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Abstract 

Introduction  

Transfusion medicine develops and disseminates guidelines that govern the 
optimal conditions for transfusion. The purpose of this article is to review 
the current evidence on the use of blood components. 

Methods 

We searched PubMed, Scholar Google, ScienceDirect, SciELO and 
Cochrane web portals, as well as official documents published in the Chil-
ean Society of Hematology. Articles from the last ten years were included, 
of which 42 were appropriate for this narrative literature review. 

Conclusion 

First of all, there is a controversy between two types of strategies regarding 
the practice of red blood cell transfusion: a liberal strategy and a restrictive 
strategy. Second, for the management of coagulopathies, clotting times do 
not reflect the true ability of patients to clot. Third, to reverse the effect of 
coumadin, the administration of vitamin K would suffice over the use of 
fresh frozen plasma. Fourth, the use of physiological triggers could help 
define the best time for a transfusion 
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Main Messages  

• Transfusion medicine is continually evolving. Guidelines for optimizing the transfusion of blood components, together with 

balancing benefits and possible risks, are also being developed and disseminated.  

• Transfusions are among the most common procedures in hospitals; an estimated 12.5% of patients will undergo a transfusion.  

• It is vital to understand how and when transfusion therapy should be administered and the possible outcomes from its use. 
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Introduction 

A blood component is a member of a group of elements that make 
up the blood, as highlighted by red blood cells (erythrocytes), plate-
lets, plasma, and cryoprecipitate1. As a field of medicine, transfusion 
medicine is continually evolving. It develops and disseminates guide-
lines that state the optimal conditions for transfusing blood compo-
nents, based on the balance between the benefits of transfusion and 
the possible adverse outcomes that need to be avoided. These ad-
verse outcomes include hemolysis, the spread of viral diseases, nos-
ocomial infections, thrombosis, inflammation, immunomodulation, 
acute lung injury, multi-organ failure, and circulatory overload sec-
ondary to transfusion, among others2-5.  

This makes transfusion a costly and complex therapeutic interven-
tion6 since there is no conclusive evidence to determine a safety pro-
file for its administration or the clinical benefit that some transfusion 
procedures could offer in critical settings. This creates a false sense 
of safety in its use, especially in some cases being used in excess or 
an ill-judged manner2. Nevertheless, transfusions are one of the most 
common procedures carried out in the hospital, where it is estimated 
that around 12.5% of patients will be transfused during their stay. 
Of this total, 47.1% of transfusions are performed in general medi-
cine wards, 25.7% in the intensive care unit, and 19.8% in surgical 
wards. This incidence presents an increasing trend, especially in pa-
tients over 60 years of age7. It is, therefore, important to compre-
hend when and how to administer this therapy and what possible 
adverse reactions could happen after its use. 

In this sense, this article’s objective is to review the current evidence 
regarding the use of blood components in clinical scenarios relevant 
to the hospital setting, such as managing anemia in critically ill pa-
tients, prophylactic correction of coagulopathy, and the reversal of 
the anticoagulant effect of coumadinics. 

Methodology 

For the selection of articles, we used the web portals and databases 
of the U.S. National Library of Medicine (PUBMED), Scholar 
Google, Science Direct, SciELO, and The Cochrane Library 
(Cochrane); we used keywords such as “Transfusion of blood com-
ponents”, “transfusion of erythrocyte” and “transfusion of platelet” 
in the Medical Subject Headings Section (MESH), combined 
through the Boolean operators AND and OR. In addition, official 
documents published in the Sociedad Chilena de Hematología (Chil-
ean Society of Hematology) were used. 

From the resulting documents, which include review and research 
articles from the last ten years, 42 articles were selected that fulfilled 
the objectives set for this narrative literature review. The results are 
exposed per the following themes: pathophysiology, evidence-based 
recommendations for the transfusion of red blood cells, prophylac-
tic correction of coagulopathies, and the reversal of the anticoagu-
lant effect of coumadin utilizing fresh frozen plasma or Vitamin-K, 
with a final comment on the physiological triggers of transfusion. 

Pathophysiology 

1. Anemia, transportation, and oxygen consumption  

The objective behind the transfusion of red blood cells is to improve 
the flow of oxygen in the blood (DO2) due to the intricate relation-
ship at the tissue level between the flow of oxygen and its consump-

tion (VO2)8. Once homeostatic mechanisms are lost, oxygen con-
sumption becomes dependent on its flow, generating a physiological 
relationship altered in critically ill patients. Experimental studies 
show that, as anemia progresses, the flow of oxygen progressively 
falls8. This relationship is based on a critical point that suggests 5.0 
g/dl of hemoglobin (Hb) as the nadir value, at which homeostatic 
mechanisms are lost, and tissue hypoxia and anaerobic metabolism 
ensue, achieving up to a 100% mortality rate with Hb values less than 
or equal to 2.0 g/dl9.  

In addition, it has been shown that anemic patients with critical Hb 
levels presented a rapid fall in lactate levels after transfusion of red 
blood cells, which consequently improved brain oxygenation10. 
However, one study showed no improvement in severely anemic 
critically ill subjects who were transfused with red blood cells (meas-
ured by parameters of tissue oxygenation)11. Furthermore, other 
studies have shown that the transfusion of red blood cells can dete-
riorate tissue oxygenation, which has been linked to increased mor-
bidity, mortality, and duration of hospital stay in a dose-dependent 
relationship10. This deleterious result of transfusion may be associ-
ated with a direct cytopathogenic effect of the transfused erythro-
cyte12, such as decreased nitric oxide availability and marked iron 
toxicity, and a loss of vasodilation within the microcirculation, ulti-
mately leading to a state of inflammation, macrophage activation and 
endothelial injury12. 

2. Hemostasis and hemostatic capacity 

Hemostasis is a phenomenon that depends on an adequate concen-
tration of procoagulant factors (FI, FII, FV, FVII, FVIII, FIX, FX, 
FXI) and anticoagulants (Protein C, Protein S, and Antithrombin) 13, 
associated with an appropriate quantity and function of platelets, 
which in turn, depend on the inflammatory status, the endothelial 
function, the state of the vascular wall, the magnitude of the injury, 
and the pharmacological interaction (phenomena that are part of a 
system that determines the coagulation cascade)13.  

In this sense, the hemostatic potential is defined as this system’s ca-
pability to form a hemostatic clot once the coagulation cascade has 
been activated. This requires recruiting and activating a sufficient 
amount of prothrombin (prothrombin activation capacity) to form 
thrombin at a necessary rate and quantity (thrombin generation rate), 
which in turn generates fibrin (fibrin generation rate) in order to 
form a hemostatic clot from the recruitment and activation of fibrin-
ogen. The thrombin generation rate can be kept constant as the clot-
ting factors decrease until their concentration reaches 20% or less14. 
Therefore, it is estimated that the concentration of the factors may 
be in ranges higher than those necessary, which would mitigate the 
sudden change in their levels before altering the thrombin generation 
rate14. This situation can be seen in patients with hemostatic disor-
ders such as hemophilia, who may show differences in thrombin 
generation rate (measured with a thrombinogram) compared to pa-
tients without this illness15. 

Evidence-based recommendations for red 
blood cell transfusion 

Today there is a controversy between two trends when approaching 
transfusion in critically ill patients: a liberal strategy (with Hb levels 
between 9.0 and 10 g/dl) and a restrictive strategy (with Hb levels 
between 7.0 and 8.0 g/dl) 16. A study carried out in 1999 randomized 
more than 800 patients into two groups for each transfusion strategy. 
This showed that the restrictive strategy to perform red blood cell 
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transfusion for Hb levels < 7.0 g/dl was safe to perform17, displaying 
lower mortality compared to the liberal transfusion strategy17,18. Be-
cause of this, the restrictive strategy was considered a safe option in 
most cases19, even reducing the mortality of patients in specific sub-
populations, which indicates that certain permissive anemia does not 
seem to hinder clinical results.  

Regarding complications, no significant differences were observed 
in the rates of infections and pneumonia; however, there was an in-
crease in respiratory distress, acute lung edema, and acute coronary 
syndrome (ACS)18 in the liberal strategy group17. Nonetheless, more 
recent studies ignited the controversy again when trying to compare 
these strategies, although it was shown that the restrictive strategy is 
indeed safer20. In critical conditions such as ACS and cardiac or on-
cological surgery, the liberal strategy tends to generate fewer compli-
cations21-23. This is in contrast to a systematic review that ended up 
refuting the evidence from observational studies for liberal red blood 
cell transfusion thresholds in patients undergoing cardiac surgery, 
associating them with a substantially higher risk of mortality and 
morbidity24.  

On the other hand, another study carried out in patients in the peri-
operative period and in critically ill patients compared these strate-
gies again, and the results displayed lower mortality in the group that 
received the liberal strategy in the perioperative period (odds ratio: 
0.81; 95% confidence interval: 0, 66 to 1.00; P = 0.05; I (2) = 25%), 
and no differences in mortality between critically ill patients for both 
strategies (odds ratio: 1.10; 95% confidence interval: 0.99 ± 1.23; P 
= 0.07; I (2) = 34%)25. Along these same lines, it has been docu-
mented that liberal transfusion strategies can produce better results 

in geriatric patients than restrictive transfusion strategies, which have 
increased the risk of mortality in this population at 30 and 90 days, 
contradicting current restrictive transfusion approaches26. 

Overall, it has been documented that restrictive transfusion strate-
gies do not increase or reduce the risk of mortality at 30 days com-
pared to liberal strategies16, resulting in an uncertain risk/benefit bal-
ance using transfusions when Hb values are between 7.0 g/dl and 
9.0 g/dl. Nevertheless, evidence has shown that transfusion, when 
Hb levels are greater than 9.0 g/ dl, does increase mortality, except 
in critical conditions in which the threshold may vary. Based on this, 
it is possible to recommend the restrictive use of red blood cell trans-
fusion in the hospitalized patient as the standard strategy. In the ab-
sence of a critical condition, transfusion may be prescribed only in 
the case of severe symptomatic anemia with clinical evidence of tis-
sue hypoxia27. The transfusion threshold of Hb < 7.0 g/dl ensures 
that Hb values are above critical Hb in most critically ill patients; 
however, what happens in situations where the Hb value varies be-
tween 7.0 and 9.0 g/dl and in those scenarios in which resuscitation 
is required must be clarified. The studies mentioned above conclude 
that Hb threshold values of 8.0 g/dl could be sufficient in circum-
stances in which resuscitation is required, especially if events such as 
ACS and cardiac or oncological surgery develop (as occurs in the 
postoperative period)27. It is recommended to transfuse only one 
unit of red blood cells and evaluate the response, restricting our-
selves to the smallest number of units necessary to avoid complica-
tions (Table 1)27. One unit of red blood cells is expected to raise Hb 
by 1 g/dL or hematocrit by approximately 3%1.

 

Box 1.  Recommendations for frequent situations concerning transfusion of blood products in adult patients.

RED BLOOD CELL CONCENTRATE 

Prefer the restrictive transfusion strategy 

• It is not recommended to transfuse strictly based on laboratory parameters (Hb or Hct threshold), but rather, 
consider each patient’s clinical context and circumstance. 

• It is recommended to transfuse with a restrictive threshold of Hb ≤ 7 g/dL (Hct ≤ 21%) in hemodynamically 
stable patients hospitalized (including critically ill patients). 

• It is recommended to transfuse with a restrictive threshold of Hb ≤ 8 g/dL (Hct ≤ 24%) in patients undergoing 
orthopedic surgery, cardiac surgery, and pre-existing cardiovascular disease. 

• There is no evidence for patients with ACS, hematological or oncological illnesses (with severe thrombocyto-
penia at risk of bleeding or patients with transfusion-dependent chronic anemia). 

Dosage 

• 1 unit of red blood cells in the stable patient 

• ≥ 1 unit of red blood cells in hemodynamically unstable patients with active bleeding 

PLATELET CONCENTRATE 

Criteria for prophylactic platelet transfusion 

• Thrombocytopenic patients receiving intensive therapy, at a threshold of < 10,000/μl 

• Patients with therapy-induced hypoproliferative thrombocytopenia, or hematologic malignancies undergoing 
treatment, with a platelet count < 10,000/μL 

• Patients with a count < 20,000/μl with fever, either after chemotherapy or associated with coagulopathy, sep-
sis, hyperleukocytosis, or other pro-inflammatory conditions 

• In the elective placement of CVC with a platelet count <20,000/μl 

• In elective diagnostic lumbar puncture with platelet count < 50,000/μl 

• In elective non-neuraxial major surgery with platelet count < 50,000/μl 

• Do not routinely transfuse patients without thrombocytopenia undergoing cardiac surgery with cardiopulmo-
nary bypass, except in situations of perioperative bleeding or signs of platelet dysfunction. 
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• It cannot be recommended, for or against, in patients with intracranial hypertension who are taking antiplatelet 
agents. 

• At a threshold of < 10,000/μl, it is recommended in patients undergoing allogeneic HSCT, those under treat-
ment for hematologic malignancies, or those with solid tumors. 

• Discontinue prophylactic treatment in patients with autologous HSCT or asymptomatic thrombocytopenia. 

Criteria for therapeutic platelet transfusion 

• In invasive procedures, with thresholds of 40,000 - 50,000/μL (for major procedures) and ≥ 20,000/μL (for 
less invasive procedures) 

• In situations of sepsis or severe bleeding, with a count < 50,000/μl 

• In non-severe bleeding situations, with a count < 30,000/μl 

• In situations of clinically significant hemorrhage in adult autologous HSCT recipients and patients with 
chronic, stable, and severe thrombocytopenia not receiving active treatment 

• Reduced red blood cells and platelets should be transfused into leukocytes, particularly in patients with acute 
myeloid leukemia undergoing induction chemotherapy, to prevent alloimmunization. 

• In multiple trauma situations, spontaneous head trauma, or intracranial hypertension, with a count < 
100,000/μl. 

• In situations of congenital thrombocytopathies accompanied by hemorrhage 

Dosage 

• 1 unit for prophylactic transfusion. 

• 1 random donor platelet concentrate per 10 kg of weight for therapeutic transfusion. 

• 1 apheresis concentrate with 3 ∙ 1011 platelets per apheresis unit (therapeutic). 

• There are two types of platelets for transfusion: 1 Random donor platelet concentrate, which is obtained from 

1 unit of whole blood and has a volume of 50 ml, and 2 platelets from a single donor (apheresis), which is 

obtained from a donor through apheresis, with an average volume of 300 ml and which is equivalent to 6 to 8 
units of random donor platelet concentrate. 

FRESH FROZEN PLASMA (FFP) 

Frequent indications  

• Immediate reversal of oral anticoagulants in the presence of severe bleeding when prothrombin complex is 
not available 

• Vitamin K deficiency, when waiting for or lacking a response to, the administration of IV vitamin K is not an 
option 

• Isolated or combined deficiencies of coagulation factors 

• Hemorrhage secondary to thrombolytic treatment  

• Thrombotic thrombocytopenic purpura (TTP) 

• Disseminated intravascular coagulation (DIC) only if there is evidence of active bleeding 

• Hereditary protein C or S deficiencies (in newborns) 

Other common indications 

• There is insufficient evidence to recommend an optimal dose of FFP in patients with abnormal coagulation 
tests who undergo an intervention (instead, it is recommended to measure fibrinogen, which useful for iden-
tifying hypocoagulable patients). 

• There is insufficient evidence to recommend, for or against, plasma transfusion during massive transfusion, 
nor in patients undergoing surgery in the absence of transfusion, or to reverse warfarin in patients without 
intracranial hypertension. 

• A transfusion is not recommended in the absence of massive transfusion, surgery, bleeding, or excessive anti-
coagulation. 

• It is not recommended in patients with acute pancreatitis, organophosphate poisoning, coagulopathy, or acet-
aminophen poisoning. 

Dosage 

• 10 to 15 ml/kg of weight, which will increase coagulation factors by 20% 

Abbreviations: CVC, central venous catheter; IV, intravenous; Hb, hemoglobin; Hct, hematocrit; ACS, acute coronary syndrome; FFP, fresh 
frozen plasma; HSCT, hematopoietic stem cell transplant. Referenced from “la guía de práctica clínica 2017 de medicina transfusional de la 
Sociedad Chilena de Hematología (SOCHIHEM)” 27 adjusted to available evidence1,9,32,36,37. 
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Evidence-based recommendations for 
prophylactic correction of coagulopathies 

La coagulopatía es un concepto clínico, definido como la Coagulopa-
thy is a clinical concept defined as the inability to carry out hemosta-
sis, involving a risk of bleeding, and does not depend on a specific 
laboratory abnormality. A study revealed that as chronic liver dam-
age is accentuated, there is an increase in the capacity to generate 
thrombin28, which could be translated as a hypercoagulable state 
(this is why they tend to generate a greater amount of thrombin). If 
this finding is compared with anticoagulant users, for the same INR 
(International Normalized Ratio), an individual with chronic liver 
damage may have a different hemostatic capacity than a patient an-
ticoagulated with coumadins28,29, who could be in a hypocoagulable 
state. Therefore, clotting times do not reflect the true clotting ability 
of the patients.  

On the other hand, in septic subjects, it is possible to observe a pro-
file of alteration of the coagulation factors very similar to those who 
suffer from chronic liver damage; however, clinically, they may not 
present with coagulopathy, but rather a hemostatic dysfunction as-
sociated with the typical inflammation of sepsis. Hence, there is no 
documented benefit of transfusing plasma or platelets to individuals 
with altered clotting times or thrombocytopenia30,31. 

Clotting times, then, have low or no correlation with hemostatic ca-
pacity, requiring a clinical definition for coagulopathy that includes 

situations such as severe thrombocytopenia (platelets < 20,000/μ
l), severe hypofibrinogenemia (< 100 mg/dl), and for the use of 
coumadin and/or NOAC (new oral anticoagulants)—circumstances 
that warrant prophylactic management, even in low-risk procedures. 

Other conditions such as thrombocytopenia <50,000/μl and the 
performance of invasive procedures should consider using platelet 
transfusion to prophylactically reduce the risk of clinically significant 
bleeding or achieve hemostasis in the face of active bleeding (Table 
1)27,1. Finally, there is no evidence of the benefit of using transfu-
sions in antiplatelet users, so it is only recommended to use tranex-
amic acid or desmopressin in high-risk situations32,33. 

Evidence-based recommendations for rever-
sal of the effect of coumadin by fresh frozen 
plasma or vitamin K 

In patients without bleeding who will not undergo an invasive pro-
cedure, an INR >3 is infrequently corrected (except when exceeding 
7%). Vitamin K is the most widely used therapeutic agent to correct 
prolonged INR, used in 85% of cases, followed by fresh frozen 
plasma (43%) and prothrombin complex (35%)5,33. Fresh frozen 
plasma is an allogeneic derivative that contains all plasma coagula-
tion factors, including labile factors (Factor V and Factor VIII), al-
bumin, and immunoglobulins27; the recommended dose of which 
varies between 10 to 15 mL/kg (providing a volume of 200 to 300 
mL per unit) to reverse the effect of coumadin overuse.  

Studies show that reaching an INR <1.5 and reversing this effect 
takes between 11 and 30 hours34,35, so it does not have an immediate 
effect. Fresh frozen plasma transfusions do not correct mildly ab-
normal coagulation tests and are associated with worse clinical out-
comes in patients with bleeding that is not massive (Table 1)36. Alt-
hough in the absence of bleeding, plasma is prophylactically trans-
fused before surgical or invasive procedures in subjects at increased 

risk of bleeding37, its usefulness in terms of prophylaxis remains un-
certain since systematic reviews have shown no evidence in favor of 
its use in a variety of clinically important scenarios (including in crit-
ically ill patients)38; this has led to not having a posture as to whether 
or not to recommend its use in clinical practice, since there is no 
conclusive evidence37. 

On the other hand, the use of vitamin K to reverse the anticoagulant 
effect in cases of excessive anticoagulation would be enough to 
achieve an immediate partial correction33,5, without requiring the 
joint contribution of fresh frozen plasma, since it does not interfere 
with the correction speed of the INR39. The oral or intravenous 
route can be used, but the latter produces a faster initial response33. 
Anaphylactoid infusion reactions are extremely rare and can occur 
despite the recommended infusion time; on the other hand, docu-
mented thrombotic events are rare and bleeding complications are 
similar or only marginally reduced40. 

Administration of fresh frozen plasma is an intervention that re-
quires a variable time of action and has an oscillating reversal effi-
ciency. Given that its administration requires an infusion of large 
volumes, it is important to evaluate its use in subjects with significant 
risk for circulation overload, such as elderly patients with cardiovas-
cular disease (Table 1). In bleeding situations due to excessive anti-
coagulation, it is advisable to administer vitamin K to achieve a par-
tial correction33,40. Consequently, the use of fresh frozen plasma is 
contraindicated to manage a patient with excessive anticoagulation 
and who is not bleeding since the probability of complications is 
greater36, making the use of vitamin K preferable33,40. 

Physiologic triggers for transfusion 

Physiologic transfusion triggers are based on the measurement of 
clinical elements that globally assess the indications for transfusion 
of blood components, which could more effectively determine the 
optimal moment for transfusion to displace the current variables 
based on Hb levels41. These triggers include measurement of serum 
lactate, central venous oxygen saturation (SvO2 or ScvO2), abnor-
malities in the ST segment of the electrocardiogram (as a measure of 
regional tissue oxygenation), and simple hemodynamic variables 
such as heart rate and blood pressure (mean blood pressure or sys-
tolic blood pressure)41,42. However, the most widely used variable 
has been SvcO2, with a nadir of 70% as a physiological indicator of 
oxygen tissue deficit41, allowing the physician to evaluate the pa-
tient’s tolerance to anemia during blood loss since this variable in-
volves the relationship between the flow of oxygen and oxygen con-
sumption throughout the body41. 

Conclusions 

Transfusion medicine is an area in constant progress, which devel-
ops and distributes guidelines that state the optimal conditions for 
transfusing blood components. It is based on the balance between 
the benefits and possible adverse outcomes that need to be avoided, 
making it a costly and complex therapeutic intervention since there 
is not strong evidence to define the safety profile for its use. Today 
there is a controversy between two trends to address the practice of 
red blood cell transfusion: a liberal strategy and a restrictive strategy. 
The latter was proposed as a safer strategy in most cases, even re-
ducing the mortality of patients in specific subpopulations. How-
ever, in critical conditions such as ACS and cardiac or oncological 
surgery, the liberal strategy has shown fewer complications, even if 
used in the perioperative and in geriatric patients, which has led to 
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the conclusion that this strategy can produce better results after its 
administration. 

Despite this controversy, it has been observed that restrictive strat-
egies do not increase or reduce the risk of mortality at 30 days com-
pared to liberal strategies, which leads to an uncertain risk/benefit 
balance when transfusing at Hb values of 7.0 to 9.0 g/dl.  

In regard to coagulopathies, coagulation times do not reflect pa-
tients’ true ability to clot since these variables have low or no corre-
lation with hemostatic capacity, making their correction difficult. On 
the other hand, for the reversal of the effect of coumadin, the ad-
ministration of vitamin K should suffice for an immediate partial 
correction in situations of bleeding due to excessive anticoagulation, 
preferring the intravenous route due to its rapid initial effect. The 
use of fresh frozen plasma is an intervention that requires a variable 
time for action and has oscillating reversal effectiveness. As it is as-
sociated with a greater probability of complications, its use has been 
displaced.  

Finally, the use of physiologic triggers has been introduced to assess 
the optimal moment for transfusion in an attempt to displace the 
current arbitrary criteria based on Hb levels, of which the most 
widely used variable is SvcO2. 
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