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Abstract: 

 

 Mechanical circulatory support devices such as extracorporeal membrane oxygenation 

(ECMO) and cardiopulmonary bypass (CPB) are increasingly used to support patients with severe 

cardiopulmonary organ dysfunction. Due to the thrombogenic and inflammatory nature of their 

circuits, patients ideally should be anticoagulated to avoid potential complications. Heparin is the 

most commonly used anticoagulant, given its ease of titration, predictable pharmacokinetics, 

bedside monitoring capability, and reliable reversal with protamine. However, a subset of patients 

is contraindicated to heparin, such as those with heparin induced thrombocytopenia, who present 

with additional challenges in management in this setting. The goal of this narrative review is to 

comprehensively discuss alternative strategies of anticoagulation in the setting of heparin 

contraindication. We will touch upon both pharmacologic and nonpharmacologic methods, each 

with their distinct advantages and disadvantages. Both established alternatives as well as cutting-

edge, experimental ones will bue discussed. Due to the complex nature of these patients, it 

necessary for anesthesiologists, intensivists, and surgeons to be familiar with the alternative 

strategies in order to successful navigate their clinical care. 
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Introduction:  

Cardiopulmonary bypass (CPB) and 

extracorporeal membrane oxygenation 

(ECMO) are both mechanical circulatory 

support technologies that augment the native 

heart and/or lung function. They involve 

drainage and reinfusion of blood while 

performing extracorporeal gas exchange.1 In 

both devices, contact between patient blood 

and the non-endothelialized surface of the 

circuit triggers an inflammatory response and 

pro-coagulation cascade.2–5 As a result, 

prophylactic anticoagulation is integral to 

prevent catastrophic thrombosis of the 

circuitry. In rare instances, there exist 

contraindications to heparin use, 

necessitating alternative management 

strategies.6 In this review, we will examine 

heparin contraindications in mechanical 

circulatory support and summarize 

alternative approaches to anticoagulation in 

these circumstances. 

 

Principles of Extracorporeal Circulation  

Both ECMO and CPB allow external 

circulation of blood to maintain organ 

perfusion and gas exchange independent of 

cardiopulmonary function. However, their 

circuits differ in several important ways 

(Table 1). CPB utilizes a venous reservoir 

which introduces a blood-air interface, 

circuits are typically not heparin-bonded, and 

periods of low flow may be maintained 

during cardiac surgery. All of these features 

lead to a more pronounced inflammatory 

response than would typically be seen in an 

ECMO circuit, thus requiring greater levels 

of anticoagulation.7,8 Furthermore, smaller 

priming volumes and pulsatile blood flow in 

ECMO may further decrease neutrophil 

activation and inflammatory response.4 

 

Table 1: Differences between CPB and ECMO  

 CPB ECMO 

Duration Short term (minutes-hours) Long-term (days-weeks) 

Anticoagulation High-dose; reversed at the 

end of the case 

Low-dose; not reversed  

Cardioplegia Used Not used 

Pump flow rates  2-2.2 L/min/m2, non-pulsatile >4L/min, sometimes pulsatile 

Hypothermia Used for neuroprotection Not used  

Circuit components Venous reservoir, arterial 

filter 

No venous reservoir or 

arterial filter  

Air-blood interface Yes No, closed circuit 

Hemodilution Yes To a lesser degree 

CPB: cardiopulmonary bypass; ECMO: extracorporeal membrane oxygenation 

 

Limitations of Heparin and Protamine 

Heparin works by binding to 

antithrombin III, enhancing its ability to 

inactivate thrombin (factor IIa) and factor Xa. 

Unfractionated heparin (UFH) is commonly 

used for both CPB and ECMO due to its rapid 

and predictable onset, low cost, ease of 

monitoring, and availability of a reversal 

agent.6 Unfortunately, the use of heparin and 

its reversal agent, protamine, has its 

limitations. Clinical contraindications may 

preclude its use in mechanical circulatory 

support, resulting in the need for alternative 

anticoagulation strategies. 

 

Heparin  

Heparin-induced thrombocytopenia 

(HIT) is the most commonly encountered 

heparin contraindication. There are two 

major HIT types: Type 1 is non-immune 
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mediated, causes mild thrombocytopenia, 

and exhibits spontaneous platelet recovery 

despite continued heparin use.6,9 Type 2 is an 

immune mediated process, in which heparin 

binds to platelet factor 4 (PF4) and triggers 

the formation of IgG auto-antibodies, which 

then bind to platelets. Continued activation 

leads to both platelet aggregate removal 

(causing thrombocytopenia) and 

procoagulant release (causing a 

prothrombotic state).10 For the remainder of 

this discussion, HIT will be referred to as HIT 

type II.  

 

CPB: Patients with acute or sub-acute HIT 

may present for cardiac surgery with CPB. 

Management depends on the urgency of the 

procedure and the presence of HIT 

antibodies.11 If elective, one can employ a 

“wait-and-see” approach. HIT antibodies 

typically decline over approximately 80 

days.6 Once this occurs, there is a low 

likelihood of antibody recurrence in the 

presence of heparin, which may then be 

safely given during surgery.12–15 If emergent, 

several options exist. One approach is to use 

plasmapheresis to reduce antibody titers by 

50-84%, allowing safe heparin utilization in 

CPB.15,16 IV immune globulin similarly 

decreases antibody titers and has been 

successfully used for vascular bypass 

surgery. However, experience with its use in 

CPB is limited to a single case report and it is 

not currently recommended.17  There are 

additionally several case series describing the 

use of heparin in conjunction with platelet 

antagonists (tirofiban, ilioprost, cangrelor) 

for CPB (as discussed later in the review).18–

21  The most common approach is to select a 

direct thrombin inhibitor (DTI) as a heparin 

alternative for CPB.11  

 

ECMO: In ECMO patients with confirmed 

HIT, discontinuation of heparin and selection 

of an alternative anticoagulant is 

recommended, though an optimal strategy for 

this has not yet been defined.22 DTIs, 

including bivalirudin and argatroban, are the 

most thoroughly studied, although data is 

largely extrapolated from CPB literature.22,23 

Notably, as ECMO circuits typically include 

heparin-bonded components, there is a risk of 

ongoing HIT despite switching to an alternate 

coagulant, which could necessitate circuit 

exchange.24 Previously, plasmapheresis has 

been utilized to reduce heparin-PF4 antibody 

burden in ECMO safely.25–27 In clinical 

scenarios where safe alternatives are lacking, 

studies have demonstrated that interrupting 

anticoagulation for prolonged periods in 

these patients may be feasible, though current 

guidelines recommend the use of 

anticoagulation.28–30 Lastly, heparin-PF4 

antibodies can often be detected in subgroups 

of patients on CPB or ECMO without the 

development of clinical HIT.31–38 The 

significance of this is currently unknown, as 

literature is equivocal on antibody presence 

and adverse outcomes.31,34,37,39–43 Due to high 

prevalence of these antibodies especially in 

the critically ill, it is even more important to 

use robust criteria including functional 

studies (i.e. serotonin release assay or 

heparin-induced platelet aggregation assay) 

to prevent over-diagnosis of HIT. 

 

Protamine  

Protamine sulfate is a commonly used 

reversal agent for UFH. However, it can 

cause significant side effects including 

profound vasodilation, anaphylaxis, and 

acute pulmonary vasoconstriction leading to 

cor pulmonale. The incidence of protamine 

reaction in CPB ranges from 0.1% to 

13%.44,45 Patient risk factors include prior 

exposure, use of protamine-containing 

insulin, and possibly fish allergy and/or prior 

vasectomy.45,46 Those who have experienced 

a protamine reaction are at increased risk of 

mortality.44  

 If a patient has a documented history 

of protamine reaction, alternative strategies 

https://esmed.org/MRA/mra/
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for heparin reversal should be pursued. The 

first option is to forgo reversal entirely and 

allow heparin activity to passively decline.47 

This takes time, and additional blood product 

administration may be necessary to correct 

coagulopathy. Another option is to utilize a 

heparin-coated circuit, which decreases the 

systemic heparinization requirement. Several 

studies have demonstrated successful CPB 

runs with target activated clotting times 

(ACT) of 180-250s versus the usual >400s 

using these circuits.48,49 As a result, 

protamine use can be minimized or avoided 

altogether. Thirdly, heparin may be 

neutralized either by a heparin removal 

device or novel drugs such as heparinase and 

hexadimethrine, although these have not yet 

been widely adopted.50–55 Finally, 

anticoagulation can be achieved using 

another drug in lieu of heparin, thus forgoing 

the need for reversal with protamine. 

Alternatives to Heparin   

When there is a contraindication to 

heparin for CPB or ECMO, DTIs 

(specifically bivalirudin) have the highest 

level of evidence as an alternative 

anticoagulation strategy (Class IIa). Other 

therapies including non-bivalirudin 

anticoagulants, plasmapheresis, non-

thrombogenic circuits, and platelet inhibitors 

have been studied but currently carry only a 

Class IIb recommendation.56 The remainder 

of this review will focus on heparin 

alternatives that have been studied and used 

off-label for mechanical circulatory support 

devices.   

 

 

 

 

 

 

Direct Thrombin Inhibitors  

Thrombin is the final factor in the 

coagulation cascade, thus serving as a potent 

target for anticoagulation.57 DTIs such as 

lepirudin, bivalirudin, and argatroban are 

approved in the US for the treatment of 

HIT.58 Although none are formally approved 

for CPB or ECMO, their use in these 

scenarios are supported by the Society of 

Cardiovascular Anesthesiologists (SCA) 

despite being considered off-label (Class IIa 

and Class IIb recommendations). A summary 

of DTIs is provided in Table 2.  

 DTIs are derived from hirudin, or 

hirudo medicinalis, which is produced from 

leech salivary glands.59 The active molecule 

binds to thrombin bivalently and irreversibly. 

Hirudin itself is not commercially available, 

although several analogs are available and 

are discussed below. 

 

Lepirudin 

Lepirudin is a hirudin analog and the 

first DTI approved for HIT with thrombosis 

in both the US and Europe.58 Similar to 

hirudin, lepirudin forms an almost 

irreversible, bivalent bond to both the active 

site and exosite 1 on the thrombin molecule. 

The drug is both metabolized and eliminated 

renally, and in patients with renal failure, its 

half-life may be extended up to 120 hours, as 

compared to its usual 40-80 minutes.58 

The preferred monitoring modality 

for lepirudin is activated partial 

thromboplastin time (aPTT), with a goal of 

1.5-2.5x the baseline or control.60 Plasma 

levels can also be checked (goal 3.5-4.5 

µg/mL), however this assay is more 

expensive and less readily available.58 Of 

note, ecarin clotting time (ECT) was 

developed specifically for DTI monitoring, 

however, the device used was not widely 

available and is no longer manufactured.58  
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Table 2: Summary of direct thrombin inhibitors  

Drug  Mechanism  Dose*  Half-life Elimination  Reversal Monitoring Additional information  

 Bivalirudin DTI via 

reversible 

bond 

CPB: 1 mg/kg 

bolus + 50 mg 

added to circuit, 2.5 
mg/kg/hr infusion 

and additional 

boluses of 0.1-0.5 
mg/kg as needed 

(Koster et al., 

2007) 

ECMO (wide 

variability): no 

loading dose + 
0.028-0.05 

mg/kg/hr OR 0.4-

0.5 mg/kg loading 
dose + 0.05-0.5 

mg/kg/hr  

20-25 

minutes 

Plasma proteases 

with core 

temperature of 
37-38 C prior to 

renal elimination 

No 

antidote 

but 
dialyzable  

ACT most 

commonly at a 

minimum of 2.5x 
baseline value  

 

OR  

 

Serum drug 

concentration 10-15 
µg/mL  

SCA: Class IIA 

recommendation for a 

patient with HIT who 
needs urgent surgery 

requiring CPB 

ELSO: Recommend for 
patients with HIT  

Argatroban  DTI via 

reversible 

bond 

CPB: 5-mg bolus + 

5 µg/kg/min 

Hirasaki et al., 
2019) 

ECMO: no loading 
dose + 0.1-0.3 

mg/kg/min (Geli et 
al., 2021) 

 

45-55 

minutes  

Hepatobiliary 

system, 

temperature 
independent  

No 

antidote 

and not 
dialyzable  

CPB: ACT goal 

>480 seconds, 

however difficulty 
achieving 

anticoagulation 

even with this goal  

ECMO: 43-70 and 
60-100 seconds for 

aPTT and between 

150-210 and 180-
230 seconds for 

ACT  

 

SCA: Class IIB 

recommendation for 

patients with renal failure 
and HIT who require 

CPB with the warning of 

increased bleeding risk. 

ELSO: Recommend for 

patients with HIT 

Delay in effect of 30 

minutes and peak effect 

not reached for 2 hours.    

 Lepirudin  DTI via 
irreversible 

bond  

CPB: loading dose 
of 0.25 mg/kg, 0.2 

mg/kg added to 

priming solution 
and additional 

boluses of 5 mg as 

needed to extend 
CPB time (Riess et 

al., 2007) 

ECMO: very wide 

range  

40-80 
minutes, 

up to 120 

hours in 
renal 

failure  

Both degraded 
and eliminated 

renally  

 No 
antidote 

but 

dialyzable  

Serum drug 
concentration 3-5 

µg/mL using ECT  

OR  

aPTT with the goal 

of a value 1.5-2.5 

times the patient’s 
baseline or control 

 

ELSO: Recommend for 
patients with HIT 

Risk of allergic reaction.  

*Given that none of the drugs are FDA approved for CPB/ECMO, none of the drugs have a defined dose, the above are suggested doses from 
studies  

DTI: Direct thrombin inhibitor; CPB: cardiopulmonary bypass; ECMO: extracorporeal membrane 

oxygenation; ACT: activated clotting time; SCA: Society of Cardiovascular Anesthesiologists; ELSO: 

Extracorporeal Life Support Organization; aPTT: activated partial thromboplastin clotting time; HIT: 

heparin induced thrombocytopenia; ECT: ecarin clotting time.  
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Lepirudin use presents several 

disadvantages.  Firstly, there is no reversal 

agent in the event of excessive bleeding. 

Secondly, the elimination half-life can be 

unpredictable, making precise timing of an 

infusion difficult in cardiac surgery.  If levels 

during CPB are elevated, hemofiltration may 

be used to facilitate its removal, though this 

adds expense and time.58 Finally, lepirudin is 

composed of non-human proteins and can 

potentially lead to anti-hirudin antibody 

formation and anaphylaxis.59   

While use of lepirudin has been 

successfully described in CPB, there are only 

two case reports of its use in ECMO.61 The 

first was in a pediatric patient who developed 

HIT while on veno-venous (VV) ECMO. A 

lepirudin infusion was initiated and the 

ECMO circuit was maintained without any 

complications for 6 days, although the patient 

ultimately expired due to other causes.62 The 

second discussed an adult patient with renal 

dysfunction who developed HIT while on 

VV ECMO and was successfully 

anticoagulated with a reduced-dose lepirudin 

infusion.63  

 

Bivalirudin 

Bivalirudin is a hirudin analog that 

forms a reversible bond with thrombin. It has 

a short half-life (20-25 minutes) and is 

metabolized by plasma proteases 

independent of renal or hepatic function.64 A 

dose reduction is recommended in patients 

with renal failure due to impaired excretion.58 

The aPTT goal on CPB/ECMO is 1.5-2.5x 

the baseline or control, or plasma 

concentrations of 10-15 µg/mL.64 Similar to 

lepirudin, there is no reversal agent. 

Hemofiltration prior to blood return to a 

patient on bypass could potentially be 

utilized to mitigate the risk of high 

therapeutic levels.65   

Due to its short half-life and ease of 

use, bivalirudin is the most studied DTI for 

CPB/ECMO. As previously stated, the 2018 

SCA guidelines recommend bivalirudin use 

in patients with acute HIT undergoing CPB 

(Class IIa).11 There have been two landmark 

trials of bivalirudin used for CPB. The first 

was EVOLUTION-ON, a multicenter 

randomized controlled trial comparing 

bivalirudin versus heparin in patients without 

a diagnosis of HIT. The primary endpoint 

was procedural success, which was defined 

as survival, myocardial infarction, stroke, or 

repeat revascularization. These outcomes 

were similar between the two groups at 7 

days, 30 days or 12 weeks. While the 

bivalirudin group did have slightly higher 

operative blood loss, there was no significant 

difference at 24 hours or in transfusion 

requirements.66 The CHOOSE-ON trial was 

a prospective study that compared CPB 

patients with documented history or a current 

diagnosis of HIT while using bivalirudin 

against historical controls. The primary 

outcome was also procedural success. Again, 

there was no difference in outcomes, even in 

those patients with renal dysfunction (despite 

a lack of dose adjustments).67  

 To date, there have been no 

randomized controlled trials of bivalirudin 

use for ECMO. San Fillip et al performed a 

systematic review of case reports, case series, 

and retrospective studies of patients who had 

been successfully anticoagulated on ECMO 

using bivalirudin.68 There were extensive 

variations in both dosing and monitoring 

techniques, suggesting that an optimal 

regimen has not yet been described. A 

retrospective review by Kaseer et al of 52 

patients on veno-arterial ECMO showed no 

differences in rates of thrombosis, major 

bleeding, or in-hospital mortality compared 

to heparin.69 Similarly, there are several 

smaller studies demonstrating the safety and 

efficacy of bivalirudin use for ECMO.70,71 

 

Argatroban  

Argatroban is another DTI that 

reversibly binds to the thrombin active site. 

https://esmed.org/MRA/mra/
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Its half-life is 45-55 minutes and it is 

eliminated via hepatobiliary excretion and 

cannot be dialyzed. Unlike bivalirudin, which 

requires a core temperature of 37-38°C for 

metabolism, argatroban is eliminated via a 

temperature-independent pathway, which is a 

useful feature in cardiac surgery.72 Like other 

DTIs, there is no commonly used reversal 

agent. Additionally, there is a delay in onset 

of 30 minutes and peak effect is typically not 

reached for two hours.73  

Case reports of argatroban use in CPB 

have noted difficulty in achieving adequate 

anticoagulation.72,74,75 In one case report, 

CPB was established after a bolus of 

argatroban followed by continuous infusion 

to achieve an activated clotting time (ACT) > 

480s.74 However, the ACT response was 

found to be unpredictable, and the target 

ACT was difficult to maintain despite 

repeated boluses. In this case, anticoagulation 

was confirmed with rotational 

thromboelastometry.74 Another report 

described the death of a 12 year-old patient 

undergoing heart transplantation due to a clot 

in the CPB circuit despite an ACT of  > 

800s.75 A recent systematic review included 

four cohort studies and 9 case series totaling 

307 patients with the use of argatroban during 

ECMO.76 A continuous infusion without a 

loading dose was used in the majority of 

cases, although infusion rates varied widely. 

aPTT was most often used for monitoring but 

without consensus targets. Bleeding and 

thromboembolic complication rates were 

found to be comparable to those of patients 

who received UFH.76 For argatroban, the 

SCA has issued a Class IIb recommendation 

for patients with renal failure and HIT who 

require CPB, with warning of increased 

bleeding risk.11 Currently, the Extracorporeal 

Life Support Organization (ELSO) 

guidelines recommend consideration of the 

aforementioned three parenteral DTIs as 

alternative anticoagulants for patients with 

HIT.30  

 

Dabigatran  

Dabigatran was the first oral DTI to 

market. The half-life is 12 hours, but can be 

up to 24 hours in patients with renal failure.64 

Because of concerns for toxicity with the 

increased dosage necessary for CPB, it has 

not yet been used in humans for this 

purpose.77 Dabigatran is also a substrate of p-

glycoprotein, and can potentially be subject 

to interactions with p-glycoprotein inhibitors 

or inducers.59 Recently, Nadtochiy et al 

performed a simulation of CPB using human 

blood and dabigatran and monitored 

anticoagulation response via TEG.77 Bypass 

was maintained for 120 minutes followed by 

successful reversal with idarucizumab.  

Additional trials will be  needed prior to 

clinical use. 

 

Heparinoids (danaparoid)   

Heparinoids like danaparoid are 

byproducts of UFH production. Like UFH, 

heparinoids work by inhibiting factor Xa 

activity. They can be monitored by 

measuring anti-Xa activity, though this is 

impractical in a cardiac surgical setting. They 

are renally eliminated and do not have 

reversal agents. At this time, appropriate 

dosing for their use in this context is not 

known.58  Danaparoid is not available in the 

US and has not been widely studied. In one 

French study, four patients underwent CPB 

safely with danaparoid.78 There have not yet 

been studies published on the use of 

danaparoid for ECMO.  

 

Ancrod  

Ancrod is derived from Malayan pit 

viper venom as a serine protease that 

abnormally cleaves fibrinogen. It is 

eliminated by the reticuloendothelial system. 

Though there is no rapid reversal agent, the 

use of fibrinogen concentrates, 

cryoprecipitate, or plasma can replenish 

fibrinogen. Unfortunately, the use of ancrod 

https://esmed.org/MRA/mra/
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is logistically difficult, as it requires early 

initiation (at least 12 hours) prior to surgery 

to achieve satisfactory anticoagulation, as 

well as a prolonged wait for liver synthesis to 

replenish fibrinogen levels postoperatively.79 

Additionally, ancrod does not inhibit 

thrombin production, thus increasing the risk 

of thrombotic events. For these reasons, 

production was discontinued in 2002.64 

 

Factor XIIa Inhibitors  

Thrombosis on artificial surfaces like 

ECMO and CPB circuits is triggered by 

factor XIIa activation as part of the clotting 

cascade.80 It has been proposed that coating 

catheters with factor XIIa inhibitors can 

prolong their patency. Ixodes ricinus contact 

phase inhibitor (Ir-CPI) is expressed in ticks 

and inhibits factors XIIa and XIa. Pireaux et 

al successfully performed CPB on sheep 

using Ir-CPI. However, supplementation 

with UFH was also done, which would not be 

suitable for patients with HIT.81 Thus far, 

there have been only preclinical studies on 

this new class of anticoagulant.  

 

Nafamostat  
Nafamostat mesylate is a synthetic 

serine protease inhibitor that inhibits many 

procoagulant factors, including thrombin, 

plasmin, trypsin, kallikrein, factors XIIa and 

Xa, and complements C1r and C1s.82 It has 

an extremely short half-life of only 8 minutes 

and is currently used in acute pancreatitis, 

shock, hemodialysis, and plasmapheresis, in 

order to reduce thrombotic complications.83 

A case series by Ota et al showed nafamostat 

can be safely used in patients on CPB for 

whom traditional anticoagulation would be 

prohibitively risky, including those with 

infectious endocarditis and intracranial 

hemorrhage.82 There is some evidence 

nafamostat can be used safely for ECMO, 

including one case series of 13 patients with 

high bleeding risk.84 Lim et al retrospectively 

reviewed heparin vs. nafamostat for ECMO 

and found a higher bleeding risk in the 

nafamostat group.85 One adverse effect of 

nafamostat is its potential to cause 

hyperkalemia, as it inhibits amiloride-

sensitive sodium channels.23 Further studies 

are needed to determine the optimal dosing 

and safety profile of this drug.   

 

Nonthrombogenic Circuits  

Non-thrombogenic circuits for use in 

CPB and ECMO machines have been sought 

for decades with limited success. Heparin 

coated circuits do exist but unfortunately are 

contraindicated in patients with HIT.64 Other 

options include biomaterial coatings having 

both antithrombin and antiplatelet properties. 

Several different types of surfaces have been 

studied in animal models, but none have 

undergone human trials. One potential 

surface studied by Yu et al is composed of 

argatroban linked to a polyurethane-silicone 

polymer, CarboSil®. These circuits would be 

ideal for patients with HIT and could 

potentially eliminate the need for systemic 

anticoagulation, but further study is needed.86  

 

Platelet Inhibitors  

There are several small studies 

demonstrating the safe use of platelet 

inhibitors in conjunction with UFH for HIT 

patients undergoing CPB. Tirofiban is a 

competitive GPIIb/IIIa inhibitor with a short 

half-life of 2 hours and primarily undergoes 

biliary excretion. In a study of 47 patients 

with HIT, Koster et al demonstrated the safe 

use of tirofiban in conjunction with UFH for 

CPB.18,87  

Iloprost is a prostacyclin analogue 

that competitively inhibits platelets and has a 

short half-life of 30 minutes. In a study of 

three HIT patients undergoing CPB, 

continuous infusions of iloprost were started 

1 hour before heparinization and continued 

until 15 minutes post protamine 

administration. Platelet counts remained 

stable and no excess blood loss was noted.19 

https://esmed.org/MRA/mra/
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Palatianos et al studied 10 patients with HIT 

undergoing CPB and showed that iloprost 

used in conjunction with heparin was 

associated with similar rates of 

thrombocytopenia, blood loss, and morbidity 

as in non-HIT patients.20  

Epoprostenol is a prostaglandin 

(PGI2) used to reduce pulmonary 

vasoconstriction in pulmonary hypertension 

patients. In addition to its vasodilatory 

properties, it also inhibits platelets. In a case 

series of 6 patients with HIT undergoing 

CPB, anticoagulation was achieved with 

epoprostenol and UFH without causing 

significant decline in platelet counts or 

excessive bleeding.78 Notably, epoprostenol 

caused hypotension, which was successfully 

treated with norepinephrine infusions. 

Finally, cangrelor is a P2Y12 ADP 

receptor inhibitor that blocks ADP-

dependent platelet activation and 

aggregation. Cangrelor has a rapid onset of 

action (2 minutes), short half-life (3-6 

minutes), and quick offset time (60 minutes). 

Its effects can be monitored by a point-of-

care P2Y12 reaction unit (PRU) assay, unlike 

iloprost and tirofiban. A case series in which 

cangrelor was used alongside systemic 

heparinization for CPB demonstrated that 

this regimen was generally well tolerated in 

this patient population.21   

 

Conclusion 

Mechanical circulatory devices are 

increasingly used to support patients with 

severe cardiopulmonary derangement 

through their critical illnesses. 

Anticoagulation is necessary due to the 

thrombogenic and inflammatory nature of the 

extracorporeal circuit, most often achieved 

with heparin. In a subset of patients with 

contraindication to heparin use, a variety of 

alternative methods both pharmacologic and 

nonpharmacologic can be used to achieve 

anticoagulation as well, albeit each has its 

own advantages and disadvantages. 

Therefore, it necessary for anesthesiologists, 

intensivists, and surgeons caring for these 

patients to be familiar with the alternative 

strategies in order to successful navigate this 

complex clinical scenario.  

  

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 10 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

References  

 

1.  Allen S, Holena D, Mccunn M, Kohl B, 

Sarani B. A Review of the Fundamental 

Principles and Evidence Base in the Use 

of Extracorporeal Membrane 

Oxygenation ( ECMO ) in Critically Ill 

Adult Patients. Published online 

2016:13-26. 

doi:10.1177/0885066610384061 

2.  Sinard J, Bartlett R. Review articles : 

Extracorporeal membrane oxygenation 

(ECMO): prolonged bedside 

cardiopulmonary bypass. Perfusion. 

1990;5(4):239-249. 

doi:10.1177/026765919000500402 

3.  Ailawadi G, Zacour RK. 

Cardiopulmonar y Bypass / Ex 

tracorporeal Membra ne Ox ygenation / 

Lef t Hear t Bypass : I ndic ations , Te 

chniques , a nd Complic ations. 

Published online 2021. 

doi:10.1016/j.suc.2009.05.006 

4.  Millar JE, Fanning JP, McDonald CI, 

McAuley DF, Fraser JF. The 

inflammatory response to 

extracorporeal membrane oxygenation 

(ECMO): a review of the 

pathophysiology. Crit Care. 

2016;20(1):387. doi:10.1186/s13054-

016-1570-4 

5.  Doyle AJ, Hunt BJ. Current 

Understanding of How Extracorporeal 

Membrane Oxygenators Activate 

Haemostasis and Other Blood 

Components. Front Med. 

2018;5(December):1-9. 

doi:10.3389/fmed.2018.00352 

6.  Rehfeldt KH, Barbara DW. 

Cardiopulmonary bypass without 

heparin. Semin Cardiothorac Vasc 

Anesth. 2016;20(1):40-51. 

doi:10.1177/1089253215573326 

7.  Punjabi PP, Taylor KM. The science 

and practice of cardiopulmonary 

bypass: From cross circulation to 

ECMO and SIRS. Glob Cardiol Sci 

Pract. 2013;2013(3):32. 

doi:10.5339/gcsp.2013.32 

8.  Esper SA, Subramaniam K, Tanaka KA. 

Pathophysiology of Cardiopulmonary 

Bypass. Semin Cardiothorac Vasc 

Anesth. 2014;18(2):161-176. 

doi:10.1177/1089253214532375 

9.  Assmann A, Boeken U, Feindt P, Schurr 

P, Akhyari P, Lichtenberg A. Heparin-

induced thrombocytopenia type II after 

cardiac surgery: Predictors and 

outcome. Thorac Cardiovasc Surg. 

2010;58(8):463-467. doi:10.1055/s-

0030-1250184 

10.  Pollak U, Yacobobich J, Tamary H, 

Dagan O, Manor-Shulman O. Heparin-

induced thrombocytopenia and 

extracorporeal membrane oxygenation: 

A case report and review of the 

literature. J Extra Corpor Technol. 

2011;43(1):5-12. 

11.  Shore-Lesserson L, Baker RA, Ferraris 

V, et al. STS/SCA/AmSECT clinical 

practice guidelines: Anticoagulation 

during cardiopulmonary bypass. J Extra 

Corpor Technol. 2018;50(1):5-18. 

12.  Warkentin TE, Kelton JG. Temporal 

aspects of heparin-induced 

thrombocytopenia. N Engl J Med. 

2001;344(17):1286-1292. 

doi:10.1056/NEJM200104263441704 

13.  Linkins L-A, Dans AL, Moores LK, et 

al. Treatment and Prevention of 

Heparin-Induced Thrombocytopenia. 

Chest. 2012;141(2):e495S-e530S. 

doi:10.1378/chest.11-2303 

14.  Pötzsch B, Klövekorn W-P, Madlener 

K. Use of Heparin during 

Cardiopulmonary Bypass in Patients 

with a History of Heparin-Induced 

Thrombocytopenia. N Engl J Med. 

2000;343(7):515-515. 

doi:10.1056/NEJM200008173430718 

15.  Welsby IJ, Um J, Milano CA, Ortel TL, 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 11 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

Arepally G. Plasmapheresis and heparin 

reexposure as a management strategy 

for cardiac surgical patients with 

heparin-induced thrombocytopenia. 

Anesth Analg. 2010;110(1). 

doi:10.1213/ANE.0b013e3181c3c1cd 

16.  Youngblood SC, Deng Y, Chen A, 

Collard CD. Perioperative Therapeutic 

Plasmapheresis. Anesthesiology. 

2013;118(3):722-728. 

doi:10.1097/ALN.0b013e3182835192 

17.  Koster A, Nazy I, Birschmann IE, Smith 

JW, Sheppard JI, Warkentin TE. High‐

dose IVIG plus cangrelor platelet 

“anesthesia” during urgent heparin‐

CPB in a patient with recent SRA‐

negative HIT‐thrombosis with 

persisting platelet‐activating antibodies. 

Res Pract Thromb Haemost. 

2020;4(6):1060-1064. 

doi:10.1002/rth2.12348 

18.  Koster A, Meyer O, Fischer T, et al. 

One-year experience with the platelet 

glycoprotein IIb/IIIa antagonist 

tirofiban and heparin during 

cardiopulmonary bypass in patients 

with heparin-induced thrombocytopenia 

type II. J Thorac Cardiovasc Surg. 

2001;122(6):1254-1255. 

doi:10.1067/mtc.2001.118271 

19.  Addonizio VP, Fisher CA, Kappa JR, 

Ellison N. Prevention of heparin-

induced thrombocytopenia during open 

heart surgery with iloprost (ZK36374). 

Surgery. 1987;102(5):796-807. 

http://www.ncbi.nlm.nih.gov/pubmed/2

445042 

20.  Palatianos GM, Foroulis CN, Vassili 

MI, et al. Preoperative detection and 

management of immune heparin-

induced thrombocytopenia in patients 

undergoing heart surgery with iloprost. 

J Thorac Cardiovasc Surg. 

2004;127(2). 

doi:10.1016/j.jtcvs.2003.08.042 

21.  Gernhofer YK, Banks DA, Golts E, 

Pretorius V. Novel Use of Cangrelor 

With Heparin During Cardiopulmonary 

Bypass in Patients With Heparin-

Induced Thrombocytopenia Who 

Require Cardiovascular Surgery: A 

Case Series. Semin Thorac Cardiovasc 

Surg. 2020;32(4):763-769. 

doi:10.1053/j.semtcvs.2019.10.002 

22.  Natt B, Hypes C, Basken R, Malo J, 

Kazui T, Mosier J. Suspected heparin-

induced thrombocytopenia in patients 

receiving extracorporeal membrane 

oxygenation. J Extra Corpor Technol. 

2017;49(1):54-58. 

23.  Pollak U. Heparin-induced 

thrombocytopenia complicating 

extracorporeal membrane oxygenation 

support: Review of the literature and 

alternative anticoagulants. J Thromb 

Haemost. 2019;17(10):1608-1622. 

doi:10.1111/jth.14575 

24.  Pappalardo F, Maj G, Scandroglio A, 

Sampietro F, Zangrillo A, Koster A. 

Bioline® heparin-coated ECMO with 

bivalirudin anticoagulation in a patient 

with acute heparin-induced 

thrombocytopenia: The immune 

reaction appeared to continue unabated. 

Perfusion. 2009;24(2):135-137. 

doi:10.1177/0267659109106773 

25.  Mandernach MW, Nandavaram S, 

Salame B, Machuca T, Pelaez A. Pre-

operative therapeutic plasma Exchange 

and intravenous immune globulin for 

the treatment of heparin induced 

thrombocytopenia in a lung transplant 

recipient. Transfus Apher Sci. 

2019;58(4):505-507. 

doi:10.1016/j.transci.2019.05.010 

26.  Choi JH, Luc JGY, Weber MP, et al. 

Heparin-induced thrombocytopenia 

during extracorporeal life support: 

Incidence, management and outcomes. 

Ann Cardiothorac Surg. 2019;8(1):19-

31. doi:10.21037/acs.2018.12.02 

27.  Cho JH, Parilla M, Treml A, Wool GD. 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 12 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

Plasma exchange for heparin-induced 

thrombocytopenia in patients on 

extracorporeal circuits: A challenging 

case and a survey of the field. J Clin 

Apher. 2019;34(1):64-72. 

doi:10.1002/jca.21671 

28.  Wood KL, Ayers B, Gosev I, et al. 

Venoarterial-Extracorporeal Membrane 

Oxygenation Without Routine Systemic 

Anticoagulation Decreases Adverse 

Events. Ann Thorac Surg. 

2020;109(5):1458-1466. 

doi:10.1016/j.athoracsur.2019.08.040 

29.  Fina D, Matteucci M, Jiritano F, et al. 

Extracorporeal membrane oxygenation 

without therapeutic anticoagulation in 

adults: A systematic review of the 

current literature. Int J Artif Organs. 

2020;43(9):570-578. 

doi:10.1177/0391398820904372 

30.  Lorusso R, Whitman G, Milojevic M, et 

al. 2020 EACTS/ELSO/STS/AATS 

Expert Consensus on Post-Cardiotomy 

Extracorporeal Life Support in Adult 

Patients. Ann Thorac Surg. 

2021;111(1):327-369. 

doi:10.1016/j.athoracsur.2020.07.009 

31.  Everett BM, Yeh R, Foo SY, et al. 

Prevalence of Heparin/Platelet Factor 4 

Antibodies Before and After Cardiac 

Surgery. Ann Thorac Surg. 

2007;83(2):592-597. 

doi:10.1016/j.athoracsur.2006.09.040 

32.  Warkentin TE, Greinacher A. Heparin-

induced thrombocytopenia and cardiac 

surgery. Ann Thorac Surg. 2003;76(2). 

doi:10.1016/S0003-4975(03)00756-2 

33.  Pouplard C, May MA, Regina S, 

Marchand M, Fusciardi J, Gruel Y. 

Changes in platelet count after cardiac 

surgery can effectively predict the 

development of pathogenic heparin-

dependent antibodies. Br J Haematol. 

2005;128(6):837-841. 

doi:10.1111/j.1365-2141.2005.05381.x 

34.  Laverdure F, Louvain-Quintard V, 

Kortchinsky T, Rezaiguïa-Delclaux S, 

Imbert A, Stéphan F. PF4-heparin 

antibodies during ECMO: incidence, 

course, and outcomes. Intensive Care 

Med. 2016;42(6):1082-1083. 

doi:10.1007/s00134-016-4262-2 

35.  Althaus K, Straub A, Häberle H, et al. 

Heparin-induced thrombocytopenia: 

Diagnostic challenges in intensive care 

patients especially with extracorporeal 

circulation. Thromb Res. 

2020;188(November 2019):52-60. 

doi:10.1016/j.thromres.2020.01.026 

36.  Kimmoun A, Oulehri W, Sonneville R, 

et al. Prevalence and outcome of 

heparin-induced thrombocytopenia 

diagnosed under veno-arterial 

extracorporeal membrane oxygenation: 

a retrospective nationwide study. 

Intensive Care Med. 2018;44(9):1460-

1469. doi:10.1007/s00134-018-5346-y 

37.  Glick D, Dzierba AL, Abrams D, et al. 

Clinically suspected heparin-induced 

thrombocytopenia during 

extracorporeal membrane oxygenation. 

J Crit Care. 2015;30(6):1190-1194. 

doi:10.1016/j.jcrc.2015.07.030 

38.  Vayne C, May MA, Bourguignon T, et 

al. Frequency and Clinical Impact of 

Platelet Factor 4-Specific Antibodies in 

Patients Undergoing Extracorporeal 

Membrane Oxygenation. Thromb 

Haemost. 2019;119(7):1138-1146. 

doi:10.1055/s-0039-1688827 

39.  Yusuf AM, Warkentin TE, Arsenault 

KA, Whitlock R, Eikelboom JW. 

Prognostic importance of preoperative 

anti-PF4/heparin antibodies in patients 

undergoing cardiac surgery: A 

systematic review. Thromb Haemost. 

2012;107(1):8-14. doi:10.1160/TH11-

07-0480 

40.  Bennett-Guerrero E, Slaughter TF, 

White WD, et al. Preoperative anti-

PF4/heparin antibody level predicts 

adverse outcome after cardiac surgery. J 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 13 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

Thorac Cardiovasc Surg. 

2005;130(6):1567-1572. 

doi:10.1016/j.jtcvs.2005.07.052 

41.  Kress DC, Aronson S, McDonald ML, 

et al. Positive Heparin-Platelet Factor 4 

Antibody Complex and Cardiac 

Surgical Outcomes. Ann Thorac Surg. 

2007;83(5):1737-1743. 

doi:10.1016/j.athoracsur.2006.12.011 

42.  Selleng S, Selleng K. Heparin-induced 

thrombocytopenia in cardiac surgery 

and critically ill patients. Thromb 

Haemost. 2016;116(5):843-851. 

doi:10.1160/TH16-03-0230 

43.  Welsby IJ, Krakow EF, Heit JA, et al. 

The association of anti-platelet factor 

4/heparin antibodies with early and 

delayed thromboembolism after cardiac 

surgery. J Thromb Haemost. 

2017;15(1):57-65. 

doi:10.1111/jth.13533 

44.  Kimmel SE, Sekeres M, Berlin JA, 

Ellison N. Mortality and Adverse 

Events After Protamine Administration 

in Patients Undergoing 

Cardiopulmonary Bypass. Anesth 

Analg. 2002;94(6):1402-1408. 

doi:10.1097/00000539-200206000-

00005 

45.  Weiler JM, Gellhaus MA, Carter JG, et 

al. A prospective study of the risk of an 

immediate adverse reaction to 

protamine sulfate during 

cardiopulmonary bypass surgery. J 

Allergy Clin Immunol. 1990;85(4):713-

719. doi:10.1016/0091-6749(90)90189-

B 

46.  Levy JH, Schwieger IM, Zaidan JR, 

Faraj BA, Weintraub WS. Evaluation of 

patients at risk for protamine reactions. 

J Thorac Cardiovasc Surg. 

1989;98(2):200-204. 

doi:10.1016/S0022-5223(19)34410-1 

47.  Srivastava V, Palanikumar S, Abraham 

J, Au J. Successful On-Pump Coronary 

Artery Bypass Without Using 

Protamine. Ann Thorac Surg. 

2011;91(2):608-610. 

doi:10.1016/j.athoracsur.2010.07.088 

48.  Segesser LK vo., Weiss BM, Pasic M, 

Garcia E, Turina MI. Risk and benefit of 

low systemic heparinization during 

open heart operations. Ann Thorac 

Surg. 1994;58(2):391-398. 

doi:10.1016/0003-4975(94)92213-6 

49.  Øvrum E, Tangen G, Tølløfsrud S, et al. 

Heparinized cardiopulmonary bypass 

circuits and low systemic 

anticoagulation: An analysis of nearly 

6000 patients undergoing coronary 

artery bypass grafting. J Thorac 

Cardiovasc Surg. 2011;141(5):1145-

1149. doi:10.1016/j.jtcvs.2010.07.003 

50.  Jegger D, Tevaearai HT, Horisberger J, 

et al. Assembly of the heparin removal 

device for patients with suspected 

adverse reaction to protamine sulphate. 

Perfusion. 2000;15(5):453-456. 

doi:10.1177/026765910001500508 

51.  Zwischenberger JB, Vertrees RA, 

Brunston RL, Tao W, Alpard SK, 

Brown PS. Application of a heparin 

removal device in patients with known 

protamine hypersensitivity. J Thorac 

Cardiovasc Surg. 1998;115(3):729-731. 

doi:10.1016/S0022-5223(98)70343-5 

52.  Tao W, Deyo DJ, Brunston RL, 

Vertrees RA, Zwischenberger JB. 

Extracorporeal heparin adsorption 

following cardiopulmonary bypass with 

a heparin removal device - An 

alternative to protamine. Crit Care Med. 

1998;26(6):1096-1102. 

doi:10.1097/00003246-199806000-

00035 

53.  Ammar T, Fisher CF. The Effects of 

Heparinase 1 and Protamine on Platelet 

Reactivity. Anesthesiology. 

1997;86(6):1382-1386. 

doi:10.1097/00000542-199706000-

00021 

54.  Kozek-Langenecker SA, Mohammad 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 14 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

SF, Masaki T, Kamerath C, Cheung 

AK. The Effects of Heparin, Protamine, 

and Heparinase 1 on Platelets in vitro 

Using Whole Blood Flow Cytometry. 

Anesth Analg. 2000;9(4):808-812. 

doi:10.1097/00000539-200004000-

00007 

55.  Michelsen LG, Kikura M, Levy JH, et 

al. Heparinase I (Neutralase) Reversal 

of Systemic Anticoagulation. 

Anesthesiology. 1996;85(2):339-346. 

doi:10.1097/00000542-199608000-

00016 

56.  Shore-Lesserson L, Baker RA, Ferraris 

VA, et al. The Society of Thoracic 

Surgeons, The Society of 

Cardiovascular Anesthesiologists, and 

The American Society of 

ExtraCorporeal Technology: Clinical 

Practice Guidelines ∗—Anticoagulation 

During Cardiopulmonary Bypass. Ann 

Thorac Surg. 2018;105(2):650-662. 

doi:10.1016/j.athoracsur.2017.09.061 

57.  Nutescu EA, Wittkowsky AK. Direct 

Thrombin Inhibitors for 

Anticoagulation. Ann Pharmacother. 

2004;38(1). doi:10.1345/aph.1D066 

58.  Murphy GS, Marymont JH. Alternative 

Anticoagulation Management 

Strategies for the Patient With Heparin-

Induced Thrombocytopenia 

Undergoing Cardiac Surgery. J 

Cardiothorac Vasc Anesth. 2007;21(1). 

doi:10.1053/j.jvca.2006.08.011 

59.  Burstein B, Wieruszewski PM, Zhao Y-

J, Smischney N. Anticoagulation with 

direct thrombin inhibitors during 

extracorporeal membrane oxygenation. 

World J Crit Care Med. 2019;8(6). 

doi:10.5492/wjccm.v8.i6.87 

60.  Deitcher SR, Topoulos AP, 

Bartholomew JR, Kichuk-Chrisant MR. 

Lepirudin anticoagulation for heparin-

induced thrombocytopenia. J Pediatr. 

2002;140(2):264-266. 

doi:10.1067/mpd.2002.121384 

61.  Riess F-C, Poetzsch B, Madlener K, et 

al. Recombinant Hirudin for 

Cardiopulmonary Bypass 

Anticoagulation: A Randomized, 

Prospective, and Heparin-Controlled 

Pilot Study. Thorac Cardiovasc Surg. 

2007;55(4):233-238. doi:10.1055/s-

2006-955956 

62.  Dager WE, Gosselin RC, Yoshikawa R, 

Owings JT. Lepirudin in Heparin-

Induced Thrombocytopenia and 

Extracorporeal Membranous 

Oxygenation. Ann Pharmacother. 

2004;38(4):598-601. 

doi:10.1345/aph.1D436 

63.  Balasubramanian SK, Tiruvoipati R, 

Chatterjee S, Sosnowski A, Firmin RK. 

Extracorporeal Membrane Oxygenation 

with Lepirudin Anticoagulation for 

Wegener???s Granulomatosis with 

Heparin-Induced Thrombocytopenia. 

ASAIO J. 2005;51(4):477-479. 

doi:10.1097/01.mat.0000169123.21946

.31 

64.  Kaplan JA. Kaplan’s Essentials of 

Cardiac Anesthesia for Cardiac 

Surgery.; 2017. 

65.  Tsu L V, Dager WE. Bivalirudin Dosing 

Adjustments for Reduced Renal 

Function with or Without Hemodialysis 

in the Management of Heparin-Induced 

Thrombocytopenia. Ann Pharmacother. 

2011;45(10). doi:10.1345/aph.1q177 

66.  Dyke CM, Smedira NG, Koster A, et al. 

A comparison of bivalirudin to heparin 

with protamine reversal in patients 

undergoing cardiac surgery with 

cardiopulmonary bypass: The 

EVOLUTION-ON study. J Thorac 

Cardiovasc Surg. 2006;131(3). 

doi:10.1016/j.jtcvs.2005.09.057 

67.  Koster A, Dyke CM, Aldea G, et al. 

Bivalirudin During Cardiopulmonary 

Bypass in Patients With Previous or 

Acute Heparin-Induced 

Thrombocytopenia and Heparin 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 15 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

Antibodies: Results of the CHOOSE-

ON Trial. Ann Thorac Surg. 

2007;83(2):572-577. 

doi:10.1016/j.athoracsur.2006.09.038 

68.  Sanfilippo F, Asmussen S, Maybauer 

DM, et al. Bivalirudin for Alternative 

Anticoagulation in Extracorporeal 

Membrane Oxygenation: A Systematic 

Review. J Intensive Care Med. 

2017;32(5). 

doi:10.1177/0885066616656333 

69.  Kaseer H, Soto-Arenall M, Sanghavi D, 

et al. Heparin vs bivalirudin 

anticoagulation for extracorporeal 

membrane oxygenation. J Card Surg. 

2020;35(4):779-786. 

doi:10.1111/jocs.14458 

70.  Ranucci M, Ballotta A, Kandil H, et al. 

Bivalirudin-based versus conventional 

heparin anticoagulation for 

postcardiotomy extracorporeal 

membrane oxygenation. Crit Care. 

2011;15(6):R275. doi:10.1186/cc10556 

71.  Pieri M, Agracheva N, Bonaveglio E, et 

al. Bivalirudin Versus Heparin as an 

Anticoagulant During Extracorporeal 

Membrane Oxygenation: A Case-

Control Study. J Cardiothorac Vasc 

Anesth. 2013;27(1):30-34. 

doi:10.1053/j.jvca.2012.07.019 

72.  Follis F, Filippone G, Montalbano G, et 

al. Argatroban as a substitute of heparin 

during cardiopulmonary bypass: A safe 

alternative? Interact Cardiovasc Thorac 

Surg. 2010;10(4):592-596. 

doi:10.1510/icvts.2009.215848 

73.  Agarwal S, Ullom B, Al-Baghdadi Y, 

Okumura M. Challenges encountered 

with argatroban anticoagulation during 

cardiopulmonary bypass. J Anaesthesiol 

Clin Pharmacol. 2012;28(1). 

doi:10.4103/0970-9185.92458 

74.  Hirasaki Y, Yamamoto Y, Nakamura T, 

Higa Y, Honda M, Yoshida S. 

Rotational Thromboelastometry for 

Coagulation Management During 

Cardiopulmonary Bypass Using 

Argatroban. J Cardiothorac Vasc 

Anesth. 2019;33(7). 

doi:10.1053/j.jvca.2018.09.028 

75.  Nielsen V, Steenwyk B, Gurley W, 

Pereira S, Lell W, Kirklin J. Argatroban, 

Bivalirudin, and Lepirudin do not 

Decrease Clot Propagation and Strength 

as Effectively as Heparin-activated 

Antithrombin In Vitro. J Hear Lung 

Transplant. 2006;25(6):653-663. 

doi:10.1016/j.healun.2006.02.010 

76.  Geli J, Capoccia M, Maybauer DM, 

Maybauer MO. Argatroban 

Anticoagulation for Adult 

Extracorporeal Membrane 

Oxygenation: A Systematic Review. J 

Intensive Care Med. Published online 

2021. doi:10.1177/0885066621993739 

77.  Nadtochiy SM, Baldzizhar A, Stefanos 

T, et al. High-Dose Dabigatran Is an 

Effective Anticoagulant for Simulated 

Cardiopulmonary Bypass Using Human 

Blood. Anesth Analg. 2021;132(2). 

doi:10.1213/ANE.0000000000005089 

78.  Aouifi A, Blanc P, Piriou V, et al. 

Cardiac surgery with cardiopulmonary 

bypass in patients with type II heparin-

induced thrombocytopenia. Ann Thorac 

Surg. 2001;71(2). doi:10.1016/S0003-

4975(00)02022-1 

79.  Kanagasabay RR, Unsworth-White MJ, 

Robinson G, et al. Cardiopulmonary 

bypass with danaparoid sodium and 

ancrod in heparin- induced 

thrombocytopenia. Ann Thorac Surg. 

1998;66(2). doi:10.1016/S0003-

4975(98)00511-6 

80.  Weitz JI, Fredenburgh JC. Factors XI 

and XII as targets for new 

anticoagulants. Front Med. 

2017;4(FEB). 

doi:10.3389/fmed.2017.00019 

81.  Pireaux V, Tassignon J, Demoulin S, et 

al. Anticoagulation With an Inhibitor of 

Factors XIa and XIIa During 

https://esmed.org/MRA/mra/


Yi Deng, et al.          Medical Research Archives vol 9 issue 8. August 2021              Page 16 of 16 

  

Copyright 2021 KEI Journals. All Rights Reserved                         https://esmed.org/MRA/mra/  

Cardiopulmonary Bypass. J Am Coll 

Cardiol. 2019;74(17). 

doi:10.1016/j.jacc.2019.08.1028 

82.  Ota T, Okada K, Kano H, Okita Y. 

Cardiopulmonary bypass using 

nafamostat mesilate for patients with 

infective endocarditis and recent 

intracranial hemorrhage. Interact 

Cardiovasc Thorac Surg. 2007;6(3). 

doi:10.1510/icvts.2006.146209 

83.  Choi JY, Kang YJ, Jang HM, et al. 

Nafamostat mesilate as an anticoagulant 

during continuous renal replacement 

therapy in patients with high bleeding 

risk a randomized clinical trial. Med 

(United States). 2015;94(52). 

doi:10.1097/MD.0000000000002392 

84.  Park JH, Her C, Min HK, Kim DK, Park 

SH, Jang HJ. Nafamostat mesilate as a 

regional anticoagulant in patients with 

bleeding complications during 

extracorporeal membrane oxygenation. 

Int J Artif Organs. 2015;38(11). 

doi:10.5301/ijao.5000451 

85.  Lim JY, Kim JB, Choo SJ, Chung CH, 

Lee JW, Jung SH. Anticoagulation 

During Extracorporeal Membrane 

Oxygenation; Nafamostat Mesilate 

Versus Heparin. Ann Thorac Surg. 

2016;102(2). 

doi:10.1016/j.athoracsur.2016.01.044 

86.  Yu J, Brisbois E, Handa H, et al. The 

immobilization of a direct thrombin 

inhibitor to a polyurethane as a 

nonthrombogenic surface coating for 

extracorporeal circulation. J Mater 

Chem B. 2016;4(13). 

doi:10.1039/c5tb02419f 

87.  Koster A, Kukucka M, Bach F, et al. 

Anticoagulation during 

cardiopulmonary bypass in patients 

with heparin-induced thrombocytopenia 

type II and renal impairment using 

heparin and the platelet glycoprotein 

IIb-IIIa antagonist tirofiban. 

Anesthesiology. 2001;94(2). 

doi:10.1097/00000542-200102000-

00013 

 

https://esmed.org/MRA/mra/

