADPTEM ARATEM = TRAPTEM =
=92.3% 88.46% 88.46%
Abbreviations: FFP, fresh frozen plasma; SD, standard deviation.
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Fig. 4 Box plots depicting blood parameters Receiver operating characteristic (ROC) curve of platelet indices with respect to adverse fatal

outcome. AUC, area under the curve.

PFA-100 device failed to predict postoperative bleed-
ing in CABG patients.?! Berger et al prospectively studied
50 patients of patients undergoing isolated CABG to deter-
mine the relationships among several assays (VerifyNow,

Journal of Cardiac Critical Care TSS Vol.5 No. 2/2021

TEG, AggreGuideTM, Platelet works, vasodilator-stimulated
phosphoprotein phosphorylation, and light transmission
aggregometry) purported to assess platelet function and
perioperative bleeding outcomes. There was very poor
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Table 3 Correlation of platelet indices with blood volume loss seen in chest drain output

Blood loss at T1 versus T1 T2
r p-Value r p-Value
TRAPTEM A6 -0.083 0.686 -0.023 0.909
MS 0.014 0.946 0.117 0.570
AUC -0.695 <0.001 -0.249 0.220
ARATEM A6 -0.253 0.212 0.084 0.684
MS -0.159 0.437 -0.021 0.918
AUC -0.604 0.001 -0.270 0.182
ADPTEM A6 0.487 0.012 -0.239 0.240
MS -0.075 0.717 -0.281 0.165
AUC -0.678 <0.001 -0.224 0.272
Abbreviations: AUC, area under the curve; MS, maximum slope.
R? Linear = 0.4 R? Linear = 0.365
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Fig. 5 Scatter plots of correlation between blood loss and platelet indices showing that Pl parameters decrease in area under the curve (AUC)
as blood volume loss increases.

correlation among the methods of assessing platelet function
that were studied, and between these methods and perioper-
ative bleeding.”? Whether any of these assays should be used
to guide decision making in individual patients is unclear.
Treatment with P2Y12 receptor antagonists increases the
risk of perioperative bleeding, but there is individual varia-
tion in the antiplatelet effect and time to offset of this effect.
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Malmetalinvestigated whether preoperative platelet function
analyzed using multiplate whole blood aggregometry pre-
dicts the risk of bleeding complications in ticagrelor-treated
cardiac surgery patients. They concluded that preoperative
ADP-induced platelet aggregability predicts the risk for
severe bleeding complications in ticagrelor-treated cardiac
surgery patients.? Della Corte et al studied the possible value
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Table 4 Correlation of platelet indices with amount of blood transfused

Amount of blood transfused at T1 versus T2 T1 T2
r p-Value r p-Value
TRAPTEM A6 -0.154 0.454 -0.072 0.726
MS 0.069 0.737 -0.092 0.654
AUC -0.675 <0.001 -0.350 0.080
ARATEM A6 -0.130 0.528 0.004 0.986
MS -0.174 0.396 -0.109 0.596
AUC -0.481 0.013 -0.219 0.282
ADPTEM A6 0.245 0.228 -0.369 0.064
MS -0.237 0.244 -0.321 0.110
AUC -0.454 0.020 -0.343 0.087

Abbreviations: AUC, area under the curve; MS, maximum slope.
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of routine aggregometry testing for bleeding prediction fol-
lowing on pump CABG in patients who received preoperative
antiplatelet therapy. Aggregometry was analyzed by multi-
plate analyzer immediately before surgery. They concluded
that aggregometry testing can help in predicting postoper-
ative bleeding in patients undergoing CABG.> For adverse
fatal outcomes, the distribution of ADP inhibition was at
a cutoff value of 43 to 92.3% for ARATEM at a cutoff value
0f 49.5 to 88.46% and for TRAPTEM at 53 again 88.46%. Timing

Journal of Cardiac Critical Care TSS Vol.5 No. 2/2021

of elective cardiac surgery is a major concern in patients with
coronary artery disease, who are receiving dual antiplatelet
drugs like aspirin, clopidogrel, and ticagrelor. This study has
demonstrated that patients who undergo CABG may have
increased blood volume loss through chest drains (=Table 5)
and giving the right component therapy helps decrease the
postoperative bleeding. Jaremo et al also commented on
the importance of performing platelet function tests preop-
eratively in patients undergoing cardiothoracic surgery to
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Table 5 Threshold values of AUC

Outcome — Adverse fatal Normal p-Value Accuracy
ni| % n %

TRAPTEM <53 7 | 100.00 3 15.79 <0.001 Se: 100% PPV: 70% 88.46%
>53 0| 0.00 16 | 84.21 Sp: 84.21% NPV: 100%

ARATEM <49.5 7 | 100.00 3 15.79 <0.001 Se: 100% PPV: 70% 88.46%
>495 | 0] 0.00 16 | 84.21 5p:84.21% | NPV:100%

ADPTEM <43 6 | 85.71 1 5.26 <0.001 Se: 85.71% PPV: 85.71% 92.31%
>43 11 1429 18 94.74 Sp: 94.74% NPV: 94.74%

Abbreviations: AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity.

reduce postoperative blood loss and right therapy given as a
platelet concentrate to cryoprecipitate to have good patient
outcomes.”

Limitations

The major limitation of our study is the nonrandomized
design. The sample size is small because of the poor afford-
ability to this relatively costly test. Lack of gender distribution
of results could be considered as another limitation as only
male patients were evaluated. We did not have any provision
to compare our test results with a more sensitive testing plat-
forms like VerifyNow that has a defined high on-treatment
platelet reactivity value for P2Y,, reaction assessment.
Furthermore, the pharmacokinetic analysis of drug levels in
blood was not performed in this study. Hence, precise cor-
relation with the observed effects of the drugs is not possi-
ble. We observed from our study on 26 patients undergoing
on-pump CABG that AUC is a sensitive marker for amount
of blood component transfusions, especially the ADP agonist.
In a severely stenosed artery, it is shear-gradient-dependent
platelet aggregation mechanism that drives thrombus for-
mation, while soluble agonists released from platelets play
a secondary role, mainly in stabilizing formed aggregates.
Despite this, the most commonly used tests such as the PFA
and the VerifyNow still employ single agonists such as ADP
or collagen to initiate platelet aggregation to determine the
likelihood of arterial thrombosis, such as the PFA-100 and
the VerifyNow.?6?” These tests do not reflect arterial throm-
bogenesis under high shear conditions. When the balance
is altered in favor of platelet activation and/or coagulation,
or if endogenous fibrinolysis becomes less efficient, throm-
bosis can occur, resulting in vessel occlusion. Assessment of
the true global thrombotic status therefore requires mea-
surement of not only platelet reactivity and coagulation but
also of the endogenous fibrinolytic activity. Recent evidence
shows that endogenous fibrinolysis is significantly impaired
in several patients with ACS and is a strong and independent
predictor of recurrent adverse cardiovascular events.

Conclusion

Future tests should reflect physiological processes, and POC
tests should assess nonanticoagulated blood at high shear,
to reflect and assess the dynamics of thrombus formation,
platelet reactivity, and thrombus stability, as well as the
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rate of endogenous thrombolysis of the occlusive thrombus.
Algorithms should be used for right product transfuse to help
prevent risk of postoperative bleeding.?® Future tests should
incorporate all these features and physicians employing POC
pulmonary function tests should choose the most physiologi-
cal tests to best reflect the thrombotic and thrombolytic status
of patients, and to better assess response to pharmacotherapy.
The relatively small number of participants and the unifor-
mity of ROTEM equipment and sample preparation method
in this study prompted us to continue our efforts to overcome
these issues in a larger series that is ongoing. Algorithm-based
POC platelet function testing helped us to preemptively give
the right blood component therapy, avoiding fibrinolytic
bleeding in the postoperative period.
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