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Anemia and outcomes in cardiac surgery
In patients eligible for cardiac surgery, the prevalence of
anemia ranges from 16% to 54%, with severe cases (hemoglo-
bin < 10 g.dL�1) affecting 5.5% of individuals. Perioperative
anemia significantly elevates the risk of morbidity, mortal-
ity, and organic dysfunction.1 Over recent decades, numer-
ous studies have emerged to explore optimal blood
transfusion strategies, determine the most effective trans-
fusion triggers, and establish safe hemoglobin thresholds
across diverse patient population.2,3

One of the most relevant studies in this context was the
TRICC Trial,4 a randomized clinical trial (RCT) involving 838
euvolemic patients. The study encompassed a diverse pop-
ulation with hemoglobin levels < 9 g.dL�1 within 72 hours
of admission to the critical care unit. This groundbreaking
work challenged the liberal transfusion logic in force at the
time, comparing a restrictive transfusion trigger arm
(hemoglobin < 7 g.dL�1) to a liberal arm (hemoglobin
< 10 g.dL�1). The incidences of myocardial infarction and
acute pulmonary edema were statistically lower in the
restrictive group. The study concluded that a more restric-
tive transfusion strategy proved to be at least as effective,
if not superior, to the liberal strategy in critically ill
patients, except for mortality in the subgroup of patients
with cardiovascular disease.

In 2016, Carson et al3 published guidelines that revisited
31 RCTs, advocating for more restrictive transfusion trigger
recommendations with hemoglobin levels < 7 g.dL�1 for the
general population and 8 g.dL�1 for orthopedic patients,
those undergoing cardiac surgery, and individuals with car-
diovascular diseases.5 However, the guidelines did not
include patients with acute coronary syndromes and empha-
sized the need for additional research concerning patients
with acute myocardial infarction.

In 2018, a systematic review comprising 37 RCTs investi-
gated mortality as the primary outcome among individuals
undergoing cardiac surgery.6 This study concluded that
hemoglobin levels between 7 and 8 g.dL�1 served as a safe
transfusion trigger for the evaluated population compared
to more liberal triggers. This approach also led to a reduc-
tion in the transfusion rate by 24%.
https://doi.org/10.1016/j.bjane.2024.844504
0104-0014/© 2024 Sociedade Brasileira de Anestesiologia. Published by E
license (http://creativecommons.org/licenses/by/4.0/).
In 2018, another important noninferiority RCT (TRICS-III)7

was published. This study compared a restrictive transfusion
trigger (hemoglobin < 7.5 g.dL�1) with a liberal trigger
(hemoglobin < 9.5 g.dL�1 in the ICU or < 8.5 g.dL�1 in the
ward) in patients undergoing cardiac surgery, particularly
those with moderate and high risk of death. The primary
outcome analyzed was a composite of overall mortality,
acute myocardial infarction, stroke, or kidney disease
requiring new-onset replacement therapy within six months
post-surgery. The authors concluded that the restrictive
strategy was noninferior to the liberal strategy group con-
cerning the primary outcome.

In 2021, Ducrocq et al8 conducted a noninferiority RCT in
France and Spain, which was open-label and involved
patients with acute myocardial infarction and hemoglobin
levels ranging between 7 and 10 g.dL�1. Patients were
divided into two arms: the restrictive group had a transfu-
sion trigger of hemoglobin < 8 g.dL�1 with a target between
8 and 11 g.dL�1, while the liberal group had a transfusion
trigger of hemoglobin < 10 g.dL�1 with a target above 11 g.
dL�1. The main objective of the study was a composite out-
come of major cardiovascular complications (MACE), includ-
ing death, stroke, recurrent acute myocardial infarction, or
emergency revascularization. Once again, this study demon-
strated the noninferiority of the restrictive group compared
to the liberal group. However, an important limitation of
this study was the wide lower margin of noninferiority, which
could potentially encompass actual harm to patients. Addi-
tionally, the study had limited power to detect the superior-
ity of one strategy over the other.

A recent meta-analysis from 2023,9 which encompassed
RCTs10−12 enrolling patients with acute coronary syndrome,
did not reveal a statistically significant difference between
the liberal and restrictive strategies concerning outcomes
such as mortality, acute myocardial infarction, revasculariza-
tion, and the composite outcome of these events.

Similarly, in 2023, the Red Blood Cell Transfusion 2023
AABB International Guidelines13 were published, reviewing
45 RCTs. These guidelines recommended a hemoglobin
trigger of 7 g.dL�1 for hospitalized and stable patients,
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7.5 g.dL�1 for patients undergoing cardiac surgery, and
8 g.dL�1 for orthopedic patients and those with previous car-
diovascular comorbidities. However, there was a low level of
evidence for transfusion recommendations in patients with
acute myocardial infarction.

To address this issue, the MINT (Myocardial Ischemia and
Transfusion) trial14 was designed. This multicenter study
aimed to shed light on the matter by enrolling patients with
acute myocardial infarction. Participants were divided into
two arms: one with a transfusion cutoff strategy of 7−8 g.
dL�1 of hemoglobin, and another more liberal arm with a
hemoglobin cutoff < 10 g.dL�1. The primary outcome was a
composite of recurrent acute myocardial infarction and
death. The study found no statistical difference between
the two arms. However, the authors expressed uncertainty
about ruling out the harmful effects of the restrictive strat-
egy. Subsequently, a Bayesian analysis was published, dem-
onstrating the potential harm associated with the restrictive
strategy in this population.3

Perioperative anemia may impact outcomes concerning
multiple target organs, including the heart, kidneys, and
central nervous system. Karkouti et al2 addressed the associ-
ation between anemia and the development of renal dys-
function, underscoring the significance of preoperative
hemoglobin optimization in mitigating high mortality rates
in cardiac surgery. Furthermore, red blood cell transfusions
seem to be implicated in this outcome, attributed to factors
such as the reduction in levels of 2,3-DPG, pro-inflammatory
effects, leukocyte activation, and coagulation activation.2

Interestingly, in this issue of the Brazilian Journal of
Anesthesiology, Sari et al15 published an innovative retro-
spective subanalysis of the DECADE trial.16 This study
revealed no statistically significant association between var-
ious hemoglobin levels and delirium or atrial fibrillation in
patients undergoing cardiac surgery. This conclusion was fur-
ther supported by a robust Cox regression analysis, which
was adjusted for clinically relevant variables.

Notably, there is an ongoing international multicenter ran-
domized controlled trial focusing on transfusion thresholds in
younger cardiac surgery patients. Known as TRICS-IV,17 this
open-label randomized controlled trial compares two com-
monly employed transfusion strategies in moderate to high-
risk patients aged 65 years or younger who are undergoing
cardiac surgery with cardiopulmonary bypass. It employs a
superiority trial design and aims to enroll approximately
1,440 patients. The study tests the hypothesis that liberal
transfusion is superior for younger patients undergoing car-
diac surgery, based on previous evidence generated by sub-
group analyses from the TRICS III trial.7 The primary
hypothesis suggests that maintaining a higher hemoglobin
concentration for red blood cell transfusion (liberal transfu-
sion strategy) will yield better outcomes compared to a
restrictive strategy in terms of vital organ function (specifi-
cally the heart, brain, and kidneys) and lower mortality rates
six months post-cardiac surgery. Hence, this study holds the
potential to provide valuable new evidence in this field.

In summary, understanding key aspects of perioperative
anemia is essential to guide professionals in making transfu-
sion decisions in cardiac surgery. This entails considering the
balance between risks and benefits, as well as the associated
costs, with the ultimate goal of mitigating morbidity and
mortality in this vulnerable population.
2

Conflicts of interest

The authors declare no conflicts of interest.
References

1. Loor G, Koch CG, Sabik JF, Li L, Blackstone EH. Implications
and management of anemia in cardiac surgery: current state
of knowledge. J Thorac Cardiovasc Surg. 2012;144:
538−46.

2. Karkouti K, Wijeysundera DN, Beattie WS. Reducing Bleeding in
Cardiac Surgery (RBC) Investigators. Risk associated with preop-
erative anemia in cardiac surgery: a multicenter cohort study.
Circulation. 2008;117:478−84.

3. Khan MS, Spertus JA, Chan PS. Transfusion Strategy in Myocar-
dial Infarction and Anemia. N Engl J Med. 2024;390:960−1.

4. H�ebert PC, Wells G, Blajchman MA, et al. A multicenter, ran-
domized, controlled clinical trial of transfusion requirements in
critical care. Transfusion Requirements in Critical Care Investi-
gators, Canadian Critical Care Trials Group. N Engl J Med.
1999;340:409−17.

5. Carson JL, Guyatt G, Heddle NM, et al. Clinical Practice Guide-
lines From the AABB: Red Blood Cell Transfusion Thresholds and
Storage. JAMA. 2016;316:2025−35.

6. Carson JL, Stanworth SJ, Alexander JH, et al. Clinical trials
evaluating red blood cell transfusion thresholds: An updated
systematic review and with additional focus on patients with
cardiovascular disease. Am Heart J. 2018;200:96−101.

7. Mazer CD, Whitlock RP, Fergusson DA, et al. Six-Month Out-
comes after Restrictive or Liberal Transfusion for Cardiac Sur-
gery. N Engl J Med. 2018;379:1224−33.

8. Ducrocq G, Gonzalez-Juanatey JR, Puymirat E, et al. Effect of a
Restrictive vs Liberal Blood Transfusion Strategy on Major Car-
diovascular Events Among Patients with Acute Myocardial
Infarction and Anemia: The REALITY Randomized Clinical Trial.
JAMA. 2021;325:552−60.

9. Mistry N, Hare GMT, Shehata N, et al. Transfusion Thresholds for
Acute Coronary Syndromes-Insights From the TRICS-III Random-
ized Controlled Trial, Systematic Review, and Meta-Analysis. J
Am Heart Assoc. 2023;12:e028497.

10. Gonzalez-Juanatey JR, Lemesle G, Puymirat E, et al. One-Year
Major Cardiovascular Events After Restrictive Versus Liberal
Blood Transfusion Strategy in Patients with Acute Myocardial
Infarction and Anemia: The REALITY Randomized Trial. Circula-
tion. 2022;145:486−8.

11. Cooper HA, Rao SV, Greenberg MD, et al. Conservative versus lib-
eral red cell transfusion in acute myocardial infarction (the CRIT
Randomized Pilot Study). Am J Cardiol. 2011;108:1108−11.

12. Carson JL, Brooks MM, Abbott JD, et al. Liberal versus restric-
tive transfusion thresholds for patients with symptomatic coro-
nary artery disease. Am Heart J. 2013;165:964−971.e1.

13. Carson JL, Stanworth SJ, Guyatt G, et al. Red Blood Cell Transfu-
sion: 2023 AABB International Guidelines. JAMA. 2023;330:
1892−902.

14. Carson JL, Brooks MM, H�ebert PC, et al. Restrictive or Liberal
Transfusion Strategy in Myocardial Infarction and Anemia. N
Engl J Med. 2023;389:2446−56.

15. Sari S, Brooker J, Montalvo-Campana M, et al. The association
of hemoglobin with postoperative delirium and atrial fibrillation
after cardiac surgery: a retrospective sub-study. Braz J Anesthe-
siol. 2023. https://doi.org/10.1016/j.bjane.2023.02.003.
Online ahead of print.

16. Turan A, Duncan A, Leung S, et al. Dexmedetomidine for reduc-
tion of atrial fibrillation and delirium after cardiac surgery
(DECADE): a randomised placebo-controlled trial. Lancet Lond
Engl. 2020;396:177−85.

http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0001
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0002
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0003
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0004
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0005
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0006
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0007
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0008
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0009
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0010
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0011
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0012
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0013
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0014
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0014
https://doi.org/10.1016/j.bjane.2023.02.003
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0016
http://refhub.elsevier.com/S0104-0014(24)00026-5/sbref0016


Brazilian Journal of Anesthesiology 2024;74(3): 844504
17. An International, Multi-centre, Randomized Controlled Trial
to Assess Transfusion Thresholds in Younger Patients Under-
going Cardiac Surgery. Identifier NCT04754022. U.S.
National Library of Medicine. https://clinicaltrials.gov/
study/NCT04754022 (accessed 2024-04-20).

Luiz Guilherme V. da Costa a,*, Fabio V. Papab, Gregory M.
T. Hareb, Marcello F. Salgado-Filhoa, Eric B. Lineburgerc,d,e,

Andr�e P. Schmidtf,g,h,i,j,k
a Hospital Israelita Albert Einstein, Departamento de Anes-

tesiologia, S~ao Paulo, SP, Brazil
b University of Toronto, St. Michael’s Hospital, Department

of Anaesthesia, Toronto, Canada
c Hospital S~ao Jos�e, Departamento de Anestesia e Trata-

mento da Dor, Crici�uma, SC, Brazil
d Hospital S~ao Jos�e, Centro de Pesquisa, Crici�uma, SC, Brazil

e Universidade do Extremo Sul Catarinense, Crici�uma, SC,
Brazil
3

f Hospital de Clínicas de Porto Alegre (HCPA), Serviço de Anes-
tesia e Medicina Perioperat�oria, Porto Alegre, RS, Brazil

g Santa Casa de Porto Alegre, Serviço de Anestesia, Porto
Alegre, RS, Brazil

h Hospital Nossa Senhora da Conceiç~ao, Serviço de Aneste-
sia, Porto Alegre, RS, Brazil

i Universidade Federal do Rio Grande do Sul (UFRGS), Pro-
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