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ABSTRACT

	 Perioperative Patient Blood Management (PBM) is an evidence-based, patient-centered approach increasingly recognized as the standard of 
care in pediatric surgery. Although blood transfusion save lives, it carries higher risks in children, including immunomodulation, organ dysfunction, 
prolonged hospitalization, and increased costs. Preoperative anemia, particularly common in low- and middle-income countries, is a predictor of 
perioperative transfusion and adverse outcomes. PBM is based on three pillars: optimizing red cell mass, minimizing perioperative blood loss, and 
improving tolerance to anemia. Strategies include early anemia detection, iron supplementation, restrictive transfusion thresholds, intraoperative 
blood conservation techniques, antifibrinolytic therapy, cell saver, normovolemic hemodilution, Surgical, anesthetic methods and goal-directed 
transfusion guided by viscoelastic testing and massive hemorrhage protocols. Massive perioperative hemorrhage remains a leading cause of mor-
bidity and preventable cardiac arrest in children, particularly in complex surgeries such as trauma, cardiac procedures, scoliosis, craniosynostosis, 
and liver transplantation. Effective management requires early recognition of high-risk patients, restrictive transfusion strategies, meticulous 
surgical hemostasis, and goal-directed interventions guided by viscoelastic testing and massive hemorrhage protocols. Novel approaches, such 
as artificial intelligence and machine learning, may further enhance inventory management and predict transfusion needs. Importantly, pediat-
ric transfusion practices must consider unique physiological requirements, avoiding simple extrapolation from adult thresholds. Postoperative 
management emphasizes minimizing iatrogenic blood loss, adhering to institutional guidelines, and applying multimodal, physiology-guided 
strategies. PBM improves safety, reduces unnecessary transfusions, conserves resources, and enhances outcomes in pediatric perioperative care. 
Implementation requires multidisciplinary collaboration and institutional commitment.

Keywords: Anemia, antifibrinolytic therapy, blood transfusion, massive hemorrhage, pediatric patients, patient blood management, restrictive 
transfusion, transfusion guidelines, viscoelastic testing.

RESUMEN

	 La Gestión de Sangre del Paciente Perioperatorio (PBM) es un enfoque basado en la evidencia y centrado en el paciente, cada vez más reco-
nocido como el estándar de atención en la cirugía pediátrica. Aunque las transfusiones de sangre salvan vidas, conllevan mayores riesgos en los 
niños, incluyendo la inmunomodulación, la disfunción orgánica, la hospitalización prolongada y el aumento de costos. La anemia preoperatoria, 
particularmente común en los países de ingresos bajos y medios, es un predictor de transfusión perioperatoria y resultados adversos. La PBM se 
basa en tres pilares: optimización de la masa de glóbulos rojos, minimización de la pérdida de sangre perioperatoria y mejora de la tolerancia 
a la anemia. Las estrategias incluyen la detección temprana de la anemia, la suplementación de hierro, los umbrales restrictivos de transfusión, 
las técnicas de conservación de sangre intraoperatoria, la terapia antifibrinolítica, el recuperador de sangre, la hemodilución normovolémica, 
Métodos quirúrgicos, anestésicos y transfusión dirigida por objetivos guiada por pruebas viscoelásticas y protocolos de hemorragia masiva. La 
hemorragia perioperatoria masiva sigue siendo una de las principales causas de morbilidad y paro cardíaco prevenible en niños, particularmente 
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en cirugías complejas como trauma, procedimientos cardíacos, escoliosis, craneosinostosis y trasplante de hígado. La gestión efectiva requiere el 
reconocimiento temprano de pacientes de alto riesgo, estrategias de transfusión restrictivas, hemostasia quirúrgica meticulosa e intervenciones 
dirigidas por objetivos guiadas por pruebas viscoelásticas y protocolos de hemorragia masiva. Enfoques novedosos, como la inteligencia artificial 
y el aprendizaje automático, pueden mejorar aún más la gestión de inventarios y predecir las necesidades de transfusión. Es importante que las 
prácticas de transfusión pediátrica consideren los requisitos fisiológicos únicos, evitando la simple extrapolación de los umbrales adultos. El ma-
nejo posoperatorio enfatiza la minimización de la pérdida sanguínea iatrogénica, la adherencia a las directrices institucionales y la aplicación de 
estrategias multimodales guiadas por la fisiología. La PBM mejora la seguridad, reduce las transfusiones innecesarias, conserva recursos y mejora 
los resultados en el cuidado perioperatorio pediátrico. La implementación requiere colaboración multidisciplinaria y compromiso institucional.

Palabras clave: Anemia, terapia antifibrinolítica, transfusión de sangre, hemorragia masiva, pacientes pediátricos, manejo de la sangre del pa-
ciente, transfusión restrictiva, pautas de transfusión, pruebas viscoelásticas.

Throughout the centuries and in all civilizations and cul-
tures there has been a mysterious and magical link be-
tween life and blood; Blood transfusion has undoubtedly 

saved millions of lives and has been one of the great contribu-
tions to modern medicine. However, some aspects surrounding 
its safety have changed this concept, which, instead of being a 
solution, is now part of a problem. Evidence is emerging that 
suggests that the risks of blood transfusion go beyond the more 
commonly known infectious and metabolic complications, es-
pecially in critically ill pediatric patients. Those non-infectious 
risks include allergic reactions, immunomodulation, and hemo-
lysis. Leukocytes and inflammatory mediators present in blood 
products have been implicated in blood transfusion-induced 
immunomodulatory response (TRIM). TRIM is associated with 
increased risk of nosocomial infection, multiple organ dysfunc-
tion, and death in critically ill patients. These risks have been 
associated with an increases in days in the intensive care unit, 
hospital length of stay, and morbidity and mortality.
	 In 2012, the American Medical Association and the Joint 
Commission National Summit on Overuse identified blood 
transfusion as one of the most important health care-related 
overuse issues facing the world. Blood is a precious resource, 
evident now more than ever, with global critical blood shortag-
es.
	 SHOT (Serius Hazards of Transfusion) is a national audit sys-
tem of transfusion practice in England; it reports that adverse 
effects are 3 times more frequent in children than in adults and 
more than 80% of cases It is due to the transfusion of incorrect 
blood components due to lack of medical knowledge about 
some special requirements in children such as the indications 
for leukoreduced, irradiated, washed or fresh components[1] 
(Table 1).
	 Furthermore, with an aging population, a significant reduc-
tion in blood bank stocks is anticipated, which will force medi-
cine to operate without allogeneic blood transfusions in many 
scenarios. Additionally, allogeneic blood transfusions represent 
high costs for healthcare systems when we account for their 
production, transport, storage, and hospital administration. 
This cost burden is borne not only by the public healthcare sys-
tem per unit of blood but also by private healthcare entities. 
The prolonged hospital stays and morbidities associated with 
allogeneic blood transfusions further increase these costs.
	 The risks of transfusion therapy, high costs, progressive de-
crease in donors in some countries and evidence of increased 
morbidity and mortality, have spured the adoption of a more 

judicious use of blood products with evidence-based transfu-
sions.
	 Multiple studies in adults have shown that in elective sur-
geries the need for a perioperative blood transfusion can be 
predicted in 98% of cases analyzing 3 parameters that include 
preoperative hemoglobin concentration, estimated blood loss 
and transfusion threshold[2]. In children the main risk factors 
for perioperative transfusion include:young age (neonates and 
infants have a lower blood volume, making them more suscep-
tible to transfusion even with minimal blood loss) preoperative 
anemia; comorbidities (especially patients with congenital car-
diac defects, pulmonary diseases), hemoglobinophaties, type or 
complexity of surgery (liver transplant, neurosurgery, cardiovas-
cular, spinal, orthopedic surgery, trauma), low body weight and 
higher ASA score.
	 Patient Blood Management (PBM) involves the timely and 
multidisciplinary application of evidence-based multimodal 
medical and surgical concepts and is founded on three key pil-
lars, which aim to optimize and improve red blood cell (RBC) 
mass by: treating and preventing preoperative and iatrogenic 
anemia (Pillar 1); minimizing surgical, procedural, and iatrogen-
ic blood loss while optimizing coagulation (Pillar 2); and max-
imizing patient-specific physiological tolerance of anemia and 
coagulopathy using restrictive transfusion thresholds (Pillar 3)
[3]-[8].
	 Unlike adults, pediatric patients have unique physiological 
characteristics and medical needs that necessitate specialized 
approaches to PBM.
	 Pediatric PBM optimizes a child’s own blood health, mini-
mizes unnecessary transfusions, and employs age/weight-spe-
cific conservation strategies. Neonates, infants, children, and 
adolescents each have distinct physiological responses to blood 
loss and transfusion, requiring individualized management 
based on total blood volume, hemodynamic stability, and de-
velopmental differences in coagulation and metabolism[9],[10].
	 The evolution of patient blood management (PBM) from a 
transfusion-centered approach (focused on the use of blood 
components) to a patient-centered approach (focused on sup-
porting the patient’s overall blood health) has provided major 
improvements in health care delivery, patient outcomes, patient 
satisfaction, preservation of resources, and cost savings has re-
cently been defined by an international expert PBM committee 
as a “patient-centered, systematic, evidence-based approach to 
improve patient outcomes by managing and preserving a pa-
tient’s own blood, while promoting patient safety and empow-
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Table 1. Patien blood management in children

Preoperative Intraoperative Postoperative

Preoperative History Fluid Management (avoid hemodilution) Restrictive Tranfusion

Detect - Investigate anemia (3-6 weeks before 
elective Surgery)

Careful Blood Pressure Consider Point of Care Testing

Consider postponing elective major Surgery to 
optimize Haemoglobin in high risk patients

Restrictive transfusión1 Avoid Hypothermia, Hemodilution, Acidosis3

Erithropoiesis stimulation to maximise red blood 
cells

Optimize Hemostatic Surgical Tecnique2 Minimize iatrogenic blood loss

Treat Iron deficiency Avoid Hypothermia, Acidosis, Hemodilution3 Limit rutin blood draws and volumes

Risk stratification of bleeding assesment tool Goal directed Transfusions protocols4 Consider Antifibrinolytics

Consider minimally invasive tecniques Use Point of Care Testing (TEG-ROTEM )5 Optimize Cardiac output, ventilation, and 
oxygenation

Optimize cardiovascular, respiratory, hematological, 
renal comorbidities

Consider Topical Hemostatics Agents6 Minimize Oxygen consuption

Optimize organ oxygenation and perfusión Consider Cell Saver
Consider Concentrate Factor7

Consider Antifibrinolytics8

Consider Patient Position9

Consider Tourniquet10

1Restrictive transfusión strategy: patients  haemodynamically stable  suggest haemoglobin >7.0 g /dL except neonates, cyanotic cardiac disease, 
pulmonary disease or actively bleeding (Hb > 8 g/dL).
2Optimising surgical technique, local vasoconstrictors, meticulous surgical technique, cautery, minimally invasive surgery, preoperative surgical 
planning with 3D models, and preoperative embolisation.
3Avoid Hypothermia;  for each decrease in temperature below 36oC, there is 10% decrease in coagulation factors.
4Goal-directed transfusion protocols such as massive haemorrhage management pathways. If active uncontrolled bleeding and hemodynamic 
instability consider fixed ratio transfusion( MTP) until patient is stabilized and then transition to goal directed strategy.
5Point-of-care testing includes viscoelastic testing such as thromboelastography (TEG) or rotational thromboelastometry (ROTEM).
6Topical coagulation products include gelatine sponges (Gelfoam), Surgicel, Avitene, topical thrombin preparations, fibrin glue/fibrin sealant 
(products that combine thrombin and fibrinogen such as Crosseal that contains fibrinogen, thrombin, and TXA, Floseal, Evicel) and topical 
antifibrinolytics.
7Recombinant coagulation products include fibrinogen concentrate and prothrombin complex concentrates.
8Antifibrinolitics: tranexamic acid bolus 10-30 mg/kg and  infusion  5-10 mg /kg/h.
9Patient position simple and effective intervention to reduce intraoperative bleeding:reverse Trendelenburg reduce blood loss in craneal surgery, 
endoscopic sinus surgery. Prone position: free abdomen; decrease of compression inferior vena cava in scoliosis surgery.
10Tourniquet: minimize intraoperative bleeding in extremity surgeries , improve surgical field visibility, reduces operative time , increase 
postoperative pain.

erment. In 2010, the World Health Organization (WHO) recom-
mended that all member states implement multidisciplinary and 
multimodal PBM strategies to improve outcomes for patients. 
More recently, in 2025, the WHO published a policy brief titled 
“The Urgent Need to Implement Patient Blood Management”; 
it noted that the PBM paradigm has not been universally em-
ployed.
	 The World Health Organization (WHO) has called for im-
plementation of PBM as a global standard of care. The WHO 
policy statement, ‘The Urgent Need to Implement PBM’, is an 
appeal to transform awareness into implementation. This call 
for action creates a sense of urgency for healthcare entities to 
implement PBM, ‘a systematic, multidisciplinary, multi-profes-
sional concept to routinely minimise risk factors, and, in so do-
ing, significantly and cost-effectively improve health and clinical 
outcomes for hundreds of millions of medical and surgical pa-
tients, pregnant women, neonates, children, adolescents, older 
patients, and the population as a whole’.
	 Patient blood management (PBM) is a personalized, ev-

idence-based, multidisciplinary strategy to optimize blood 
health, improve patient outcomes and reduce unnecessary ex-
posure to blood and blood products[11].

What do we know about the preoperative anemia in 
children?

	 Anaemia is an underappreciated and underestimated glob-
al public health issue affecting billions worldwide. Preoperative 
anaemia is preventable and manageable in the paediatric pa-
tient. For patients who are undergoing an elective procedure 
or surgery and have weeks before their scheduled surgery date, 
iron deficiency anaemia often can either be corrected or miti-
gated before the day of surgery. 
	 Anaemia among children in low- and middle-income coun-
tries  (LIMC) is a significant global health concern as highlighted 
by the World Health Organisation (WHO). Several factors such 
as malnutrition, infections, parasitic infections, haemoglob-
inopathies, and HIV or chronic illness contribute to this wide-
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spread issue. Haemoglobinopathies are of particular impor-
tance in LMICs, with 80% of children born each year with this 
condition. Various socio economic factors, including poverty, 
antenatal care, provision of iron supplementation in pregnancy, 
maternal diet in pregnancy, familial level of education, poor 
preventive measures for malaria, and rural location contrib-
ute to the high prevalence of anaemia in children in LMICs. 
The analysis of the South African Paediatric Surgical Outcomes 
Study in patients with aged between 6 months and < 16 years, 
who underwent elective and non elective noncardiac surgery 
and had a preoperative hemoglobin recorded found that In 
children in whom a preoperative Hb was recorded 46.2% had 
preoperative anemia. Preoperative anemia was independently 
associated with an increased risk of any postoperative compli-
cation and preoperative anemia an independent predictor of 
intraoperative blood transfusion[12].
	 The WHO estimates approximately 40% of children in the 
under 5 years age group are anaemic. This has inevitable conse-
quences on a child’s development and long-term blood health. 
In neonates, anemia is associated with poor feeding, neonatal 
infection, intensive care unit admission, neurocognitive alter-
ations, increased risk of attention deficit and hyperactivity dis-
order, increased risk of autism spectrum disorder, and perina-
tal mortality. In children and adolescents, iron deficiency with 
or without anemia is associated with impaired cognition and 
cognitive development. Hence,the prevalence of pediatric ane-
mia is highest in the most vulnerable populations and is under-
recognized and under-treated by pediatricians and the medical 
community.
	 Anemia in neonates and children is independently associat-
ed with a two fold increase in morbidity compared to matched 
cohorts undergoing non-cardiac surgery in the United States, 
independent of blood transfusions[13]. Furthermore, preopera-
tive anemia is an independent predictor of intraoperative blood 
transfusion and is associated with postoperative complications 
including increased mortality, length of stay in hospital and in-
tensive care units, surgical site infections,and diminished quality 
of life[13].
	 The Advancement of Patient Blood Management Pediat-
ric and Neonatal Medicine rec-ommends state  Don’t proceed 
with non-emergent major surgery until anemia is evaluated 
and treated. Since iron deficiency anemia is the most common 
etiology of preoperative anemia, expert consensus guidelines 
recommend screening for anemia at least 3–6 weeks before 
major elective surgery[14]. Expert consensus suggests postpon-
ing elective surgery to optimise preoperative haemoglobin (Hb) 
unless the surgery is classified as urgent.
	 Iron deficiency anaemia as a result of poor diet is the most 
common aetiology of preoperative anaemia.The US prevalence 
of iron deficiency anaemia in children 1-5 yr of age is estimated 
to be 1-2%, and as high as 15% depending on ethnicity and 
socio-economic status. First-line treatment for patients who 
have at least 4-6 weeks before surgery is oral iron replacement. 
If dose-appropriate replacement is adhered to with good com-
pliance, this approach is expected to increase the Hb concentra-
tion by at least 1 g /dl over 4-6 weeks. The typical dose of oral 
iron is 2-6 mg kg/day Gastrointestinal side-effects are seen in 
15-30% of children, along with a reported unpleasant metallic 
taste[8],[15],[16].
	 Erythropoietin is currently recommended to optimize red 

blood cell mass for those at risk for significant blood loss and 
where transfusion of allogeneic blood product is not an accept-
ed option within a bloodless programme. Recombinant human 
erythropoietin alpha (EPO) has demonstrated safety and effica-
cy in numerous studies to reduce the need for allogenic trans-
fusion[17].
	 Several studies have reported improved outcomes with pre-
operative EPO administration, however dosing was expectedly 
variable in terms of amount and frequency 300 to 600 U/kg 
(most use 600) on a weekly or biweekly basis, typically for 3 
weeks. Adjunctive ferrous sulfate supplementation (2-6 mg/
kg/d) should be inlcuded in a RBC optimization EPO protocol. 
There is ongoing research investigating the utilization of pre-
operative EPO with elemental iron supplementation in children 
undergoing craniosynostosis surgery.
	 Recombinant human erythropoietin (EPO) given subcutane-
ously weekly for 3–6 weeks prior to surgery in select patients 
with supplemental Iron, folic acid, B12 vitamin, and E vitamin 
can increase the preoperative Hct by 28–56% and decrease 
transfusion requirements[16],[18]-[24].

How can we decrease the intra-operative blood loss?

	 Intraoperative blood loss is an independent predictor of 
morbidity and mortality.
	 Bleeding caused by trauma or major surgery, which requires 
massive transfusion, is one of the main causes of preventable 
morbidity and mortality in pediatric patients. Hypovolemia sec-
ondary to blood loss has been reported as the number one 
cause of cardiovascualr mortality perioperatively and prevet-
able[25]. Critical bleeding management requires preparation, 
and a protocoled, goal directed therapeutic approach. The two 
main causes of perioperative bleeding inlcude surgical bleeding 
attributed to a failure to control bleeding from blood vessels at 
the surgical site, or because surgery is performed in highly vas-
cularized tissues that are not easily cauterized, such as occurs 
in scoliosis surgery or correction of craniosynostosis. Meticulous 
surgical hemostasisand proper patient selection with collobora-
tive preparation and management contribute to reduce the risk 
of bleeding.
	 Another consideration is non-surgical or hemostatic bleed-
ing that presents as generalized bleeding at venipuncture sites, 
through the nasogastric tube, through the surgical wound mar-
gins and the presence of hematuria. Its etiology may be due 
to: 1) A pre-existing coagulation disorder not diagnosed before 
surgery; 2) Coexistence of previous diseases that are associat-
ed with dysfunction of coagulation or platelet factors, such as 
chronic kidney disease, liver disease, malignant disease (Wilms 
tumor) and the use of medications; 3) Alteration of hemostasis 
related to the surgical procedure, as occurs in cardiac surgery 
under extracorporeal circulation or liver transplantation with all 
the changes in the hemostatic system in different phases of 
surgery; 4) Massive blood loss in major or trauma surgery[26].
	 It has been estimated that 60-90% of children undergoing 
major surgery (e.g., liver transplant, cardiac surgery, and cranial 
surgery) receive blood transfusion[27].
	 Early identification of patients at high risk of bleeding and 
adequate treatment of massive bleeding and its consequences 
are vital to reduce morbidity and mortality in pediatric patients. 
The management strategies forperioperative bleeding in chil-
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Table 2. The management of the perioperative bleeding in children

1. Identify patients at risk of bleeding (preventive)

2. Understand the physiological hemostatic changes in pediatric patients and the hemostatíc changes related to the surgical procedure

3. Preparation for the surgical procedure

4. Reduce allogeneic transfusions through Patient Blood Management

5. Correct replacement of blood losses: protocol in massive bleeding and restrictiva transfusión strategy

6. Prevent and early treat complications caused by massive transfusión

7. Pharmacological therapy

8. Consider the usefulness of the different coagulation tests and limitations

dren are included in Table 2[28].
	 Surgery itself alters coagulation by multiple mechanisms 
that include hyperadrenergic responses, hyperfibrinolysis, and 
consumptive coagulopathy. In most routine surgical procedures 
on infants and children, the orchestration of procoagulant, 
anticoagulant, fibrinolytic, and vascular endothelial respons-
es is sufficiently balanced to prevent pathological bleeding or 
thrombosis. However, when invasive procedures cause signifi-
cant vascular endothelial injury, exposure of blood to non-en-
dothelial surfaces, or altered hemodynamics, life-threatening 
bleeding and/or thrombosis can occur.
	 Representative clinical scenarios with increased rates of 
bleeding are cardiac surgery with cardiopulmonary bypass, liver 
transplant, cranial and scoliosis surgery, severe trauma, which 
triggers increased bleeding. It is essential to consider the differ-
ent hemostatic changes depending on the procedure to adopt 
different treatment strategies. A-depth knowledge of the pa-
tient’s risk factors, the hemostatic changes that occur depend-
ing on the type of surgery, and adequate knowledge of the 
surgical technique can help predict perioperative bleeding and 
determine the extent of prophylactic measures to avoid alloge-
neic transfusion, and allow preparation for correct replacement 
of blood losses[29],[30].

Preoperative preparation

	 Preparation for the surgical procedure include:
1.	 Evaluate the clinical history and patient’s clinical status in-

cluding timely preoperative  anemia screening and manage-
ment.

2.	 Consider the estimated blood volume according to age and 
weight, and the permissible blood losses.

3.	 Preoperative planning and colloborative between the anes-
thesia and surgical team to discuss the risk of blood loss and 
blood conservation techniques.

4.	 Communication with the blood bank  (for special requiri-
ments).

5.	 If the pateint is less than one year of less than 10 kg or if 
there is a risk of massive transfusion in any age, request 
packaged erythrocytes with less than a 1 week of collection 
or washed to reduce the potassium load. Hyperkalemia is 
one of the most feared complications in massive transfu-
sions, particularly in children[31].

5.	 Monitoring (invasive, arterial gases, coagulation) and ve-
nous access based on expected blood losses.

6.	 Avoid hypothermia,hemodilution, acidosis.

	 The coagulopathy of hypothermic patients includes dysreg-
ulation of coagulation enzyme processes, platelet function, 
activation of fibrinolysis, and endothelial injury.

	 All available active warming methods  should be applied  in 
all surgical procedures[32],[33].

Reduce allogeneic transfusions through patient blood 
management

	 Intraoperative blood conservation strategies using evi-
dence-based restrictive transfusion protocols guided by he-
modynamic stability and monitoring for impaired end-organ 
oxygen delivery is a critical component of pediatric PBM. Allo-
geneic blood transfusion, once considered an essential thera-
peutic measure for anaemia and blood loss, carries the risk of 
increased morbidity and mortality in a dose-dependent relation-
ship. Therefore, harnessing restrictive management strategies, 
including optimal blood use, limits blood transfusion by admin-
istering the right component, in the right dose, to the right pa-
tient, at the right time, for the right reason, and is an important 
measure of PBM succes. Intraoperative techniques to minimize 
blood loss may be broadly categorized into surgical methods or 
no pharmacological methods such acute normovolemic hemo-
dilution (ANH), cell salvage and pharmacological interventions 
(Table 3).

Anesthesia methods
	 Acute normovolemic hemodilution (ANH) has been de-
scribed for both adult and pediatric surgeries in which high 
blood loss is anticipated. ANH under anesthesia is the removal 
of whole blood from the patient before surgical incision while 
maintaining normovolemia by infusing crystalloids or colloids 
as needed. It reported in paediatric cardiac surgery , scoliosis,  
orthopedic and maxillofacial surgery, in which high blood loss is 
anticipated.The goal of this procedure is to reserve a safe supply 
of fresh autologous whole blood while maintaining adequate 
hemoglobin Hb concentration and hemodynamics. The whole 
blood may be reinfused over the course of the surgery to main-
tain stable hemodynamics with the remaining blood adminis-
tered near the end of surgery. Whole blood is collected using a 
syringe or blood bag containing anticoagulant in a 1 to 7 ratio 
of blood and Anticoagulant Citrate Dextrose Adenin Solution. 
Up to 20% of the patient’s circulating blood volume may be 
collected as tolerated. The volume drawn is also dependent on 
the patient’s starting hematocrit. Exact recommendations for 
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Table 3. Surgical methods

1. Meticulous surgical technique including staging of compfex surgery

2. Preoperative emboiization of highly vascularized lesions(lnterventional radiological embolization of the tumors vascular blood supply prior 
to resection has become a mainstay of the management of some tumors and has improved patient outcome

3. Minimally invasive surgical methods (laparoscopic and robotic surgeries)

4. Electrocoagufation devices such as argon

5. Miniaturizat¡on of CPB circuits In cardiac surgery have also been a successful strategy especially for newborns and small infants.

6. Reducing CVP in liver surgery has been an important strategy in mlnimizíng blood loss. A reduction in CVP of 30% of the initial valué is 
desirable in the hepatectomy phase during liver transplant or in resection of liver tumors

7. Patient position

8. Use of tourniquet

hemodilution targets and fluid replacement ratios should take 
into account the individual patient and surgical characteristics, 
and vary widely between patients and surgeries. For example, 
replacement volumes must account for the variability of periop-
erative intravascular depletion based on NPO times, projected 
insensible losses, metabolic requirements, and other unique pa-
tient characteristics;due to the volume of blood removed, ade-
quate venous access is required.Hypotension must be avoided 
and may limit collection volume. The anesthesiologist should 
calculate the allowable blood loss based on the starting Hb and 
the post ANH Hb target. Autologous blood must be collected 
in labeled, designated whole blood storage bags, and is stored 
at room temperature for 8 h and up to 24 h when stored  in a 
cooler between 2°C and 6°C. Storage of red cells at ~4°C de-
creases the metabolic rate of the cell and enables blood to be 
stored for longer periods. When returned to the patient, whole 
blood should be given via a 170-260 μm filter set while utilizing 
a blood infusion warmer.
	 This technique is useful in patients undergoing surgery in 
which substantial blood loss is anticipated and blood compo-
nent replacement will be needed. The use of ANH may avoid 
or decrease allogeneic blood component transfusions. The ad-
vantages of ANH include (1) reduction in blood viscosity which 
improves oxygen transport especially to the microcirculation; 
(2) blood lost during surgery will contain less RBCs per volume; 
(3) ability to transfuse whole blood, containing functional plate-
lets and coagulation factors, back to patient after bleeding has 
slowed down or subsided; (4) another advantages; low cost 
compared to other blood conservation techniques, easy and 
quick to do it, does not require laboratory testing, minimum 
risk of transfusion errors,not storage injuries.
	 Acute normovolemic hemodilution requires an adequate 
RBC mass to start, making it unsuitable for emergencies, pa-
tients with preexisting cardiac or pulmonary disease, hema-
tologic disorders such sickle cell anemia, infants with small 
blood volumes or those who are severely anemic or hypovo-
lemic[34]-[36]. ANH is more labor-intensive for the anesthesia 
team than traditional transfusion practice[37].
	 Autologous salvaged blood; is an important method of Red 
Blood Cell (RBC) conservation that should be used as a part of 
a multimodal paediatric PBM strategy. Expert consensus rec-
ommendations, observational reports, and prospective research 
suggest that utilising cell salvage decreases RBC transfusion in 
infants, children, and adolescents undergoing craniosynostosis, 

liver transplant, spinal, and cardiac surgical procedures. Chil-
dren with 10 kg who lose more than 10% of their total blood 
volume benefit from cell salvage.
	 Equipment specific for paediatrics such as smaller collection 
bowls and specific collection and washing strategies (high-qual-
ity wash) allows this technique to be used even in neonates. In 
addition, erythrocyte washing may reduce inflammatory bio-
markers and systemic inflammation. NATA guideline recom-
mends the use of cell salvage in pediatric cardiac surgery to 
reduce perioperative transfusion[38],[39].
	 Pharmacologic intervention include ; vasoconstrictors, top-
ical hemostatic agents including fibrin/thrombin gel, systemic 
hemostatic agents, antifibrinolytics,factor concentrates.
	 Antifibrinolytic drugs such as tranexamic acid (TXA) is a syn-
thetic lysine analog that competitively inhibit the activation of 
plasminogen to plasmin, thus preventing fibrinolysis. TXA may 
also have anti-inflammatory effects by reducing vasoactive pep-
tide release. At higher doses, TXA is a direct inhibitor of plasmin 
and conse-quently an indirect inhibitor of all pathways activat-
ed by plasmin (e.g., platelets, complement, inflammation).It is 
excreted in the urine largely unchanged, with filtration inversely 
proportional to plasma creatinine. Large doses of TXA have the 
potential to promote thrombosis and, due to its ability to pass 
the blood-brain barrier, can cause central nervous system hy-
perexcitability (seizures) by blocking the action of the inhibitory 
neurotransmitters gamma-aminobutyric acid and glycine[40].
	 Strong evidence suggests that administration of tranexam-
ic acid perioperatively can reduce blood loss and the need for 
transfusion in children. The tranexamic acid should be consid-
ered in all children undergoing surgery where there is a risk of 
substantial bleeding. This method could be a relatively safer, 
simpler, and cost-efficient approach for patient blood manage-
ment in comparison to transfusion and would be invaluable in 
LMICs where other facilities are not well established. tranexam-
ic acid have been shown to reduce blood transfusion in cardiac, 
orthopedic, scoliosis and cranial remodeling surgeries in chil-
dren[41]-[44].
	 Studies of pharmacokinetic modeling and simulation sug-
gest a TXA dosing regimen of between 10 and 30 mg/ kg load-
ing dose (maximum 2 g), followed by between 5 and 10 mg/
kg/h maintenance infusion rates to maintain TXA plasma con-
centrations between 20 and 70 ug/ml for pediatric surgeries 
and trauma patients[45].
	 |Absolute contraindications for antifibrinolytics include 
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known hypersensitivity, active thromboembolic disease and 
fibrinolytic conditions with consumption coagulopathy Rela-
tive contraindications include renal impairment (dose adjust), 
disorders of thrombosis, pre-existing coagulopathy or use of 
oral anticoagulants. TXA is not contraindicated in children with 
a seizure disorder given the growing evidence supporting the 
safety profile of therapeutic dosing regimens. TXA-associat-
ed seizures have been reported in high-risk pediatric cardiac 
surgery patients with high doses (eg, 100 mg/kg). The report-
ed TXA-associated seizure incidence for non-cardiac pediatric 
surgery is extremely low. In pediatric craniofacial surgery, the 
incidence of seizures with antifibrinolytics is comparable to the 
incidence reported in children not exposed to TXA[46].
	 Prophylactic administration of TXA is considered an essen-
tial component of an effective perioperative PBM strategy and 
expert consensus guidelines recommend TXA to be consid-
ered for all pediatric patients undergoing high blood loss sur-
gery[47]-[49].

Appropriate management of intraoperative blood loss

	 The objectives in the intraoperative bleeding to identify and 
control the source of bleeding, minimize blood loss, restore 
tissue perfusion, and achieve hemodynamic stability and pre-
vent coagulopathy. The goal in fluid management should in-
clude maintaining normovolemia, avoiding hypervolemia, and 
minimizing edema and hemodilution. Hemodilution can lead 
to dilutional anaemia and coagulopathy when RBCs and clot-
ting factors are not replaced in a balanced resuscitation strat-
egy; this causes a bleeding diathesis and should be avoided. 
Diagnosis and management of coagulation derangements to 
target appropriate allogeneic haemostatic product use (plas-
ma, platelets, cryoprecipitate) can be accomplished using in-
dividualised multimodal strategies. These include using algo-
rithm-based transfusion guidelines, point-of-care viscoelastic 
testing, goal-directed massive haemorrhage protocols (MHPs), 
and preferential treatment with pharmacological haemostatic 
agents or factor concentrates[50)].

Goal directed massive hemorrhage and massive
transfusion protocols

	 Blood; is an indispensable  resource, yet it is becoming in-
creasingly scarce. At the same time the transfusion of foreign 
blood is associated with risks for recipients if there is inade-
quate indication for its use. For this reason, a rational approach 
to the use of allogeneic blood transfusions is recommended 
in all areas of medicine and encouraged by the World Health 
Organization (WHO).
	 Implementation of standardized transfusion protocols is a 
simple, inexpensive, and effective strategy to safely minimize 
transfusion. Moreover, there is a body of scientific evidence 
demonstrating efficacy. Standardized transfusion thresholds 
have been shown to reduce red blood cell transfusion without 
an increased incidence of adverse events in adult patients and 
critically ill children and in pediatric postoperative patients.
	 The guideline from the “European Society of Anaesthesi-
ology and Intensive Care” (ESAIC) for “severe perioperative 
bleeding”  is opposed to transfusion if the child is hemodynam-
ically stable and the Hb concentration is at least 7 g/dL. The de-

cision to transfuse RBC concentrates should not only be based 
on laboratory results but should also depend on the child’s 
clinical condition and take risks and advantages of transfusion 
into account. Identification of “safe” hemoglobin thresholds 
for children is extremely important in practical anesthesia and 
perioperative medicine, it is also, and  especially, true for pedi-
atric patients that a transfusion decision should never be made 
solely on the basis of the Hb value. Oxygen supply and demand, 
lactate levels,  regional oxygen saturation as well as the he-
modynamic and respiratory status should, together with other  
parameters, be considered for the decision-making process[51].
	 In children with hemorrhagic shock, it is recommended to 
transfuse RBCs, plasma, and platelets empirically in ratios be-
tween 2 : 1 : 1 and 1 : 1 : 1. Pediatric patients with massive 
hemorrhage or active critical bleeding should be managed with 
a goal-directed massive hemorrhage protocol which may in-
clude a ratio driven, balanced resuscitation strategy, until the 
child is stabilized, and the bleeding is controlled. These recom-
mendations exclude patients with acute brain injury, oncolog-
ic disease, stem cell transplantation, sickle cell anemia, severe 
acute respiratory distress syndrome, mechanical support, or 
cardiac disease, who may require a higher Hb.
	 Administration of therapeutic plasma is indicated for active 
bleeding with coagulopathy , abnormal viscoelastic point-of-
care testing, perioperative or  peri-procedural 1.5-fold increase 
in activated partial thromboplastin time (aPTT), and is an es-
sential component of massive transfusion. Regardless of age 
and laboratory parameters, therapeutic plasma should not be 
administered as protection against bleeding; with the following 
exceptions: before major surgery and for severe  coagulation 
imbalance. Its prophylactic administration, for example, to cor-
rect laboratory abnormalities, is contraindicated. Therapeutic 
plasma should not be used for volume replacement[52].
	 The decision to transfuse platelets should be based on the 
platelet count and function with VET (viscoelastic testing) and  
the patient’s clinical status. Platelet transfusion volume should 
be calculated based on weight and desired increase in plate-
let increment. The decision to transfuse, fresh frozen plasma, 
platelets and cryoprecipitate should be based on the etiology of 
the coagulopathy, clinical of bleeding and point-of-care visco-
elastic testing[53].
	 Hypofibrinogenemia is an important risk factor for bleeding 
in clinical settings, including pediatric surgery. Fibrinogen refer-
ence ranges are 150-300 mg/dL in infants and newborns, some 
studies recommend keeping levels at least around 150-200mg/
dL for craniofacial surgeries. The decision to supplement fibrin-
ogen firstly relies on adequate measurement of fibrinogen and 
there are many pitfalls around the optimal fibrinogen measure-
ment in children. Cryoprecipitate and fibrinogen concentrate 
both effectively restore fibrinogen levels, but each product 
has its own set of advantages and constraints specific to use 
in children. In children, dosing for therapeutic cryoprecipitate 
indications should be calculated at least taking into account 
the child’s weight. Most pediatric transfusion guidelines dose 
cryoprecipitate based on the child’s weight as a single variable. 
Many advise doses of 5 to 10 mL/kg, with exceptions of 20 mL/
kg for the treatment of congenital fibrinogen deficiency with 
pathogen-reduced cryoprecipitate. Fibrinogen concentrate is 
dosed by most clinical guidelines in 50 to 70mg/Kg. There re-
mains considerable uncertainty in children of all ages around 
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optimal fibrinogen levels and the best fibrinogen replacement 
strategies[54].
	 Evidence for the use of PCC in pediatrics is weak. PCC con-
tains factors II, VII, IX, and X, the vitamin K dependent fac-
tors, and can be given to pediatric patients undergoing invasive 
surgery who are receiving vitamin K antagonists. There is no 
evidence of efficacy, safety, or dosing of PCCs in pediatric pa-
tients. The use of PCCs is reported in those receiving CPB for 
cardiac surgery[55],[56] (Table 4).

Management of massive hemorrhage

	 Massive blood loss is defined as follows:  
1.	 Loss of one blood volume in 24 h.
2.	 50% loss of one blood volume in 3 h.
3.	 Losses over 1.5 ml/kg/min for 20 minutes.
4.	 Blood transfusion of over 40 ml/kg of red cells in 3 h.
5.	 Blood transfusion at a rate of 10% of total blood volume 

every 10 minutes.

	 Major blood losses should be acknowledged early, and the 
shock and its consequences, such as coagulopathy, must be 
treated promptly. Massive transfusion is associated with coag-
ulopathy secondary to tissue trauma, hypoperfusion, dilution 
and coagulation factors, and platelets consumption. Dilution 
of coagulation factors and platelets is an important cause of 
coagulopathy in massively transfused patients. Hemodilution 
induces interstitial edema, disruption of microcirculation, and 
oxygenation, resulting in acidosis[57]-[59].
	 Hypothermia-induced coagulopathy is attributed to platelet 
dysfunction, reduced coagulation factors activity, and induc-
tion of fibrinolysis. Hypothermia induces platelet morphological 
changes and disrupts activation, adhesion, and aggregation. 
The enzyme cascade for coagulation factors is efficient if the 

temperature is above 35°C; there is a 10% decrease in the co-
agulation factors activity per every one degree of temperature 
decrease. The effect of hypothermia on in vivo coagulation is 
usually underestimated because the evaluations of the conven-
tional coagulation tests are done at 37°C. In massively trans-
fused patients, hypoperfusion and saline overdosing during 
resuscitation often induce acidosis. Acidosis alters coagulation 
through various pathways: platelets change their structure 
and shape and become spherical and deprived of their pseu-
dopods at a pH below 7.4. Factor VII bonding to tissue factor 
is decreased, and the coagulation factors’ activity diminishes, 
resulting in lower thrombin generation, the main cause of co-
agulopathic bleeding. Moreover, acidosis leads to increased 
fibrin degradation, further worsening the coagulopathy. Ane-
mia contributes to coagulopathy because the red blood cells in-
duce the marginalization of platelets by enabling their binding 
to the endothelium. Moreover, the red blood cells modulate 
the biochemical and functional responses within the activated 
platelets. They support the generation of thrombin through the 
exposure of membrane pro-coagulating phospholipids, stimu-
late the release of alpha granules, and the platelet production 
of cyclooxygenase.
	 Optimal massive bleeding management in major surgery in-
volving pediatric patients requires a comprehensive knowledge 
of their hemostatic system and of the disruptions in the coagu-
lation system during the specific surgical procedure. Early inter-
vention is a must to avoid any coagulopathy-triggering factors 
such as hypothermia, acidosis, and hemodilution.
	 Adequate blood loss replacement is essential to reduce 
morbidity and mortality in pediatric surgical patients in situ-
ations where massive bleeding is expected. Complications of 
massive hemorrhage not only relate to the immediate concerns 
of hypovolemia but also the sequelae of incorrect replacement 
with crystalloids, colloids, and blood components. These se-

Table 4. Perioperative management of perioperative bleeding in children

Activate Institutional Pediatric Massive Transfusión Protocol

Obtain optimal vascular access (big and short catheter)

Controlled resuscitation until hemorraghe control has been stablished (hypotensive resuscitation is not recommended in children)

Maintain Hemodynamic and Volume status with crystalloid, colloids, blood products and vasopressors. Employ restrictive transfusion strategy
Goal postoperative RBC transfusion should be HB 9.5 g/dL - avoid overtransfuision Avoid Ringer Lactate in Traumatic Brain Injury

Administer blood products and crystalloids per Kilogram Avoid fluid overload and haemodilution

If active uncontrolled bleeding and hemodynamic instability consider fixed ratio transfusion( MTP) until the patient is stabilized and then 
transition to goal directed strategy Consider RBC:PFC:Platelets = 2:1:1 or 1:1:1
Use un-crossmatched 0 negative RBC and AB+ plasma until Crossmatched blood is available Consider Intraoperative Blood Salvage (cell saver)
Avoid risk of hiperkalemia , request RBC less than 1 week of recolection
Watch for Hyperkalemia, if needed give calcium gluconate 60 mg/kg or calcium chloride 20 mg/kg IV

Prevention and treatment of Hypotermia, Hypocalcemia, Hyperkalemia

Blood products administration:
Use 140 micron filter for all products (except platelets)
Use a blood warmer for RBC and FFP transfusión (NOT for platelets) Consider Use of rapid transfusión pumps in massive bleeding Monitor 
arterial blood gases, electrolytes and temperature Coagulation Monitoring. (TEG-ROTEM)

Consider Antifibrinolytics: Tranexamic acid IV bolus 10-30 mg/kg then 5-10 mg/kg/h IV infusion

Mantain Hemoglobin between 7-9 g/dl : Every 5 ml/kg of RBC increases Hb 1 g/dl

Platelets more than 50.000 mm3, more than 100.000 3i in Traumatic Brain Injury or active bleeding

Fibrinogen more tan 150 mg/dl: 10 ml/kg cryoprecipitate increases fibrinogen by 30-50 mg/dl
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quelae include metabolic acidosis, dilutional coagulopathy, 
thrombocytopenia, hyperkalemia (from high potassium con-
tent of stored packed red blood cells), hypocalcemia (citrate 
toxicity), and hypothermia. Rapid administration of packed red 
blood cells with prolonged storage, particularly in the setting of 
hypovolemia, can result in hyperkalemic cardiac arrest.
	 The potassium concentration in a unit of packed red blood 
cells increases linearly with time. Blood irradiation drastical-
ly accelerates the transmembrane leakage of potassium from 
stored red blood cells. In an advisory statement, the Wake-up 
Safe group recommends using PRBCs less than 7 days from 
collection or packed red blood cells that have been washed and 
resuspended in saline to minimize the risk of hyperkalemia in 
scenarios where massive hemorrhage is anticipated[59]-[64].
Prevention and early treatment of complications from 
massive transfusion

	 Keep in mind the complications from blood transfusion, 
particularly the metabolic complications such as hypocalce-
mia, hyperkalemia, hypomagnesemia, metabolic acidosis and 
changes in the hemoglobin dissociation curve[65].

Coagulation monitoring

	 Goal-directed transfusion algorithms using point-of-care 
technology, such as viscoelastic testing (VET), are helpful to 
target specific hemostatic derangements and therefore guide 
transfusion of appropriate products in the appropriate quan-
tities. Point of care viscoelastic testing allows the anesthesia 
team to track hemostatic derangements in real time guiding 
the point of care, goal directed management of coagulation 
and management the need for transfusion of the “yellow” 
blood components (fresh frozen plasma, cryoprecipitate and/ 
recombinant products such as fibrinogen concentrate or pro-
thrombin). A VET-based transfusion algorithm should be con-
sidered for surgical procedures associated with a high risk of 
bleeding (e.g. liver transplant, neuro-craniofacial, spine, and 
cardiac surgeries) and in paediatric trauma.
	 Several guidelines favour use of viscoelastography (VET) and 
goal-directed viscoelastic haemostatic assay (VHA) testing us-
ing tailored transfusion algorithms for bleeding management in 
the perioperative period or in trauma. The 2022 ESAIC guide-
lines recommend utilising VHA-guided interventions to help 
guide transfusion in neonates and children undergoing cardi-
ac and noncardiac surgery. VET such as thromboelastography 
(TEG®5000, TEG6s, Haemonetics Corporation, Braintree, MA, 
USA), thromboelatometry (Delta and Sigma ROTEM®, TEM In-
novations GmbH, Munich, Germany), and Quantra Hemostasis 
Analyzer (Quantra®, HemoSonics, Durham, NC, USA) can anal-
yse the dynamic viscoelastic properties of clot formation and 
fibrinolysis[66],[67].

How can we increase individual tolerance to anemia?

	 Traditionally the only parameter for blood transfusion had 
been the Hb level, currently the decision to transfuse or not 
Transfusion should not be based on Hb values but on the he-
modynamic status, organ perfusion, oxygen extraction rate and 
clinical situation of the patient. We must always remember that 
the goal is to treat patients and not treat numbers. Restrictive 

transfusion criteria that prioritize individualized based on gesta-
tional age, postnatal physiological indicators over hemoglobin 
levels alone. RBC transfusion should be age, oxygen dependen-
cy, respiratory support hemodynamic status, and comorbidities. 
In hemodynamically stable patients with hemoglobin above 7.0 
g/dL, transfusion is generally discouraged, while a target of 7 
to 9 g/dL is recommended during active bleeding[68]. High-
er thresholds may be necessary for neonates, critically ill chil-
dren with high oxygen requirements, cyanotic congenital heart 
disease, and preexisting hemoglob-inopathy, with transfusion 
decisions incorporating markers of end-organ perfusion (e.g., 
lactate or base deficit)[69].
	 The first goal of RBC transfusion is to increase the trans-
port and delivery of oxygen to the tissues and this goal can be 
achieved with lower levels of Hb than those traditionally used 
without having an increase in morbidity and mortality.
	 Adherence to restrictive transfusion with a low transfusion 
threshold is one of the most cost-effective tools to reduce the 
number of unnecessary transfusions. Different studies have 
reported that this simple strategy has reduced the incidence 
of transfusions by 40%. Lacroix and colleagues published a 
landmark multicenter randomized control trial in pediatric in-
tensive care patients (TRIPICU) that compared a restrictive (Hb 
< 7.0 g/dL) versus a liberal (Hb < 9.5 g/dL) transfusion strategy 
in critically ill children with the primary outcome designated as 
new or progressive multiorgan failure. This trial demonstrated 
that the restrictive transfusion strategy was as safe as the liberal 
transfusion strategy but reduced RBC transfusions by half in the 
restrictive transfusion group[70]-[72].
	 It must be remembered that a restrictive transfusion thresh-
old be maintained throughout the perioperative journey. For 
a haemodynamically stable patient there is no evidence that 
transfusion is of benefit unless the haemoglobin is less than 7 
g/dl.
	 So when should we transfuse? In a stable child, without 
major comorbidity or ongoing blood loss, a threshold of 7 g/dl  
should be used. This restrictive transfusion practice has no asso-
ciation with an increase in adverse outcomes and is associated 
with reduced blood use.Decisions to transfuse should also an-
ticipate any further drop in haemoglobin, especially if frequent 
monitoring is not possible.
	 During active blood loss it is useful to calculate the point 
at which blood transfusion is required. This includes an appre-
ciation of how blood volume varies with age: a neonate has a 
circulating volume of 90 ml/kg, an infant 75-80 ml/kg and a 
child 70-75 ml/kg. This allows a calculation to be made of the 
volume at which a patient has lost a certain percentage of their 
circulating volume and to appreciate how small volumes that 
may mean a significant blood loss[5].
	 The Pediatric Critical Care Transfusion and Anemia eXper-
tise Initiative (TAXI) guidelines and the European Society of 
Anaesthesia and Intensive Care guidelines recommend against 
transfusion if the child is haemodynamically stable with an 
Hb concentration of at least 7 g/dl. Once transfusion is initi-
ated, recommendations are to avoid over-transfusion, with a 
post-transfusion Hb target of 9.5 g/dl in the haemodynamically 
stable child without active bleeding. High-risk groups, such as 
cyanotic children or neonates, might require higher threshold.
	 Physiological optimisation together with RBC mass optimi-
sation is the best strategy to guide the decision to transfuse 
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or to withhold transfusion in paediatric patients . Tolerance of 
anaemia is likely based more on tissue oxygen delivery, end or-
gan perfusion, oxygen extraction, and compensatory physiolo-
gy than a single Hb concentration. Emerging literature suggests 
that novel technologies, such as cerebral and somatic near in-
frared spectroscopy (NIRS), can better quantify and monitor ox-
ygen consumption and delivery, especially when taken together 
with patient haemodynamic and laboratory markers indicative 
of sufficient perfusion (e.g. lactate, base deficit, ph).
	 A restrictive transfusion strategy also applies to manage-
ment of coagulopathic haemostatic abnormalities. Platelet and 
plasma transfusions are commonly administered in paediatric 
clinical care settings, when clinically significant bleeding is pres-
ent or expected, or to prevent bleeding complication.

Postoperative blood management

	 Post operative blood conservation measures include using 
small-volume phlebotomy tubes, point-of-care devices, closed 
sampling systems, and eliminating ‘‘standing daily” laboratory 
orders. Next to minimizing loss, adapting restrictive thresholds 
would be very effective in minimizing transfusion without in-
creasing adverse events. Reduced sampling has shown to be 
more cost-efficient and no significant difference was shown in 
adverse outcomes (eg, extubation failure, hospital mortality, 
and central-catheter-associated infection). Reduced postoper-
ative blood sampling is particularly relevant to patients under-
going minor procedures in Low and Middle income countries  
where laboratory resources could be directed as per clinical 
need. Other supportive postoperative measures of patient 
blood management include wound site observations, use of 
pressure dressings, and reduced dressing changes, where clini-
cally appropriate.

Development of facility-specific transfusion practice 
guidelines

	 The first step in implementing a blood utilization review pro-
gram is to establish a set of institution specific, evidence-based 
transfusion practice guidelines for each blood component, in-
cluding component modifications such as irradiation where ap-
propriate. Additionally, separate guidelines may be developed 
for specific patient populations such as neonates and pediat-
rics, patients requiring massive transfusion, cardiothoracic sur-
gery patients,liver transplant surgery or patients with sickle cell 
disease.
	 Implementation of clinical guidelines to promote education 
among the physicians is an essential, but insufficient, measure 
to guarantee its correct use. The requests audit is an import-
ant tool to assess the implementation of these protocols. A 
post-transfusion, retrospective audit can provide information 
for further education of the clinical staff, but does not prevent 
the occurrence of inadequate transfusion. A pre-transfusion, 
concurrent audit is effective in preventing the unwanted blood 
transfusion, but is a laborious and time-consuming task.The 
development of Clinical Decision Support (CDS) systems, in 
which the clinical guidelines are associated with the electronic 
prescription software may help in alerting the prescribing phy-
sician, based on the available laboratory results, radiology tests 
and clinical information, to verify if the requested transfusion is 

compliant with the best practices or should be reviewed. This 
approach avoids unnecessary use of blood components, pro-
moting a decrease of up to 20% in the volume of red blood 
cells (RBCs) transfused.
	 In addition to the possible financial impact, the program 
could promote more availability of blood, where and when it 
is needed. The promoting of blood availability is of great im-
portance because an aging population and decreasing number 
of blood donor candidates generate a dangerous imbalance 
between the transfusion needs and blood inventory. Starting 
a PBM program can be a daunting task that requires sup-
port from hospital administration, information technology (IT) 
teams, medical and nursing staff, and the transfusion service.

Novel techniques in PBM

	 Artificial intelligence (AI) and Machine Learning (ML) use 
sophisticated algorithms to ‘learn’ and ‘self-correct’ by assim-
ilating and distilling large amounts of data, which can then be 
used to assist or optimize transfusion practices. The applica-
tions of novel techniques like AI/ML are still limited but increas-
ingly being explored for data-driven inventory management 
decisions for blood products including demand forecasting and 
inventory optimization. From the PBM side, the main applica-
tion can be for more effective and efficient care delivery by 
predicting disease trajectory and the need for an intervention 
like RBC transfusion in massively bleeding or trauma patients or 
sick patients in the Intensive Care Units[73].

Conclusions

	 Historically, allogeneic blood transfusion has become one 
of the most common medical practices worldwide, largely due 
to its development and widespread use during the World Wars. 
Unfortunately, it has been prescribed without the proper scru-
tiny by physicians, supposedly triggered by the low prevalence 
and severity of transfusion reactions, especially those of greater 
severity, suggesting it is a safe therapeutic resource. However, 
the advancement of molecular scientific methods has identi-
fied increasingly deleterious effects of blood transfusions on 
the recipients, leading to increased morbidity and mortality. 
The immunomodulation related to allogeneic blood transfu-
sion (transfusion-related immunomodulation) brings significant 
consequences; these mechanisms have been associated with 
the diminished function of natural killer cells and antigen-pre-
senting cells, a reduction in cell-mediated immunity, and an in-
crease in regulatory T cells. Through these immunomodulatory 
and inflammatory effects, allogeneic blood transfusions have 
been associated with a higher risk of infection, prolonged hos-
pital stays, and increased morbidity and mortality, regardless 
of the presence of confounding factors, such as demographic 
characteristics, healthcare team, hospital infrastructure, and 
patient conditions.
	 Blood transfusion in pediatrics is not about the transfusion 
of smaller volumes to smaller humans because children are not 
simply smaller adults due to the physiologically higher average 
haemoglobin concentrations and oxygen requirements com-
pared to adults.
	 A comprehensive understanding of pathophysiology of 
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hematologic derangements and a multimodal patient blood 
management strategy is crucial in quickly and safely manag-
ing anemia and coagulopathy associated with massive intra-
operative blood loss during pediatric major surgery. The goals 
should be to maintain hemodynamic stability, oxygen carrying 
capacity and perfusion to vital organs. Overtransfusion and 
transfusion-related side-effects should be minimized. Future 
efforts should focus on furthering the education of pediatric 
anesthesiologists, surgeons and intensivists regarding pediat-
ric patient blood management techniques with particular focus 
on goal-directed targeted diagnosis using point-of-care testing 
and targeted therapy.
	 Adherence to transfusion guidelines should be an institu-
tional priority at every hospital. Widespread compliance with 
guidelines will result in increased safety as well as cost savings 
for patients, payers, and medical centers, as well as preservation 
of the blood supply for patients who truly need transfusions
	 Every hospital must develop a multidisciplinary protocol to 
treat  pediatric massive bleeding in accordance with the resourc-
es available at the institution and the needs of the community. 
Specialist who takes care of children with severe bleeding must 
anticipate coagulopathy and focus on achieving hemostasis as 
soon as possible; early intervention is in order for the multiple 
aspects of hemorrhagic shock such as hypothermia, acidosis, 
and hemodilution.
	 It is well known that implementation of practice improve-
ments requires drivers to actively engage stakeholders, change 
behavior and culture, make infrastructure alterations to the de-
livery of health care services, and support patient-specific plans 
of care. These roles are essential and can be attributed to the 
“human component” of implementation of Patient Blood Ma-
nament. Current scientific evidence supports the effectiveness 
of PBM by reducing the need for blood transfusions, decreasing 
associated complications and mortality, and promoting more 
efficient and safer PBM. Thus, PBM not only improves clinical 
outcomes for patients but also contributes to the economic 
sustainability of healthcare systems. The implementation of 
this program may lead to optimized medical practices, yielding 
benefits for both patients and healthcare systems. Therefore, 
based on current evidence, the implementation and dissemi-
nation of PBM in hospitals and healthcare centers is strongly 
recommended[74],[75].
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