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GLOSSARY
ABIM = American Board of Internal Medicine; aPTT = activated partial thromboplastin time; BOD 
= Board of Directors; FDA = Food and Drug Administration; Hb = hemoglobin; INR = international 
normalized ratio; PBM = Patient Blood Management; PT = prothrombin time; RBC = red blood cell; 
SABM = Society for the Advancement of Blood Management; TXA = tranexamic acid; WHO = World 
Health Organization

The Choosing Wisely campaign represents the culmina-
tion of what originated as a charter for medical pro-
fessionals published by the Medical Professionalism 

Project, an international consensus group, focused on encour-
aging a commitment to high-quality care initiatives, steward-
ship, and cost-effective care.1 This initiative led to an American 
Board of Internal Medicine (ABIM) practice grant resulting 
in a set of 3 specific lists for internal medicine, family prac-
tice, and pediatric physicians of the top 5 activities where the 
quality of care could and should be improved.2 The ultimate 
creation of Choosing Wisely thus represents a multiyear cam-
paign to challenge health care providers to continue vigilant 
use of evidence-based practice with appropriate utilization 
of health care resources. To date, over 80 professional society 
partners have embraced the concepts of the campaign and 
currently provide lists of the required “Five Things Physicians 
and Patients Should Question.” This includes >550 recom-
mendations with distribution of >100 patient-oriented mate-
rials (available at www.choosingwisely.org). Choosing Wisely 
thus promotes dissemination of best practice guidelines to 
both health care providers and patients.

CREATION AND DEVELOPMENT PROCESS
The Executive Committee and Board of Directors (BOD) 
of the Society for the Advancement of Blood Management 
(SABM) expressed strong support for SABM to become a 
participant in the Choosing Wisely campaign. Participation 
in the Choosing Wisely campaign would be an opportunity 
to further the mission of SABM for collaborative provider-
patient health care delivery and responsible use of resources. 
A Task Force was appointed from within the SABM Board 
to draft an initial set of proposed recommendations.

The Choosing Wisely national office furnished guiding 
principles for the organization’s participation. Guidelines 
for development of a list included:

1.	 Each item should be within the scope and control of the 
society and its members.

2.	 The recommendations should be evidence based and 
represent frequently used practices which may also incur 
significant cost.

3.	 The list should be well documented, readily available, 
and understood by the lay public.

4.	 Recommendations should be reviewed and updated to 
reflect best practice.

5.	 There should be active dissemination through journal 
articles, newsletters, member meetings, and patient 
engagement.

Evidence-based recommendations were built on our society’s 
foundational pillars and structured around published SABM 
Standards. A critical feature was the review of relevant literature 
for supporting evidence applicable to each statement. Important 
in the process was involvement of the SABM membership; thus, 
the draft recommendations were submitted to the membership 
for input via e-mail survey. Based on this input, the final 5 state-
ments including evidentiary materials and pertinent references 
were written. The Task Force presented the materials for Board 
approval before submission to the Choosing Wisely national 
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team. Our selected statements and integrated materials were 
revised based on subsequent National Campaign leadership 
review to assure alignment of content and required format. The 
list was published by the national team in its final format on the 
Choosing Wisely website in August 2018. These are displayed 
in the Table. Throughout this process, a Task Force liaison was 
appointed to participate with the ABIM via periodic calls and 
electronic communications regarding the national campaign 
efforts and impact.

STATEMENTS AND EVIDENCE REVIEW
Do Not Proceed With Elective Surgery 
in Patients With Properly Diagnosed and 
Correctable Anemia Until the Anemia Has Been 
Appropriately Treated
Anemia is common, presenting in approximately one-third 
of patients undergoing elective surgery.3 There is a common 
misconception that anemia is harmless, when, in fact, even 
mild anemia is independently associated with significant 
morbidity and mortality.3–5

A large retrospective study of almost 8000 noncardiac 
surgical patients found that the prevalence of preoperative 
anemia was almost 40%.4 Preoperative anemia was associ-
ated with a nearly 5-fold increase in the odds of postopera-
tive mortality. Even mild preoperative anemia (hemoglobin 
[Hb], 10–12 g/dL in women; 10–13 g/dL in men) was inde-
pendently associated with a 41% increased risk of mortal-
ity and a 31% increase in composite morbidity in patients 
undergoing major noncardiac surgery.3

Anemia can complicate a wide range of underlying acute 
and chronic conditions for which treatment may vary signif-
icantly depending on etiology. Clinicians often utilize trans-
fusion as the default to treat anemia without identifying the 
etiology, thus failing to recognize and implement appropri-
ate nontransfusion therapy.6,7 Transfusion is associated with 
significant risks including potential severe acute or delayed 
transfusion reactions, an increase in hospital length of stay 
and readmission rates, ventilator dependence, increased 
risk of health care–associated infections, venous thrombo-
embolism, and mortality.8–11

An approach to properly diagnose and treat preoperative 
anemia will improve patient readiness for surgery, potentially 
eliminate the need for transfusion exposure, and improve 
overall outcomes.12 Current evidence-based guidelines and 

consensus include strong recommendations to detect and 
manage anemia early and sufficiently before major elective 
surgery.13,14 Timely screening, diagnosis, and treatment of 
anemia reduce the independent unfavorable complications 
associated with anemia.15 Optimization of preoperative ane-
mia is applicable to a broad range of patient populations, and 
published algorithms for diagnosis and treatment are readily 
available.16–18 Therapeutics include oral or intravenous iron, 
with or without erythropoiesis-stimulating agents, B12, and 
folate for nutritional deficiencies. This should be coupled 
with vigorous treatment and optimization of comorbidities 
such as renal insufficiency or failure, congestive heart failure, 
gastrointestinal loss, and other inflammatory conditions.18 
Consultation with specialty clinicians may be necessary.

Do Not Perform Laboratory Testing Unless 
Clinically Indicated or Necessary for Diagnosis 
or Management to Avoid Iatrogenic Anemia
Over 90% of patients become anemic by day 3 in the intensive 
care unit.19 Hospital-acquired anemia complicates almost 
75% of hospital admissions.20 Although laboratory testing 
can aid diagnosis, prognosis, and treatment of disease, a 
significant number of ordered tests may be inappropriate 
or unnecessary. Anemia secondary to iatrogenic blood loss 
causes an increased length of stay and mortality.21 Repeated 
phlebotomy for laboratory testing also increases the odds 
for transfusion and its associated risks.22 Unnecessary labo-
ratory testing adds to the cost of care through laboratory test 
charges and by increasing downstream costs due to unnec-
essary interventions and treatments.4,23–25 Thus, judicious use 
of laboratory testing is recommended and testing should not 
be performed in the absence of clinical indications.

The Society of Hospital Medicine and the Critical Care 
Societies Collaborative also recommend against daily test 
utilization unless necessary for management decisions, 
given the risk of iatrogenic anemia and its attendant poorer 
outcomes.26,27 Performance of daily laboratory tests results 
in increased sensitivity, but decreased specificity of testing 
and thus increases the likelihood of false-positive results. 
Quality initiatives via education, rounding, auditing, check-
lists, and cost transparency can decrease phlebotomy and 
provide more appropriate clinically relevant laboratory 
testing.25 Other interventions include noninvasive hemo-
dynamic monitoring, point-of-care testing, small volume 
collection, and the use of closed in-line flush devices.28,29 
Reducing phlebotomy does not have a negative impact on 
quality of care, length of stay, readmission rates, or mortality.

Do Not Transfuse Plasma in the Absence of 
Active Bleeding or Significant Laboratory 
Evidence of Coagulopathy
Recent studies demonstrate that plasma is often transfused 
inappropriately.30,31 In the absence of active bleeding and 
clear evidence of coagulopathy, current literature shows no 
reduction in blood loss or transfusion requirements with 
the use of plasma.32–36 However, studies do show increased 
risk of transfusion-associated adverse events such as trans-
fusion-related acute lung injury, transfusion-associated 
circulatory overload, and allergic reactions. These transfu-
sion-associated adverse events lead to poorer outcomes and 
increased cost of care.

Table.  Society for the Advancement of Blood 
Management
Five Things Physicians and Patients Should Questiona

  1. Do not proceed with elective surgery in patients with properly 
diagnosed and correctable anemia until the anemia has been 
appropriately treated.

  2. Do not perform laboratory blood testing unless clinically 
indicated or necessary for diagnosis or management to avoid 
iatrogenic anemia.

  3. Do not transfuse plasma in the absence of active bleeding or 
significant laboratory evidence of coagulopathy.

  4. Avoid transfusion when antifibrinolytic drugs are available to 
minimize surgical bleeding.

  5. Avoid transfusion, outside of emergencies, when alternative 
strategies are available as part of informed consent; make 
discussion of alternatives part of the informed consent 
process.

aSource: Choosing Wisely (www.choosingwisely.org).

www.choosingwisely.org
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Prophylactic plasma transfusion in the nonbleeding 
patient does not mitigate bleeding and has been associated 
with increased frequency of bleeding, an increased need for 
periprocedural red blood cell (RBC) transfusion, and post-
procedural admission to the intensive care unit.37,38

Abnormal coagulation studies do not predict bleeding.39 
and an isolated elevation of international normalized ratio 
(INR) does not reflect coagulopathy.40 Of note, transfusion 
of prophylactic plasma will result in little change in the INR 
when the INR is below 2.0.41–43

The presence or absence of coagulopathy based on stan-
dard laboratory tests alone remains elusive and not well 
defined. A study of patients with blunt trauma defined acute 
trauma coagulopathy as an INR >1.5 and found an associ-
ated increase in morbidity and mortality in this patient sub-
group.44 Traditional coagulation tests such as prothrombin 
time (PT) and activated partial thromboplastin time (aPTT)
represent initiation of clotting; however, it does not reflect 
the full hemostatic capacity for full thrombin generation 
and clot formation, and the PT/INR, in particular, does not 
have a linear relationship with procoagulant factor con-
centrations.39 Viscoelastic whole blood clotting assays may 
better represent the full spectrum of the clotting cascade 
and, thus, might more readily identify coagulopathy. Use 
of viscoelastic testing has shown to be favorable in guiding 
appropriate transfusion and to reduce the need for transfu-
sion, in general, particularly in cardiovascular surgery.45

Patients with end-stage liver disease, where routine 
coagulation tests are often abnormal, do not require routine 
plasma transfusion even in the face of invasive procedures. 
These patients have rebalanced hemostasis and generally 
maintain normal thrombin generation with little risk of 
bleeding in the face of significant abnormalities of the INR.46 
These patients may, in fact, be hypercoagulable despite an 
elevated INR.47 Viscoelastic testing may better assess coagu-
lation in these patients.48

Clinically, there should be very rare occasions, outside 
of a massive hemorrhage protocol or therapeutic plasma 
exchange for the patient with thrombotic thrombocytope-
nic purpura, where isolated orders for plasma should occur. 
The activity-based cost of plasma is quite high, calculated at 
10 times the acquisition cost of a single unit.49

Avoid Transfusion When Antifibrinolytic Drugs 
Are Available to Minimize Surgical Bleeding
Antifibrinolytic agents are lysine analogs that prevent plas-
minogen activation resulting in the blockade of fibrinolysis. 
Tranexamic acid (TXA) is specifically listed by the World 
Health Organization (WHO) as one of the world’s essen-
tial medicines.50 These agents are inexpensive and have a 
consistent safety profile.51 Oral, topical, and intravenous 
preparations are available. While dosing may vary based 
on published studies and high doses are likely related to 
increased side effects, it is recommended that TXA dosage 
regimes be based on pharmacokinetic studies.52–54

The Food and Drug Administration (FDA)-approved indi-
cations are relatively limited to hemophiliacs needing short-
term prophylaxis before and after dental extraction and for 
the treatment of cyclic severe menorrhagia.55,56 Historically, 
however, there has been extensive off-label prophylac-
tic and therapeutic use. Antifibrinolytic pharmacological 

therapy has been shown to reduce blood loss and transfu-
sion requirements across a broad range of orthopedic, gyne-
cologic, and cardiovascular surgeries.57,58 Meta-analyses 
have shown a reduction in the probability of transfusion and 
overall bleeding by one-third.59 Early administration of TXA, 
specifically within 3 hours, in trauma and obstetric hemor-
rhage, significantly reduces mortality and bleeding.60,61 A 
recent study of TXA use, pre- and postprotocol, in patients 
undergoing major joint arthroplasty found transfusion rates 
decreased from 10.3% to 4.8% (P < .001). Importantly, there 
was no increase in adverse events including death, myocar-
dial infarction, stroke, pulmonary embolism, deep venous 
thrombosis, seizures, or acute renal injury. The authors stress 
the need for universal use of TXA in this patient population.62

The Society of Thoracic Surgeons includes the use of anti-
fibrinolytics in their blood conservation clinical practice rec-
ommendations.63 The Australian Government Department 
of Health Therapeutic Goods Administration provides 
expanded indications for the use of antifibrinolytics includ-
ing adult and pediatric patients.64 The most recent European 
guideline for the management of trauma-induced coagu-
lopathy embeds TXA within the treatment modalities.65

Antifibrinolytic agents have also been shown to affect 
platelet function. This is likely through the inhibition of 
plasmin concentration.66 Although there are limited stud-
ies, antifibrinolytics have been used to prevent and mitigate 
bleeding in thrombocytopenic patients.67 A clinical trial is 
underway to evaluate the effect of TXA therapy in throm-
bocytopenic patients.68 TXA may have additional properties 
that modulate immune responses with associated reduction 
in postsurgical infections.69

Antifibrinolytics are contraindicated in those with 
acquired deficiency of color vision, and this sign should 
be monitored for drug toxicity. Use should be avoided in 
patients with active thrombosis, known hypersensitivity or 
seizures with prior exposure. Likely the greatest barrier to 
more extensive use is the fear of thromboembolic adverse 
events. Robust evidence in the literature, however, does not 
reveal an increase in either venous thromboembolism or 
pulmonary embolism with the use of TXA.51

Given current evidence, these agents should be a part of 
Patient Blood Management (PBM) program strategies, helping 
to reduce and potentially eliminating the need for transfusion.70

Avoid Transfusion, Outside of Emergencies, 
When Alternative Strategies Are Available as 
Part of Informed Consent; Make Discussion 
of Alternatives Part of the Informed Consent 
Process

Throughout the world, there is wide variation among 
medical practitioners and hospitals with regard to medi-
cal knowledge about the true risks of transfusion, alterna-
tives to transfusion, and the delivery of this information to 
patients.71–73 Outside of the truly emergent clinical situation, 
transfusion should be avoided or limited when other inter-
ventions are available.

Patient-centered decision-making, as defined by informed 
choice, demands evaluation of the overarching medical 
condition(s), coagulation status, presence of anemia, medi-
cations and a thorough assessment of the scheduling, tim-
ing, staging, and complexity of any potential procedures.
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Given the significant risks of transfusion, patient choice 
and consent are of utmost importance.74–76 Obstacles to 
obtaining appropriate informed consent are plentiful and 
not often addressed. The consent process tends to be viewed 
as merely a document to be signed and placed in the patient’s 
chart. The pace of medical practice today may minimize the 
time spent on these crucial conversations. Patients are not 
typically well versed in medical vernacular or may have 
limited language proficiency, thus to adequately explain 
and discuss the patient’s disease and potential treatment 
options take time and effort.77 Little attention has been given 
to training medical students and residents in the process 
of informed consent discussions or their documentation.78 
Education to health care providers is vital because the con-
cepts of informed choice and consent must be consistently 
delivered throughout our facilities/systems.79

Choices and alternatives to transfusion should be clearly 
outlined, discussed, and documented. Alternative strate-
gies include, but are not limited to pharmacological agents, 
perioperative cell collection and readministration (cell sav-
age), normovolemic hemodilution, and minimally invasive 
surgical techniques.

It must be remembered that informed consent is much 
more than a mere signature on a page. Informed choice 
represents free selection after consideration of all options. 
Informed consent represents compliance to or approval of 
what is done or proposed by another. Blood transfusion has 
been a part of our clinical practice for decades, and many 
clinicians have neglected to clearly address options to trans-
fusion that are available and the modifiable risks such as 
anemia that lead to both transfusion and poor outcomes.

CONCLUSIONS
The ABIM Foundation’s Choosing Wisely campaign pro-
vides an avenue for health care professionals to move 
beyond their society guidelines and publications expanding 
the concept of patient-centered care and dialogue. SABM is 
an international leader in PBM with its core foundational 
principles of bringing state-of-the-art science and education 
to promote appropriate use of transfusion therapy and utili-
zation of alternatives to reduce or even eliminate this need. 
SABM is guided by a patient-centered approach to achieve 
improved outcomes through patient–clinician communi-
cation and alignment of health goals and values. As such, 
SABM saw participation in the Choosing Wisely initiative 
as an opportunity to challenge our leadership and mem-
bership to further promulgate PBM principles, to reach out 
to the public, empowering clinicians and patients alike to 
shape joint health care choices.

We encourage our members, as well as other health care 
providers, to actively utilize this list, incorporating its prin-
ciples into daily practice. Future lists could be created as the 
science and recognition of PBM expands as the standard of 
care. E

DISCLOSURES
Name: Carolyn D. Burns, MD.
Contribution: This author helped with the concept, development, 
critical writing, review, and final approval of the manuscript.
Conflicts of Interest: C. D. Burns is a physician advisor for 
Accumen, Inc, and has been a consultant for Mediware Consulting 
& Analytics.

Name: James P. Brown, MHA, CCP, LP.
Contribution: This author helped with the concept, development, 
review, and final approval of the manuscript.
Conflicts of Interest: None.
Name: Howard L. Corwin, MD.
Contribution: This author helped with the concept, development, 
review, and final approval of the manuscript.
Conflicts of Interest: None.
Name: Irwin Gross, MD.
Contribution: This author helped with the concept, development, 
review, and final approval of the manuscript.
Conflicts of Interest: I. Gross is a physician advisor for Accumen, 
Inc.
Name: Sherri J. Ozawa, RN.
Contribution: This author helped with the concept, development, 
review, and final approval of the manuscript.
Conflicts of Interest: None.
Name: Aryeh Shander, MD.
Contribution: This author helped with the concept, development, 
review, and final approval.
Conflicts of Interest: None.
This manuscript was handled by: Susan Goobie, MD, FRCPC.

REFERENCES
	 1.	 Brennan T, Blank L, Cohen J, et al. Medical professionalism 

in the new millennium: a physician charter. Ann Intern Med. 
2002;136:2243–2246.

	 2.	 The Good Stewardship Working Group. The “top 5” lists in pri-
mary care: meeting the responsibility of professionalism. Arch 
Intern Med. 2011;171:1385–1390.

	 3.	 Musallam KM, Tamim HM, Richards T, et al. Preoperative 
anaemia and postoperative outcomes in non-cardiac surgery: a 
retrospective cohort study. Lancet. 2011;378:1396–1407.

	 4.	 Koch CG, Li L, Sun Z, et al. Hospital-acquired anemia: prev-
alence, outcomes, and healthcare implications. J Hosp Med. 
2013;8:506–512.

	 5.	 Beattie WS, Karkouti K, Wijeysundera DN, Tait G. Risk associ-
ated with preoperative anemia in noncardiac surgery: a single-
center cohort study. Anesthesiology. 2009;110:574–581.

	 6.	 Muñoz M, Acheson AG, Auerbach M, et al. International con-
sensus statement on the peri-operative management of anae-
mia and iron deficiency. Anaesthesia. 2017;72:233–247.

	 7.	 Lanzer G, Meybohm P, Zacharowski K. First pillar of PBM 
– Optimization of red blood cell volume. In: Gombotz H, 
Zacharowski K, Spahn D, eds. Patient Blood Management. 1st ed. 
Stuttgaart, Germany: Thieme Publishers; 2016:80–100.

	 8.	 Bernard AC, Davenport DL, Chang PK, Vaughan TB, 
Zwischenberger JB. Intraoperative transfusion of 1 U to 2 U 
packed red blood cells is associated with increased 30-day mor-
tality, surgical-site infection, pneumonia, and sepsis in general 
surgery patients. J Am Coll Surg. 2009;208:931–7, 937.e1.

	 9.	 Ferraris VA, Davenport DL, Saha SP, Austin PC, Zwischenberger 
JB. Surgical outcomes and transfusion of minimal amounts of 
blood in the operating room. Arch Surg. 2012;147:49–55.

	10.	 Goel R, Patel EU, Cushing MM, et al. Association of periopera-
tive red blood cell transfusions with venous thromboembolism 
in a North American Registry. JAMA Surg. 2018;153:826–833.

	11.	 Holst LB, Petersen MW, Haase N, Perner A, Wetterslev J. 
Restrictive versus liberal transfusion strategy for red blood cell 
transfusion: systematic review of randomised trials with meta-
analysis and trial sequential analysis. BMJ. 2015;350:h1354.

	12.	 Derzon J, Alford A, Clarke N, et al. Anemia management and 
audit feedback practices for reducing overuse of RBC transfu-
sion: a laboratory medicine best practice systematic review and 
meta-analysis. Amer J Clin Path. 2018;151:18–28.

	13.	 Mueller MM, Van Remoortel H, Meybohm P, et al. Patient 
blood management: recommendations from the 2018 Frankfurt 
consensus conference. JAMA. 2019;321:983–997.

	14.	 Muñoz M, Gómez-Ramírez S, Kozek-Langeneker S, et al. ‘Fit to 
fly’: overcoming barriers to preoperative haemoglobin optimi-
zation in surgical patients. Br J Anaesth. 2015;115:15–24.

	15.	 Shander A, Javidroozi M. The patient with anemia. Curr Opin 
Anaesthesiol. 2016;29:438–445.



Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

SABM Choosing Wisely Campaign

XXX XXX • Volume XXX • Number XXX	 www.anesthesia-analgesia.org	 5

	16.	 Munting KE, Klein AA. Optimisation of pre-operative anaemia 
in patients before elective major surgery - why, who, when and 
how? Anaesthesia. 2019;74(suppl 1):49–57.

	17.	 Frey K, Tolich D, McCoy K, et al. Preoperative Anemia 
Management. Bethesda, MD: AABB Press; 2019.

	18.	 Anemia in the presurgical patient. Recognition, diagnosis 
and management. Society for the Advancement of Blood 
Management. Available at: https://www.sabm.org. Accessed 
March 15, 2019.

	19.	 Corwin HL, Gettinger A, Pearl RG, et al. The CRIT Study: ane-
mia and blood transfusion in the critically ill–current clinical 
practice in the United States. Crit Care Med. 2004;32:39–52.

	20.	 Gattinoni L, Chiumello P. Anemia in the intensive care unit: how 
big is the problem? Transfus Altern Transfus Med. 2002;4:118–120.

	21.	 Chant C, Wilson G, Friedrich JO. Anemia, transfusion, and 
phlebotomy practices in critically ill patients with prolonged 
ICU length of stay: a cohort study. Crit Care. 2006;10:R140.

	22.	 Thavendiranathan P, Bagai A, Ebidia A, Detsky AS, Choudhry 
NK. Do blood tests cause anemia in hospitalized patients? The 
effect of diagnostic phlebotomy on hemoglobin and hematocrit 
levels. J Gen Intern Med. 2005;20:520–524.

	23.	 Seeber P, Shander A. Iatrogenic blood loss. In: Seeber P, Shander 
A, eds. Basics of Patient Blood Management. 1st ed. Malden, MA: 
Blackwell Publishing; 2007: 161–171.

	24.	 Corson AH, Fan VS, White T, et al. A multifaceted hospital-
ist quality improvement intervention: decreased frequency of 
common labs. J Hosp Med. 2015;10:390–395.

	25.	 Yarbrough PM, Kukhareva PV, Horton D, Edholm K, 
Kawamoto K. Multifaceted intervention including education, 
rounding checklist implementation, cost feedback, and finan-
cial incentives reduces inpatient laboratory costs. J Hosp Med. 
2016;11:348–354.

	26.	 Choosing Wisely. Available at: https://www.choosingwisely.
org. Accessed March 15, 2019.

	27.	 Critical Care Societies Collaborative (CCSC). The CCSC Speaks 
With a Unified Voice Representing Nearly 200,000 Critical 
Care Professionals to Bring Important Issues to the Forefront 
in Public Policy and in the Healthcare Arena. Available at: 
https://ccsconline.org. Accessed March 15, 2019.

	28.	 Barie PS. Phlebotomy in the intensive care unit: strategies for 
blood conservation. Crit Care. 2004;8(suppl 2):S34–S36.

	29.	 Meybohm P, Richards T, Isbister J, et al. Patient blood manage-
ment bundles to facilitate implementation. Transfus Med Rev. 
2017;31:62–71.

	30.	 Stanworth SJ, Grant-Casey J, Lowe D, et al. The use of fresh-
frozen plasma in England: high levels of inappropriate use in 
adults and children. Transfusion. 2011;51:62–70.

	31.	 Green L, Bolton-Maggs P, Beattie C, et al. British Society of 
Haematology Guidelines on the spectrum of fresh frozen 
plasma and cryoprecipitate products: their handling and use 
in various patient groups in the absence of major bleeding. Br J 
Haematol. 2018;181:54–67.

	32.	 Müller MC, Arbous MS, Spoelstra-de Man AM et al. Transfusion 
of fresh-frozen plasma in critically ill patients with a coagu-
lopathy before invasive procedures: a randomized clinical trial 
(CME). Transfusion. 2015;55:26–35.

	33.	 Stanworth SJ, Brunskill SJ, Hyde CJ, McClelland DB, Murphy 
MF. Is fresh frozen plasma clinically effective? A system-
atic review of randomized controlled trials. Br J Haematol. 
2004;126:139–152.

	34.	 Holland LL, Foster TM, Marlar RA, Brooks JP. Fresh frozen 
plasma is ineffective for correcting minimally elevated interna-
tional normalized ratios. Transfusion. 2005;45:1234–1235.

	35.	 Segal JB, Dzik WH; Transfusion Medicine/Hemostasis Clinical 
Trials Network. Paucity of studies to support that abnor-
mal coagulation test results predict bleeding in the setting of 
invasive procedures: an evidence-based review. Transfusion. 
2005;45:1413–1425.

	36.	 Yang L, Stanworth S, Hopewell S, Doree C, Murphy M. Is 
fresh-frozen plasma clinically effective? An update of a sys-
tematic review of randomized controlled trials. Transfusion. 
2012;52:1673–1686.

	37.	 Jia Q, Brown MJ, Clifford L, et al. Prophylactic plasma trans-
fusion for surgical patients with abnormal preoperative 

coagulation tests: a single-institution propensity-adjusted 
cohort study. Lancet Haematol. 2016;3:e139–e148.

	38.	 Warner MA, Woodrum DA, Hanson AC, Schroeder DR, Wilson 
GA, Kor DJ. Prophylactic plasma transfusion before interven-
tional radiology procedures is not associated with reduced 
bleeding complications. Mayo Clin Proc. 2016;91:1045–1055.

	39.	 Bryan AW Jr, Staley EM, Kennell T Jr, Feldman AZ, Williams LA 
III, Pham HP. Plasma transfusion demystified: a review of the 
key factors influencing the response to plasma transfusion. Lab 
Med. 2017;48:108–112.

	40.	 McCully SP, Fabricant LJ, Kunio NR, et al. The International 
Normalized Ratio overestimates coagulopathy in stable trauma 
and surgical patients. J Trauma Acute Care Surg. 2013;75:947–953.

	41.	 Holland LL, Brooks JP. Toward rational fresh frozen plasma 
transfusion: the effect of plasma transfusion on coagulation test 
results. Am J Clin Pathol. 2006;126:133–139.

	42.	 Warner MA, Hanson AC, Weister TJ, et al. Changes in inter-
national normalized ratios after plasma transfusion of vary-
ing doses in unique clinical environments. Anesth Analg. 
2018;127:349–357.

	43.	 Triulzi D, Gottschall J, Murphy E, et al; NHLBI Recipient 
Epidemiology and Donor Evaluation Study-III (REDS-III). 
A multicenter study of plasma use in the United States. 
Transfusion. 2015;55:1313–1319.

	44.	 Peltan ID, Vande Vusse LK, Maier RV, Watkins TR. An inter-
national normalized ratio-based definition of acute traumatic 
coagulopathy is associated with mortality, venous thromboem-
bolism, and multiple organ failure after injury. Crit Care Med. 
2015;43:1429–1438.

	45.	 Shen L, Tabaie S, Ivascu N. Viscoelastic testing inside and 
beyond the operating room. J Thorac Dis. 2017;9:S299–S308.

	46.	 Yates SG, Gavva C, Agrawal D, Sarode R. How do we transfuse 
blood components in cirrhotic patients undergoing gastrointes-
tinal procedures? Transfusion. 2016;56:791–798.

	47.	 Lisman T, Porte RJ. Value of preoperative hemostasis testing in 
patients with liver disease for perioperative hemostatic man-
agement. Anesthesiology. 2017;126:338–344.

	48.	 Lisman T, Porte RJ. Pathogenesis, prevention, and management 
of bleeding and thrombosis in patients with liver diseases. Res 
Pract Thromb Haemost. 2017;1:150–161.

	49.	 Shander A, Ozawa S, Hofmann A. Activity-based costs of 
plasma transfusions in medical and surgical inpatients at a US 
hospital. Vox Sang. 2016;111:55–61.

	50.	 World Health Organization. Essential Medicine List. Available 
at: http://www.who.int/selection_medicines/committees/
expert/18/en/indexhtml. Accessed September 3, 2019.

	51.	 Yates J, Perelman I, Khair S, et al. Exclusion criteria and adverse 
events in perioperative trials of tranexamic acid: a systematic 
review and meta-analysis. Transfusion. 2019;59:806–824.

	52.	 Goobie SM, Faraoni D. Tranexamic acid and perioperative 
bleeding in children: what do we still need to know? Curr Opin 
Anaesthesiol. 2019;32:343–352.

	53.	 Goobie SM. Tranexamic acid: still far to go. Br J Anaesth. 
2017;118:293–295.

	54.	 Goobie SM, Frank SM. Tranexamic acid: what is known and 
unknown, and where do we go from here? Anesthesiology. 
2017;127:405–407.

	55.	 Food and Drug Administration (FDA). Available at: http://www.
accessdata.fda.gov/drugsatfda_docs/label/2011/019281s030lbl.
pdf. Accessed June 11, 2019.

	56.	 Food and Drug Administration (FDA). Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/
label/2013/022430s004lbl.pdf. Accessed June 11, 2019.

	57.	 Henry DA, Carless PA, Moxey AJ, et al. Anti-fibrinolytic drugs for 
reducing blood loss and the need for red blood cell transfusion dur-
ing and after surgery. Cochrane Database Syst Rev. 2011;CD001886.

	58.	 Ker K, Edwards P, Perel P, et al. Effects of tranexamic acid on 
surgical bleeding: systematic review and cumulative meta-
analysis. Brit Med J. 2012;344:33–54.

	59.	 Ker K, Prieto-Merino D, Roberts I. Systematic review, meta-
analysis and meta-regression of the effect of tranexamic acid on 
surgical blood loss. Br J Surg. 2013;100:1271–1279.

	60.	 CRASH-2 Trial Collaborators. Effects of tranexamic acid on 
death, vasoocclusive events, and blood transfusion in trauma 

https://www.sabm.org
https://www.choosingwisely.org
https://www.choosingwisely.org
https://ccsconline.org
http://www.who.int/selectionmedicines/committees/expert/18/en/index_html
http://www.who.int/selectionmedicines/committees/expert/18/en/index_html
http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/019281s030lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/019281s030lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/019281s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/022430s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/022430s004lbl.pdf


Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
6     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

E Special Article

patients with significant haemorrhage (CRASH-2): a ran-
domised, placebo-controlled trial. Lancet. 2010;376:23–32.

	61.	 WOMAN Trial Collaborators. Effect of early tranexamic acid 
administration on mortality, hysterectomy, and other morbidi-
ties in women with post-partum haemorrhage(WOMAN): an 
international, randomized, double-blind, placebo controlled 
trial. Lancet. 2017;389:2105–2116.

	62.	 Pavenski K, Ward SE, Hare GMT, et al. A rationale for univer-
sal tranexamic acid in major joint arthroplasty: overall effi-
cacy and impact of risk factors for transfusion. Transfusion. 
2019;59:207–216.

	63.	 Ferraris VA, Brown JR, Despotis GJ, et al. 2011 update to the 
Society of Thoracic Surgeons and the Society of Cardiovascular 
Anesthesiologists blood conservation clinical practice guide-
lines. Ann Thorac Surg. 2011;91:944–982.

	64.	 Department of Health and Ageing Therapeutic Goods and 
Administration. Australian Public Assessment Report for 
Tranexamic acid. Available at: https://www.tga.gov.au/
sites/default/files/auspar-cyklokapron.pdf. Accessed June 
11, 2019.

	65.	 Spahn DR, Bouillon B, Cerny V, et al. The European guideline 
on management of major bleeding and coagulopathy following 
trauma: fifth edition. Crit Care. 2019;23:98–172.

	66.	 Shi J, Ji H, Ren F, et al. Protective effects of tranexamic acid on 
clopidogrel before coronary artery bypass grafting: a multi-
center randomized trial. JAMA Surg. 2013;148:538–547.

	67.	 Wardrop D, Escourt LJ, Brunskill SJ, et al. Antifibrinolytics 
(lysine analogues) for the prevention of bleeding patients 
with haematologic disorders (Review). Cochrane Collaboration. 
2013;3:CD009733.

	68.	 Trial to evaluate tranexamic acid in thrombocytopenia 
(TREATT). Tranexamic Acid Therapy in Thrombocytopenia. 

Available at: https://doi.org/10.1186//ISRCTN73545489. 
Accessed March 17, 2019.

	69.	 Draxler DF, Yep K, Hanafi G, et al. Tranexamic acid modulates 
the immune response and reduces postsurgical infection rates. 
Blood Adv. 2019;3:1598–1609.

	70.	 Kozek-Langenecker SA, Ahmed AB, Afshari A, et al. 
Management of severe perioperative bleeding: guidelines from 
the European Society of Anaesthesiology: first update 2016. Eur 
J Anaesthesiol. 2017;34:332–395.

	71.	 Friedman M, Arja W, Batra R, et al. Informed consent for blood 
transfusion: what do medicine residents tell? What do patients 
understand? Am J Clin Pathol. 2012;138:559–565.

	72.	 Booth C, Grant-Casey J, Court EL, et al. National comparative 
audit of blood transfusion: report on the 2014 audit of patient 
information and consent. Transfus Med. 2017:21:183–189.

	73.	 Vossoughi SR, Macauley R, Sazama K, Fung MK. Attitudes, 
practices, and training on informed consent for transfusions 
and procedures: a survey of medical students and physicians. 
Am J Clin Pathol. 2015;144:315–321.

	74.	 Davis RE, Vincent CA, Murphy MF. Blood transfusion safety: 
the potential role of the patient. Transfus Med Rev. 2011;25:12–23.

	75.	 Howell CA, Forsythe JL. Patient consent for blood transfusion–
recommendations from SaBTO. Transfus Med. 2011;21:359–362.

	76.	 Court EL, Robinson JA, Hocken DB. Informed consent and 
patient understanding of blood transfusion. Transfus Med. 
2011;21:183–189.

	77.	 Forrow L, Kontrimas JC. Language barriers, informed consent, 
and effective caregiving. J Gen Intern Med. 2017;32:855–857.

	78.	 Colaianni CA. Informed. N Engl J Med. 2019;380:1099–1101.
	79.	 Quick Safety. Informed consent: more than getting a signature. 

Available at: https//www.jointcommission.org/…/Quick_
Safety_Issue_Twenty- One_February_2016. Accessed June 11, 2019.

https://www.tga.gov.au/sites/default/files/auspar-cyklokapron.pdf
https://www.tga.gov.au/sites/default/files/auspar-cyklokapron.pdf
https://doi.org/10.1186//ISRCTN73545489
https//www.jointcommission.org/…/Quick_Safety_Issue_Twenty- One_February_2016
https//www.jointcommission.org/…/Quick_Safety_Issue_Twenty- One_February_2016

