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Abstract

Purpose: To develop evidence-based clinical practice recommendations regarding transfusion practices and transfu-
sion in bleeding critically ill adults.

Methods: A taskforce involving 15 international experts and 2 methodologists used the GRADE approach to guide-
line development. The taskforce addressed three main topics: transfusion support in massively and non-massively
bleeding critically ill patients (transfusion ratios, blood products, and point of care testing) and the use of tranexamic
acid. The panel developed and answered structured guideline questions using population, intervention, comparison,
and outcomes (PICO) format.

Results: The taskforce generated 26 clinical practice recommendations (2 strong recommendations, 13 condi-
tional recommendations, 11 no recommendation), and identified 10 PICOs with insufficient evidence to make a
recommendation.

Conclusions: This clinical practice guideline provides evidence-based recommendations for the management of
massively and non-massively bleeding critically ill adult patients and identifies areas where further research is needed.
Keywords: Transfusion, Coagulopathy, Critically ill, Guideline, Intensive care, Plasma, Platelets, Red blood cells, Point
of care, Tranexamic acid, Bleeding

Introduction

Patients admitted to the intensive care unit (ICU) fre-
quently experience bleeding due to a variety of causes,
with incidences of bleeding up to 50% reported in some
ICU populations, and this in turn is associated with
increased morbidity and mortality [1-3]. While transfu-
sion of blood products is one of the cornerstones in treat-
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Challenges exist in researching bleeding in critically
ill patients, particularly with the varied definitions used
to describe massive and non-massive bleeding. Mas-
sive bleeding by convention can be described as greater
than 10 units in 24 h or 4 units in 1 h [4]. Although dif-
ficult to manage, clinicians can readily recognize massive
bleeding. However, consistent definitions in non-massive
bleeding are elusive. Non-massive bleeding has clinical
implication given resources and blood products required
to manage these patients. To establish evidence-based
interventions to reduce the resources used in non-mas-
sive bleeding, consistent nomenclature is required.

Treating bleeding in critically ill patients is a dynamic
and complex process which is challenging to study, and
extrapolating results from studies conducted in non-
bleeding patients, or those who are less severely ill may
not always be justified. Moreover, transfusion strategies
during bleeding may involve multiple concurrent strat-
egies for monitoring coagulopathy, transfusing blood
products, and administering medications to support
coagulation. Consequently, there is substantial worldwide
variation in the treatment of critically ill patients with
bleeding, and the availability of transfusion protocols in
ICUs [5].

Scope and objectives of this guideline

Recognizing wide variation in transfusion practice, the
European Society of Intensive Care Medicine (ESICM)
created a taskforce (TF) to develop evidence-based rec-
ommendations for transfusion guidelines in the ICU
and to identify knowledge gaps for future research pri-
orities. The TF divided its recommendations into two
sets of guideline recommendations. The first addressed
transfusion in non-bleeding critically ill patients [6]. This
manuscript includes guidelines for transfusion in criti-
cally ill patients with bleeding, including a wide variety
of patient populations, not all of which are addressed in
other guidelines.

The TF developed this guideline to assist critical care
clinicians working in adult ICUs, with a scope including a
broad set of patient populations cared for in the ICU, and
transfusion-related interventions of relevance to bedside
clinicians caring for bleeding patients, including use of
blood products, transfusion ratios, point of care testing,
and use of pharmacological agents to manage fibrinoly-
sis (primarily tranexamic acid [TXA]). Blood pressure
monitoring and targets, fluid resuscitation, vasopressor
management, and bleeding source control, were con-
sidered to be beyond the scope of this guideline. Given
the rapidity with which critically ill patients with bleed-
ing can deteriorate, having a standardized approach to
transfusion in these patients can be of great assistance
to clinicians working in time-pressured circumstances.

Take-home message

In this clinical practice guideline, we highlight the current evidence
for management of bleeding ICU patients and areas for further
research.

However, TF acknowledges that while this guideline can
provide recommendations for transfusion practice in
critically ill patients, specific patient characteristics and
clinical circumstances may require the use of an individ-
ualized approach, integrating patient values and prefer-
ences, local resources, and patient judgement.

Methods

Taskforce membership

The TF included 15 clinicians with expertise in critical
care medicine, anesthesiology, hematology, cardiac sur-
gery, gastroenterology and transfusion medicine, along
with methodologists experienced in guideline develop-
ment using Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) [7]. TF mem-
bers were chosen based on their content and methodol-
ogy expertise. The TF and methodologists were jointly
involved in all aspects of the development of the guide-
line including development of PICO (population, inter-
vention, comparison, and outcomes) questions, updating
literature searches, assessing quality of evidence, formu-
lation of recommendations, and manuscript writing. As
the guideline did not have a patient representative on the
panel, perspectives on patient values and preferences for
transfusion and outcomes were obtained from a litera-
ture review.

Conflict of interest

At the beginning of the guideline process, and prior to
submission of the manuscript, all TF members disclosed
potential conflict of interest (COI). These included finan-
cial, intellectual, and personal COI. TF members were
excused from voting on recommendations on any PICO
questions where the TF chair considered significant COI
to exist.

Sponsorship

The ESICM sponsored the development of this guideline
and ESICM representatives were updated throughout the
guideline process. There was no industry involvement in
any aspect of the guideline.

Question development and outcome prioritization

The initial list of PICO questions was developed by the TF
chairs (AV, MC). TF members were invited to submit addi-
tional PICO questions on topics related to blood product
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transfusions, transfusion protocols, point of care testing,
and use of other medication in massively and non-mas-
sively bleeding critically ill patients. Following discussion
of each PICO via teleconference, the TF voted anony-
mously on the questions in May 2019, using an online sur-
vey, rating the priority of each PICO on a scale of 1-10,
with the highest rated PICOs being addressed in the TF
guideline. The TF chose to address “massive” vs. “non-
massive” bleeding separately. We used the author defi-
nitions of massive (ex. use of>10 units of red blood cells
(RBC) in 24 h or>6 units in 6 h) and non-massive bleed-
ing. A list of potentially relevant outcomes for each PICO
question was developed at a general TF meeting (ESICM
Lives 2019, Berlin, Germany). Outcomes were prioritized
according to standard methods used in GRADE, using
an anonymous online voting system, with each outcome
being rated from 1 to 9, as “critical” (rating 7-9), “impor-
tant" (4-6), or “limited importance” (1-3), according to
the relative importance of each outcome to patients[8].
Critical outcomes were mortality (all-cause or bleeding-
related), quality of life, functional recovery and stroke.
Important outcomes included myocardial infarction, renal
failure requiring renal replacement therapy (RRT), acute
respiratory distress syndrome (ARDS), transfusion-related
lung injury (TRALI), volume overload, venous thrombosis,
length of stay (ICU and hospital), post-transfusion infec-
tions, and hemodynamic stability.

Search strategy and study inclusion

For each PICO question, a methodologist (SO) updated
searches from published systematic reviews and developed
new search strategies, with the input of other TF mem-
bers (supplementary materials). We searched MEDLINE,
EMBASE, and Cochrane databases for each PICO up to
September 2019, along with trial databases (clinicaltrials.
gov and ISRCTN) to identify in-progress trials, which were
incorporated into the literature reviews as they became
available. Search results were uploaded into Rayyan [9] for
screening. Two reviewers from the TF screened the search
results for relevant English-language systematic reviews
(SRs), randomized controlled trials (RCTs), and observa-
tional studies. Any citation identified by either reviewer as
potentially relevant underwent full text review, which were
in turn also screened by two reviewers, with disagreements
about inclusion at the full text resolved by discussion, with
input from a third TF member.

Data abstraction and risk of bias assessment

Using a standardized, piloted data abstraction form, the
methodology team conducted data abstraction for all
included studies. To ensure consistency and prevent tran-
scription errors, a second reviewer validated the data. With
input from other TF members, the methodology team also

conducted risk of bias assessments for each included study
using the Cochrane Risk of Bias tool for RCTs [10], or the
Newcastle—Ottawa risk of bias assessment tool [11].

Data analysis and rating of evidence

When there was sufficient evidence for data pooling, meta-
analyses for each PICO question were conducted using Rev-
Man v 5.3 [12]. For all outcomes, we compared fixed- and
random-effects estimates, generally using fixed-effects
models when the number of studies was very small (5 or
fewer) or there were concerns that small-study effects may
be impacting the pooled estimate; otherwise we used ran-
dom-effects models [13]. For dichotomous variables, we
reported relative risk (RR) and absolute risk difference (RD).
For continuous variables mean difference (MD), or stand-
ardized mean difference (SMD), as appropriate, each with
a corresponding 95% confidence interval (95% CI). Explora-
tory, post-hoc subgroup analyses were performed to explore
potential sources of statistical heterogeneity (e.g. patient
population, interventions, comparators, and outcomes
reported). Following GRADE guidance, if unexplained het-
erogeneity was found, we rated down the certainty/qual-
ity of the evidence for that outcome. If heterogeneity was
explainable using subgroup analysis, the panel considered
this in formulating recommendations and implementation
considerations. For questions in which insufficient quantita-
tive data were available to conduct a meta-analysis, the evi-
dence was summarized in narrative fashion.

Evidence summaries and formulation of recommendations
The methodology team (SO, JCD) developed evidence
summaries for each PICO question (supplementary
materials), including information on study design, popu-
lation, intervention, pooled estimates of effect for each
outcome, and a rating of the overall quality of evidence.
We rated the certainty of evidence for each outcome as
“high,” “moderate;” “low;” and “very low” In accordance
with GRADE, the task force initially categorized the
certainty of evidence for each outcome as high if it orig-
inated from RCTs and low if it originated from obser-
vational data. We subsequently rated down the quality
of the evidence by one or two levels if results from indi-
vidual studies were at serious or very serious risk of bias
[14] there were serious inconsistencies (heterogeneity) in
the results across studies [15] the evidence was indirect
[16], the data were imprecise [17], or publication bias was
thought to be likely. Evidence from observational data
could be rated upwards if effect sizes were large, there
was evidence of a dose-response gradient, or all plau-
sible confounding would either reduce a demonstrated
effect or suggest a spurious effect when results showed
no effect.
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Evidence to decision (EtD) frameworks were completed
by a subgroup of TF members for each PICO question to
develop a draft recommendation considering the balance
of desirable and undesirable effects, certainty of effects,
resource considerations, feasibility, acceptability, and
equity issues. While the TF planned to meet in March
2020 for final discussion and voting on the results, this
meeting was cancelled in light of the coronavirus disease
2019 (COVID-19) pandemic. Instead, the TF used Panel
Voice to vote on the strength and direction of the recom-
mendation, after reviewing the EtD framework and draft
recommendations created by each subgroup. A mini-
mum of two rounds of voting were held to achieve con-
sensus, if a consensus was not reached after two rounds
a third round was held. We achieved approval on all rec-
ommendations after 2 rounds of voting. A priori, the task
force chair decided that recommendations had to receive
at least 80% of the vote of the panel to be approved [18].

Executive summary of recommendations: recognizing
significant variation in transfusion practices to correct
for anemia and/or coagulopathy in bleeding critical care
patients, the ESICM assembled a task force to summarize
the existing evidence regarding transfusion practices and
transfusion avoidance strategies in bleeding, critically ill
adults. The TF chose to address “massive” vs. “non-mas-
sive” bleeding separately. We used the author definitions
of massive (ex. use of > 10 units of RBC in 24 hours or
> 6 units in 6 hours) and non-massive bleeding. In addi-
tion, the task force aimed to develop clinical practice rec-
ommendations, identify knowledge gaps, and areas for
future research.

Transfusion support in massively bleeding,
critically ill adults

Part 1: massively bleeding patients
The following recommendations pertain to patients with
massive bleeding.

1. Transfusion ratios

Recommendation

We suggest use of high-ratio transfusion strategies (at least one unit
plasma per two units of packed red blood cells) vs. low-ratio transfu-
sion strategies in critically ill patients with massive bleeding due to
trauma (Conditional recommendation, low certainty of evidence).

We make no recommendation regarding the use of fixed high-ratio
transfusion strategies in critically ill patients with non-traumatic mas-
sive bleeding (No recommendation, very low certainty evidence).

Evidence summary
We evaluated both randomized and non-randomized
evidence regarding transfusion ratios in trauma [19].

The observational trauma evidence suggests high trans-
fusion ratios ranging from 1:1 to 1:2 fresh frozen plasma
(FFP):RBC result in a large mortality benefit early on (RR
0.51, 95% CI 0.39-0.65; RD — 12.6, 95% CI — 15.7 to —
9%, very low certainty) and at 30 days (RR 0.63, 95% CI
0.54-0.73; RD — 12.6, 95% CI — 15.6 to — 9.2%, very low
certainty), though these results may be confounded via
survivorship bias, as in initial studies patients who lived
long enough to receive thawed plasma may have been
be less sick than patients who died before plasma was
available. Reassuringly, in a subgroup analysis of studies
excluding patients who died very early (usually within
1 h, before plasma may be available), the mortality benefit
was still evident (RR 0.67, 95% CI 0.68—0.93).

Given concerns regarding residual confounding in the
observational data, the panel relied primarily on evidence
from the two available RCTs.[20, 21], in which high FFP:
transfusion and high platelet ratios 1:1:2 compared to
1:1:1. The pooled results did not result in a mortality
benefit at 24 h (RR 0.75, 95% CI 0.52-1.08; RD — 4.2%,
95% CI — 8.1 to 1.4%, moderate certainty) and 30 days
(RR 0.93, 95% CI 0.72-1.2; RD — 1.7%, 95% CI — 7 to
5, low certainty), though these results were limited by
imprecision. Higher transfusion ratios may result in bet-
ter clinical hemostasis, reducing probability of death by
exsanguination (RR 0.7, 95% CI 0.51-0.96, RD — 23.7%,
95% CI — 38.8 to — 3.2, low certainty) although cer-
tainty is limited by inconsistency between the two stud-
ies. There appeared to be no difference in rates of stroke,
myocardial infarction (MI), ARDS/TRALI, congestive
heart failure (CHF), infections, and venous thrombo
embolism (VTE) although these results were limited by
serious or very serious imprecision and cannot rule out
a meaningful effect. There is moderate certainty that
high transfusion ratio results in a greater proportion of
patients receiving plasma (RR 1.2, 95% CI 1.01 to 1.43;
mean difference 2 units, 95% CI 0.99 to 3.01) and plate-
lets (RR 1.4, 95% CI 1.07-1.83; MD 6 95% CI 4.66-7.34),
without a difference in RBCs transfused (MD 0 units,
95% CI — 1.11 to 1.11).

In non-trauma patients, we identified several observa-
tional studies, 3 in mixed populations [22—-24] 2 in car-
diac and vascular surgery [23, 25], and 2 in postpartum
hemorrhage [26, 27]. The overall certainty of evidence
was very low for all outcomes for these groups, with
limitations due to study design and imprecision. High
ratio transfusion may result in more plasma transfused
(MD 4.15 units, 95% CI 0.28 to 8.02), with no difference
in platelets (MD 2.92, 95% CI — 2.52 to 8.36) or PRBCs
(0.49, 95% CI — 2.55 to 3.52), though certainty of evi-
dence is very low.
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Justification

Although the large reduction in mortality with the use of
higher ratios seen in observational studies is more mod-
est (and only seen for early death due to exsanguina-
tion) and less precise in the RCTs, it is reassuring that
the direction and magnitude of the effects are similar,
showing a reduction in early and late mortality with high-
ration transfusion strategies. Additionally, the improved
hemostasis demonstrated in the PROPPR trial [20] pro-
vides a sensible mechanism by which high-ratio trans-
fusion could prevent deaths, this could be driven by the
higher number of platelets received. Very few undesirable
clinical effects were seen leading the panel to determine
that even if of uncertain magnitude, the desirable effects
likely outweigh the undesirable effects. It should be noted
that few undesirable clinical effects were seen, the inves-
tigators did not seek to explore these at the initiation
of the study. Due to the lack of certainty for many out-
comes, along with the resource implications for increased
use of plasma and platelets, the panel chose to make a
conditional recommendation for fixed, high-ratio trans-
fusion in trauma patients with massive bleeding.

The panel decided on the basis of the limited existing
evidence that no recommendation for or against the use
of fixed high-ratio transfusion could be made outside of
the trauma setting, especially given potential differences
in pathophysiology and coagulopathy compared to non-
traumatic bleeding, and the resource implications of
increased plasma and platelet transfusions.

Implementation issues

The PROPPR [20] and Nascimento [21] studies com-
pared high RBC: plasma:platelets ratios 1:1:1 transfu-
sion ratios to a low ratio of 2:1:1, or transfusion guided
by coagulation testing. If a fixed high-ratio transfusion
approach is used, the 1:1:1 ratio is the most reasonable
approach to initiate empiric transfusion when massive
hemorrhage is suspected. Although the panel chose not
to make a recommendation regarding fixed-dose transfu-
sion ratios outside of the setting of trauma, many centers
have developed massive transfusion protocols to cover
all clinical scenarios, based upon extrapolation from the
trauma literature. While the TF judged that the existing
evidence does not support high-ratio transfusion outside
of trauma, there may be important clinical impacts from
the use of standardized massive transfusion protocols,
beyond the effects of altered transfusion ratios alone,
such as having a coordinated and efficient response to
acute bleeding [28].

2. Platelets

Recommendation

We make no recommendation regarding the use of cryopreserved or
cold-stored platelets in bleeding patients with massive or non-mas-
sive hemorrhage (No recommendation, very low certainty of evidence).

Evidence summary

There is little evidence regarding the use of cryopreserved
or cold-stored platelets for the treatment of hemorrhage
in comparison to conventionally stored (room tempera-
ture, 20-24 °C), “standard” platelets. We identified two
small studies, one comparing cryopreserved platelets to
standard platelets and one comparing cold-stored plate-
lets to standard platelets.

The first study was a single center non-randomized
observational study of standard (fresh apheresis) plate-
lets and cryopreserved platelets (frozen at —80 °C and
later reconstituted in thawed plasma) in a broad set of
hemorrhaging patients [29]. Multiple clinical outcomes
were evaluated, including 30-day survival, overall blood
product use, TXA and fibrinogen concentrate use, and
adverse events. There was no appreciable difference in
30-day mortality (RR 1.26, 95% CI 0.41-3.88; RD 5%, 95%
CI — 11.2 to 5.49; very low certainty) or other outcomes.

The second study was a single center two-stage pilot
RCT of the use of cold-stored (2-6 °C) platelets adult car-
diothoracic surgery patients; the first stage utilized plate-
lets stored in the cold for up to 7 days, while the second
stage utilized those stored in cold for 8—14 days [30]. The
primary outcome reported was the difference in median
blood loss (as measured by chest drain output): the dif-
ference in median blood loss between room temperature
and cold-stored up to 7 days was — 216 ml (95% CI —
465.7 to 33.68, very low certainty); the difference between
room temperature and cold-stored for 8-14 days was
986 mL (95% CI — 296.13 to 2268.1, very low certainty).
Secondary outcomes (total blood usage, adverse events,
ICU length of stay, mortality) were comparable among
those receiving cold-stored and standard platelets, but
the number of events was very small in this pilot study.

Justification

Despite similarities in nomenclature, cryopreserved and
cold-stored platelets are dissimilar blood products, and
the rationale for their preparation and use equally dis-
similar. Cryopreserved platelets are intended to have a
substantially longer shelf-life than standard apheresis
platelets (years versus days), thus reducing potential
limitations in the platelet supply and providing prod-
ucts where and when standard platelets are not available.
Cold-stored or cryo-stored platelets, on the other hand,
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have potentially longer shelf-lives than standard units
and, based on in vitro and preliminary clinical studies,
may be more hemostatically active than their room-tem-
perature counterparts. The TF identified two published
clinical studies on the use of these products compared
to standard platelets, and despite the fact that each study
did not demonstrate results unfavorable to cryopreserved
or sold-stored platelets, both had sample sizes that were
too small to provide anything beyond a very low degree
of certainty in their results. Therefore, while both cryo-
preserved and cold-stored platelets are theoretically
appealing, it was judged that there was insufficient evi-
dence to make a recommendation for or against their use
in the bleeding patients.

3. Prothrombin complex concentrate and plasma

Recommendation

We make no recommendation for the use of PCC versus plasma
alone in massively bleeding patients due to very low certainty of
evidence from observational studies only (No recommendation, very
low certainty of evidence).

Evidence summary

For all patient populations, only observational stud-
ies were included in the analysis [31-35]. Thereby, risk
of bias is high, most importantly related to a mismatch
in disease severity. For cardiac surgery, none of the rel-
evant patient outcomes differed between arms. There is
a reduction in RBC transfusions in favour of the PCC
arm, but chest tube output was not different. For trauma,
pooling of data suggests a decrease in mortality, but this
was found in a single study only. Of note, all trauma stud-
ies reported a decrease in transfusion requirements in
the PCC arm, which is congruent with a mortality ben-
efit. However, there were considerable differences in
the comparator arms, hampering any recommendation.
For liver transplant and TBI, there was insufficient data.
Taken together, there is insufficient data on efficacy and
safety of PCC in all categories of bleeding patients. With
the lack of evidence and concern for safety, PCC use
should be reserved for clinical trials.

Justification

There was no clear signal of harm, in particular no
increase in thromboembolic events in the PCC arm;
however, this is based on very low certainty of evidence.
Thereby, we do not recommend against the use of PCC.
However, it is not clear how robust the data were gath-
ered, hampering the weighing of benefit and harm. Other
concerns that preclude a recommendation to use PCC
relate to cost-effectiveness and to a lack of knowledge on

potential conflict of interest related to funding sources of
the included studies.

Research priorities

The TF rated optimal management of massive bleeding
as a clear priority. The very low level of evidence of ben-
efit across all patient populations as well as the absence
of harm of PCC, point towards a strong research priority
assessing the efficacy and safety of the use of PCC in the
treatment of bleeding.

4. Fibrinogen

Recommendation

We make no recommendation regarding the use of early empiric
fibrinogen replacement in critically ill patients with massive hemor-
rhage due to trauma (No recommendation, low certainty evidence).

Evidence summary

In patients with massive bleeding due to trauma, it is
unclear whether or not early, empiric fibrinogen adminis-
tration is beneficial, compared to a strategy of fibrinogen
replacement once hypofibrinogenemia is documented.
The 5 RCTs [36—39] identified are small, with inconsist-
ent and imprecise impact upon overall mortality (RR
1.02, 95% CI 0.33-3.11; RD 0.3%, 95% CI — 10.3 to 32.6,
low certainty) and deaths due to hemorrhage (RR 0.77,
95% CI 0.27-2.18; RD — 2.3%, 95% CI — 7.4 to 12, low
certainty). The impact upon other patient outcomes,
including transfusion requirements are similarly unclear,
without any clear signal for harm nor benefit.

Justification

While observational studies demonstrate a relation
between hypofibrinogenemia and coagulopathy as well
as with adverse outcome of bleeding due to trauma
[40—-42], thus providing a strong theoretical rationale for
supplementation of fibrinogen during bleeding, clinical
evidence for early fibrinogen supplementation remains
unclear. The existing RCTs demonstrate that it is feasi-
ble to increase fibrinogen levels and FIBTEM values with
fibrinogen concentrates, suggest that fibrinogen may
reduce transfusion needs in patients with a low fibrino-
gen level, but the impact of an early/empiric fibrino-
gen replacement strategy compared to one guided by
coagulation testing remains unclear. Similarly, the ideal,
fibrinogen dose and target level are not clear. Observa-
tional studies in trauma suggest a relation with low levels
and mortality; conversely a possible association between
higher fibrinogen levels and mortality [42] as well as with
thrombosis [43]. More evidence is need regarding empir-
ical and lab-based supplementation before a recommen-
dation for or against early fibrinogen can be made; at the
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present time, either approach is justifiable on theoretical
grounds.

Implementation issues

If a fibrinogen-based strategy is chosen, studies in
trauma suggest that this would confer the greatest ben-
efit in those with low fibrinogen lab values; however, this
threshold may be different in other populations; thus, if
an early fibrinogen replacement strategy is used, it would
ideally incorporate rapid laboratory testing to guide clini-
cians on when empiric fibrinogen should not be used.

5. Point of care testing

Recommendation

We suggest for either for viscoelastic or conventional coagulation
assays to guide transfusions in massively bleeding trauma critically ill
patients (Conditional recommendation, low quality of evidence).

For evidence summary and justifications, please see
below section on point of care testing.

Part 2: transfusion support in non-massively bleeding
critically ill adults

1. RBC transfusion

Recommendation

In patients with non-massive bleeding after vascular surgery, we sug-
gest restrictive (7.5-8 g/ d/L) red blood cell transfusion threshold
(Conditional recommendation, low certainty).

Evidence summary

A single RCT [44] of patients undergoing vascular sur-
gery evaluated a restrictive (8 g/dL) vs. liberal (9.7 g/
dL) transfusion strategy in patients with bleeding. Due
to the small number of events in the study, the results
were very imprecise for most outcomes, including mor-
tality (RR 2, 95% CI 0.19-20.86; RD 3.4, 95% CI — 2.8 to
68.5, low certainty) and myocardial infarction (RR 1, 95%
CI 0.15-6.63; MD 0, 95% CI — 5.9-38.8, low certainty).
A restrictive transfusion threshold appeared to result in
lower number of transfusions (MD 2 units, 95% CI 3.22—
0.78, high certainty) and proportion of patients receiving
transfusions (RR 0.66, 95% CI 0.51-0.86, high certainty),
without a significant reduction in the risk of transfusion
reactions (RR 0.33, 95% CI 0.01-7.86, very low certainty).

Justification

The existing evidence does not demonstrate important
clinical benefits or harms with restrictive vs liberal trans-
fusions in vascular surgery patients, beyond reductions

in red cell transfusion, with all estimates having low cer-
tainty because of the very small number of events, result-
ing in very serious imprecision. The absence of evidence
for a treatment effect on clinically important outcomes,
reduces the likelihood that patient values and preferences
will have a role on decision-making. However, it is still
expected that most patients would choose not to have
a transfusion if it does not improve symptoms or other
outcomes.

Implementation issues

The restrictive threshold suggested by the TF includes a
slightly higher range than that recommended for most
populations in part 1 of the guideline, including the rec-
ommendation for a restrictive transfusion threshold of
7.5-8 g/dL recommended for patients undergoing car-
diac surgery, a population of similar age and with simi-
lar vascular comorbidities. This difference reflects the
thresholds studied in the available clinical trials, but also
reflects the significant cardiovascular comorbidities in
this patient population, and clinical uncertainty given the
limited direct evidence available to guide practice. As a
result, there may remain some variability in how clini-
cians implement this restrictive strategy, based upon the
volume of bleeding, ease of definitive hemorrhage man-
agement, presence of active cardiac disease, and patient
symptoms.

Recommendation

In patients with non-massive postpartum hemorrhage, we suggest
restrictive transfusion, guided by presence of shock and symptoms
potentially attributable to anemia (e.g. dyspnea, syncope, tachycardia,
angina, neurological symptoms) or hemoglobin <6 g/dL, rather than
at a liberal target hemoglobin of 9 g/dL (Conditional recommendation,
low certainty).

Evidence summary

A single randomized controlled trial [45] of anemic post-
partum patients with a hemoglobin (Hb) of 49-79 g/L
found that that a restrictive red cell transfusion strategy
guided by patient symptoms compared with liberal trans-
fusion target (Hb >89 g/L) may result in no difference in
terms of quality of life, measured by SF-36 questionnaire
(MD 0.1, 95% CI — 3.5 to 3.3, low certainty), incidence
of venous thrombosis (RR 0.99, 95% CI 0.14 —6.97, low
certainty), post-transfusion sepsis or infection (RR 1.08,
95% CI 0.62—1.87, low certainty), or transfusion reactions
(RR 0.14, 95% CI 0.01-2.72, very low certainty). There
were moderate resource savings associated with reducing
blood transfusion, including reduced mean number of
transfusions (MD 2 units) and mean cost reduction of €
249 in the restrictive threshold arm.
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Justification

Evidence related to quality of life, although of critical
importance in this particular cohort of patients, had to be
rated as low certainty due to the lack of blinding at the
time of assessment of the SF-36 questionnaire. Impre-
cision related to the reporting of post-transfusion sep-
sis and hospital-associated venous thromboembolism
resulted in a low level of certainty in the pooled effects,
while the number of transfusion reactions was very small,
resulting in a very low level of certainty for very serious
imprecision. Given the lack of clear evidence that liberal
transfusion improves outcomes, including quality of life,
and the increased use of blood products required, the
panel chose to issue a conditional recommendation for
restrictive transfusion for symptomatic patients only [45]
(e.g. dyspnea, syncope, tachycardia, angina, neurologi-
cal symptoms), along with a lower asymptomatic limit of
6 g/dL Hb to ensure ‘buffer’ in the event of unrecognized
ongoing hemorrhage.

Implementation issues

Evidence in this setting is limited to a single trial, creat-
ing some concerns around the acceptability of a restric-
tive threshold for RBC transfusion, in particular whether
there is a lower limit. In patients with minor hemor-
rhage, no symptoms, the decision to transfusion can be
discussed with the patient, as preferences may vary. The
TF suggested a restrictive transfusion threshold which is
consistent with guidance from other societies, including
the Royal College of Obstetricians and Gynaecologists
[46, 47] which adopt both clinical and hematological cri-
teria to guide the decision to perform blood transfusion.
In patients with severe shock, uncontrolled bleeding a
higher threshold may be considered, anticipating ongo-
ing blood loss.

Recommendation

In patients with non-massive gastrointestinal bleeding, we suggest
restrictive (7 g/dL) transfusion vs. liberal (9 g/dL) red blood cell trans-
fusion threshold (Conditional recommendation, moderate certainty).

Evidence summary

A total of four RCTs [48—51] were identified that exam-
ined the impact of a restrictive versus a liberal transfu-
sion strategy. A restrictive transfusion strategy led to a
reduction in mortality (RR 0.63, 95% CI 0.43-0.93), risk
of rebleeding (RR 0.61, 95% CI 0.46-0.81), and volume
overload (RR 0.13, 95% CI 0.03—0.54). There was also
an improvement in quality of life measured using EQ5D
(MD 0.07, 95% CI 0.02-0.12) with a restrictive strategy.
There was no effect with regards to stroke (RR 0.56, 0.29

to 1.09), myocardial infarction (RR 0.62, 95% CI 0.26—
1.47), post-transfusion sepsis (RR 0.95, 95% CI 0.81—
1.13). There may be moderate cost saving with reduced
risk of bleeding because of reduced number of patients
requiring transfusion. There are no formal studies eval-
uating a restrictive versus liberal transfusion strategy
in patients with gastro intestinal bleeding (GIB); how-
ever, with decreased number of transfusion and better
outcomes, a restrictive strategy may be a cost-effective
strategy.

Justification

The certainty of evidence for rebleeding, hospital length
of stay, mean number of transfusions and proportion
of patients receiving transfusion and mortality, stroke,
volume overload consisted of moderate certainty of evi-
dence. In comparison, there was low certainty of evi-
dence for quality of life, myocardial infarction, acute
kidney injury and transfusion reactions. Evidence was
rated down for imprecision due to the low event rate,
target sample size not met, and wide confidence inter-
val. Overall, gastrointestinal (GI) bleeding patients, the
panel had moderate certainty that a restrictive transfu-
sion strategy is safe, and possibly results in improved out-
comes, with fewer resources.

Implementation issues

There are no significant implementation considerations
as the studies included those with gastrointestinal and
portal hypertensive bleeding.

2. Platelets

Recommendation

We make no recommendation for the use of a restrictive vs a liberal
platelet transfusion threshold in non-massively bleeding patients
with thrombocytopenia (No recommendation, very low certainty
evidence).

Evidence summary

We identified only one retrospective cohort study examin-
ing platelet transfusion in thrombocytopenic patients who
had intracranial hemorrhage (ICH)[52] and had a platelet
transfusion. The study had two cohorts (1) participants
with ICH with reduced platelet activity based on the aspirin
response test who received platelets (2) participants with
ICH who received platelets. Each cohort was compared to
aspirin responders and participants with ICH who did not
receive platelets; outcomes examined included hematoma
volume and expansion. There was no effect in hematoma
size (RR 0.71, 95% CI 0.34-1.47) or expansion (RR 1.44,
95% CI 0.92-2.24, very low certainty) [52].
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Justification

The evidence is of very low certainty due to the absence
of studies evaluating platelet transfusion thresholds in
bleeding patients with thrombocytopenia. The clini-
cal effects and resource implications of higher vs lower
platelet transfusion thresholds in bleeding patients are
unclear. As a result, the TF did not make a specific rec-
ommendation of transfusion thresholds for patients with
non-massive bleeding.

Implementation issues

We make no recommendation for the use of a restric-
tive or a liberal platelet transfusion threshold in bleed-
ing patients with thrombocytopenia, and as such either
strategy could be considered based on individual patient
characteristics. However, recommendations made in Part
1 of the guidelines set lower limits after which prophylac-
tic platelet transfusion should be considered, irrespective
of bleeding.

Recommendation

We suggest using a restrictive platelet transfusion strategy (no transfu-
sion) in patients with intracranial hemorrhage (spontaneous or
traumatic intracerebral hemorrhage) who are on antiplatelet therapy
(Conditional recommendation, moderate certainty evidence).

We make no recommendation for the use of a restrictive (no transfu-
sion) vs liberal platelet transfusion strategy in critically ill patients with
non-massive bleeding who are on antiplatelet therapy (No recom-
mendation, very low certainty of evidence).

Evidence summary

Two randomized trials have investigated platelet transfu-
sion in patients on antiplatelet therapy with spontaneous
intracranial hemorrhage (ICH), neither finding a benefit
with platelet transfusion [52, 53].The PATCH trial [53]
included 190 non-thrombocytopenic patients with ICH,
with a Glasgow Coma Scale (GCS) score>8 who had
received antiplatelet medications. The composite end-
point of death or dependence at 3 months was higher in
patients receiving platelet transfusion than in those who
did not (RR 2.05, 95% CI 1.18-3.56, p=0.014), there
was no significant difference in the individual outcomes
including mortality. The second RCT compared post-
surgical hemorrhage in patients with antiplatelet therapy
and who underwent craniotomy for acute ICH, finding
liberal platelet transfusion (in comparison to restric-
tive platelet transfusion) was not associated with a dif-
ference in post-surgical bleeding volume. Overall, the
pooled evidence from these two RCTs, suggests there is
no difference in mortality at 3 months (RR 0.71, 95% CI
0.44-1.14) overall mortality (RR 0.84, 95% CI 0.58—-1.22),
disability at 3 months or by the ADL, or bleeding volume.

We identified only one retrospective single center study
comparing platelet transfusion strategies in patients on
antiplatelet agents with non-massive bleeding for ICH
[54]. This was a case control study in patients with GI
bleeding, patients who did not receive platelet transfu-
sion had a lower mortality (RR 0.21, 95% CI 0.06—0.73),
less cardiac event (RR 0.55, 95% CI 0.31-0.98) and lower
recurrent bleeding (RR 0.71, 95% CI 0.56-0.9).

Justification

Antiplatelet therapy effect lasts for up to 10 days leading
to an increase in hemorrhage occurrence and severity.
Observational studies have reported a poorer outcome in
patients with ICH receiving antiplatelet therapy. Trans-
fusion of platelets in this setting might offset antiplatelet
therapy effect, improve hemostasis and outcome. How-
ever, the two existing RCTs [52, 53] reported similar, or
possibly worse outcomes in patients receiving platelet
transfusions. Given the lack of evidence for any desir-
able effects, the possible adverse effects related to plate-
let transfusion, the cost of transfusion and the fact that
platelets are a limited resource, the panel made a con-
ditional recommendation to not administer platelets in
patients on antiplatelet agents with ICH.

The PATCH Trial [53] did included patients with ICH
who have a GCS>8 which may limit the generalizabil-
ity to ICU patients. There is even less evidence to guide
platelet transfusion decisions in critically ill patients with
non-massive bleeding other than ICH and on antiplate-
let agents. While patients on antiplatelet therapy are at
higher risk of GI bleeding and higher risk of severe bleed-
ing and recurrent bleeding. However, cease of antiplate-
let therapy or platelet transfusion might expose patients
to major cardiac events including myocardial infarction.
The benefit of one or the other platelet transfusion strat-
egy might be impacted by the source of bleeding (ulcer-
ous, variceal upper GI bleeding, colonic). Given the
substantial uncertainties, we did not make a recommen-
dation for or against platelet transfusion for critically ill
patients on antiplatelet agents with bleeding other than
ICH.

Implementation issues

Given the lack of evidence, decisions about transfus-
ing platelets in patients on antiplatelet agents need to
be based upon individual considerations, including the
severity and location of bleeding, consideration of risks
of transfusion, and availability of blood products. Enthu-
siasm for platelet transfusion should be tempered given
the lack of benefit in ICH, in which even small difference
in hemorrhage volumes would be expected to have an
impact upon patient outcome; the benefit in other popu-
lations is likely to be even less certain.
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3. Fibrinogen

Recommendation

We suggest the empiric use of fibrinogen concentrate in critically ill
patients with non-massive bleeding after cardiac surgery, using either
fixed dose (2-4 g) or titrated to FIBTEM clot firmness, to maintain a
fibrinogen level over 1.5 g/dL necessary for clot formation and plate-
let aggregation, after giving the empiric fibrinogen dose if available
[55] (Conditional recommendation, low certainty of evidence).

We make no recommendation regarding the empiric use of fibrino-
gen concentrate in other critically ill patients with non-massive
bleeding (No recommendation, low certainty of evidence).

Evidence summary

We identified six RCTs evaluating the use of fibrinogen in
patients with non-massive bleeding after cardiac surgery
one comparing fibrinogen to FFP in major vascular sur-
gery, and one comparing fibrinogen concentrate plus FFP
to FFP alone in a mixed surgical population [56—62]. In
cardiac surgery, the point estimate for mortality favours
the use of fibrinogen, however, the number of events is
small, resulting in very serious imprecision (RR 0.44,
95% CI0.17-1.19; RD — 2.9% 95% CI — 4.3 to 1, low cer-
tainty). Fibrinogen likely results in a reduction in blood
loss (MD — 88 mL, 95% CI — 149 mL to 26 mL, moderate
certainty) and may reduce the need for RBC transfusion
(RR 0.62, 95% CI 0.46-0.84; RD — 18%, 95% CI — 25.7
to 7.6%, low certainty), plasma transfusion (RR 0.44 95%
CI 0.22-0.90; RD — 10%, 95% CI — 13.9 to — 1.8%, low
certainty), and platelet transfusion (RR 0.5, 95% CI 0.29—
0.86; RD — 10.5, 95% CI — 15.0 to — 3%, low certainty)
without impact upon other outcomes, including stroke,
MI, AKI, venous thrombosis, infections, and length of
stay. In the two small non-cardiac surgery studies, the
number of events was small, and overall certainty of evi-
dence was low due to very serious imprecision [58, 63].

Justification

The use of fibrinogen in patients with bleeding after car-
diac surgery results in reductions in blood loss and use of
blood products which are cost-effective; however, impact
upon other patient-important outcomes, including mor-
tality, is unclear. The TF determined there was insuffi-
cient evidence to provide guidance regarding the use of
empiric fibrinogen concentrate in non-massive bleeding
outside of the context of cardiac surgery.

Implementation issues

Fibrinogen is vital for the clot formation and platelet
aggregation; the dose of fibrinogen varied between stud-
ies, ranging between 1 and 4 g, and used varied targets,
[56] FIBTEM clot firmness [58—61], or fixed-dose [57, 62,
63]. These studies used clinical bleeding as the trigger to
initiate administration of fibrinogen concentrate rather

than coagulation testing or FIBTEM. Once coagulation
test results are available, they can be used alongside clini-
cal assessment of bleeding to guide decisions about fur-
ther fibrinogen administration. While ideal fibrinogen
targets are unclear, it would be reasonable to maintain a
fibrinogen level over 1.5 g/dL necessary for clot forma-
tion and platelet aggregation, after giving the empiric
fibrinogen dose [55].

Fibrinogen concentrate may not be available in all cent-
ers, in which case cryoprecipitate may be a reasonable
alternative. While the recent FIBRES trial suggests that
outcomes between fibrinogen concentrate and cryo-
precipitate are similar in patients with cardiac-surgery-
related bleeding-related to hypofibrinogenemia [64],
rapid administration of fibrinogen administration in
bleeding patients may be more easily achieved, as stor-
age and reconstitution of the product (concentrate) is
likely easier from a logistical standpoint compared to
cryoprecipitate.

4. Plasma

Recommendation

We make no recommendation for a restrictive plasma versus a liberal
plasma transfusion strategy for non-massively bleeding patients with
or without coagulopathy (No recommendation, low certainty evidence).

Evidence summary

The panel sought evidence comparing liberal/empiric use
of plasma to restrictive plasma transfusion, or no transfu-
sion, in non-massively bleeding platelets. One RCT [36]
was identified that evaluated the use of plasma in 90 blunt
trauma (injury severity score > 16) patients who received
RBCs transfusion and had a fibrinogen level <5.88 g/L
[36]. Patients were randomized to receive: 1) fibrino-
gen, 2) FFP (2 units), or 3) RBC transfusion alone. This
study included non-massively bleeding patients, with a
mean RBC transfusion requirement of 2+1.1 (fibrino-
gen group), 2.7+0.7 (FFP group) and 2.9+0.9 (control
group). There was no difference in mortality (RR 1, 95%
CI 0.51-1.94), multiorgan failure (RR 0.88, 95% CI 0.36—
2.11) or length of stay (MD 4.4., 95% CI 0.4—8.4) between
restrictive and liberal plasma transfusion group (RR 1,
95% CI 0.51-1.94). More sepsis (RR 0.25, 95% CI 0.09—
0.66) occurred in the liberal transfusion group. Consider-
ing the study groups, it is unclear whether plasma is due
to fibrinogen effect and not plasma alone. More evidence
is needed for the use of plasma infusions in non-mas-
sively bleeding patients. The basic science literature is
emerging with a potential new resuscitation target of res-
toration of endothelial glycocalyx (EG) [65], in rat models
of hemorrhagic [65] and septic shock improved survival
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with FFP compared resuscitation with crystalloids [66]
with restoration of EG.

Justification

The use of a liberal plasma transfusion strategy incor-
porating 2 empiric units of FFP in non-massively bleed-
ing trauma patients did not demonstrate any benefit but
did raise the possibility of harm (e.g. sepsis). However,
this data is from one small RCT [36] and is of low cer-
tainty, limited by imprecision and risk of bias. The panel
thus made no recommendation for plasma transfusion in
patients without massive bleeding, or coagulopathy.

5. Point of care vs. conventional coagulation testing

Recommendation

We suggest either viscoelastic testing or conventional coagulation
testing to guide transfusions in massive and non-massively bleed-
ing cirrhotic patients, liver transplant patients or critically ill trauma
patients (Conditional recommendation, low certainty evidence).

Evidence summary

In massively bleeding cirrhotic patients, based on two
RCTs [67, 68], there was uncertainty as to the effects of
the implementation of viscoelastic on mortality (RR 0.82,
95% CI 0.59-1.13, low certainty), rebleeding (RR 0.71,
95% CI 0.47-1.07, very low certainty), transfusion asso-
ciated cardiac overload (RR 0.48, 95% CI 0.18-1.3, low
certainty) and red cell transfusion (RR 1.06, 95% CI 0.67—
1.68, low certainty). In these trials, there was evidence
that the use of viscoelastic testing may reduce transfusion
associated lung injury (RR 0.25, 95% CI 0.11-0.56, low
certainty), acute respiratory distress syndrome (RR 0.11,
95% CI 0.01-0.81, low certainty), platelet transfusion
(RR 0.14, 95% CI 0.05-0.43, low certainty) and fresh fro-
zen plasma transfusion (RR 0.29, 95% CI 0.11-0.77, low
certainty).

In massively bleeding liver transplant patients, based
on the evidence pooled from a Cochrane Systematic
review [69] and an observational study [70], there was
uncertainty as to the effects of viscoelastic on mortality
(RR 0.67, 95% CI 0.13-3.4, low certainty), red cell trans-
fusion (MD — 12.22, 95% CI — 71.08 to 46.64, very low
certainty) and platelet transfusion (MD — 2.8, — 14.92 to
9.32, very low certainty). There was, however, evidence
that elastic may result in less blood loss (MD -1.13, 95%
CI — 1.85 to — 0.41, very low certainty) and FFP Trans-
fusion (MD — 8.7, 95% CI — 16.3 to — 1.1, very low cer-
tainty) in massively bleeding liver transplant patients.

In massively bleeding critically ill trauma patients, in a
randomised trial [71], the use of viscoelastic testing did
not result in a significant mortality reduction (RR 0.54,
95% CI 0.29-1.02, very low certainty).

Justification

Even though the positive effects of viscoelastic testing
on a limited number of outcomes such as TRALI and
ARDS might be moderate (in particular in the cirrhotic
population), the limited number of studies, the substan-
tial heterogeneity, the wide confidence intervals, and the
imprecision in the estimates, determine the overall low
confidence in the certainty of these results. These obser-
vations are applicable to all subgroups but are especially
true in the case of trauma patients.

Recommendation

We suggest either viscoelastic testing or conventional coagulation
testing to guide transfusions in bleeding cardiac surgery patients
(Conditional recommendation, very low certainty of evidence).

We suggest using either viscoelastic testing or conventional coagula-
tion testing to guide transfusion in extra corporeal membrane
oxygenation (ECMO) patients with non-massive bleeding (Conditional
recommendation, very low certainty evidence).

Evidence summary

In non-massively bleeding cardiac surgery patients, based
on two recent systematic reviews [72, 73], there is uncer-
tainty as to the effects of viscoelastic on mortality (RR 0.6,
95% CI 0.34—1.07, low certainty), and hospital length of stay
(RR 0.86, 95% CI 0.76—0.98, very low certainty). There was
evidence of reductions in the risk of red cell transfusion (RR
0.86, 95% CI 0.76-0.98, low certainty), platelet transfusion
(RR 0.68, 95% CI 0.46-0.99, very low certainty), and fresh
frozen plasma transfusion (RR 0.46, 95% CI 0.37-0.57,
very low certainty). Viscoelastic also resulted in reductions
in 12-h postoperative bleeding (MD — 128.18mls, 95% CI
— 172.38 to — 83.97, very low certainty), in 24-h postop-
erative bleeding (MD — 175.25 mls, 95% CI — 305.19 to —
45.32, low certainty), and ICU length of stay (MD — 4.08 h,
95% CI — 6.33 to — 1.82, very low certainty), although the
clinical importance of these effects is unclear.

Based on the pilot randomized controlled trial by [74]
the implementation of viscoelastic in managing non-
massively bleeding ECMO patients may not result in any
difference in mortality (RR 0.86, 95% CI 0.13-3.4, low
certainty), rebleeding (RR 0.43, 95% CI 0.12-1.51, very
low certainty), or thrombotic complications (RR 0.2, 95%
CI0.03-1.39, very low certainty).

Justification

There is uncertainty as to the effects of viscoelastic in
non-massively bleeding cardiac surgery patients on clini-
cally important outcomes. Most treatment effects were
observed in outcomes that are particularly susceptible to
performance bias, are of limited importance to patients,
and demonstrated high heterogeneity. Moreover, most
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studies included in the systematic review [72, 73], were at
unclear or high risk of bias. Two studies [75, 76], assessed
the resource requirements and cost-effectiveness of this
technology in the cardiac surgery population suggesting
small cost savings over usual care, but substantial uncer-
tainty remains. The single RCT [74] in patients undergo-
ing ECMO provides only very low certainty evidence for
the differences between viscoelastic testing and conven-
tional coagulation testing.

Implementation issues

Despite the very low certainty provided by the available
evidence, many centers have adopted the use of viscoe-
lastic testing to guide transfusions, due to perceived effi-
ciency, specificity, and rapidity of testing. However, for
centers without viscoelastic testing, resource considera-
tions and staff education needs, would likely play a role in
deciding whether it should be adopted, in light of the lim-
ited evidence available regarding its impact upon patient
outcomes and blood product use.

Part 3. Tranexamic acid (TXA) in bleeding critically ill adults

TXA in patients with traumatic intracranial hemorrhage

Recommendation

We recommend the use of early (<3 h from trauma) TXA in critically ill
patients with bleeding or suspected bleeding due to trauma (Strong
recommendation, high certainty).

Evidence summary

The landmark multi-centre CRASH-2 RCT demonstrated
that administration of TXA results in a reduction of death
(RR 0.91, 95% CI 0.85-0.97; RD — 1.4%, 95% CI — 2.4 to
— 0.5, high certainty), with no difference in venous throm-
bosis, stroke, myocardial infarction or need for surgical
intervention [77]. The risk of seizures was not reported,
though reassuringly no increase in seizures was noted in
the CRASH-3 study, which evaluated the use of TXA in
trauma patients with isolated traumatic brain injury [78].

Justification

Compared to placebo, TXA results in small but clini-
cally meaningful reductions in bleeding death and overall
mortality, with trivial undesirable effects. TXA is inex-
pensive, likely cost-effective, [79] acceptable, and feasible
to implement in most settings.

Implementation issues

The dose of TXA given in CRASH-2 was a loading dose
ofl g IV over 10 min, followed by 1 g IV over 8 h. While
some centers may use point of care testing (e.g. TEG/

ROTEM) to guide management of bleeding patients, the
task force recommends early empiric use of the loading
dose of TXA prior to such testing as point of care meas-
urements have varying sensitivity for identifying hyper-
fibrinolysis [80] and earlier administration of TXA may
be more effective at reducing mortality [81]. However,
to date there is limited evidence to guide the use of very
early, prehospital administration of TXA [82].

Recommendation

We suggest the use of TXA in critically ill patients with acute traumatic
brain injury and bleeding due to trauma (Conditional recommenda-
tion, moderate certainty).

Evidence summary

A recent systematic review identified 9 RCTs which
reported all-cause mortality, including unpublished data
from CRASH-3, reporting that TXA does not reduce all-
cause mortality (RR 0.95, 95% CI 0.88-1.02; RD — 1%;
95% CI — 2.5 to 0.4%, moderate certainty) or disability as
assessed with the disability rating scale (MD — 0.18, 95%
CI — 0.43 to 0.08, moderate certainty [83]. Data from the
largest trial, CRASH-3, suggests that TXA may reduce
head-injury associated death when excluding patients with
severe traumatic brain injury (TBI) whom are unlikely to
survive with or without treatment (Glasgow Coma Score
of 3 or bilateral unreactive pupils at baseline) (RR 0.89, 95%
CI0.8to 1; RD -1.5 95% CI -2.8 to 0.4%). There appears to
beno effect on risk of stroke, MI, venous thromboembo-
lism, sepsis, surgical intervention, or seizure.

Justification

The use of TXA may not result in a reduction in mortal-
ity or disability in all patients, but there may be a reduc-
tion in head-injury-related mortality in patients who
have mild to moderate TBI, as well as a reduction of pro-
gression of intracranial hemorrhage. Although the clini-
cal relevance of these findings is unclear, most patients
would likely accept TXA, given the demonstrated safety
profile of TXA in this population, the possibility of con-
comitant non-head injuries for which TXA is indicated as
per the previous recommendation, and the low cost and
acceptability and feasibility of the intervention. Given the
lack of certainty around patient-important effects, the
panel chose to make a conditional recommendation for
the use of TXA in this population.

Implementation issues
All studies used similar dosing to CRASH-2, with 1 g
IV TXA loading dose followed by an infusion of 1 g IV
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maintenance infusion over a longer period of time. Some
patients with TBI have other associated traumatic inju-
ries; this recommendation supports the use of TXA in
trauma with or without TBI, while the severity and nature
of injuries is being assessed. As in the general trauma
population, there is a suggestion that if TXA is given, it
is most likely to be effective when given early, within 3 h
although the prehospital may not be more effective [78,
84]. While some centers may use viscoelastic testing to
guide interventions, early empiric use of TXA may still
be beneficial, as point of care results may not be sensitive
for hyperfibrinolysis [80].

Recommendation

We make no recommendation regarding the use of TXA in critically
ill patients with subarachnoid hemorrhage (No recommendation, low
certainty evidence).

Evidence summary

A number of trials have evaluated anti-fibrinolytic thera-
pies in patients with aneurysmal subarachnoid hemor-
rhage (SAH), 10 of which evaluated IV TXA [85-94].
These studies demonstrated no change in mortality (RR
1.01, 95% CI1 0.88-1.16;RD — 0.3%, 95% CI — 3.2 to 4.2%,
moderate certainty) or poor functional outcome (RR
1.05, 95% CI 0.95-1.15; RD — 0.4%, 95% CI — 1.9 to 5.8,
low certainty), but a reduced risk of rebleeding (RR 0.6,
95% CI 0.44-0.8; RD — 7.8%, 95% CI — 11 to — 3.9, mod-
erate certainty), offset by an increased risk of stroke (RR
1.29, 95% CI 1.01 to 1.67; RD 6.1%, 0.2% to 14.1%, low
certainty). Only the recent ULTRA trial reported rates of
venous thrombosis, which were rare but similar between
groups [90]. Most trials were several decades old, with
only the three most recent trials evaluated TXA within
clinical context with the use of calcium channel blockers
and endovascular coiling of aneurysms, though results
appear generally consistent between older and newer tri-
als [87, 90, 91].

Justification

The panel did not make a recommendation regarding the
use of TXA in SAH. The effects of TXA appear mixed,
with a decreased risk of rebleeding, and a similar mag-
nitude of increased stroke (both of which are themselves
of uncertain clinical relevance in the context of these
older studies in which diagnostic procedures may vary).
Overall, there appears to be little impact upon mortal-
ity and the risk of poor functional outcome, although the
evidence is insufficiently precise to rule out a clinically
meaningful effect. The panel judged the available evi-
dence as insufficient to make a recommendation, as the

values and preferences of patients and clinicians regard-
ing the risk of rebleeding vs. stroke may vary, such as
when securement of aneurysm may be delayed.

Implementation issues

Given the uncertainty of the evidence and variations in
local practice, decisions around the use of TXA in the
population need be based upon individual factors, such
as clinician concerns around risk of stroke vs. rebleeding,
and time until definitive securement of aneurysm. Wide-
spread use of TXA in this setting should await further
evidence.

TXA in patients with non-traumatic intracranial
hemorrhage.

Recommendation

We make no recommendation regarding the use of TXA in critically ill
patients non-traumatic intracranial hemorrhage (No recommendation,
moderate certainty).

Evidence summary

Three RCTs have evaluated IV TXA in non-traumatic
ICH, the majority of data from the large TICH-2 trial
which evaluated IV TXA in the acute phase of patients
with ICH [95-97]. These studies demonstrate no change
in mortality (RR 1.02, 95% CI 0.88—1.19; RD 0.4%, 95% CI
— 2.5 to 4, moderate certainty), poor functional outcome
(RR 0.98, 95% CI 0.93-1.04; RD — 1.4%, 95% CI — 4.9
to 2.8; moderate certainty). Other outcomes, including
stroke, myocardial infarction, venous thromboembolism,
seizure, and length of stay were also similar, although cer-
tainty was only moderate for all outcomes, limited my
imprecision.

Justification

While the quality of evidence for critical outcomes was
moderate, the point effect and confidence intervals for
TXA did not indicate either benefit or harm in patients
with ICH. There is thus moderate evidence of no effect,
but the use or non-use of TXA in this setting would be
reasonable pending further evidence. The panel thus
chose to make no recommendation for or against the use
of TXA compared to no TXA in this setting.

Implementation issues

Further evidence is required before changes in prac-
tice regarding TXA use should be considered. Decisions
around the use of TXA should recognize that the effects
of TXA in this population remain uncertain.
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Table 1 Summary of recommendations

TRANSFUSION SUPPORT IN MASSIVELY BLEEDING, CRITICALLY ILL ADULTS

............................. Transfusion Ratios

1~ We suggest use of high-ratio transfusion strategies (at least one unit
Low plasma per two units of packed red blood cells) vs. low-ratio transfusion
strategies in critically ill patients with massive bleeding due to trauma.

e 2 We make no recommendation regarding the use of high-ratio transfusion
VERY LOW strategies in critically ill patients with non-traumatic massive bleeding.

............................. Platelets
0 3 We make no recommendation regarding the use of cryopreserved
VERY LOW or cold-stored platelets in bleeding patients with massive or non-massive
hemorrhage.
............................. Prothrombin Complex Concentrate (PCC) and Plasma (FFP)
e 4 We make no recommendation for the use of PCC versus plasma

VERY LOW alone in massively bleeding patients due to very low certainty of evidence
from observational studies only.

............................. Fibrinogen
0 5 We make no recommendation regarding the use of early empiric
Low fibrinogen replacement in critically ill patients with massive hemorrhage.

............................. Point of Care Testing

€ We suggest for either viscoelastic or conventional coagulation testing
Low to guide transfusions in massively bleeding trauma critically ill patients.

TRANSFUSION SUPPORT IN NON-MASSIVELY BLEEDING CRITICALLY ILL ADULTS

............................. Red Blood Cell (RBC) Transfusion

7 In patients with non-massive bleeding after vascular surgery, we
Low suggest restrictive (8g/dL) vs. liberal (10g/dL) red blood cell transfusion
threshold.

8 In patients with non-massive postpartum hemorrhage, we suggest
Low restrictive transfusion, guided by presence of shock and symptoms potentially
attributable to anemia (e.g. dyspnea, syncope, tachycardia, angina,
neurological symptoms) or <6 g/dL, rather than at a liberal target hemoglobin

of 9 g/dL.

2 In patients with non-massive gastrointestinal bleeding, we suggest

MODERATE restrictive (7g/dL) transfusion vs. liberal (9 g/dL) red blood cell transfusion g
threshold.
NO RECOMMENDATION
............................. Platelets
9 10 We make no recommendation for the use of a restrictive vs a liberal
VERY LOW platelet transfusion threshold in non-massively bleeding patients with CONDITIONAL RECOMMENDATION

thrombocytopenia.

T We suggest using a restrictive platelet transfusion strategy (no
MODERATE transfusion) in patients with intracranial bleeding (ex. spontaneous or
traumatic intracerebral hemorrhage) who are on antiplatelet therapy.

STRONG RECOMMENDATION

Q 2. We make no recommendation for the use of a restrictive (no
VERY LOW transfusion) vs liberal platelet transfusion strategy in critically ill patients with
non-massive bleeding who are on antiplatelet therapy.

HIGH QUALITY EVIDENCE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Fibrinogen MODERATE QUALITY EVIDENCE
13 We suggest the empiric use of fibrinogen concentrate in critically ill
Low patients with non-massive bleeding after cardiac surgery, using either fixed
dose (2-4 g) or titrated to FIBTEM clot firmness, to maintain a fibrinogen level
over 1.5 g/dL necessary for clot formation and platelet aggregation, after

giving the empiric fibrinogen dose if available.

LOW QUALITY EVIDENCE

VERY LOW QUALITY EVIDENCE
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Table 1 (continued)

9 Low

g Low

VERY LOW

VERY LOW

VERY LOW

TRANEXAMIC ACID IN BLEEDING CRITICALLY ILL ADULTS

HIGH
MODERATE
g Low
e MODERATE
HIGH
MODERATE
HIGH

HIGH

14 We make no recommendation regarding the use of fibrinogen in other
critically ill patients with non-massive bleeding.

Plasma

15 We make no recommendation for a restrictive plasma versus a liberal
plasma transfusion strategy for non-massively bleeding patients with or
without coagulopathy.

Point of care vs. conventional coagulation testing

16 We suggest either viscoelastic testing or conventional coagulation
testing to guide transfusions in non-massively bleeding cirrhotic patients, liver
transplant patients or critically ill trauma patients.

17 We suggest either viscoelastic testing or conventional coagulation
testing to guide transfusions in bleeding cardiac surgery patients.

18 We suggest use of either viscoelastic testing or conventional coagulation
testing to guide transfusion in extracorporeal membrane oxygenation (ECMO)
patients with non-massive bleeding.

19 We recommend the use of early (<3h from trauma) TXA in critically ill
patients with bleeding or suspected bleeding due to trauma.

20 We suggest the use of TXA in critically ill patients with acute traumatic
brain injury and bleeding due to trauma.

21 We make no recommendation regarding the use of TXA in critically ill
patients with subarachnoid hemorrhage.

22 We make no recommendation regarding the use of TXA in critically ill
patients non-traumatic intracranial hemorrhage.

25 We suggest not using high-dose IV TXA in critically ill patients with
gastrointestinal bleeding.

24 We make no recommendation regarding the use of low-dose IV TXA
or enteral TXA in critically ill patients with gastrointestinal bleeding.

25 We suggest the early use of TXAin critically ill patients with postpartum
hemorrhage.

26 We recommend the use of TXA in critically ill patients with bleeding
post cardiac surgery.

@ Please see BOX 1 for interpretation of GRADE recommendations

2]

NO RECOMMENDATION
CONDITIONAL RECOMMENDATION

STRONG RECOMMENDATION

HIGH QUALITY EVIDENCE
MODERATE QUALITY EVIDENCE
LOW QUALITY EVIDENCE

VERY LOW QUALITY EVIDENCE
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Table 2 Research priorities

Section Research priorities

Transfusion ratios in massive bleeding More high-quality, randomized data of massive transfusion protocols
including high-ratio transfusion vs. low-ratio transfusion are required in
trauma and non-trauma patients with massive bleeding

More RCT data on impacts of massive transfusion protocols guided by
empiric transfusion ratios vs. guided by point of care testing

Cold-stored platelets RCTs involving conventional and cold-stored platelets are needed in
patient populations where rapid control of hemorrhage is vital, such as
trauma-associated or obstetric hemorrhage. Key outcomes include clini-
cal and blood product use, effects on measured hemostatic parameters,
and patient-important outcomes

Prothrombin complex concentrate in massive bleeding RCT data demonstrating the effects of prothrombin complex concen-
trate (£ fibrinogen concentrate) vs. conventional massive transfusion
protocols are needed in both trauma and non-trauma populations with
massive bleeding

Early fibrinogen replacement in massive bleeding Large-scale trials, including clear fibrinogen testing strategies, targets,
products (cryoprecipitate vs concentrate), and populations are needed
to guide decisions on the role of fibrinogen early in resuscitation

Thromboelastography vs conventional coagulation testing in massive Trials comparing the use of thromboelastography to conventional coagu-
bleeding lation testing protocols are needed to demonstrate the effects and eco-
nomic impacts of implementing thromboelastography across a variety
of patient populations with massive bleeding; these should incorporate
transfusion protocols (eg. ratios, alternative blood products)

Red blood cell transfusion More research is needed on transfusions in patients undergoing vascular
surgery, and other surgical populations at risk for significant bleeding
and with cardiovascular comorbidities

More research is needed on guiding transfusions in low-risk patients with
bleeding, such as healthy postpartum women, and surgical patients with
few comorbidities

Restrictive vs. liberal platelet transfusion in non-massive bleeding More studies are needed to examine the difference in the transfusion prac-
tice of a restrictive versus a liberal platelet transfusion practice in terms
of outcomes, effects, patient values and preferences, as well as resources
required to implement such strategies

Restrictive vs liberal platelets in patients on antiplatelet medications Further research is required to define the platelet transfusion strategy with
the restrictive strategy being no platelet transfusion in other subgroups
of patients with non-major bleeding patients

This is an important research question as gastrointestinal bleeding is
common and patients with cardiovascular diseases requiring antiplatelet
therapy are increasing

Fibrinogen in non-massive bleeding Research is needed on which which triggers should be used for “early” or
“empiric”fibrinogen administration in patients with bleeding, and spe-
cific targets for replacement (fixed dose vs. use of viscoelastic testing)

Plasma in non-massive bleeding Future research should focus on 1) targeted personalized trial of using any
point of care testing to assess presence and type of coagulopathy and
determine transfusion requirements compared to transfusing patients
based on clinical presentation; 2) restrictive versus liberal plasma transfu-
sion strategies in non-massively bleeding critically ill patients with a
coagulopathy and 3) exploring the correction of coagulopathy versus
non-correction of coagulopathy in non-massively bleeding critically il
patients

Point of care vs conventional in non-massive bleeding RCTs comparing transfusion strategies guided by point of care testing vs.
conventional coagulation testing, with and without fixed ratio blood
product transfusions are needed to determine whether thomboelas-
tography improves patient outcomes and impacts blood product use in
critically il patients

TXA in trauma and traumatic brain injury More research is required to identify subgroups most likely to benefit
from the use of TXA and the role of individualized patient use guided by
thromboelastometry and conventional coagulation tests

TXA in subarachnoid hemorrhage More research is needed on the role of TXA in specific patient populations,
eg. those with delayed or challenging aneurysm securement
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Table 2 (continued)

Section Research priorities

TXA in intracranial hemorrhage

TXA in gastrointestinal bleeding

TXA in postpartum

Given residual uncertainty around the effects of TXA on patient-

important outcomes of mortality and functional recovery, further
research is required. Other trials are planned or ongoing (NCT03385928,
NCT02625948, NCT03044184, NCT02866838,ChiCTR1900027065), and
will assist in addressing this area of uncertainty

More evidence is required evaluating the role of enteral and low-dose

intravenous TXA, and the potential role of TXA as rescue therapy in
refractory hemorrhage

More research is needed on identifying which patients with PPH are most

likely to benefit from TXA. For instance, it may be more helpful in patients
with PPH after vaginal rather than caesarean delivery [38].

RCT randomized controlled trials; TXA tranexamic acid

Recommendation

We suggest not using high-dose IV TXA in critically ill patients with
gastrointestinal bleeding (Conditional recommendation, high certainty
evidence).

We make no recommendation regarding the use of low-dose [V TXA
or enteral TXA in critically ill patients with gastrointestinal bleeding
(No recommendation, moderate certainty evidence).

Evidence summary

Five studies, including the large HALT-IT trial [98] evalu-
ated high-dose IV TXA (4 g/24 h or greater) [98-102],
finding no difference in mortality (RR 0.98, 95% CI 0.88-
1.09; RD — 0.2%, 95% CI — 1.1 to 0.8, high certainty),
rebleeding (RR 0.92, 95% CI 0.82—1.04; RD — 0.7%, 95%
CI — 1.5 to 0.3; high certainty), or need for surgical inter-
vention (RR 0.91, 95% CI 0.76-1.09; RD — 0.3%, 95% CI
— 0.8 to 0.3%; high certainty). Increased rates of deep vein
thrombosis (DVT) (RR 2.10, 95% CI 1.08-3.72; RD 0.2%,
95% CI 0-0.6; high certainty) and pulmonary embolism
(PE) (RR 1.78, 95% CI 1.06—3; RD 0.3%, 95% CI 0-0.7; high
certainty) as well as seizures (RR 1.73, 95% CI 1.03-2.93,
RD 0.3%, 95% CI 0—0.7; high certainty) were noted, though
the absolute number of these events was very small.

Seven studies evaluated low-dose IV and enteral TXA,
[99-106] finding a reduction in rebleeding (RR 0.5, 95%
C10.38-0.88; RD — 8.1%, 95% CI — 10.9 to — 4.1%, mod-
erate certainty) and need for surgical intervention (RR
0.58, 95% CI 0.38-0.88; RD -6.9%, 95% CI — 10.2 to —
2%; moderate certainty), and possibly a reduction in mor-
tality at longest follow up (RR 0.62, 95% CI 0.36—1.09; RD
— 2.6%, 95% CI — 4.4 to 0.6, moderate certainty); how-
ever, these results are limited by imprecision.

Justification

There is high certainty of harms with use of high-dose IV
TXA and no clear benefit with its general use in gastroin-
testinal hemorrhage. Though the subgroup analysis sug-
gests low-dose/enteral TXA may be helpful, the included

studies are small and results imprecise; furthermore data
on potential harms (DVT, PE, seizure) were not reported
in most of these trials. While the quality of evidence for
critical outcomes was moderate, the panel judged that
the lack of data on the potential adverse effects of TXA
in GI bleeding, especially in light of the harms seen in the
HALT-IT trial, were insufficient to make a recommenda-
tion for or against the use of lower dose or enteral TXA
until more data are available.

Implementation issues

There may be a role for “rescue” TXA in patients with
massive exsanguination or refractory hemorrhage, for
whom the risk of death due to bleeding is very high
unless hemostasis is achieved, as the risk of increased sei-
zures and VTE would be less important. If used as res-
cue, lower doses than those used in the HALT-IT trial
may reduce the risk of these complications, as these were
not observed in trials evaluating lower doses of IV TXA
(<4 gIV/24h).

Recommendation

We suggest the early use of TXA in critically il patients with postpar-
tum hemorrhage (Conditional recommendation, high certainty).

Evidence summary

Two RCTs evaluating the use of TXA for postpartum hem-
orrhage [107, 108] found a small reduction in risk of death
from hemorrhage (RR 0.81, 95% CI 0.65—1; RD — 0.4%, 95%
CI — 0.7 to 0, high certainty) with no effect on overall mor-
tality (RR 0.88, 95% CI 0.54—1.05; RD — 0.3%, 95% CI — 0.7
to 0.1; high certainty) or hysterectomy (RR 0.93, 95% CI
0.46—1.89; RD — 0.2%, 95% CI — 1.9 to 3.1; high certainty).

Justification
TXA may reduce deaths due to hemorrhage in criti-
cally ill patients with postpartum hemorrhage, without
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an impact on all-cause mortality. The absolute mortality
effect of TXA in patients with post partum heamorrhage
(PPH) is small (< 1%), but may be higher in the subset of
women who are critically ill. Despite the very small size
of the effect, given the young age and generally high base-
line health status of these patients, even a small poten-
tial reduction in mortality is desirable, especially given
the high certainty that TXA has minimal harmful effects,
and its low cost and high acceptability by clinicians and
patients.

Implementation issues

Low-dose TXA, 1 g IV, should be given as early as pos-
sible if there are concerns that the patient may have sig-
nificant PPH or signs of shock, as data from WOMAN
indicate that TXA is most likely to be helpful within 3 h
of onset of bleeding [107].

Recommendation

We recommend the use of TXA in critically il patients with bleeding
post-cardiac surgery (Strong recommendation, high certainty).

Evidence summary

Numerous RCTs have evaluated dosing strategies of
TXA, summarized in a recent systematic review, includ-
ing the largest trial by Myles et al. [109]. TXA had no
effect upon mortality (RR 0.75, 95% CI 0.5-1.13; RD —
0.3%, 95% CI — 0.6 to 0.2; high certainty), but slightly
lowered the amount of bleeding (MD — 268 mL, 95%
CI — 315 mL to — 222 mL, high certainty), resulting in a
reduction in the need for surgical intervention (RR 0.53,
95% CI 0.4-0.71; RD — 1.7%, 95% CI — 2.2 to — 1.1, high
certainty) and transfusion (RR 0.67, 95% CI 0.6—0.74; RD
— 16.3%, 95% CI — 19.7 to — 12.8, high certainty), but
a small increased risk of seizure (RR 4.11, 95% CI 1.44—
11.72; RD 0.4%, 95% CI 0.1-1.5; high certainty).

Justification

There is high certainty that TXA reduces the volume
of bleeding, need for surgery, and transfusion risk in
bleeding patients’ post-cardiac surgery; the reduced risk
of reoperation is likely of major significance to most
patients. While there is an increased risk of seizures, this
is small (<1%) and likely dose-dependent, with low inci-
dence if given in low (<4 g/24 h) doses. The panel judged
that almost all patients would trade a reduced risk of
reoperation and transfusion for this small increase, espe-
cially as the risk is likely smaller when TXA is given in
lower doses.

Implementation issues

Given the risk of seizures with higher dose TXA, clini-
cians should aim to keep cumulative doses below 50 mg/
kg, and exercise caution should be used before given
TXA to patients with a known history of seizures and/or
renal failure. Clinicians caring for patients with critically
ill patients bleeding after cardiac surgery should evaluate
the dose and timing of TXA given in the operating room
to ensure that higher doses are not given.

Discussion

This international guideline provides guidance for cli-
nicians caring for critically ill patients with massive
and non-massive bleeding. The taskforce generated 26
clinical practice recommendations (2 strong recom-
mendations, 13 conditional recommendations, 11 no rec-
ommendation), and identified 11 PICOs with insufficient
evidence to make a recommendation as factors such as
clinical effects, certainty of evidence, resource use, varia-
tion in patient and clinician values, and acceptability and
feasibility of implementation were too varied to result in
a consensus recommendation. A summary of recommen-
dations can be found in Table 1, and identified research
priorities in Table 2.

The strengths of this guideline include the breadth of
expertise of the TF and rigorous GRADE methodology
adherence. However, the guideline is not without limita-
tions. First, the search was completed in September 2019,
and ideally would be updated every 2 years. In light of
the global pandemic, the completion of the guideline was
delayed. Second, our systematic reviews were not regis-
tered a priori, as we adopted a rapid systematic review
approach common in guideline methodology. Lastly, we
did not have patient representation on the TF (Table 3).

In general, the evidence supporting transfusion practice
in patients with massive or non-massive bleeding does
not provide high certainty of effects for many outcomes.
Current practice is often driven by transfusion thresholds
which are based upon physiologic extrapolation and con-
founded observational evidence. For instance, although
there are numerous studies evaluating transfusion ratios
in massive hemorrhage, we were only able to identify
two RCTs, which demonstrated more modest findings
than the observational evidence, and no RCTs evaluat-
ing transfusion ratios outside of the trauma population,
despite the widespread practice of incorporating high-
ratio transfusion into hospital massive transfusion proto-
cols. Given the large number of lives lost and resources
spent caring for critically ill patients with bleeding, there
is an urgent need for high-quality evidence to guide cli-
nicians. In addition, many studies evaluated specific sub-
populations of critically ill patients, resulting in gaps in
areas where the task force did not believe extrapolation
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Table 3 (continued)

Most recent status

)
(]
£
S
v
b
=

(@]
>
=
©

E
=

a

Comparisons

Participants

Trial details

Intervention

Enrolling (January 21,

ROTEM-guided transfusion  Conventional coagulation Transfusions (up to day 10);

Women with placenta

Use of ROTEM intraop-

Thromboelastography

2020)

length of stay (ICU, hospi-
tal); surgical site infection;

readmissions

testi-guide transfusion

accrete with scheduled

eratively in women with

delivery by caesarian sec-

placenta accreta (ROTEM)

NCT02729974
NCT03475342 (Recruiting); NCT04350645 (Active, not recruiting); NCT03069859 (Recruiting); NCT03364491(Recruiting); NCT04707950 (Recruiting); NCT04427618 (Recruiting);

=40

tionn

TXAin PPH

NCT04733157 (Not yet recruiting); NCT04274335 (Recruiting); NCT04518163 (Recruiting); NCT02797119 (Recruiting); NCT04463966 (Recruiting); NCT03778242 (Recruiting);

NCT03774524 (Recruiting); NCT03777878 (Recruiting); NCT03863964 (Active not recruiting); NCT03287336 (Active, not recruiting)

NCT04742205 (Not yet recruiting); NCT03044184 (Recruiting)l NCT03385928 (recruiting); NCT02866838 (Recruiting)

BCT04290884 (Recruiting)

TXAin ICH

TXA in cardiac surgery

TXAin SDH

NCT03353259 (Recruiting); NCT03582293 (Recruiting); NCT02568124 (Recruiting)

NCT04489108 (Recruiting)

TXAin Gl bleeding
TXA'in trauma

NCT02187120 (Recruiting)

CPB cardiopulmonary bypass; FFP fresh frozen plasma; G/ gastrointestinal; ICH intracranial hemorrhage; ICU intensive care unit; LOS length of stay; MHP massive hemorrhage protocol; PCC prothrombin complex

concentrate; PPH postpartum hemorrhage; RBC red blood cells; SDH subdural hemorrhage; TACO transfusion-associated circulatory overload; TEG thromboelastography; TRALI transfusion associated lung injury; TXA

tranexamic acid; VTE venous thromboembolism

of indirect evidence to develop a general recommenda-
tion was justified.

Conclusions

This clinical practice guideline provides a summary of
evidence and clinical guidance for transfusion in criti-
cally ill patients with massive and non-massive bleeding
and identifies areas where further research is needed.
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