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Background and Objective: Blood Product transfusion is often required during extracorporeal
membrane oxygenation (ECMO) support for several reasons. Most of the available data and literature have
assessed packed red blood cells (PRBCs) transfusion during extracorporeal support, however it is key to
define the threshold for the variability of other blood products available for transfusion. This review aims to
highlight published data supporting blood product transfusion, other than PRBCs, in patients on ECMO
support, including guidelines, local protocols, and patient outcomes.

Methods: PubMed and Google Scholar were primarily used to access the targeted literature published
until December 2022. We have also used authoritative text, published guidelines, and expert consensus. The
literature on platelets, fresh frozen plasma (FFP), cryoprecipitate, albumin, and activated recombinant factor
VII (rFVIIa) was summarized separately.

Key Content and Findings: Platelets, FFP, and cryoprecipitate, were discussed in detail with their
guidelines and recommended dosage, while albumin and rFVIIa are discussed briefly, primarily due to lack
of literature. The relevance of viscoelastic clotting tests to blood product transfusion were also reviewed.
In emergency setting, ECMO circuits can be primed with crystalloid while cross-matching blood is being
prepared. Albumin can be used as an additive to the primes as it increases the circuit life and prevents protein
loss by adding oncotic pressure to the prime. The average platelet units transfused directly correlated
with the type of ECMO. Platelet transfusion increases the platelet count by 30,000-100,000/pL. If the
international normalized ratio (INR) is greater than 1.5-2.0 or if there is significant bleeding, FFP can be
given in aliquots of 10 mL/kg. Cryoprecipitate is given at a dose of 5 mL/kg of body weight if the fibrinogen
level is less than 100-150 mg/dL and will increase the fibrinogen concentration by 50 mg/dL/10 kg of body
weight. Thromboelastography (TEG), and thromboelastometry (TEM) reduce the requirement for blood
product transfusion in bleeding patients.

Conclusions: This review has highlighted the lack of data available regarding non-PRBC blood product
transfusions and the appropriate therapy practices and preventive measures in ECMO patients. Further
research is warranted to define and guide blood product transfusion thresholds, management practices, and
limitations in ECMO patients.
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Introduction

To facilitate cardiac surgery, mechanical cardiopulmonary
support is most frequently used intraoperatively (i.e.,
cardiopulmonary bypass). Although it is less frequent,
cardiopulmonary support can also be given for a longer
period in an intensive care unit (ICU) when it is called
extracorporeal membrane oxygenation (ECMO),
extracorporeal life support (ECLS), or extracorporeal lung
assist.

ECMO is a useful tool to treat patients with life-
threatening cardiac and pulmonary dysfunction that
is refractory to conventional management or when
cardiopulmonary resuscitation (CPR) measures are not
successful in achieving the return of spontaneous circulation
(ROSC). An ECMO machine consists of a pump with
an oxygenator that replaces the function of the heart and
lung, respectively. Venoarterial (VA) and venovenous
(VV) ECMO are the two variants. Although both offer
respiratory support, only VA ECMO offers hemodynamic
support (1).

Patients with ECLS often require blood products for
several reasons such as for the treatment of hemorrhagic
complications, the restoration of oxygen-carrying capacity,
circuit priming, and hemostatic balance (2). ECMO can
lead to reduced red cells lifespan and deranged activation of
coagulation pathways due to the exposure of blood volume
to shear forces and artificial materials. As a result, patients
on ECMO often require significant blood transfusion (3).

The main frailty of ECMO support is bleeding (4,5).
This complication is the leading cause of mortality in
ECMO patients and may occur regardless of the severity of
coagulation parameters and trauma (4-6). The requirement
of increased blood transfusion volumes and hemorrhagic
complications are directly associated with mortality (7).

One of the key management practices of bleeding in
ECMO patients is transfusion support (6), however, there
is a lack of evidence to guide blood product transfusion
threshold and therapy for patients on ECMO (8). Although
there have been previous research and studies regarding
packed red blood cells (PRBCs) transfusion in ECMO
patients, a few have emphasized and taken other blood
products into consideration.

The objective of this narrative review is to outline recent
and historical transfusion practices, other than PRBCs,
in patients requiring ECMO support. This review aims
to cover data that has been published up to December
2022, related to the transfusion of the following five blood
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products in patients on ECLS: platelet, fresh frozen plasma
(FFP), cryoprecipitate, albumin, and activated recombinant
factor VII (rFVIIa). In the end we have also discussed
point of care (POC) viscoelastic tests (VETS) of hemostasis
briefly due to their key emerging role in the coagulation
management of the patients on ECMO support. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://aob.amegroups.com/
article/view/10.21037/a0b-21-82/rc) (9).

Methods

Literature review and data collection were primarily done
from research databases of PubMed (https://pubmed.ncbi.
nlm.nih.gov) and Google Scholar (https://scholar.google.
com). The literature search was divided into seven parts
after selecting appropriate MeSH terms. Five parts of the
literature search were pertaining to the individual blood
products under discussion; one part was related to VETs;
and the last part was a general online data search related
to blood product transfusion, anticoagulation practices,
and clinical guidelines for patients on ECLS. The relevant
literature uncovered was including case reports, observation
studies, cohort studies, randomized controlled trials (RCTs),
expert panel reports, review articles, and guidelines from
international societies, published up to December 2022.
Moreover, the 5" edition of Extracorporeal Life Support: The
ELSO Red Book was also reviewed to collect some of the
literature (10).

A summary of our search strategy is mentioned in Zible 1,
while a detailed approach on PubMed has been outlined in
Table 2.

Results

A total of 816 articles were retrieved after incorporating
proper Syntax on PubMed as per our search strategy
explained above in Tables 1,2. After screening them
thoroughly, we included 45 articles to be discussed in
this narrative review; 43 out of 45 studies were either
observational, or reviewed based on observational data,
or expert consensus. Only two experimental studies were
found that tested the impact of transfusion practices on the
outcome; a randomized pilot trial of 31 pediatric ECMO
patients where scheduled FFP transfusion did not affect
the overall circuit life or blood product transfusion (11);
and an experimental study of two ECMO circuits, where
albumin priming showed to prevent platelet activation and
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Table 1 The search strategy summary

ltems Specification

Date of search Initial search in 2021 and re-search during 15-25 January 2023

Databases and other PubMed, Google Scholar, The ELSO Red Book, 5" edition
sources searched

MeSH and free text “Platelet transfusion”, “ECMO”, “ECLS”, “extracorporeal membrane oxygenation”, “extracorporeal life support”,

» o« » o«

terms used “FFP transfusion”, “fresh frozen plasma transfusion”, “plasma transfusion”, “fibrinogen transfusion”, “cryoprecipitate

transfusion”, “albumin”, “rFVlla”, “recombinant FVIla”, “recombinant factor Vlla”, “recombinant factor Vlla”, “eptacog

alfa”, “rotational thromboelastometry”, “thromboelastography”, “thromboelastometry”, “ROTEM”, “TEG”, “TEM”
Timeframe Up to December 31, 2022
Inclusion criteria All study types published in English related to the topic in the given period were included in the review

Selection process Four authors (HE, MAUR, AAS, and HA) independently screened databases. Discrepancies were resolved by
discussion. The first author (HE) reviewed ELSO Red Book. AAH supervised the selection process

ELSO, Extracorporeal Life Support Organization; ECMO, extracorporeal membrane oxygenation; ECLS, extracorporeal life support; FFP,
fresh frozen plasma; rFVlla, activated recombinant factor VII; FVlla, activated factor VII; ROTEM, rotational thromboelastometry; TEG,
thromboelastography; TEM, thromboelastometry.

Table 2 Detailed search strategy on PubMed database

Total retrieved Screened articles (on  Final articles included in

Topi Synt d . . .
opic yntax use articles basis of title and abstract) the study

Platelets (Platelet transfusion) AND (((ECMO) OR (ECLS)) 166 24 9
OR (Extracorporeal membrane oxygenation)) OR
(extracorporeal life support))

FFP (((FFP transfusion) OR (Fresh frozen Plasma 226 18 8
transfusion)) OR (Plasma transfusion)) AND
(((ECMO) OR (ECLS)) OR (Extracorporeal membrane
oxygenation)) OR (extracorporeal life support))

Cryoprecipitate ((fibrinogen transfusion) OR (cryoprecipitate 68 17 6
transfusion)) AND ((((extracorporeal membrane
oxygenation) OR (extracorporeal life support)) OR
(ECLS)) OR (ECMO))

Albumin (Albumin) AND ((((Extracorporeal life support) OR 193 9 5
(Extracorporeal membrane oxygenation)) OR (ECLS))
OR (ECMO))

rFVila ((((rFVlIa) OR (recombinant FVlla)) OR (recombinant 52 18 7
factor Vlla)) OR (recombinant activated factor vii))
OR (eptacog alfa)) AND (((ECMO) OR (ECLS)) OR
(Extracorporeal Life Support)) OR (Extracorporeal
Membrane Oxygenation))

TEG/ROTEM  ((((((rotational thromboelastometry) OR (ROTEM)) OR 111 23 10
(TEG)) OR (TEM)) OR (thromboelastography)) OR
(thromboelastometry)) AND (((ECMO) OR (ECLS))
OR (extracorporeal life support)) OR (extracorporeal
membrane oxygenation))

ECMO, extracorporeal membrane oxygenation; ECLS, extracorporeal life support; FFP, fresh frozen plasma; rFVlla, activated recombinant
factor VII; FVlla, activated factor VII; ROTEM, rotational thromboelastometry; TEG, thromboelastography; TEM, thromboelastometry.
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Table 3 The relevant literature on platelets transfusion in the patients on ECLS

Author, Year Study tvpe Number of Outcome Quality of evidence
reference ytyp subjects/centers (GRADE)
Chevuru, 2002 Multicenter cross- 234 (neonates) Average transfusions per day in neonates on ECMO Low
etal. (13) sectional observation are higher on VA as compared to VV ECMO
study

Ang, 2009 Retrospective 41 (adults)  Recent antiplatelet agents, larger Hb decline and Very low
etal. (14) observational study longer ECMO duration increase daily platelet

requirements
Bembea, 2013 Cross-sectional 121 centers ECMO anticoagulation management policies vary Moderate
etal. (15) observational study widely by center. However, median platelet count

warranting platelet transfusion was 100,000/pL
Esper, 2017 Cross-sectional 54 centers  Significant practice variation among institutions Moderate
etal. (16) observational study regarding anticoagulation and transfusion during adult

ECMO support
Balle, 2018 Systemic review 115 (7 studies) There is suggested evidence of reduced platelet Very low
etal. (17) adhesion, decreased platelet activation, and reduced

platelet aggregation in adult patients during ECMO

treatment
Jiritano, 2020 Systemic review and 7,205 The underlying mechanisms of thrombocytopenia in Moderate
etal. (18) meta-analysis (21 studies)  patients on ECMO are multifactorial
Nellis, 2020 Subgroup analysis of 138 (8 days to Children supported by ECMO receive large volumes Very low
etal. (19) prospective observational 16 years) of plasma and platelet transfusions with some

studies institutional guidance in the form of protocols, but

significant variation in practice
Keene, 2020 Retrospective 110 (neonates) RBC and PLT transfusion rates are associated with in- Very low
et al. (20) observational study hospital mortality among neonates receiving ECMO
Cashen, 2020 Retrospective 511 (less than Platelet transfusion volume was associated with Low
etal. (21) observational study 19 years) increased risk of mortality, bleeding, and thrombosis

ECLS, extracorporeal life support; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; ECMO,
extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous; RBC, red blood cell; PLT, platelet.

reduction in the initial adherence of platelets to the foreign
material of the circuit (12). None of the studies included
in the review had High quality of evidence as per the
Grading of Recommendations, Assessment, Development,
and Evaluations (GRADE) certainty rating. Most of the
evidence was either of Low or Very Low certainty. Evidence
with a Moderate level of certainty was mostly related to the
difference in practices among ECMO centers or experts. A
summary of the studies included in this review is tabulated
below (Tubles 3-7).

Discussion

Current recommendations for non-PRBC blood product
transfusion are based on very limited evidence. Most of

© Annals of Blood. All rights reserved.

the evidence is extracted from observational studies with
only a few clinical trials available. The data available up
to December 2022, is not conclusive of relying solely on
specific laboratory threshold for non-PRBC blood product
transfusion. The decision should be multifaceted, including
the clinical context, laboratory values, and viscoelastic
studies. In an observational pre- and post-implementation
cohort study, the use of a context-responsive anticoagulation
and transfusion guideline has been found to reduce major
hemorrhagic as well as thrombotic complications (43).
Table § summarizes guidelines and recommendations of
laboratory thresholds for the three most important non-
PRBC blood products (platelets, FFP, and cryoprecipitate).
Despite the lack of widespread institutional guidelines for
different blood products transfusion especially non-PRBC
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Table 4 The relevant literature on FFP transfusion in the patients on ECLS
Author, Number of subjects/ Quality of
Ye Study t: Out
reference ear studytype experts/centers utcome evidence (GRADE)
Karam, 2013 Systematic review 843 studies This review highlights the lack of evidence that is Moderate
etal. (22) available to guide plasma transfusions in critically ill
patients
Doussau, 2014 Prospective 967 patients No evidence of FFP transfusion related reduction Moderate
et al. (23) observational study in 30-day mortality in patients undergoing
cardiopulmonary bypass cardiac surgery with
excessive bleeding
Mazzeffi, 2017 Retrospective analysis 452 patients A high transfusion ratio may improve survival in Low
et al. (24) patients undergoing cardiac operations with massive
intraoperative transfusion
Nellis, 2020 Subgroup analysis 138 patients Children supported by ECMO receive large volumes Very low
etal. (19) of prospective of plasma and platelet transfusions with some
observational studies institutional guidance in the form of protocols, but
significant variation in practice
Singh, 2020 An expert consensus 12 centers The routine use of FFP is not indicated to normalize Very low
et al. (25) document by an online PT INR in nonbleeding patients in VV ECMO
survey
McMichael, 2021 Randomized pilot trial 31 patients Scheduled FFP did not increase circuit life and here Moderate
etal. (11) was no difference in blood product transfusion of
platelets, PRBCs, and FFP between groups
Nellis, 2022 Systematic review and 29 experts Therapeutic FFP should only be used in case of Low
et al. (26) consensus conference massive hemorrhage in ECMO patients
series
Luo, 2022 Retrospective 116 patients FFP transfusion is markedly associated with in- Low
etal. (27) observational study hospital mortality among patients receiving ECMO

FFP, fresh frozen plasma; ECLS, extracorporeal life support; GRADE, Grading of Recommendations, Assessment, Development, and
Evaluations; ECMO, extracorporeal membrane oxygenation; PT, prothrombin time; INR, international normalized ratio; VV, venovenous;

PRBC, packed red blood cell.

blood products, some ECMO centers have implemented
some anticoagulation guidelines. A retrospective review
of a single-centered university hospital demonstrated that
a commitment to strict standardization can significantly
mitigate some of the neurologic and hematologic
complications (45).

Due to the nature of body size and the longer duration
of ECMO in adult patients, transfusion requirements are
higher in adults compared to Neonates (14). Henriquez-
Henriquez et al. (46) found that the transfusion
requirements were lower in pediatric patients on ECMO
due to respiratory diseases than those due to cardiac disease
or congenital diaphragmatic hernia. Literature evidence
shows that restrictive transfusion strategies significantly
decreased patient mortality (47).

The volume of transfusion received by patients on

© Annals of Blood. All rights reserved.

ECMO is shown to be associated with the duration of
ECMO (13,14) and it is therefore advisable to shorten that
duration. Minimizing daily samples is also part of a strategy
for lowering transfusion requirements (48). A prospectively
collected data of 509 patients showed that VA ECMO
patients have a greater transfusion burden than VV ECMO
patients. Moreover, mortality is greater in the case of
extreme transfusion requirements (49).

Circuit priming

Circuit priming needs to be carried out with meticulous
attention to sterility, proper connections, and an air-free
prime. Two types of primes are being used for circuit
priming: blood prime and crystalloid prime. The volume
of prime ranges from 80-250 mL, depending upon the
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Table 5 The relevant literature on cryoprecipitate transfusion in the patients on ECLS

Author, Year Study tvpe Number of subjects/ Outcome Quality of evidence
reference v yp experts/centers (GRADE)
Bembea, 2013 Cross-sectional 121 centers Median fibrinogen threshold being used for FFP or Moderate
etal. (15) observational study cryoprecipitate transfusion was 150 and 145 mg/dL

for pediatric and adult (pediatric/adult mixed) ECMO

centers, respectively
Esper, 2017 Cross-sectional 54 centers Target fibrinogen level in ECMO patients were ranging Low
etal. (16) observational study from <150 to >250 mg/dL
Thomas, 2018 Review article - The etiology of bleeding and thrombosis in ECMO Low
et al. (28) patients is multifactorial. Low fibrinogen levels

should be corrected by cryoprecipitate transfusion

or fibrinogen concentrate infusion. Expert clinician in

coagulation should be involved in the management
Fang, 2020 Review article - Balancing the risks and benefits of management is Very low
et al. (29) important when managing bleeding or preventing

clotting on patients on ECMO
Fong, 2021 Retrospective 130 (adults) Hypofibrinogenemia is an independent risk factor for Moderate
et al. (30) observational study bleeding events in adult ECMO patients
Drop, 2022 Systemic review 107 studies There is widespread lack of standardization of several Moderate
etal. (31) parameters in coagulation research of pediatric ECMO

patients

ECLS, extracorporeal life support; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; FFP, fresh frozen
plasma; ECMO, extracorporeal membrane oxygenation.

Table 6 The relevant literature on Albumin administration in the patients on ECLS

Author, Number of subjects/ Quality of evidence
Ye t t t

reference ear Study type experts Outcome (GRADE)
Adrian, 1998 Experimental study 2 ECMO circuits  Albumin priming appears to prevent platelet Very low
etal. (12) activation and might even reduce the initial

adherence of platelets to the foreign material of

the circuit
Aronson, 2017 Cross-sectional 127 HCPs Equal preference of 5% albumin and crystalloids Moderate
et al. (32) survey as a choice of intravenous fluids in ECMO

patients among HCPs
Wengenmayer, 2018 Retrospective 283 patients VA-ECMO patients who received albumin fluid Low
et al. (33) observational study resuscitation had significantly better hospital

survival rates
Acharya, 2020 Retrospective 157 patients A high FAR (>125) within the first 24 hours of VA- Very low
et al. (34) observational study ECMO placement is associated with higher risk of

subsequent ischemic stroke
Roth, 2021 Retrospective 344 patients A baseline FAR is independently associated with Low
et al. (35) observational study in-hospital thromboembolic events in patients

undergoing VA-ECMO

ECLS, extracorporeal life support; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; ECMO,
extracorporeal membrane oxygenation; HCP, healthcare partitioner; VA, venoarterial; FAR, fibrinogen-albumin ratio.
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Table 7 The relevant literature on rEVIIa administration in the patients on ECLS

Author, Number of Quality of evidence
Ye Study t: Out

reference ear udy type subjects utcome (GRADE)
Wittenstein, 2005 Retrospective 4 patients rFVlla is effective to achieve control of refractory Very low
et al. (36) observational study hemorrhage in patients on ECMO support
Veldman, 2007 Retrospective 7 patients No statistically significant reduction in chest tube output or Very low
etal. (37) observational study blood product transfusion seen in patients receiving rFVila

on ECMO support as compared to their historic controls
Niebler, 2010 Retrospective 17 patients rFVlla administration during ECMO support was associated Very low
et al. (38) observational study with a decrease in bleeding severity and was not associated

with increased thromboembolic events
McQuilten, 2012 Retrospective 388 patients There was a significant reduction in blood product Low
et al. (39) observational study administration after rFVlla, however, there was higher rate

of thromboembolic event in patients who were on ECMO

while receiving rFVlla
Repessé, 2013 Retrospective 15 patients rFVlla use for intractable hemorrhaging in patients receiving Very low
et al. (40) observational study ECMO controlled bleeding, without major thrombotic

events
Long, 2014 Retrospective 7 patients There is limited efficacy for rFVlla use for refractory Very low
et al. (41) observational study hemorrhage in pediatric patients on ECMO support
Anselmi, 2016 Retrospective 30 patients In case of life-threatening bleeding refractory to all Very low
et al. (42) observational study conventional therapies, rFVlla presents an acceptable

safety profile in patients under ECMO support

rFVlla, activated recombinant factor VII; ECLS, extracorporeal life support; GRADE, Grading of Recommendations, Assessment,
Development, and Evaluations; ECMO, extracorporeal membrane oxygenation.

patient’s size and the ECMO circuit used. The latest
Extracorporeal Life Support Organization (ELSO) Adult
and Pediatric ECMO Circuits guidelines recommend
using blood prime for small pediatric patients <10-15 kg
while ECMO circuits of patients >10-15 kg should be
primed with crystalloid solutions (50). As it takes time to
properly prime the circuits, some centers also use pre-
primed ECMO circuits on standby, where circuits are filled
with crystalloid solutions, and additives are added when it
is needed. It is safe to maintain primed circuits for up to
30 days or more if we used crystalloid prime with the
addition of albumin and the absence of glucose-containing
solutions (9). Sodium bicarbonate, calcium chloride,
heparin, FFP, and 25% albumin are often used as additives
to the primes, mostly in blood-primed circuits (50).

Platelet

Thrombocytopenia is commonly found in critically ill
patients and occurs in up to 20-50% of ICU patients (51-55).
In patients on ECLS, not only does the platelet count

© Annals of Blood. All rights reserved.

decrease but also the function of the platelet is also affected.
Causes of thrombocytopenia in ECMO patients were found
to be multifactorial such as contact with foreign surfaces,
platelet activation, inflammatory and coagulative cascade
activation, sepsis, medications, surgery, bleeding, and
intravascular devices (18). The platelet function is altered
in terms of reduced platelet adhesion, decreased platelet
activation, and reduced platelet aggregation. The causes of
platelet dysfunction and its association with reduced count
still need to be investigated (17).

A 2013 international survey for ECMO registered centers
found that the median threshold for platelet transfusion, in
uncomplicated ECMO, for pediatric as well as mixed adult/
pediatric programs was 100,000/pL with slight variation
in the range (15). A more recent international survey of
transfusion practices observed that platelet count triggers
for ECMO are variable between institutions varying from
less than 20,000 to 100,000/pL (16). According to the 2021
ELSO guidelines, bleeding patients with a platelet count
of >100,000/pL. and non-bleeding patients with a platelet
count between 50,000 to 100,000/pL should receive a
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Table 8 Representation of highlighted guidelines and recommendations for transfusion of platelet, FFP, and cryoprecipitate [the information
highlighted in this table is based on and adapted from the context of the ELSO Red Book (10) and AABB standards (44)]

L o Recommended
Product Description Guideline Dosage lab schedule
Platelets There are 2 types: apheresis platelets  Platelet transfusion to 10 mL/kg. Adults: dose will Check platelet

derived from single donor (most
commonly used), 1 unit: 200-300 mL;
pooled platelets from multiple donors,
4 to 6 units must be pooled to make a
therapeutic dose

Fresh frozen

maintain >80,000 to
100,000 pL

1 unit (200-250 mL) contains: 70-100% FFP transfusion to

increase platelet count by
30,000-60,000/pL; neonates &
pediatrics: increase 50,000 to
100,000/pL

count every
12 hours

10 to 15 mL/kg. Dose will Check INR every

plasma of each clotting factor/mL; 1 to 2 grams maintain INR <2.0 increase clotting factor activity 12 hours
of fibrinogen by 30% approximately
Cryoprecipitate Usually given in 10-unit dose. 1 unit To maintain fibrinogen 1 unit (15 mL) will increase Check fibrinogen

contains: 150 mg fibrinogen, 80 IU of
factor VII, VWF, factor XIlII, fibronectin

>100 mg/dL or
>150 mg/dL if bleeding or of body weight

fibrinogen by 50 mg/dL per 10 kg every 12 to
24 hours

prior surgical intervention

FFP, fresh frozen plasma; ELSO, Extracorporeal Life Support Organization; AABB, Association for the Advancement of Blood &
Biotherapies; INR, international normalized ratio; vVWF, von Willebrand factor.

platelet transfusion of 10 mL/kg (7).

Apheresis platelet transfusion increases the platelet count
by 30,000-60,000/pL in adult patients, while a 10 mL/kg
dose of platelet transfusion in neonates increases platelet
count by 50,000-100,000/pL (10). The most common cause
of platelet transfusion in children from 3 days to 16 years
of age was prophylaxis (79%), followed by major (12%),
and minor bleeding (9%) in a subgroup analysis of two
prospective, observational studies (19). Although we couldn’t
find any established guideline for platelet transfusion in
ECMO patients, Vlaar et al. proposed a clinical practice
guideline systemic review for prophylactic transfusion in
thrombocytopenic critically ill patients. It recommends
not using platelet transfusion to treat those patients unless
the patient’s platelet count drops below 10,000/pL. For
the patients undergoing invasive procedures, they support
not giving prophylactic platelet transfusion prior to
invasive procedures for platelet counts above 100,000/pL.
The guideline also suggests not giving prophylactic platelet
transfusion prior to percutaneous tracheostomy or central
line insertion for platelet counts between 50,000-100,000/pL;
however, there is no recommendation for patients with
severe thrombocytopenia, with platelet counts between
10,000 and 50,000/pL, as they suggest that further research
is required to assess the required prophylactic platelet
transfusion (56).

According to a multicenter analysis of platelet transfusion
usage among neonates on ECMO, the average number of

© Annals of Blood. All rights reserved.

platelet blood transfusion units received by patients per
day directly correlated with the type of ECMO used as
they found that patients who were on VV ECMO required
less platelet transfusion than those on VA ECMO (13). A
retrospective analysis of blood transfusion requirements
predictors looked at the amount of blood products received
by 41 adults during ECMO, and concluded that the use of
antiplatelet within one week of initiating ECMO was an
independent predictor of increased average daily platelet
transfusion (14). Retrospective studies of pediatrics on
ECMO found that platelet transfusion rate was associated
with mortality risk, therefore further investigation is
warranted to define the platelet transfusion threshold
and determine whether platelet count or other indicating
factors should be used as the optimal parameter for platelet
transfusion (20,21).

Fresh frozen plasma

FFP transfusion is used in a range of clinical scenarios
as a therapeutic intervention including the reversal of
coagulopathy in bleeding patients as well as prophylactic
use prior to procedures (57). The use of FFP comes with
a range of side effects that need to be considered prior to
administering (58). A recent retrospective observational
study showed the association of FFP transfusion with in-
hospital mortality among patients receiving ECMO in the
form of a positive correlation (27).
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Literature on critically ill patients (but not on ECLS)
shows minimal improvement in prothrombin time/
international normalized ratio (PT/INR) after FFP
transfusion if there is only mild coagulopathy (59-61).
That is why, multiple recent studies are emphasizing on
judicious use of FFP to correct coagulopathy in the patients
on EMCO. One of the expert consensus documents, which
is supported by the Canadian Cardiovascular Critical Care
(CANCARE) Society and the Canadian Society of Cardiac
Surgeons (CSCS) suggests against the routine use of FFP
to normalize PT INR in nonbleeding patients especially
on VV-ECMO (25). Similarly, Transfusion and Anemia
EXpertise Initiative-Control/Avoidance of Bleeding
(TAXI-CAB) systematic review and consensus conference
series involving multidisciplinary international experts in
hemostasis, and plasma/platelet transfusion in critically ill
infants and children on ECMO support also suggests the
use of therapeutic FFP transfusion only in case of massive
hemorrhage; while clinical judgment is advised to be used
in minimal, moderate, and severe bleeding (26). The 2021
ELSO guideline marks the goal of keeping INR <1.5 in
bleeding and <3 in non-bleeding patients. To achieve this
target, it also recommends FFP to be transfused at the rate
of 10 mL/kg (up to 2 doses) (7).

A survey of 35 pediatric ECMO centers showed that
60% of them had institutional plasma transfusion protocols.
Plasma transfusion was guided by INR in 67%, fibrinogen
in 57%, PT in 48%, activated partial thromboplastin time
@PTT) in 33%, activated clotting time (ACT) in 29% and
antithrombin also in 29% of the ECMO centers. Only
a handful of institutes were using thromboelastography
(TEG) R-time and rotational thromboelastometry
(ROTEM) for plasma transfusion (19). A randomized pilot
trial on 31 pediatric ECMO patients was done to determine
whether transfusion of coagulation factors using FFP
increased ECMO circuit life and decreased blood product
transfusion as compared to the usual care. No statistically
significant difference was observed in this study (11).
Similarly, a multicenter prospective study found that there
was no benefit of FFP on 30-day mortality between the
patients who received FFP while on ECMO and those who
did not (23).

On the other hand, mortality benefit has been observed
in a retrospective analysis in cardiac surgical patients who
were massively transfused (>8 units of PRBCs) during the
surgery. The patients who received high ratios of FFP/red
blood cell (RBC) transfusion had lower mortality less renal
failure and less re-operation for bleeding. However, they
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had prolonged mechanical lung ventilation time and more
atrial fibrillation incidents as compared to the patients who
received low ratios of FFP/RBC (24). A systematic review
of plasma transfusion strategies for critically ill patients
highlights the need for further research and evidence to
guide plasma transfusion in critically ill patients (22).

Cryoprecipitate

Cryoprecipitate, originally named cryoprecipitate
antihemophilic factor (AHF), was developed as a therapy for
patients with AHF deficiency, or hemophilia A. However,
cryoprecipitate is now most frequently used to restore
fibrinogen levels in patients with acquired coagulopathy,
especially in clinical settings with hemorrhage, such as
cardiac surgery, trauma, liver transplantation, or obstetric
hemorrhage, and is no longer administered for its original
purpose (62). Contrary to popular belief, cryoprecipitate
only contains about 32% of the fibrinogen found in plasma;
the rest remains in the cryosupernatant, also known as
cryoprecipitate-reduced plasma (63). However, because
cryoprecipitate is re-suspended in a relatively small volume,
it contains fibrinogen at a higher concentration than in
plasma. Due to differences in donors’ levels of fibrinogen
and institution-specific procedures, the actual concentration
of fibrinogen in cryoprecipitate varies greatly (between 3
and 30 g/L). Nascimento et 4/. outlined the variability of
cryoprecipitate pool content and volume among 22 different
centers. Fibrinogen content in almost all cryoprecipitate
centers was mostly >150 mg/U (62).

Due to the continuous thrombin formation and
fibrinogen consumption during ECMO, fibrinogen levels
may decrease. In a retrospective observational study on
130 adult patients on ECMO, hypofibrinogenemia was
an independent risk factor for bleeding events (30). Low
fibrinogen levels should be corrected by cryoprecipitate
transfusion or fibrinogen concentrate infusion in the
patients on ECMO (28,29). Due to a lack of studies in
this particular area, we are mostly relying on expert opinion
and commonly used practices. A survey of 187 international
ECMO centers by Bembea ez 4/. found that the median
fibrinogen threshold being used for FFP or cryoprecipitate
transfusion was 150 mg/dL (range, 60-200 mg/dL) for
pediatric ECMO centers, while in adult only and adult/
pediatric mixed ECMO centers, it was 145 mg/dL (range, 50—
200 mg/dL) (15). A more recent international survey targeting
ECMO centers showed a wider target fibrinogen level in
ECMO patients ranging from <150 to >250 mg/dL (26).
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Drop et al.’s systemic review of 107 records highlighted that
only 20% described target fibrinogen ranges. Most of them
were above 100 mg/dL (n=7) or 150 mg/dL (n=8) (31).

2021 ELSO adult and pediatric cryoprecipitate
transfusion recommendations also rely on clinical
experiences and local center guidelines. It recommends
maintaining fibrinogen concentration >100 mg/dL in non-
bleeding patients, and >150 mg/dL in bleeding patients
or before any surgical intervention (7). The suggested
dose is 1 unit/5 kg of cryoprecipitate, with a maximum of
6 units (7). The increase in plasma fibrinogen from 1 unit
of Cryoprecipitate per 10 kg body weight is expected to be
approximately 50 mg/dL.

A multicenter prospective cohort study on 1,175 trauma
patients presented with hemorrhagic shock showed that
cryoprecipitate transfusion is associated with decreased risk
of multiorgan failure (64). However, cryoprecipitate has a
risk of potential transmission of pathogens. This is why it
has been withdrawn from use by various European countries

(65,66).

Albumin

Human albumin (HA) is the major protein of the blood
with a molecular weight of 69,000 Da. It is a negative acute
phase reactant (67), having a robust, independent association
with cardiovascular disease (CVD) at low levels (68). It is
available for prescription as a colloid solution derived from
the plasma of volunteer donors that have been pooled and
heated at 60 °C for inactivation of pathogen inactivation (69).
It is available commercially as an iso-oncotic (5%) or
hyper-oncotic (20%) solution (69). HA solution can be
prescribed in an ICU setting for first-line resuscitation of
hypovolemia or hypovolemic shock. However, physicians
often recommend its use in patients who have limited to
no response to crystalloid solutions, or patients with low
albumin levels related to hypovolemic shock (70). A cross-
sectional survey of 124 healthcare partitioners (including
cardiothoracic surgeons, cardiovascular anesthesiologists,
and perfusionists) showed that although anesthesiologists
prefer 5% albumin over crystalloids as the first choice of
IV fluid in the patients on ECMO, there was no overall
difference of preference among healthcare partitioner
between the two fluid choices (32).

As albumin inhibits platelet function and thrombus
formation (as compared to fibrinogen), a fibrinogen-
albumin ratio (FAR) is often described as a marker of
disease severity during prothrombotic conditions. A single-
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center, retrospective observational study on 157 patients in
the United States showed that the high FAR (>125) within
the first 24 hours of VA-ECMO placement is associated
with a higher risk of subsequent ischemic stroke (34). Later
on, a similar study on a bigger sample in Germany revealed
that a baseline FAR is independently associated with in-
hospital thromboembolic events in patients undergoing
VA-ECMO (35). This underscores the importance of
maintaining a normal level of albumin in patients on ECMO.
A retrospective registry study including 283 patients
performed to evaluate albumin versus crystalloid fluid
resuscitation in VA-ECMO patients found that patients
that received albumin fluid resuscitation while on VA-
ECMO had significantly better hospital survival rates (33).
As a result of limited evidence supporting the guidelines
of albumin in ECMO patients, albumin administration is
based on physician experience and patient status.

Blood-primed ECMO circuits often use 25% albumin
as an additive (50). It not only increases the pre-primed
ECMO circuit life but also reduces the adsorption of
plasma proteins to the ECMO circuit, and thus thrombus
formation, by potentially adding the oncotic pressure (10).
Evidence found that when primed with albumin ECMO
circuits showed lower platelet destruction and platelet
activation (12).

rFVIIa

rFVIIa is a vitamin-K-dependent glycoprotein structurally
similar to human factor VII. In pharmacologic doses,
rFVIIa promotes hemostasis at the site of injury without
significant systemic activation of the clotting cascade (71). It
is a treatment for refractory bleeding in patients on ECMO,
and perioperative management in both adult and pediatric
patients undergoing open heart surgeries including
cardiopulmonary bypass (10).

There are multiple case reports (72-75) and case series
(36,38,40) reporting a significant decrease in bleeding severity
and markedly reduced blood product transfusion requirements
in patients on ECMO. A retrospective analysis of 30 patients
that received rFVIIa during ECMO support, found that
rFVIIa was 93.3% effective in stopping bleeding (42).
Contrary to that, a retrospective chart review of seven
pediatric patients on ECMO in two different studies did
not show any statistically significant difference in blood
loss, or blood product transfusions before or after rEVIIa
administration (37,41).

The dose of rFVIla varies among different ECMO centers
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ranging from 40-90 pg/kg (40,42). Some centers use even a
lower range of 25-50 pg/kg (76) due to some reported cases
of fatal thrombosis (77-80) because of rFVIIa (80-90 pg/kg)
administered to patients of ECLS. A retrospective analysis of
388 pediatric patients receiving rF'VIIa, showed a higher rate
of thromboembolic events in patients who were on ECMO
while receiving rFVIIa as compared to the ones who were
not (19% vs. 4%, P=0.009) (39).

The 2014 ELSO anticoagulation guidelines (76)
suggested the above-mentioned varying doses of rFVIla in
patients on ECMO, while 2021 guidelines only mention it
as a reversal agent for direct thrombin inhibitor (7) where it
having proven benefits (81).

TEG/ROTEM

TEG technology was originally described by Hartert in
1948 (82). It provides a visual assessment of clot formation
and subsequent lysis under low-shear conditions like those
present in the vena cava. ROTEM is a modern modification
of the TEG technology. Both are a POC VETs of
hemostasis in whole blood, which allow measurement of
global clot formation and dissolution in real time (83).

Due to the possible risks of life-threatening bleeding or
fatal thrombosis in patients on ECLS, timely knowledge
of their coagulation status is of paramount importance for
proper management. These viscoelastic POC tests are used
commonly to monitor hemostasis in patients on ECMO
as two retrospective observational studies showed that
TEG/ROTEM correlates well with standard coagulation
tests (84,85). Studies also revealed the benefit of VETs in
detecting subtle changes in coagulation status (86) and
more reliability over routine coagulation tests in detecting
thromboembolic events (87).

Although multiple studies mention no statistically
significant clinical benefit of using VETs over traditional
coagulation tests (84,88) a multicenter, RCT shows
that TEG-based anticoagulation management during
ECMO was associated with the administration of lower
heparin doses compared to an aPTT-based protocol (89).
Similarly, a retrospective chart review of 261 patients on
ECLS demonstrated an association between an ECMO
anticoagulation laboratory protocol using anti-factor
Xa assays, TEG, and antithrombin measurements and
a decrease in blood product transfusion, a decrease in
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hemorrhagic complications, and an increase in circuit
life (90). Contrary to that, a pilot RCT of 16 patients on
ECMO support did not show any statistically significant
reduction in the amount of blood products transfused,
the occurrence of bleeding, or thrombotic complications
using TEM measurements (91). Another prospective
observational study on 57 patients revealed that bleeding
events cannot be predicted by means of specific ROTEM
results (92), while the risks of thrombosis have been found
to be associated with lower maximum clot firmness of
intrinsic and extrinsic ROTEM in a Retrospective Cohort
study on 73 patients with 623 ECMO days (93).

Figure 1 illustrates our recommendation on approaches to
abnormalities observed with TEG and TEM, performed with
heparinase for patients on anticoagulation with unfractionated
heparin, derived from the ELSO Red Book (10) and the TEM
Protocol in ECLS Study (TEMPEST) (91). However, there
still remains a lack of evidence to support the effect of TEG
and TEM in guiding blood product transfusion protocols
in ECMO patients. Further research is required to assess
the efficiency of using them as a quick bedside tool to guide
blood product transfusion in this specific population.

Summary

This article not only highlights the scarcity of literature
guiding non-PRBC blood product transfusion in patients
on ECLS but also demonstrates that the quality of the
available evidence is mostly low. This is the main reason
for the significant variation among institutional practices
in different ECMO centers. Establishing guidelines and
protocols for transfusion practice in ECMO patients is
essential to minimize the variability in the outcome noticed
in the literature. Based on the available literature, we can
safely summarize that the decision of non-PRBC blood
transfusion in ECMO patients should be based upon
three factors: (I) clinical context; (II) laboratory values;
and (III) viscoelastic studies. Moreover, it is also evident
from this review that multiple opportunities are there
for future investigations including optimal transfusion
threshold, optimal timing of transfusion to minimize the
risk of complication, and a risk-benefit analysis associated
with transfusing these blood products in ECMO patients.
Hopefully, this article will stimulate the required research
to fill the gaps in the area.

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82



Page 12 of 16

Annals of Blood, 2024

Bleeding
I
A] ¥
Minor Major
I I
Gompression Correc?t coagulopathy . Stop . Correct . SUFgICE.ﬂ
if present anticoagulation coagulopathy intervention
TEG/TEM
I
CT (INTEM) >200 sec R>10 min (low clotting ,\'/\I/'(':A‘Ff:;:n”:n Fua‘;‘;‘i’c;'f;'l'r;‘i’g::oaten EPL >15% or LY30
and CT (HEPTEM)/CT factor) or CT (EXTEM) and normal fibrinogen <150 ma/dL or FIB‘?’EM >7.5% and Cl <1 or
(INTEM) <0.8 >100 sec 9 grat-or CLI30 <85%
levels <6 mm
Give FFP or Administer
Administer prothrombin Administer Administer . f
. L antifibrinolytic
protamine complex platelet cryoprecipitate . X
(Tranexamic acid)
concentrate

Figure 1 Illustrates our recommendation on approaches to abnormalities observed with TEG and TEM, performed with heparinase for

patients on anticoagulation with unfractionated heparin, derived from 2021 ELSO guidelines (7). *, usually associated with prolonged

R time. Treat prolonged R time with FFP first and if angle is still low, administer cryoprecipitate as above. TEG, thromboelastography;

TEM, thromboelastometry; INTEM, intrinsically activated thromboelastometry; EXTEM, extrinsically activated thromboelastometry;

CT, clotting time; HEPTEM, intem with addition of heparinase, used to assess heparin-related coagulation disturbances; R, reaction time;

MA, maximum amplitude; MCF, maximum clot firmness; FIBTEM, EXTEM with the addition of cytochalasin D, used to assess fibrinogen-

related coagulation disturbances; EPL, estimated percent lysis; LY30, lysis index at 30 minutes; CI, coagulation index; CLI30, clot lysis index

at 30 minutes; FFP, fresh frozen plasma; ELSO, Extracorporeal Life Support Organization.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editor (Gennaro Martucci) for the series
“Blood Transfusion Practice in ECMO Patients” published
in Annals of Blood. The article has undergone external peer
review.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://

aob.amegroups.com/article/view/10.21037/aob-21-82/rc

Peer Review File: Available at https://aob.amegroups.com/
article/view/10.21037/a0b-21-82/prf

© Annals of Blood. All rights reserved.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://aob.amegroups.
com/article/view/10.21037/a0b-21-82/coif). The series
“Blood Transfusion Practice in ECMO Patients” was
commissioned by the editorial office without any funding or
sponsorship. The authors have no other conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-

commercial replication and distribution of the article with

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82


https://aob.amegroups.com/article/view/10.21037/aob-21-82/rc
https://aob.amegroups.com/article/view/10.21037/aob-21-82/rc
https://aob.amegroups.com/article/view/10.21037/aob-21-82/prf
https://aob.amegroups.com/article/view/10.21037/aob-21-82/prf
https://aob.amegroups.com/article/view/10.21037/aob-21-82/coif
https://aob.amegroups.com/article/view/10.21037/aob-21-82/coif

Annals of Blood, 2024

the strict proviso that no changes or edits are made and the

original work is properly cited (including links to both the

formal publication through the relevant DOI and the license).

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.

10.

11.

12.

13.

Vyas A, Bishop MA. Extracorporeal Membrane
Oxygenation in Adults. In: StatPearls. Treasure Island (FL):
StatPearls Publishing; 2023.

Kim HS, Park S. Blood Transfusion Strategies in Patients
Undergoing Extracorporeal Membrane Oxygenation.
Korean J Crit Care Med 2017;32:22-8.

Hughes T, Zhang D, Nair P, et al. A Systematic Literature
Review of Packed Red Cell Transfusion Usage in Adult
Extracorporeal Membrane Oxygenation. Membranes
(Basel) 2021;11:251.

Paden ML, Conrad SA, Rycus PT, et al. Extracorporeal
Life Support Organization Registry Report 2012. ASAIO J
2013;59:202-10.

Zangrillo A, Landoni G, Biondi-Zoccai G, et al. A meta-
analysis of complications and mortality of extracorporeal
membrane oxygenation. Crit Care Resusc 2013;15:172-8.
Murphy DA, Hockings LE, Andrews RK, et al.
Extracorporeal membrane oxygenation-hemostatic
complications. Transfus Med Rev 2015;29:90-101.
McMichael ABV, Ryerson LM, Ratano D, et al. 2021
ELSO Adult and Pediatric Anticoagulation Guidelines.
ASAIO J 2022;68:303-10.

Lieberman L, Bercovitz RS, Sholapur NS, et al.

Platelet transfusions for critically ill patients with
thrombocytopenia. Blood 2014;123:1146-51; quiz 1280.
Green BN, Johnson CD, Adams A. Writing narrative
literature reviews for peer-reviewed journals: secrets of the
trade. ] Chiropr Med 2006;5:101-17.

Brogan TV, Lequier L, Lorusso R, et al. Extracorporeal
Life Support: The ELSO Red Book (5th edition). 2017.
McMichael ABV, Zimmerman KO, Kumar KR, et al.
Evaluation of effect of scheduled fresh frozen plasma on
ECMO circuit life: A randomized pilot trial. Transfusion
2021;61:42-51.

Adrian K, Mellgren K, Skogby M, et al. The effect

of albumin priming solution on platelet activation
during experimental long-term perfusion. Perfusion
1998;13:187-91.

Chevuru SC, Sola MC, Theriaque DW, et al. Multicenter
analysis of platelet transfusion usage among neonates

on extracorporeal membrane oxygenation. Pediatrics

© Annals of Blood. All rights reserved.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 13 of 16

2002;109:e89.

Ang AL, Teo D, Lim CH, et al. Blood transfusion
requirements and independent predictors of increased
transfusion requirements among adult patients on
extracorporeal membrane oxygenation - a single centre
experience. Vox Sang 2009;96:34-43.

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.

Esper SA, Welsby 1IJ, Subramaniam K, et al. Adult
extracorporeal membrane oxygenation: an international
survey of transfusion and anticoagulation techniques. Vox
Sang 2017;112:443-52.

Balle CM, Jeppesen AN, Christensen S, et al. Platelet
Function During Extracorporeal Membrane Oxygenation
in Adult Patients: A Systematic Review. Front Cardiovasc
Med 2018;5:157.

Jiritano F, Serraino GF, Ten Cate H, et al. Platelets and
extra-corporeal membrane oxygenation in adult patients: a
systematic review and meta-analysis. Intensive Care Med
2020;46:1154-69.

Nellis ME, Saini A, Spinella PC, et al. Pediatric Plasma
and Platelet Transfusions on Extracorporeal Membrane
Oxygenation: A Subgroup Analysis of Two Large
International Point-Prevalence Studies and the Role of
Local Guidelines. Pediatr Crit Care Med 2020;21:267-75.
Keene SD, Patel RM, Stansfield BK, et al. Blood product
transfusion and mortality in neonatal extracorporeal
membrane oxygenation. Transfusion 2020;60:262-8.
Cashen K, Dalton H, Reeder RW, et al. Platelet
Transfusion Practice and Related Outcomes in Pediatric
Extracorporeal Membrane Oxygenation. Pediatr Crit Care
Med 2020;21:178-85.

Karam O, Tucci M, Combescure C, et al. Plasma
transfusion strategies for critically ill patients. Cochrane
Database Syst Rev 2013;(12):CD010654.

Doussau A, Perez P, Puntous M, et al. Fresh-frozen plasma
transfusion did not reduce 30-day mortality in patients
undergoing cardiopulmonary bypass cardiac surgery with
excessive bleeding: the PLASMACARD multicenter
cohort study. Transfusion 2014;54:1114-24.

Mazzeffi MA, Chriss E, Davis K| et al. Optimal

Plasma Transfusion in Patients Undergoing Cardiac
Operations With Massive Transfusion. Ann Thorac Surg
2017;104:153-60.

Singh G, Nahirniak S, Arora R, et al. Transfusion
Thresholds for Adult Respiratory Extracorporeal Life

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82


https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 14 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Support: An Expert Consensus Document. Can J Cardiol
2020;36:1550-3.

Nellis ME, Karam O, Valentine SL, et al. Executive
Summary of Recommendations and Expert Consensus for
Plasma and Platelet Transfusion Practice in Critically IlI
Children: From the Transfusion and Anemia EXpertise
Initiative-Control/Avoidance of Bleeding (TAXI-CAB).
Pediatr Crit Care Med 2022;23:34-51.

Luo Z, Qin L, Xu S, et al. Impact of fresh frozen plasma
transfusion on mortality in extracorporeal membrane
oxygenation. Perfusion 2022. [Epub ahead of print]. doi:
10.1177/02676591221137034.

Thomas J, Kostousov V, Teruya J. Bleeding and
Thrombotic Complications in the Use of Extracorporeal
Membrane Oxygenation. Semin Thromb Hemost
2018;44:20-9.

Fang ZA, Navaei AH, Hensch L, et al. Hemostatic
Management of Extracorporeal Circuits Including
Cardiopulmonary Bypass and Extracorporeal Membrane
Oxygenation. Semin Thromb Hemost 2020;46:62-72.
Fong KM, Au SY, Ng GWY, et al. Bleeding, thrombosis
and transfusion in patients on ECMO: A retrospective
study in a tertiary center in Hong Kong. Int J Artif Organs
2021;44:420-5.

Drop J, Van Den Helm S, Monagle P, et al. Coagulation
in pediatric extracorporeal membrane oxygenation: A
systematic review of studies shows lack of standardized
reporting. Res Pract Thromb Haemost 2022;6:¢12687.
Aronson S, Nisbet P, Bunke M. Fluid resuscitation
practices in cardiac surgery patients in the USA: a survey
of health care providers. Perioper Med (Lond) 2017;6:15.
Wengenmayer T, Schroth F, Biever PM, et al.

Albumin fluid resuscitation in patients on venoarterial
extracorporeal membrane oxygenation (VA-ECMO)
therapy is associated with improved survival. Intensive
Care Med 2018;44:2312-4.

Acharya P, Jakobleff WA, Forest SJ, et al. Fibrinogen
Albumin Ratio and Ischemic Stroke During Venoarterial
Extracorporeal Membrane Oxygenation. ASAIO ]
2020;66:277-82.

Roth S, Jansen C, M'Pembele R, et al. Fibrinogen-
Albumin-Ratio is an independent predictor of
thromboembolic complications in patients undergoing
VA-ECMO. Sci Rep 2021;11:16648.

Wittenstein B, Ng C, Ravn H, et al. Recombinant factor
VII for severe bleeding during extracorporeal membrane
oxygenation following open heart surgery. Pediatr Crit
Care Med 2005;6:473-6.

© Annals of Blood. All rights reserved.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Annals of Blood, 2024

Veldman A, Neuhaeuser C, Akintuerk H, et al. rFVIIa

in the treatment of persistent hemorrhage in pediatric
patients on ECMO following surgery for congenital heart
disease. Paediatr Anaesth 2007;17:1176-81.

Niebler RA, Punzalan RC, Marchan M, et al. Activated
recombinant factor VII for refractory bleeding during
extracorporeal membrane oxygenation. Pediatr Crit Care
Med 2010;11:98-102.

McQuilten ZK, Barnes C, Zatta A, et al. Off-label use of
recombinant factor VIIa in pediatric patients. Pediatrics
2012;129:e1533-40.

Repessé X, Au SM, Bréchot N, et al. Recombinant

factor VIIa for uncontrollable bleeding in patients with
extracorporeal membrane oxygenation: report on 15 cases
and literature review. Crit Care 2013;17:R55.

Long MT, Wagner D, Maslach-Hubbard A, et al.

Safety and efficacy of recombinant activated factor

VII for refractory hemorrhage in pediatric patients on
extracorporeal membrane oxygenation: a single center
review. Perfusion 2014;29:163-70.

Anselmi A, Guinet P, Ruggieri VG, et al. Safety of
recombinant factor VIIa in patients under extracorporeal
membrane oxygenation. Eur ] Cardiothorac Surg
2016;49:78-84.

Lin JC, Barron LM, Vogel AM, et al. Context-Responsive
Anticoagulation Reduces Complications in Pediatric
Extracorporeal Membrane Oxygenation. Front Cardiovasc
Med 2021;8:637106.

. Standards for Blood Bank and Transfusion Services, 33rd

Edition- Portal 2022 aabb.org [Internet]. [cited 2023 Apr
4]. Available online: https://www.aabb.org/aabb-store/
product/standards-for-blood-banks-and-transfusion-
services-33rd-edition---portal-15991834

Jenks CL, Landry LM, Garrison CF, et al. Pediatric
Extracorporeal Membrane Oxygenation Anticoagulation
Protocol Associated with a Decrease in Complications.
ASAIO J 2022;68:275-80.

Henriquez-Henriquez M, Kattan J, Chang M, et al.

Blood component usage during extracorporeal membrane
oxygenation: experience in 98 patients at a Latin-American
tertiary hospital. Int ] Artif Organs 2014;37:233-40.
Hébert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion
requirements in critical care. Transfusion Requirements in
Critical Care Investigators, Canadian Critical Care Trials
Group. N Engl ] Med 1999;340:409-17. Erratum in: N
Engl ] Med 1999;340:1056.

Agerstrand CL, Burkart KM, Abrams DC, et al. Blood

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82



Annals of Blood, 2024

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

conservation in extracorporeal membrane oxygenation
for acute respiratory distress syndrome. Ann Thorac Surg
2015;99:590-5.

Guimbretiere G, Anselmi A, Roisne A, et al. Prognostic
impact of blood product transfusion in VA and VV
ECMO. Perfusion 2019;34:246-53.

Gajkowski EE, Herrera G, Hatton L, et al. ELSO
Guidelines for Adult and Pediatric Extracorporeal

Membrane Oxygenation Circuits. ASAIO J 2022;68:133-52.

Hui P, Cook DJ, Lim W, et al. The frequency and clinical
significance of thrombocytopenia complicating critical
illness: a systematic review. Chest 2011;139:271-8.
Roberts I, Stanworth S, Murray NA. Thrombocytopenia
in the neonate. Blood Rev 2008;22:173-86.
Vanderschueren S, De Weerdt A, Malbrain M, et al.
Thrombocytopenia and prognosis in intensive care. Crit
Care Med 2000;28:1871-6.

Crowther MA, Cook DJ, Meade MO, et al.
Thrombocytopenia in medical-surgical critically ill
patients: prevalence, incidence, and risk factors. J Crit
Care 2005;20:348-53.

Williamson DR, Albert M, Heels-Ansdell D, et al.

Thrombocytopenia in critically ill patients receiving

thromboprophylaxis: frequency, risk factors, and outcomes.

Chest 2013;144:1207-15.

Vlaar AP, Oczkowski S, de Bruin S, et al. Transfusion
strategies in non-bleeding critically ill adults: a clinical
practice guideline from the European Society of Intensive
Care Medicine. Intensive Care Med 2020;46:673-96.
Khawar H, Kelley W, Stevens JB, et al. Fresh Frozen
Plasma (FFP). In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2023.

Pandey S, Vyas GN. Adverse effects of plasma transfusion.
Transfusion 2012;52 Suppl 1:65S-79S.

Abdel-Wahab OI, Healy B, Dzik WH. Effect of fresh-
frozen plasma transfusion on prothrombin time and
bleeding in patients with mild coagulation abnormalities.
Transfusion 2006;46:1279-85.

Holland LL, Brooks JP. Toward rational fresh frozen
plasma transfusion: The effect of plasma transfusion on
coagulation test results. Am J Clin Pathol 2006;126:133-9.
Soundar EP, Besandre R, Hartman SK, et al. Plasma

is ineffective in correcting mildly elevated PT-INR in
critically ill children: a retrospective observational study. ]
Intensive Care 2014;2:64.

Nascimento B, Goodnough LT Levy JH. Cryoprecipitate
therapy. Br J Anaesth 2014;113:922-34.

Napier JA, Bass H, Pengilley R. Technical method. Fresh

© Annals of Blood. All rights reserved.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Page 15 of 16

frozen cryosupernatant in place of fresh frozen plasma for
broad spectrum coagulation factor replacement. J Clin
Pathol 1985;38:475-7.

Watson GA, Sperry JL, Rosengart MR, et al. Fresh frozen
plasma is independently associated with a higher risk

of multiple organ failure and acute respiratory distress
syndrome. ] Trauma 2009;67:221-7; discussion 228-30.
Serensen B, Bevan D. A critical evaluation of
cryoprecipitate for replacement of fibrinogen. Br J
Haematol 2010;149:834-43.

Yang L, Stanworth S, Baglin T. Cryoprecipitate: an
outmoded treatment? Transfus Med 2012;22:315-20.
Gulhar R, Ashraf MA, Jialal I. Physiology, Acute Phase
Reactants. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2023.

Ronit A, Kirkegaard-Klitbo DM, Dohlmann TL, et al.
Plasma Albumin and Incident Cardiovascular Disease:
Results From the CGPS and an Updated Meta-Analysis.
Arterioscler Thromb Vasc Biol 2020;40:473-82.

Farrugia A. Concerning Chapter 5 - Human Albumin;

in Cross-Sectional Guidelines for Therapy with Blood
Components and Plasma Derivatives, 4th ed. Transfus
Med Hemother 2009;36(6):399-407. Transfus Med
Hemother 2010;37:98-9.

Finfer S, Bellomo R, Boyce N, et al. A comparison of
albumin and saline for fluid resuscitation in the intensive
care unit. N Engl ] Med 2004;350:2247-56.

Buck ML. Control of Coagulation during Extracorporeal
Membrane Oxygenation. J Pediatr Pharmacol Ther
2005;10:26-35.

Loépez-Herce Cid J, Arriola Pereda G, Zunzunegui
Martinez JL, et al. Effectiveness of activated factor VII

in postoperative bleeding after cardiac surgery with
extracorporeal membrane oxygenation. An Pediatr (Barc)
2005;62:471-4.

Brose S, Sirbu H, Engel M, et al. Successful use of
recombinant factor VIIa in a patient with intractable
bleeding during extracorporeal membrane oxygenation.
Thorac Cardiovasc Surg 2005;53:389-90.

Dunne B, Xiao P, Andrews D. Successful use of factor VIIa
to control life-threatening post-operative haemorrhage in
a patient on extra-corporeal membrane oxygenation. Heart
Lung Circ 2012;21:229-30.

Verrijckt A, Proulx E, Morneau S, et al. Activated
recombinant factor VII for refractory bleeding during
extracorporeal membrane oxygenation. ] Thorac
Cardiovasc Surg 2004;127:1812-3.

Lequier L, Annich G, Al-Ibrahim O, et al. ELSO

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82



Page 16 of 16

77.

78.

79.

80.

81.

82.

83.

84.

85.

Anticoagulation Guidelines. Ann Arbor, MI,
Extracorporeal Life Support Organization [Internet].
2014. Available online: http://www.ELSOnet.org
Chalwin RP, Tiruvoipati R, Peek GJ. Fatal thrombosis
with activated factor VII in a paediatric patient on
extracorporeal membrane oxygenation. Eur J Cardiothorac
Surg 2008;34:685-6.

Syburra T, Lachat M, Genoni M, et al. Fatal outcome

of recombinant factor VIla in heart transplantation with
extracorporeal membrane oxygenation. Ann Thorac Surg
2010;89:1643-5.

Bui JD, Despotis GD, Trulock EP, et al. Fatal thrombosis
after administration of activated prothrombin complex
concentrates in a patient supported by extracorporeal
membrane oxygenation who had received activated
recombinant factor VII. J Thorac Cardiovasc Surg
2002;124:852-4.

Swaminathan M, Shaw AD, Greenfield RA, et al. Fatal
Thrombosis After Factor VII Administration During
Extracorporeal Membrane Oxygenation. ] Cardiothorac
Vasc Anesth 2008;22:259-60.

Young G, Yonekawa KE, Nakagawa PA, et al.
Recombinant activated factor VII effectively reverses the
anticoagulant effects of heparin, enoxaparin, fondaparinux,
argatroban, and bivalirudin ex vivo as measured using
thromboelastography. Blood Coagul Fibrinolysis
2007;18:547-53.

Hartert H. Blood clotting studies with Thrombus
stressography; a new Investigation procedure. Klin
Wochenschr 1948;26:577-83.

Whiting D, DiNardo JA. TEG and ROTEM: technology
and clinical applications. Am ] Hematol 2014;89:228-32.
Wagner ML, Johnston M, Jenkins T| et al. Use of
thromboelastography in children on extracorporeal
membrane oxygenation. ] Pediatr Surg 2022;57:1056-61.
Giani M, Russotto V, Pozzi M, et al.
Thromboelastometry, Thromboelastography, and
Conventional Tests to Assess Anticoagulation During

doi: 10.21037/a0b-21-82
Cite this article as: Elmelliti H, Abd Ur Rehman M, Al-Sukal
A, Akram H, Hssain AA. Blood products other than packed

red blood cells in extracorporeal membrane oxygenation:

guidelines, local protocols, and outcomes—a narrative review.

Ann Blood 2024;9:8.

© Annals of Blood. All rights reserved.

86.

87.

88.

89.

90.

91.

92.

93.

Annals of Blood, 2024

Extracorporeal Support: A Prospective Observational
Study. ASAIO ] 2021;67:196-200.

Regling K, Saini A, Cashen K. Viscoelastic Testing in
Pediatric Mechanical Circulatory Support. Front Med
(Lausanne) 2022;9:854258.

Henderson N, Sullivan JE, Myers J, et al. Use of
Thromboelastography to Predict Thrombotic
Complications in Pediatric and Neonatal Extracorporeal
Membranous Oxygenation. ] Extra Corpor Technol
2018;50:149-54.

Jiritano F, Fina D, Lorusso R, et al. Systematic review and
meta-analysis of the clinical effectiveness of point-of-care
testing for anticoagulation management during ECMO. J
Clin Anesth 2021;73:110330.

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.
Northrop MS, Sidonio RE, Phillips SE, et al. The use of

an extracorporeal membrane oxygenation anticoagulation
laboratory protocol is associated with decreased blood
product use, decreased hemorrhagic complications, and
increased circuit life. Pediatr Crit Care Med 2015;16:66-74.
Buscher H, Zhang D, Nair P. A pilot, randomised
controlled trial of a rotational thromboelastometry-based
algorithm to treat bleeding episodes in extracorporeal life
support: the TEM Protocol in ECLS Study (TEMPEST).
Crit Care Resusc 2017;19:29-36.

Hellmann C, Schmutz A, Kalbhenn J. Bleeding during
veno-venous ECMO cannot reliably be predicted by
rotational thrombelastometry (ROTEM™). Perfusion
2018;33:289-96.

Drop JG, Erdem O, Wildschut ED, et al. Use of rotational
thromboelastometry to predict hemostatic complications
in pediatric patients undergoing extracorporeal membrane
oxygenation: A retrospective cohort study. Res Pract
Thromb Haemost 2021;5:e12553.

Ann Blood 2024;9:8 | https://dx.doi.org/10.21037/a0b-21-82



