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Surgical Management

Since its inception, cardiovascular critical care has witnessed an increase 
in the complexity of its patient population and the therapies available. The 
initiation and management of anticoagulation is a fundamental practice 
for a wide variety of indications, including the management of patients 
with acute MI, stroke prevention in patients with AF or mechanical valves, 
as well as the prevention of device thrombosis and thromboembolic 
events with the use of mechanical circulatory support and ventricular 
assist devices.

Management of peri- and postoperative cardiovascular patients also 
mandates an ability to adequately assess for and to pivot between 
optimal haemostatic conditions to anticoagulation states suitable to 
mitigate blood loss. The frequent use of antiplatelet and anticoagulation 
therapy, in addition to the presence of concomitant conditions that may 
lead to a propensity to bleed, such as renal and liver dysfunction, present 
unique challenges requiring a heavy reliance on testing that allows the 
cardiac intensivist to strike a delicate balance to avoid thrombotic and 
bleeding events.1

Common (or conventional) coagulation tests (CCTs) include prothrombin 
time/international normalised ratio (PT/INR), activated partial 
thromboplastin time (aPTT), platelet count, D-dimer and fibrinogen levels. 
While these parameters are important and widely used in the management 

of cardiovascular patients, CCTs are performed on platelet-poor plasma 
and are run in artificial states where the various blood elements are 
separated to allow for facility in performing assays, and these limitations 
should be recognised. CCTs cannot measure interactions between 
clotting factors, tissue factor and platelets. INR and PTT have the greatest 
utility in assessing patients being managed with anticoagulant therapy.

Several studies have questioned the usefulness and reliability of CCTs to 
assess coagulopathy and to guide haemostatic interventions, especially 
in the setting of perioperative bleeding.2,3 In certain patient categories 
(e.g. liver disease) where a complex balanced coagulopathy exists, these 
may be poor predictors of bleeding risk. Modest elevations of INR in the 
1.3–1.8 range have been shown to be poor predictors of both bleeding 
and response to plasma therapy. While CCTs may identify patients at 
increased risk of bleeding due to thrombocytopenia, they do not provide 
data on qualitative platelet dysfunction, as may be seen, for example, with 
the use of antiplatelet agents or in uraemia. Bleeding time has grown out 
of favour for this purpose due to its operator dependence and lack of 
sensitivity.1,4 CCTs, thus, reflect a static evaluation of the coagulation 
cascade with clot formation as the endpoint rather than assessing the 
coagulation system as a whole. They have been shown to correlate poorly 
as predictors of clinical bleeding and transfusion requirements, fail to 
detect the effects of antiplatelet therapy or novel anticoagulation agents, 
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do not describe platelet function or fibrinolysis, and lack accuracy in 
detecting deficiencies in coagulation factors.5,6

The limitations of CCTs, including the timeliness of reporting results, have 
led to the increased utilisation of viscoelastic haemostatic assays (VHAs), 
which depict a coagulation profile representative of the cell-based theory 
of haemostasis (i.e. initiation, amplification, propagation and termination 
through fibrinolysis).5 Its use in trauma patients (when compared with 
CCT) has allowed clinicians to better predict the need for massive 
transfusions, as well as mortality, and there has been a reported mortality 
benefit to thromboelastography (TEG)-directed haemostatic resuscitation 
in this population among patients requiring massive transfusions 
compared with those resuscitated with CCTs.7–10

A clinical benefit was also found in the haemostatic resuscitation of 
cirrhotic patients with non-variceal and variceal gastrointestinal bleeding, 
with a significant reduction in the number of transfused blood products 
when this was guided by TEG.11,12 TEG-guided blood product transfusion 
also demonstrated a lower rebleeding rate among cirrhotic patients with 
variceal bleed at 6 weeks.12 Its use in neurocritical care has allowed 

neurointensivists to elucidate different coagulopathy profiles among 
patients with intracerebral haemorrhage, subarachnoid haemorrhage and 
traumatic brain injury.13 More recently, it has been used with increasing 
frequency in the medical intensive care unit as a means of assessing the 
coagulopathy of coronavirus disease 2019 (COVID-19).14,15

Some studies have shown utility in predicting clinical course. For example, 
Mortus et al. showed elevated thromboses rates in patients with abnormal 
TEG parameters, and Wright et al. showed fibrinolysis shutdown, as 
demonstrated by elevated D-dimer, and complete failure of clot lysis at 30 
minutes on TEG predicted venous thromboembolic events.15,16 In recent 
years, there has been a growing body of evidence supporting its use in 
critically ill cardiovascular patients. In this paper, we will review the 
fundamentals of VHA, its use and limitations, as well as identifying areas 
in need of future study in this patient population.

Overview of Viscoelastic Haemostatic 
Assay and its Interpretation
VHAs are performed through placing whole blood mixed with an activator 
(typically kaolin) and warmed to approximate body temperature (i.e. 37°C) 
in an oscillating cup with a suspended pin, which then transduces changes 
in viscosity determined by the tension in the pin. Changes in tension 
during clot formation and breakdown are plotted against time, and the 
resulting data provide a description of the coagulation and fibrinolytic 
profile of the sample tested (Figure 1). TEG is the VHA most commonly 
used in North America, with TEM/rotational thromboelastometry (TEM/
ROTEM) presenting an alternative means of performing this test where the 
pin oscillates rather than the cup containing blood.

TEG and ROTEM measure different phases of the coagulation cascade. 
Measurements obtained from TEG include the time to initiate clot 
formation (reaction time; R), the rate of clot formation (kinetics; alpha 
angle), maximum clot strength (maximum amplitude; MA) and clot stability 
(fibrinolysis at 30 minutes; Figure 2 and Table 1).

ClotPro (Enicor, now acquired by Haemonetics Corporation, Boston, MA, 
US) is another VHA that uses thromboelastography with elastic motion. 
Similar to conventional thromboelastometry systems, the surfaces of the 
ClotPro cup and pin experience a relative movement, driven by an elastic 

Figure 1: Schematic of Viscoelastic Testing

Figure 2: Thromboelastography Parameters

ROTEM: pin 
rotates 4.75° 

every 6 seconds 
(cup is stationary)

Pin
Cup

Whole blood 
clotted at 37°C

TEG: cup rotates 4.45° 
every 10 seconds
(pin is stationary)

Schematic of viscoelastic testing with a specimen of whole blood in a cup heated to 37°C. With 
thromboelastography (TEG), the cup oscillates with the pin remaining stationary, whereas with 
rotational thromboelastometry (ROTEM), the pin oscillates while the cup remains stationary. 
Measurement of pin synchronisation with the cup reflects the stages of clot formation.
Source: Salem et al. 2019.13 Reproduced with permission from The Korean Neurocritical Care 
Society under a Creative Commons (CC BY-NC) licence.

Thrombelastography recording with measurement parameters. Source: Salem et al. 2019.13 
Reproduced with permission from The Korean Neurocritical Care Society under a Creative 
Commons (CC BY-NC) licence.

Table 1: Evaluated Parameters of Thromboelastography 
Versus Rotational Thromboelastometry Testing

Clot 
phase

Measurement TEG ROTEM

Initiation Time from start to 
2 mm clot length 

Reaction time Clot time

Kinetics Time from 2 mm to 
20 mm clot length 

Clot formation time Clot formation 
time

Angle of propagation 
from 2 mm to 20 mm 
clot formation

Alpha angle Alpha angle

Strength Amplitude measured 
at peak clot strength 

Maximum amplitude Maximum clot 
firmness

Calculated from 
maximum amplitude

G Maximum clot 
elasticity

Lysis/stability Percentage of loss of 
amplitude at fixed 
time after maximum 
amplitude

Lysis at 30 min, 
estimated 
percentage of lysis

Lysis index at 30 
min, maximum 
lysis

G = shear elastic modulus parameter; ROTEM = rotational thromboelastometry;  
TEG = thromboelastography.
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element rotating the cup while the pin is stationary. The rotation of the 
cup is detected by a high-sensitivity electronic sensor. The ClotPro 
device comes with active tip technology, which eliminates manual 
reagent handling and improves standardisation. Both ROTEM and 
ClotPro include multiple panel assays that help us evaluate various 
aspects of coagulation cascade. For example, ROTEM assays include 
EXTEM, for evaluating the extrinsic pathway, INTEM, for the intrinsic 
pathway, FIBTEM, for evaluation of fibrinogen contribution to clot 
formation, and HEPTEM and APTEM for evaluation of heparin effect or 
thrombolysis reversal. HEPTEM and INTEM can be used together to 
demonstrate heparin-induced coagulopathy by evaluating clotting time 
on both the assays. FIBTEM and EXTEM used in conjunction can 
differentiate hypofibrinogenaemia and thrombocytopenia. EXTEM and 
APTEM when used in conjunction can diagnose fibrinolysis.

Quantra is a new VHA based on sonic estimation of elasticity via resonance 
sonorheometry technology.17 It is based on the principle that as the blood 
coagulates over time and increases its stiffness, the resonance frequency 
increases. These parameters are plotted over time. It evaluates the 
viscoelastic properties of whole blood by means of the following functional 
parameters: CT, CT with heparinase, clot stiffness, fibrinogen contribution to 
clot stiffness, platelet contribution to clot stiffness and CT ratio.

Sonoclot is a device that assesses viscoelastic properties for the blood 
using a sensitive electronic microviscometer that uses an oscillating 
suspended probe in the whole blood. It assesses haemostatic processes 
by assessing clot initiation by activated clotting time (ACT), fibrin 
propagation by clot rate and clot retraction using platelet function number. 
The platelet function number quantifies the quality of the clot retraction. 
Results will have values between 0 (no platelet function) and 5 (strong 
platelet function).

An example of a CCT- and TEG-guided transfusion algorithm implemented 
at the Baylor St Luke’s Medical Center (Houston, TX, US) cardiovascular 
intensive care unit is shown in Figure 3.

Limitations of Viscoelastic Haemostatic Assay
There are a few limitations to the use of TEG in cardiac patients, most 
notably its inability to reliably detect the presence of single antiplatelet 
therapy or warfarin.18,19 It may, however, detect the presence of combination 
antiplatelet therapy use. A variation of TEG, TEG with platelet mapping 
(Haemonetics Corporation) and ROTEM delta (Instrumentation Laboratory) 
with platelet assays, are specific VHAs that have been shown to correlate 
with platelet aggregometry, and are able to detect platelet dysfunction 
due to antiplatelet therapy and other coagulopathies.17,20 This test is 
discussed in further detail below in the subsection titled VHA in ACS.

It is also noteworthy that VHA testing is an in vitro assessment of 
coagulation, and thus does not factor in the role of vascular endothelium 
to coagulation; likely an important contributing factor in patients with 
cardiovascular disease. This test is also an inherently poor predictor of 
platelet adhesion and bleeding diathesis related to von Willebrand 
disease. Newer modifications of VHA (specifically ROTEM) with ristocetin 
have helped overcome this limitation; however, detection of mild-to-
moderate von Willebrand disease is best done with other diagnostic 
systems.21 The coagulopathy induced by hypothermia during surgery, 
particularly cardiac surgery, is not detected by TEG, where the blood is 
warmed to a normal temperature at the time of testing; however, 
temperature adaptation can help overcome some of these challenges.22–24 
The same limitations apply to CCT.

There is a need for multiple daily calibrations of these devices, performed 
by trained personnel and using standardised techniques, adequate 
maintenance and quality control, as well as standardisation of sample 
collection and testing to reduce interlaboratory variability. The newer 
generation of VHA, such as TEG-6, ROTEM sigma and Quantra, have 
cartridge-based automated test preparation without the need for manual 
pipetting and reagent mixing, which helps drive standardisation and 
reduces interpersonal and interlaboratory variability.

Viscoelastic Haemostatic Assay in 
Specific Cardiac Populations
Viscoelastic Haemostatic Assay in Cardiac Surgery
Cardiopulmonary bypass used in cardiac surgery causes several 
derangements in the haemostatic system.25 These derangements may 
lead to intraoperative and postoperative bleeding, mediastinal re-
exploration, and transfusion of allogeneic blood products, all of which 
contribute to significant morbidity and mortality.26–28 Preprocedural 
factors, including dual antiplatelet therapy, oral anticoagulants that 
decrease thrombin production and hypofibrinogenaemia, also increase 
the risk of bleeding in cardiac surgery patients.29–31 Hence, timely 
diagnosis and treatment of any bleeding diathesis is imperative.32–34 
Conventionally the decision to transfuse haemostatic blood products has 
been guided by clinical judgement or CCT. However, none of the standard 
laboratory coagulation tests were developed to predict bleeding risks or 
to guide coagulation management in surgical patients.35

A meta-analysis by Bolliger et al. evaluated 12 studies (two matched 
case–control, three retrospective cohort and seven randomised 
controlled trials) examining the role of TEG and ROTEM in the management 
of cardiac surgery patients.36 They found that TEG- or ROTEM-based 
transfusion triggers reduced the rates of blood component transfusions in 
cardiac surgery patients. Furthermore, there was a significant reduction in 
bleeding and surgical re-exploration after cardiac surgery.

A more contemporary meta-analysis by Meco et al. confirmed that VHA 
reduces blood component transfusions while also decreasing 
postoperative bleeding at 12 and 24 hours, and re-do sternotomies that 
were not due to surgical causes in cardiac surgery patients.37 Another 
meta-analysis by Dias et al. evaluated seven elective cardiac surgery 
randomised controlled trials. In the elective surgery meta-analysis, they 
showed reduced platelets, plasma transfusion, operating room length of 

Figure 3: Baylor St Luke’s Medical 
Centre Transfusion Algorithm

BSLMC operating 
room transfusion 
algorithm Microvascular bleeding by

observation of surgical field

Protamine ACT > baseline Coagulation and
platelet tests All normal

Surgical
re-exploration

of chest

PLT < 102K TEG MA < 48 INR > 1.6 PTT > 57 Fibrinogen < 144

and/or and/or

Platelet transfusion Plasma transfusion Cryoprecipitate
transfusion

Baylor St Luke’s Medical Centre (BSLMC) transfusion algorithm based on abnormal coagulation 
testing in bleeding cardiovascular surgery patients. ACT = activated clotting time;  
INR = international normalised ratio; MA = maximum amplitude; PLT = platelets;  
PTT = partial thromboplastin time; TEG = thromboelastography.
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stay, intensive care unit length of stay and bleeding rate.38 Hence, TEG- 
and ROTEM-guided transfusion protocols find themselves a 1C 
recommendation in the European Society of Anaesthesiology guidelines 
on the management of perioperative bleeding.39

Only a handful of TEG or ROTEM studies in cardiac surgery patients have 
reported mortality outcomes.40–42 Mortality was noted to be lower in the 
interventional arm in one of the studies, while two others did not show a 
mortality improvement with the use of VHA.42,43 Various factors may have 
influenced mortality outcomes in these studies, including patients’ 
baseline perioperative mortality risks (very low or very high), or analyses 
of only those patients that experienced bleeding. Furthermore, the 
primary aim of viscoelastic testing is to guide haemostatic interventions, 
which only indirectly affect mortality.

The use of VHA to predict bleeding in patients with symptomatic, severe 
aortic stenosis undergoing transcatheter aortic valve implantation was 
explored in a study of 54 consecutive patients by Rymuza et al. using TEG 
VHA testing.44 Samples drawn prior to the procedure were not predictive 
of bleeding complications. Receiver operating characteristic curve 
analysis of samples drawn at the end of the procedure showed significant 
specificity and sensitivity of bleeding complications; however, namely R, 
alpha angle and MA. After multivariate logistic regression analysis, MA 
was found to be an independent predictor of bleeding after transcatheter 
aortic valve implantation, both as a contiguous variable (OR 0.95 per 1 mm 
increment) and with a cut-off of ≤46.6 mm.

Viscoelastic Haemostatic Assay in 
Extracorporeal Membrane Oxygenation
Extracorporeal membrane oxygenation (ECMO) was first clinically 
employed in limited facilities in the 1970s, but in recent years the number 
of centres offering ECMO has increased dramatically.45,46 As the availability 
of ECMO has become widespread, the indications for its use have also 
expanded beyond cardiac failure and acute severe respiratory failure.47 
Exposure of the patient’s blood to the various surfaces of extracorporeal 
circulation causes an inflammatory response, which triggers a systemic 
inflammatory response syndrome-like cascade, leading to an increased 
risk of both haemorrhagic and thrombotic complications.48 The rates of 
life-threatening haemorrhage and thrombosis in ECMO are reported to be 
between 10% and 33%, making anticoagulation and its monitoring a critical 
aspect of delivering ECMO support.49

Despite the widespread use of ECMO, there is significant variability among 
centres regarding anticoagulation monitoring, and currently no consensus 
exists for anticoagulation during ECMO. Unfractionated heparin is the 
anticoagulant of choice at most ECMO centres, and a survey of 121 
international ECMO centres showed ACT to be the preferred (97%) method 
of anticoagulation monitoring.49 In addition to ACT, aPTT was used in 94% 
of patients at various intervals ranging from every 4–5 hours to >12 hours 
apart; routine or occasional antithrombin III (82%), anti-factor Xa (65%) and 
TEG (43%) testing during ECMO were also reported among surveyed 
centres.49 Among these various tests, TEG alone provides a comprehensive 
survey of haemostatic cascade, as discussed above.

Heparin’s impact on aPTT results is blunted by acute phase reactants; for 
example, alpha-2-macroglobulin and factor VIII. This may lead to an 
overdose of heparin when assessing anticoagulation with aPTT results 
only. Panigada et al. conducted a retrospective study of 32 patients 
treated with ECMO for severe respiratory failure to evaluate the 
prevalence of a TEG R >90 minutes (‘flat line’) reversible with heparinase 

during ECMO.50 They frequently observed a marked heparin effect on the 
TEG tracing despite an aPTT ratio (1.5–2.0) and ACT within the therapeutic 
anticoagulation range. These findings raise the concern that patients on 
ECMO may be excessively anticoagulated when utilising aPTT- and ACT-
based protocols to guide heparin therapy.

In a follow-up study, Panigada et al. evaluated the safety and efficacy of 
TEG-driven heparin titration in ECMO patients.51 In a multicentre, randomised 
controlled trial, 42 patients with acute respiratory failure on veno-venous 
ECMO were randomised to either a TEG-based protocol (target 16–24 
minutes of the R parameter, TEG group) or a standard of care aPTT-based 
protocol (target 1.5–2 of aPTT ratio, aPTT group) to guide heparin dosing. 
They found that heparin dosing was lower in the TEG group compared with 
the aPTT (p=0.03), while the number of haemorrhagic or thrombotic events 
and transfusions given were not statistically different between the two 
groups. However, there was a tendency for less bleeding from surgical sites 
and overall less bleeding in the TEG group.

Overall, TEG R-based heparin dosing for patients on ECMO appears to be 
safe, feasible and preferred over conventional aPTT-based dosing. In a 
small prospective observational study, Nair et al. studied ROTEM and 
platelet aggregometry, and suggested that ROTEM-guided coagulation 
management could avoid bleeding and possibly improve patient care.52 
There is increasing interest in VHA testing in the management of patients 
on ECMO. However, there remains a paucity of high-quality evidence, 
thereby necessitating larger trials to determine the superiority of VHA 
testing compared with CCTs in this arena.

Viscoelastic Haemostatic Assay in 
Acute Coronary Syndrome
The most prominent event that defines acute coronary syndrome (ACS) is 
the formation of an intra-arterial thrombus, usually resulting from 
activation of platelets and fibrinogen at the ruptured plaque. A global 
haemostasis test, such as TEG, may show promise as a surrogate marker 
of the thrombus formation process and to aid in the diagnosis of ACS. 
Zhou et al. investigated its use for this purpose in a study of 142 patients 
with ACS, and found that the shear elastic modulus parameter (G), which 
is a computer-generated value reflecting complete strength of the clot 
and is calculated from the amplitude (A) with the formula: G = (5,000 × A) / 
(100 − A), is an independent diagnostic indicator of ACS (OR 2.6; 95% CI 
[2.035–3.322]) in this cohort of patients.53 The optimal cut-off value for 
the diagnosis of ACS was 10.55 dyne/cm2, while the sensitivity was 66.2% 
and the specificity was 92.4%.

Current guidelines recommend treatment with dual antiplatelet therapy 
for 6–12 months in all patients presenting with ACS or undergoing 
percutaneous coronary intervention and implantation of drug-eluting 
stents.54,55 The combination of aspirin and a P2Y12 inhibitor (such as 
clopidogrel, ticagrelor or prasugrel) is prescribed in these patients to 
prevent thrombotic events and adverse cardiovascular events.56 While 
the addition of P2Y12 inhibition to aspirin has significantly improved 
cardiovascular outcomes in patients presenting with ACS, platelet 
inhibitory responses to clopidogrel are subject to significant 
interindividual variability.57 Individual testing for clopidogrel 
hyporesponsiveness may be desirable, but is not routinely performed, 
because current gold standard tests for platelet reactivity, impedance 
aggregometry, light transmittance aggregometry and vasodilator-
stimulated phosphoprotein phosphorylation assessment using flow 
cytometry, are time-consuming, require significant technical skill and 
are expensive.58,59
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As discussed above, whole blood clot strength measured by TEG is not 
sensitive to platelet reactivity. Hence, the standard TEG has been modified 
to allow assessment of the contribution of P2Y12 receptor inhibitor by the 
addition of adenosine diphosphate (ADP), and the effects of aspirin by the 
addition of arachidonic acid (AA).60,61 This modification is referred to as 
platelet mapping, and is further modified to calculate the area under the 
curve at 15 minutes of the ADP trace.62 This modified TEG has been well 
validated to rapidly detect changes in platelet activity in response to 
loading doses of aspirin and clopidogrel.63–67 It has also been shown to 
correlate well with Accumetrics Verify-Now rapid platelet function analyser 
(r2=0.54, p<0.0001) and vasodilator-stimulated phosphoprotein 
phosphorylation (r2=0.26, p=0.001) to assess the response to clopidogrel 
in patients presenting with ACS.62

Reduced clopidogrel platelet inhibition and high residual platelet reactivity 
has been shown to lead to adverse outcomes in patients undergoing 
percutaneous coronary intervention for stable angina, unstable angina 
and ST segment elevation MI.68–71 AA- or ADP-induced platelet–fibrin clot 
strength (MAAA or MAADP) is indicative of the net residual platelet 
reactivity after treatment with aspirin or clopidogrel, respectively. A 
recently published post hoc analysis of a prospective, single-centre 
cohort study including 447 patients with ACS showed that the relative 
platelet inhibition rate (AA% or ADP%) independently predicted the risk of 
6-month ischaemic events.72 Furthermore, high MAAA (HR 3.963; 95% CI 
[1.152–13.632]; p=0.029) and high MAADP (HR 5.185; 95% CI [2.228–
12.062]; p<0.001) were independent predictors of ischaemic events, and 
an even higher risk rendered when they coexisted (HR 7.870; 95% CI 
[3.462–17.899]; p<0.001).

Viscoelastic Haemostatic Assay in 
Left Ventricular Assist Devices
Left ventricular assist devices (LVADs) improve survival and quality of life 
in end-stage heart failure patients who are refractory to medical therapy.73 
This has led to a steady increase in their utilisation in recent years, with 
current annual implant rates exceeding 2,500/year.74 However, overall 
outcomes in these patients are significantly affected by two known 
complications of LVADs; namely, bleeding and pump thrombosis.75–77 The 
reported incidence of device thrombosis is around 8.4% at 3 months post-
implantation, with an overall incidence of 12.3% at 24 months.75 The 
consequences of this complication can be severe, and include pump 
failure-induced cardiogenic shock, stroke and even death. The 6-month 
mortality associated with thrombotic complications in LVAD patients is 
high and reaches 48%.75

The prothrombotic milieu in LVAD patients is driven by a persistent high 
inflammatory state and endothelial activation leading to activation of 
clotting factors, as well as persistent platelet activation.78 Hence, 
pharmacological anticoagulation management after implant commonly 
includes a vitamin K antagonist in addition to a platelet inhibitor to 
decrease thrombotic and embolic risk. Current recommendations include 
warfarin dosed to an INR goal of 2.0–3.0 and an antiplatelet therapy, such 
as aspirin (81–325 mg daily).79 Adequate anticoagulation in LVAD patients 
is usually monitored through serial measurements of INR, and there exists 
limited data on the role of VHA in this patient population.

A single-centre retrospective analysis of 98 patients with durable 
mechanical circulatory support devices (31 Heartware LVADs, 25 
HeartMate II [HM II] LVADs, 35 total artificial hearts [TAHs] and 7 
biventricular assist devices) found the TEG-based coagulation index to 
be the single most statistically significant parameter used to optimally 

anticoagulate patients.80 The coagulation index is calculated using the 
reaction time, kinetics, alpha and MA values from a kaolin-activated TEG 
assay. In this study, a significantly higher coagulation index was 
observed among the patients that had thromboembolic events as 
compared with those who did not (mean for TAH3.12 versus 1.12, HM II 
2.79 versus 1.74, Heartware 2.79 versus 1.70 and for biventricular assist 
device 2.79 versus 1.72). The authors of this study proposed that patients 
with HM II and Heartware devices should be maintained at a coagulation 
index value ≤1.5, whereas those with TAH devices should be maintained 
at a coagulation index ≤1.2 to minimise their risk of thromboembolic 
events. Furthermore, individualised INR goals should be set for patients 
based on what INR levels correspond to these coagulation index 
targets. These findings are consistent with another prior study involving 
patients with 99 SynCardia TAH.81

A more recent retrospective study by Xia et al. evaluated the role of TEG 
in predicting and defining pump thrombosis in HM II patients.82 A 
significant mean change in coagulation index of 0.71 (95% CI [0.1–1.32]; 
p=0.02) over a 24-month post-implantation follow-up period was noted in 
patients with suspected pump thrombosis compared with patients 
without. This change first became significant at 6 months. While the mean 
change in coagulation index significantly decreased over time in the 
group without pump thrombosis (−2.84; 95% CI [−5.21, −0.47]; p=0.02), it 
was not significantly different in the group with pump thrombosis (−1.72, 
95% CI [−4.22, 0.78]; p=0.18). These findings make a case for routine TEG 
monitoring, specifically using mean changes in coagulation index, for 
evaluating pump thrombosis in HM II patients. Tarzia et al. reported a case 
of ROTEM-guided administration of recombinant activated factor VII for 
refractory bleeding after implantation of a biventricular assist device.83 
Further prospective studies are required to validate these findings.

Viscoelastic Haemostatic Assay 
in Heart Transplants
Postoperative bleeding is one of the most common complications after 
cardiac surgery owing to the extracorporeal circulation, and contributes 
to significant morbidity and mortality. A single-centre observational 
prospective study of 49 cardiac transplant patients noted that the mean 
blood transfusion was 6.39 ± 5.33 units, fresh frozen plasma 4.9 ± 5.4 
units and platelets 6.47 ± 9.61 units.84 Patients requiring ≥6 blood units 
were significantly more likely to require continuous renal replacement 
therapy (50% versus 12.5%; p=0.01) and had higher intensive care unit 
mortality (33.3% versus 4%; p=0.01).

Crabbe et al. reported a case of ROTEM-guided targeted haemostatic 
therapy in a heart transplant recipient who developed coagulopathy after 
therapeutic plasma exchange. Since VHAs offer better differential 
diagnosis of bleeding in the perioperative setting, they offer guidance for 
targeted haemostatic correction, as demonstrated by Crabbe et al.85

The key to prevention of major bleeding requiring massive transfusion in 
cardiac transplantation patients is adequate preoperative evaluation and 
analysis of bleeding or thrombotic tendencies and drugs that affect 
haemostasis. Although there is a paucity of literature on the utilisation of 
VHA testing in cardiac transplantation, it offers a promising strategy to 
guide individualised transfusion goals in this patient population.

Viscoelastic Haemostatic Assay in 
Direct Oral Anticoagulants
Direct oral anticoagulants (DOACs) are being used increasingly in 
patients with non-valvular AF for stroke prophylaxis, as well as venous 
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thromboembolism prophylaxis and treatment. VHA have been used to 
assess the presence of DOACs in patients with acute bleeding events. 
Studies have shown prolongation of ROTEM clotting times and TEG Rs in 
the presence of DOACs.86–88 INTEM-CT is more prolonged compared 
with EXTEM clotting time, whereas maximum clot firmness is unaffected 
in the presence of DOACs.87,89 ROTEM and ClotPro have commercially 
available assays to detect direct thrombin inhibitors using their EcaTEM 
and Eca-Test assays, respectively. ClotPro has a commercially available 
Russell’s viper venom test assay to detect direct factor Xa inhibitors, 
while ROTEM modifications have been studied to evaluate activity of 
direct factor Xa inhibitors.90 There is also an investigational DOAC assay 
for the TEG 6s system that has been shown to have high sensitivity and 
specificity.90,91 VHA testing is promising in the setting of DOACs for their 
detection; however, there are no large clinical trials to demonstrate 
their utility in the role of assessing hard clinical endpoints.

Future Directions and Call for 
Further Areas of Study
There currently exists a paucity of data on the use of VHA in the setting of 
heart transplantation to guide transfusion strategies in this patient 
population. In the setting of ACS, further studies to validate the use of VHA 
as a diagnostic and prognostic aid are merited. As previously discussed, 
the use of TEG in patients with LVAD has revealed coagulation index to be 
an important parameter when determining the optimal degree of 
anticoagulation in this patient population. Further prospective studies 
examining the use of this parameter to guide anticoagulation against the 
incidence of thrombotic and bleeding events in patients with LVADs are 
required. Furthermore, the authors were unable to identify studies where 
VHA was utilised to assess the degree of platelet inhibition in this subset 
of patients.

While there exists a significant amount of data on the use of VHA with 
ECMO, there are currently three other types of temporary (or percutaneous) 

MCS devices; namely, the intra-aortic balloon pump, Impella devices and 
the TandemHeart.92 Anticoagulation with the use of an intra-aortic balloon 
pump is intended to reduce the risk of device thrombosis, 
thromboembolism or limb ischaemia. Current evidence on this is sparse, 
with some data suggesting that it may be safe to not anticoagulate when 
using intra-aortic balloon pump counter pulsation.93 The decision on 
whether or not to anticoagulate in this context should be tailored to the 
individual patient, on balance of the risks and benefits. VHA shows 
promise as a tool to guide such decisions; however, the authors were 
unable to identify any studies examining this. Impella and TandemHeart 
devices mandate anticoagulation to prevent device thrombosis.92,94 The 
prevalence of major bleeding complications among these patient 
populations is highly variable, with reports of up to 54% prevalence with 
Impella use and 59% with TandemHeart use.95 The authors could not 
identify any studies that incorporate the use of VHA in the management of 
anticoagulation in these settings, which may guide clinicians in identifying 
those that are at a heightened risk for complications.

Conclusion
CCTs have long been used to guide the anticoagulation status of critically 
ill and perioperative cardiovascular patients; however, they present many 
limitations. VHA overcomes many of these limitations, and although it has 
been in use for >60 years, its use in this patient population remains 
relatively nascent. It has been shown to reduce the need for blood 
component transfusions, as well as postoperative bleeding and 
mediastinal re-exploration when used to guide transfusions in the surgical 
setting. In the ECMO population, its use has been associated with lower 
doses of unfractionated heparin use when compared with CCT-guided 
protocols, with no associated increase in the incidence of thromboembolic 
events and a trend towards fewer bleeding events. Due to its properties 
in defining the patient’s overall haemostatic profile, VHA shows promise 
in many other applications within cardiovascular critical care. There is a 
need for further studies exploring the use of VHA in this arena. 

1. Masud F. The Urgency and Impact of Cardiovascular Critical 
Care. Methodist Debakey Cardiovasc J 2018;14:75–6. http://
dx.doi.org/10.14797/mdcj-14-2-75; PMID: 29977463.

2. Haas T, Fries D, Tanaka KA, et al. Usefulness of standard 
plasma coagulation tests in the management of 
perioperative coagulopathic bleeding: is there any 
evidence? Br J Aesth 2015;114:217–24. https://doi.org/10.1093/
bja/aeu303; PMID: 25204698.

3. Dzik WH. Predicting hemorrhage using preoperative 
coagulation screening assays. Curr Hematol Rep 2004;3:324–
30. https://www.ncbi.nlm.nih.gov/pubmed/15341698; 
PMID: 15431698.

4. Collyer TC, Gray DJ, Sandhu R, et al. Assessment of platelet 
inhibition secondary to clopidogrel and aspirin therapy in 
preoperative acute surgical patients measured by 
Thrombelastography® Platelet Mapping™. Br J Anaesth 
2009;102:492–8. https://doi.org/10.1093/bja/aep039; 
PMID: 19286767.

5. Sankarankutty A, Nascimento B, Teodoro da Luz L, et al. 
TEG® and ROTEM® in trauma: similar test but different 
results? World J Emerg Surg 2012;7(Suppl 1):S3. https://doi.
org/10.1186/1749-7922-7-S1-S3; PMID: 23531394.

6. Walsh M, Fritz S, Hake D, et al. Targeted 
thromboelastographic (TEG) blood component and 
pharmacologic hemostatic therapy in traumatic and 
acquired coagulopathy. Curr Drug Targets 2016;17:954–70. 
https://doi.org/10.2174/1389450117666160310153211; 
PMID: 26960340.

7. Holcomb JB, Minei KM, Scerbo ML, et al. Admission rapid 
thrombelastography can replace conventional coagulation 
tests in the emergency department. Ann Surg 2012;476–86. 
https://doi.org/10.1097/SLA.0b013e3182658180; 
PMID: 22868371.

8. Gonzalez E, Moore EE, Moore HB, et al. Goal-directed 
hemostatic resuscitation of trauma-induced coagulopathy: a 
pragmatic randomized clinical trial comparing a viscoelastic 
assay to conventional coagulation assays. Ann Surg 

2016;263:1051–9. https://doi.org/10.1097/
SLA.0000000000001608; PMID: 26720428.

9. Tapia NM, Chang A, Norman M, et al. TEG-guided 
resuscitation is superior to standardized MTP resuscitation 
in massively transfused penetrating trauma patients. 
J Trauma Acute Care Surg 2013;74:378–86. https://doi.
org/10.1097/TA.0b013e31827e20e0; PMID: 23354228.

10. Johansson PI, Stensballe J. Effect of Haemostatic Control 
Resuscitation on mortality in massively bleeding patients: a 
before and after study. Vox Sang 2009;96:111–8. https://doi.
org/10.1111/j.1423-0410.2008.01130.x; PMID: 19152603.

11. Kumar M, Ahmad J, Maiwall R, et al. Thromboelastography-
guided blood component use in patients with cirrhosis with 
nonvariceal bleeding: a randomized controlled trial. 
Hepatology 2020;71:235–46. https://doi.org/10.1002/
hep.30794; PMID: 31148204.

12. Rout G, Shalimar, Gunjan D, et al. Thromboelastography-
guided blood product transfusion in cirrhosis patients with 
variceal bleeding: a randomized controlled trial. J Clin 
Gastroenterol 2020;54:255–62. https://doi.org/10.1097/
MCG.0000000000001214; PMID: 31008867.

13. Salem AM, Roh D, Kitagawa RS, et al. Assessment and 
management of coagulopathy in neurocritical care. 
J Neurocrit Care 2019;12:9–19. https://doi.org/10.18700/
jnc.190086.

14. Lawicki SD, Wang KV, Han B, et al. TEG max clot strength is 
consistently elevated and may be predictive of COVID-19 
status at the time of ICU admission. medRxiv 5 May 2020. 
https://doi.org/10.1101/2020.04.30.20076703; preprint.

15. Mortus JR, Manek SE, Brubaker LS, et al. 
Thromboelastographic results and hypercoagulability 
syndrome in patients with coronavirus disease 2019 who 
are critically ill. JAMA Netw Open 2020;3:e2011192. https://
doi.org/10.1001/jamanetworkopen.2020.11192; 
PMID: 32501489.

16. Wright FL, Vogler TO, Moore EE, et al. Fibrinolysis shutdown 
correlation with thromboembolic events in severe COVID-19 

infection. J Am Coll Surg 2020;231:193–203.e1. https://doi.
org/10.1016/j.jamcollsurg.2020.05.007; PMID: 32422349.

17. Corey FS, Scott Corey F, Walker WF. Sonic Estimation of 
elasticity via resonance: a new method of assessing 
hemostasis. Ann Biomed Eng 2016;44:1405–24. https://doi.
org/10.1007/s10439-015-1460-y; PMID: 26399992.

18. McDonald MM, Almaghrabi TS, Saenz DM, et al. Dual 
antiplatelet therapy is associated with coagulopathy 
detectable by thrombelastography in acute stroke. J 
Intensive Care Med 2020;35:68–73. https://doi.
org/10.1177/0885066617729644: PMID: 28931362.

19. Dunham CM, Rabel C, Hileman BM, et al. TEG® and 
RapidTEG® are unreliable for detecting warfarin-
coagulopathy: a prospective cohort study. Thromb J 
2014;12:4. https://doi.org/10.1186/1477-9560-12-4; 
PMID: 24495462.

20. Görlinger K, Iqbal J, Dirkmann D, Tanaka KA. Whole blood 
assay: thromboelastometry. In: Teruya J ed. Management of 
Bleeding Patients. Basel, Switzerland: Springer Nature 
2016;37–64. https://doi.org/10.1007/978-3-319-30726-8_5.

21. Topf HG, Strasser ER, Breuer G, et al. Closing the gap – 
detection of clinically relevant von Willebrand disease in 
emergency settings through an improved algorithm based 
on rotational thromboelastometry. BMC Anesthesiol 
2019;19:10. https://doi.org/10.1186/s12871-018-0672-8; 
PMID: 30630422.

22. Enriquez LJ, Shore-Lesserson L. Point-of-care coagulation 
testing and transfusion algorithms. Br J Anaesth 
2009;103(Suppl 1):i14–22. https://doi.org/10.1093/bja/aep318; 
PMID: 20007984.

23. Rhee AJ, Kahn RA. Laboratory point-of-care monitoring in 
the operating room. Curr Opin Anaesthesiol 2010;23:741–8. 
https://doi.org/10.1097/ACO.0b013e32834015bd; 
PMID: 20881483.

24. Shen L, Tabaie S, Ivascu N. Viscoelastic testing inside and 
beyond the operating room. J Thorac Dis 2017;9(Suppl 
4):S299–308. https://doi.org/10.21037/jtd.2017.03.85; 



© RADCLIFFE CARDIOLOGY 2021
Access at: www.CFRjournal.com

Surgical Management

PMID: 28540073.
25. Besser MW, Klein AA. The coagulopathy of cardiopulmonary 

bypass. Crit Rev Clin Lab Sci 2010;47:197–212. https://doi.org/ 
10.3109/10408363.2010.549291; PMID: 21391830.

26. Hardy JF, de Moerloose P, Samama CM. Massive transfusion 
and coagulopathy: pathophysiology and implications for 
clinical management. Can J Anaesth 2006;53(6 
Suppl):S40–57. https://doi.org/10.1007/BF03022251; 
PMID: 16766790.

27. Ranucci M, Baryshnikova E, Castelvecchio S, et al. Major 
bleeding, transfusions, and anemia: the deadly triad of 
cardiac surgery. Ann Thorac Surg 2013;96:478–85. https://doi.
org/10.1016/j.athoracsur.2013.03.015; PMID: 23673069.

28. Eikelboom JW, Mehta SR, Anand SS, et al. Adverse impact 
of bleeding on prognosis in patients with acute coronary 
syndromes. Circulation 2006;114:774–82. https://doi.
org/10.1161/CIRCULATIONAHA.106.612812; PMID: 16908769.

29. Ferraris VA, Saha SP, Oestreich JH, et al. 2012 Update to the 
Society of Thoracic Surgeons guideline on use of 
antiplatelet drugs in patients having cardiac and noncardiac 
operations. Ann Thorac Surg 2012;94:1761–81. https://doi.
org/10.1016/j.athoracsur.2012.07.086; PMID: 23098967.

30. Carroll RC, Chavez JJ, Snider CC, et al. Correlation of 
perioperative platelet function and coagulation tests with 
bleeding after cardiopulmonary bypass surgery. J Lab Clin 
Med 2006;147:197–204. https://doi.org/10.1016/j.
lab.2005.12.007; PMID: 16581348.

31. Crowther MA, Warkentin TE. Bleeding risk and the 
management of bleeding complications in patients 
undergoing anticoagulant therapy: focus on new 
anticoagulant agents. Blood 2008;111:4871–9. https://doi.
org/10.1182/blood-2007-10-120543; PMID: 18309033.

32. Karlsson M, Ternström L, Hyllner M, et al. Prophylactic 
fibrinogen infusion reduces bleeding after coronary artery 
bypass surgery. A prospective randomised pilot study. 
Thromb Haemost 2009;102:137–44. https://doi.org/10.1160/
TH08-09-0587; PMID: 19572078.

33. Nishi T, Mutsuga M, Akita T, et al. The incidence and risk 
factors of hypofibrinogenemia in cardiovascular surgery. Gen 
Thorac Cardiovasc Surg 2020;68:335–41. https://doi.
org/10.1007/s11748-019-01201-8; PMID: 31531835.

34. Callum J, Farkouh ME, Scales DC, et al. Effect of fibrinogen 
concentrate vs cryoprecipitate on blood component 
transfusion after cardiac surgery. JAMA 2019;322:1966–76. 
https://doi.org/10.1001/jama.2019.17312; PMID: 31634905.

35. Chee YL, Greaves M. Role of coagulation testing in 
predicting bleeding risk. Hematol J 2003;4:373–8. https://
doi.org/10.1038/sj.thj.6200306; PMID: 14671609.

36. Bolliger D, Tanaka KA. Roles of thrombelastography and 
thromboelastometry for patient blood management in 
cardiac surgery. Trans Med Rev 2013;27:213–20. https://doi.
org/10.1016/j.tmrv.2013.08.004; PMID: 24075802.

37. Meco M, Montisci A, Giustiniano E, et al. Viscoelastic blood 
tests use in adult cardiac surgery: meta-analysis, meta-
regression, and trial sequential analysis. J Cardiothorac Vasc 
Anesth 2020;34:119–27. https://doi.org/10.1053/j.
jvca.2019.06.030; PMID: 31445833.

38. Dias JD, Sauaia A, Achneck HE, et al. Thromboelastography-
guided therapy improves patient blood management and 
certain clinical outcomes in elective cardiac and liver 
surgery and emergency resuscitation: a systematic review 
and analysis. J Thromb Haemost 2019;17:984–94. https://doi.
org/10.1111/jth.14447; PMID: 30947389.

39. Kozek-Langenecker SA, Afshari A, Albaladejo P, et al. 
Management of severe perioperative bleeding. Eur J 
Anaesthesiol 2013;34:270–382. https://doi.org/10.1097/
EJA.0b013e32835f4d5b; PMID: 23656742.

40. Girdauskas E, Kempfert J, Kuntze T, et al. 
Thromboelastometrically guided transfusion protocol during 
aortic surgery with circulatory arrest: a prospective, 
randomized trial. J Thorac Cardiovasc Surg 2010;140:1117–24.
e2. https://doi.org/10.1016/j.jtcvs.2010.04.043; 
PMID: 20951260.

41. Görlinger K, Dirkmann D, Hanke AA, et al. First-line therapy 
with coagulation factor concentrates combined with point-
of-care coagulation testing is associated with decreased 
allogeneic blood transfusion in cardiovascular surgery: a 
retrospective, single-center cohort study. Anesthesiology 
2011;115:1179–91. https://doi.org/10.1097/
ALN.0b013e31823497dd; PMID: 21970887.

42. Weber CF, Görlinger K, Meininger D, et al. Point-of-care 
testing: a prospective, randomized clinical trial of efficacy in 
coagulopathic cardiac surgery patients. Anesthesiology 
2012;117:531–47. https://doi.org/10.1097/
ALN.0b013e318264c644; PMID: 22914710.

43. Whiting P, Al M, Westwood M, et al. Viscoelastic point-of-
care testing to assist with the diagnosis, management and 
monitoring of haemostasis: a systematic review and cost-
effectiveness analysis. Health Technol Assess 2015;19:1–228, 

v–vi. https://doi.org/10.3310/hta19580; PMID: 26215747.
44. Rymuza B, Zbroński K, Scisło P, et al. Thromboelastography 

for predicting bleeding in patients with aortic stenosis 
treated with transcatheter aortic valve implantation. Kardiol 
Pol 2018;76:418–25. https://doi.org/10.5603/KP.a2017.0225; 
PMID: 29192952.

45. Hill JD, O’Brien TG, Murray JJ, et al. Prolonged 
extracorporeal oxygenation for acute post-traumatic 
respiratory failure (shock-lung syndrome). Use of the 
Bramson membrane lung. N Engl J Med 1972;286:629–34. 
https://doi.org/10.1056/NEJM197203232861204; 
PMID: 5060491.

46. Sauer CM, Yuh DD, Bonde P. Extracorporeal membrane 
oxygenation use has increased by 433% in adults in the 
United States from 2006 to 2011. ASAIO J 2015;61:31–6. 
https://doi.org/10.1097/MAT.0000000000000160; 
PMID: 25303799.

47. Shekar K, Mullany DV, Thomson B, et al. Extracorporeal life 
support devices and strategies for management of acute 
cardiorespiratory failure in adult patients: a comprehensive 
review. Crit Care 2014;18:219. https://doi.org/10.1186/cc13865; 
PMID: 25032748.

48. Millar JE, Fanning JP, McDonald CI, et al. The inflammatory 
response to extracorporeal membrane oxygenation (ECMO): 
a review of the pathophysiology. Crit Care 2016;20. https://
doi.org/10.1186/s13054-016-1570-4; PMID: 27890016.

49. Bembea MM, Annich G, Rycus P, et al. Variability in 
anticoagulation management of patients on extracorporeal 
membrane oxygenation: an international survey. Pediatr Crit 
Care Med 2013;14:e77–84. https://doi.org/10.1097/
PCC.0b013e31827127e4; PMID: 23287906.

50. Panigada M, Iapichino G, L’Acqua C, et al. Prevalence of 
“flat-line” thromboelastography during extracorporeal 
membrane oxygenation for respiratory failure in adults. 
ASAIO J 2016;62:302–9. https://doi.org/10.1097/
MAT.0000000000000325; PMID: 26720739.

51. Panigada M, E Iapichino G, Brioni M, et al. 
Thromboelastography-based anticoagulation management 
during extracorporeal membrane oxygenation: a safety and 
feasibility pilot study. Ann Intensive Care 2018;8:7. https://doi.
org/10.1186/s13613-017-0352-8; PMID: 29340875.

52. Nair P, Hoechter DJ, Buscher H, et al. Prospective 
observational study of hemostatic alterations during adult 
extracorporeal membrane oxygenation (ECMO) using point-
of-care thromboelastometry and platelet aggregometry.  
J Cardiothorac Vasc Anesth 2015;29:288–96. https://doi.
org/10.1053/j.jvca.2014.06.006; PMID: 25655210.

53. Zhou Q, Mao M, Meng J, et al. The thromboelastography G 
parameter as a potential biomarker of acute coronary 
syndrome. Scand J Clin Lab Invest 2020;80:196–201. https://
doi.org/10.1080/00365513.2019.1709986; PMID: 31899967.

54. Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for 
the management of acute myocardial infarction in patients 
presenting with ST-segment elevation. Eur Heart J 
2018;39:119–77. https://doi.org/10.1093/eurheartj/ehx393; 
PMID: 28886621.

55. Hamm CW, Bassand JP, Agewall S, et al. ESC guidelines for 
the management of acute coronary syndromes in patients 
presenting without persistent ST-segment elevation. Eur 
Heart J 2011;32:2999–3054 https://doi.org/10.1093/eurheartj/
ehr236; PMID: 21873419.

56. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/
SCAI guideline for percutaneous coronary intervention: a 
report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice 
Guidelines and the Society for Cardiovascular Angiography 
and Interventions. Circulation 2011;124:e574–651. https://
doi.10.1161/CIR.0b013e31823ba622; PMID:22064601.

57. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. Variability 
in individual responsiveness to clopidogrel: clinical 
implications, management, and future perspectives. J Am 
Coll Cardiol 2007;49:1505–15. https://doi.org/10.1016/j.
jacc.2006.11.044; PMID: 17418288.

58. Gurbel PA, Bliden KP, Guyer K, et al. Platelet reactivity in 
patients and recurrent events post-stenting: results of the 
PREPARE POST-STENTING Study. J Am Coll Cardiol 
2005;46:1820–6. https://doi.org/10.1016/j.jacc.2005.07.041; 
PMID: 16286165.

59. Bonello L, Paganelli F, Arpin-Bornet M, et al. Vasodilator-
stimulated phosphoprotein phosphorylation analysis prior to 
percutaneous coronary intervention for exclusion of 
postprocedural major adverse cardiovascular events. J 
Thromb Haemost 2007;5:1630–6. https://doi.
org/10.1111/j.1538-7836.2007.02609.x; PMID: 17488353.

60. Bowbrick VA, Mikhailidis DP, Stansby G. Value of 
thromboelastography in the assessment of platelet function. 
Clin Appl Thromb Hemost 2003;9:137–42. https://doi.
org/10.1177/107602960300900208; PMID: 12812383.

61. Bailey LA, Sistino JJ, Uber WE. Is platelet function as 

measured by thrombelastograph monitoring in whole blood 
affected by platelet inhibitors? J Extra Corpor Technol 
2005;37:43–7. PMID: 15804156.

62. Cotton JM, Worrall AM, Hobson AR, et al. Individualised 
assessment of response to clopidogrel in patients 
presenting with acute coronary syndromes: a role for short 
thrombelastography? Cardiovasc Ther 2010;28:139–46. 
https://doi.org/10.1111/j.1755-5922.2010.00156.x; 
PMID: 20406238.

63. Hobson AR, Agarwala RA, Swallow RA, et al. 
Thrombelastography: current clinical applications and its 
potential role in interventional cardiology. Platelets 
2006;17:509–18. https://doi.org/10.1080/ 
09537100600935259; PMID: 17127479.

64. Hobson AR, Petley GW, Dawkins KD, et al. A novel fifteen 
minute test for assessment of individual time-dependent 
clotting responses to aspirin and clopidogrel using modified 
thrombelastography. Platelets 2007;7: 497–505. https://doi.
org/10.1080/09537100701329162; PMID: 17957565.

65. Hobson AR, Qureshi Z, Banks P, et al. Effects of clopidogrel 
on “aspirin specific” pathways of platelet inhibition.  
Platelets 2009;20:386–90. https://doi.org/10.1080/ 
09537100903003227; PMID: 19811222.

66. Swallow RA, Agarwala RA, Dawkins KD, et al. 
Thromboelastography: potential bedside tool to assess the 
effects of antiplatelet therapy? Platelets 2006;17:385–92. 
https://doi.org/10.1080/09537100600757521; 
PMID: 16973499.

67. Geisler T, Langer H, Wydymus M, et al. Low response to 
clopidogrel is associated with cardiovascular outcome after 
coronary stent implantation. Eur Heart J 2006;27:2420–5. 
https://doi.org/10.1093/eurheartj/ehl275; PMID: 17005534.

68. Hochholzer W, Trenk D, Bestehorn HP, et al. Impact of the 
degree of peri-interventional platelet inhibition after loading 
with clopidogrel on early clinical outcome of elective 
coronary stent placement. J Am Coll Cardiol 2006;48:1742–
50. https://doi.org/10.1016/j.jacc.2006.06.065; 
PMID: 17084243.

69. Cuisset T, Frere C, Quilici J, et al. High post-treatment 
platelet reactivity is associated with a high incidence of 
myonecrosis after stenting for non-ST elevation acute 
coronary syndromes. Thromb Haemost 2007;97:282–7. 
https://doi.org/10.1160/TH06-07-0362; PMID: 17264958.

70. Marcucci R, Gori AM, Paniccia R, et al. Cardiovascular death 
and nonfatal myocardial infarction in acute coronary 
syndrome patients receiving coronary stenting are predicted 
by residual platelet reactivity to ADP detected by a point-of-
care assay: a 12-month follow-up. Circulation 2009;119:237–
42. https://doi.org/10.1161/CIRCULATIONAHA.108.812636; 
PMID: 19118249.

71. Matetzky S, Shenkman B, Guetta V, et al. Clopidogrel 
resistance is associated with increased risk of recurrent 
atherothrombotic events in patients with acute myocardial 
infarction. Circulation 2004;109:3171–5. https://doi.
org/10.1161/01.CIR.0000130846.46168.03; PMID: 15184279.

72. Wu H-Y, Zhang C, Zhao X, et al. Residual platelet reactivity is 
preferred over platelet inhibition rate in monitoring 
antiplatelet efficacy: insights using thrombelastography. Acta 
Pharmacol Sin 2020;41:192–7. https://doi.org/10.1038/s41401-
019-0278-9; PMID: 31515526.

73. Stevenson LW, Miller LW, Desvigne-Nickens P, et al. Left 
ventricular assist device as destination for patients 
undergoing intravenous inotropic therapy: a subset analysis 
from REMATCH (Randomized Evaluation of Mechanical 
Assistance in Treatment of Chronic Heart Failure). Circulation 
2004;110:975–81. https://doi.org/10.1161/01.
CIR.0000139862.48167.23; PMID: 15313942.

74. Kirklin JK, Pagani FD, Kormos RL, et al. Eighth annual 
INTERMACS report: Special focus on framing the impact of 
adverse events. J Heart Lung Transplant 2017;36:1080–6. 
https://doi.org/10.1016/j.healun.2017.07.005; 
PMID: 28942782.

75. Starling RC, Moazami N, Silvestry SC, et al. Unexpected 
abrupt increase in left ventricular assist device thrombosis. 
N Eng J Med 2014;370:33–40. https://doi.org/10.1056/
NEJMoa1313385; PMID: 24283197.

76. Mehra MR, Stewart GC, Uber PA. The vexing problem of 
thrombosis in long-term mechanical circulatory support. J 
Heart Lung Transplant 2014;33:1–11. https://doi.org/10.1016/j.
healun.2013.12.002; PMID: 24418729.

77. Starling RC, Naka Y, Boyle AJ, et al. Results of the post-U.S. 
Food and Drug Administration-approval study with a 
continuous flow left ventricular assist device as a bridge to 
heart transplantation. J Am Coll Cardiol 2011;57:1890–8. 
https://doi.org/10.1016/j.jacc.2010.10.062; PMID: 21545946.

78. Houël R, Mazoyer E, Boval B, et al. Platelet activation and 
aggregation profile in prolonged external ventricular 
support. J Thorac Cardiovasc Surg 2004;128:197–202. https://
doi.org/10.1016/j.jtcvs.2003.11.059; PMID: 15282455.



© RADCLIFFE CARDIOLOGY 2021
Access at: www.CFRjournal.com

Surgical Management

79. Feldman D, Pamboukian SV, Teuteberg JJ, et al. The 2013 
International Society for Heart and Lung Transplantation 
guidelines for mechanical circulatory support: executive 
summary. J Heart Lung Transplant 2013;32:157–87. https://doi.
org/10.1016/j.healun.2012.09.013; PMID: 23352391.

80. Volod O, Lam LD, Lin G, et al. Role of thromboelastography 
platelet mapping and international normalized ratio in 
defining “normocoagulability” during anticoagulation for 
mechanical circulatory support devices. ASAIO J 2017;63:24–
31. https://doi.org/10.1097/MAT.0000000000000445; 
PMID: 27660902.

81. Copeland J, Copeland H, Nolan P, et al. Results with an 
anticoagulation protocol in 99 SynCardia total artificial heart 
recipients. ASAIO J. 2013;59:216–20. https://doi.org/10.1097/
MAT.0b013e318288a390; PMID: 23644607.

82. Xia R, Varnado S, Graviss EA, et al. Role of 
thromboelastography in predicting and defining pump 
thrombosis in left ventricular assist device patients. Thromb 
Res 2020;192:29–35. https://doi.org/10.1016/j.thromres. 
2020.03.016; PMID: 32447105.

83. Tarzia V, Buratto E, Bortolussi G, et al. The danger of using a 
sledgehammer to crack a nut: ROTEM-guided administration 
of recombinant activated factor VII in a patient with 
refractory bleeding post-ventricular assist device 
implantation. Artif Organs 2015;39:248–53. https://doi.
org/10.1111/aor.12355; PMID: 25065398.

84. Diaz-Martin A, Escoresca-Ortega AM, Hernandez-Caballero C, 

et al. Considerations regarding major bleeding after cardiac 
transplantation. Transplant Proc 2010;42:3204–5. https://doi.
org/10.1016/j.transproceed.2010.05.047; PMID: 20970652.

85. Crabbe A, McNeil JS, Deshpande SP, et al. Therapeutic 
plasma exchange in heart transplantation: role of coagulation 
assessment with thromboelastometry. JA Clin Rep 2016;2:31. 
https://doi.org/10.1186/s40981-016-0058-1; PMID: 29492426.

86. Herrmann R, Thom J, Wood A, et al. Thrombin generation 
using the calibrated automated thrombinoscope to assess 
reversibility of dabigatran and rivaroxaban. Thromb Haemost 
2014;111:989–95. https://doi.org/10.1160/TH13-07-0607; 
PMID: 24352511.

87. Seyve L, Richarme C, Polack B, et al. Impact of four direct 
oral anticoagulants on rotational thromboelastometry 
(ROTEM). Int J Lab Hematol 2018;40:84–93. https://doi.
org/10.1111/ijlh.12744; PMID: 28980758.

88. Artang R, Anderson M, Nielsen JD. Fully automated 
thromboelastograph TEG 6s to measure anticoagulant 
effects of direct oral anticoagulants in healthy male 
volunteers. Res Pract Thromb Haemost 2019;3:391–6. https://
doi.org/10.1002/rth2.12206; PMID: 31294326.

89. Mahamad S, Chaudhry H, Nisenbaum R, et al. Exploring the 
effect of factor Xa inhibitors on rotational 
thromboelastometry: a case series of bleeding patients. J 
Thromb Thrombolysis 2019;47:272–9. https://doi.org/10.1007/
s11239-018-1785-0; PMID: 30506352.

90. Adelmann D, Wiegele M, Wohlgemuth RK, et al. Measuring 

the activity of apixaban and rivaroxaban with rotational 
thrombelastometry. Thromb Res 2014;134:918–23. https://doi.
org/10.1016/j.thromres.2014.08.006; PMID: 25179518.

91. Dias JD, Lopez-Espina CG, Ippolito J, et al. Rapid point-of-
care detection and classification of direct-acting oral 
anticoagulants with the TEG 6s: Implications for trauma and 
acute care surgery. J Trauma Acute Care Surg 2019;87:364–
70. https://doi.org/10.1097/TA.0000000000002357; 
PMID: 31045726.

92. Ergle K, Parto P, Krim SR. Percutaneous ventricular assist 
devices: a novel approach in the management of patients 
with acute cardiogenic shock. Ochsner J 2016;16:243–9. 
PMID: 27660572.

93. Pucher PH, Cummings IG, Shipolini AR, et al. Is heparin 
needed for patients with an intra-aortic balloon pump? 
Interact Cardiovasc Thorac Surg 2012;15:136. https://doi.
org/10.1093/icvts/ivs017; PMID: 22495506.

94. Succar L, Sulaica EM, Donahue KR, et al. Management of 
anticoagulation with Impella® percutaneous ventricular 
assist devices and review of new literature. J Thromb 
Thrombolysis 2019;48:284–91. https://doi.org/10.1007/s11239-
019-01837-6; PMID: 30877619.

95. Subramaniam AV, Barsness GW, Vallabhajosyula S, et al. 
Complications of temporary percutaneous mechanical 
circulatory support for cardiogenic shock: an appraisal of 
contemporary literature. Cardiol Ther 2019;8:211–28. https://
doi.org/10.1007/s40119-019-00152-8; PMID: 31646440.


