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INTRODUCTION

A newborn infant or neonate, is defined as a child under 28 days of

age.1 There occurs in neonate a dramatic and rapid change in physiology in

almost all organs systems. Most of this can be attributed to fast growth of the

newborn infant and changes in the haematological domain. It can be manifest

as erythropoietin and/or iron deficiency inherent to neonates, due to low

erythropoiesis and the shorter life span of fetal haemoglobin,2 low levels of

Vitamin K dependent clotting factors and contact factor.3 So, it bears

mentioning that for the foundation of a healthy childhood and adulthood

further down, special care is needed during this precarious period right from

birth, to first few days of life and during the remaining neonatal period.4

Blood component therapy is a very common intervention practised in

newborns,4 when neonates are affected by illnesses related to destruction of

blood or blood loss.5 The different blood components used in modern day

therapeutics include whole blood and a variety of other products like Packed

Red Blood Cells, Platelet Concentrates, Plasma and cryoprecipitate.6 The

transfused blood and/or its components replaces the volume and the specific

constituents of blood, which play specific roles in oxygen carriage, immunity

and clotting all of vital importance in a neonate with immature reserves.

Therefore, blood transfusion is required to maintain life, by increasing cardiac

output and oxygen delivery to tissues, ensure adequate haemostasis by
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increasing platelet count, increasing clotting factors and preventing

irreparable organ damage by removing toxins like bilirubin from the body.5

The indications for transfusion in neonates may occur due to

physiological or pathological causes.5 Physiologically, healthy full-term

neonates have a mean cord blood haemoglobin level of 16.9 ± 1.6 g/dL and

that of preterm neonates is 15.9 ± 2.4 g/dL. The haemoglobin concentration

usually falls off during the first few weeks of life, leading to physiological

anaemia of infancy in newborns and physiological anaemia of prematurity in

preterm infants.7 Both these conditions are usually self-limiting and are

tolerated without deleterious effects.3 Many aspects of haematopoiesis are

either incompletely developed in preterm infants or are adapted to serve the

foetus. Preterm infants of very low birth weight have very little iron stores

and a small circulating volume of RBCs when they exit the uterine stage, as

can be expected with low reserves and small circulatory volumes, the effects

of loss of even small blood volumes can be profoundly lethal for the

neonates.8

Platelet production in the intrauterine life starts at around 5 weeks after

conception and by the end of the second trimester has established the normal

postnatal range of 150–450 ×109/L. Reference ranges derived from a large

population of babies having blood counts in hospital show a lower (5th

centile) limit of 105× 109/L for those born  32 weeks of gestation and 125

×109/L for those >32 weeks of gestation. Postnatal infants born at 28 weeks or
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earlier usually present with a lower platelet count than those infants who are

more mature at birth, which is probably due to their postnatal clinical course

as well as reduced marrow reserve.9

Physiologically, low levels of vitamin K dependent factors (Factors II,

VII, IX, and X) and contact factors (Factor XI, Factor XII, prekallikrein, and

high-molecular-weight kininogen) contribute to altered coagulation test

results. Also, the levels of naturally occurring vitamin K dependent

anticoagulants (proteins C and S) and the non-vitamin K dependent

antithrombin protein are depressed at birth. Despite these deviations from

adult levels of coagulation proteins, the procoagulant and anticoagulant

systems are usually in balance in healthy newborns. So spontaneous bleeding

and thrombosis are rare. However, the reserve capacity of both procoagulant

and anticoagulant systems of neonates are limited as compared to that in an

adult.3 So, very low birth weight premature neonates are amongst the most

common of all patient groups to receive extensive transfusions.10

The leading causes of neonatal morbidity and mortality include

respiratory distress, sepsis, low birth weight, prematurity, birth asphyxia,

congenital malformation, jaundice and others.11 The most common

indications for blood transfusions were sepsis and prematurity.2 RBCs are

indicated in sepsis because sepsis leads to the oxidative haemolysis and thus

necessitates where transfused RBCs are necessary to maintain circulatory

homeostasis.2 Most of the extremely preterm neonates (< 28 weeks gestation)
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receive at least one red cell transfusion as they frequently become anaemic,

partly caused by cumulative phlebotomy losses sometimes with sample

volumes larger than can be tolerated. Use of cord blood for initial blood tests

for Very Low Birth Weight (VLBW) neonates has been advocated to reduce

the need for transfusion, but results should be interpreted with caution if there

are sampling difficulties. Neonatal transfusions are usually given as small-

volume “top-up” transfusions, to maintain the haemoglobin above a critical

threshold or when necessitated because of presence of surrogate markers of

anaemia such as poor growth, lethargy or increased episodes of apnoea.12

Exchange transfusion is required to rapidly remove the excess bilirubin from

the blood to prevent irreversible and often debilitating brain damage (bilirubin

encephalopathy).5

Older RBCs are associated with change in cell shape and membrane,

an increase in adhesiveness, a decline in flexibility, reductions in capillary

flow,13 increase in extracellular potassium and reduction in 2,3-DPG levels.3

To circumvent the problems posed by such biologically fragile cells, fresh

RBCs are being used in neonatal set up. Recent studies have shown that age

of red cells used for neonatal small volume top up transfusion does not affect

the clinical outcome of the neonate. But for large volume transfusions such as

exchange transfusion, fresh (<5 days old) RBCs are recommended.3,14

The transfusion of platelets is indicated for the prophylaxis and

treatment of haemorrhage in patients with thrombocytopenia or with primary
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or secondary functional disorders of platelets. The main indication for the

transfusion of plasma is to correct deficiencies of clotting factors, for which a

specific concentrate is not available, in patients with active bleeding.15

Blood transfusions are frequently life-saving. However, transfusions

are not without risks, and they should be given only when true benefits

outweigh potential risks. Therefore, as with any therapy used in neonates, it is

essential that one considers the risk- benefit ratio and strive to develop

treatment strategies that will result in the best therapeutic outcomes for ill

neonates.16 Since neonatal physiology varies with the maturity, age, weight

and the presence of morbidities, it is difficult to formulate one parameter to

guide all transfusion decisions.4

Hence to solve the problems encountered in neonatal transfusion and to

address any sequelae of the same, analysis of blood usage pattern among

neonates in Neonatal Intensive Care Unit (NICU) is essential. This will also

help to optimize blood component utilization in situations where prohibitive

costs and general unavailability of blood components can be crippling to

effective neonatal care. Lending more urgency is the fact is that there are not

many studies about transfusion practices among neonates in Neonatal

Intensive Care Units in India. The present study would help make blood

transfusion practices more rooted in peer reviewed evidences and also predict

future blood demand and help maintain blood bank inventory.
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AIM AND OBJECTIVES

AIM

A prospective study to evaluate the blood utilization practices in

neonates admitted in Neonatal Intensive Care Unit (NICU) at Institute of

Child Health & Hospital for Children, Chennai, Tamilnadu.

OBJECTIVES

- To evaluate the appropriateness of transfusion practices among

neonates.

- To assess the relationship between gestational age, birth weight and

APGAR score (5 min) with transfusion requirement of blood

components.

- To evaluate the relationship between age of red blood cells and length

of stay (LOS).
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REVIEW OF LITERATURE

A newborn infant or neonate, is defined as a child under 28 days of

age.1 Depending on the gestational age of mother, the newborn can be

classified into term baby and preterm baby. A preterm baby is defined as a

baby born alive before 37 weeks of pregnancy is completed. Preterm babies

are sub classified into various categories, based on gestational age namely

extremely preterm (<28 weeks), very preterm (28 to <32 weeks) and

moderate to late preterm (32 to <37 weeks).17 Term birth or baby is defined as

a baby born after 37 weeks of pregnancy.18 According to the birth weight of

the neonate, they are classified into normal birth weight ( 2500 gm), Low

Birth weight neonates (2499 – 1500 gm), Very Low Birth weight (1499 –

1000 gm) and Extremely Low Birth weight (<1000 gm) neonates.19 APGAR

score was used to assess the neonatal status immediately after birth and

further management. The Apgar score comprises five components namely

colour, heart rate, reflexes, muscle tone and respiration, each of which is

given a score of 0, 1, or 2. 5-minute Apgar score of 7–10 is considered as

reassuring, a score of 4–6 as moderately abnormal, and a score of 0–3 as low

in the neonates.20

BLOOD TRANSFUSION IN NEONATES

A very rapid change of physiology is experienced by a newborn at

birth and during the first few days of life.4 Hillman et al in their study stated
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that the change from fetal to extrauterine life is the sum of several fast organ

adaptations that often has redundant intermediaries. The primary

intermediaries that prepare the foetus for birth and support the multi-organ

transitions are cortisol and catecholamines. Pulmonary adaptation requires the

coordinated clearance of fetal lung fluid, surfactant secretion, and the

beginning of consistent breathing. The transition in cardiovascular system

requires gross changes in blood flow, pressures and pulmonary vasodilatation.

Abnormalities in adaptation are not rare following preterm birth or delivery

by caesarean section at term.21 This is the time when many infants may fall ill

and may even die.4,22 Hence care at birth and during the remaining neonatal

period is of paramount importance and can lay a good foundation for a

healthy life later on.4

Blood constitutes an integral part of the therapeutic arsenal of the

neonates.4 It has been reported that 20% of patients will, at some time during

their NICU stay, receive one or more transfusions.23 Transfusion needs are

closely connected to the changes in various organ systems when a foetus

transforms into a neonate, neonate to infant, and throughout childhood. Hence

it is of vital significance to have a thorough understanding of blood

components and their indications.21

Blood transfusion is the process of infusion of blood and blood

products into an individual’s circulatory system. Blood transfusion is used in

a variety of medical conditions to replace the lost components of blood.
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Component therapy whereby components of the blood such as red cell

concentrate, fresh frozen plasma, cryoprecipitate, and platelet concentrate are

infused as indicated, has overtaken the old practice of whole blood infusion.

The blood transfusion need in the neonate is huge because of reduced marrow

activity in the neonatal period.6,24 Other indications include correction of

anaemia, exchange blood transfusion or partial exchange transfusions for

removal of bilirubin, removal of antibodies and replacement of red cells,

replacement of losses due to blood loss during blood samples collection for

various tests. Blood products such as platelets concentrates and fresh frozen

plasma can also be transfused in septicaemic neonates with DIC and neonates

with bleeding diathesis.24 Newborn especially very low birth weight preterm

neonates are a group most susceptible for frequent transfusions with special

requirements.4,10 The following four are the major indications for neonatal

transfusion: anaemia of prematurity, neonatal sepsis, disseminated

intravascular coagulation and neonatal jaundice.24

The best transfusion practice in neonates provide good therapeutic

outcomes, especially in reducing transfusion transmitted infections due to

exposure to multiple donors.25 As can be assumed the specifications and

guidelines for blood component therapy used in adults cannot be completely

applied to neonates, the small size of neonates and the presence of unique

physiological and immunological factors make transfusion needs in neonates

uniquely different from that of adult patients.3
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The realm of neonatal transfusion guidelines is a fast evolving one

subject to new data and recent developments. Neonatal transfusion has two

major criteria for transfusion namely the optimum product to use, and suitable

transfusion triggers to ensure the judicious use of blood.4 It is a continuing

endeavour to define and refine the most clinically appropriate protocols for

blood product use in neonates, within the limitations of the present

evidence.26 Furthermore, it is also necessary to consider alternatives to

transfusion and ways to reduce the need for transfusion.27

NEONATAL PHYSIOLOGY PERTAINING TO BLOOD

TRANSFUSION

1. PHYSIOLOGY PERTAINING TO PREMATURE NEONATES

In preterm neonate, because of the lack of complete development of

haematopoiesis and adaptation to extra uterine life there is a decreased

capacity to produce red blood cells (RBCs), platelets, and neutrophils — this

is of increased relevance during a life-threatening illness such as sepsis,

severe pulmonary dysfunction, necrotizing enterocolitis, and immune

cytopenia. In the same way, liver function is immature resulting in low levels

of both plasma clotting and anticoagulant factors. Thus, preterm infants begin

life with low levels of RBC and other vital factors in blood. Furthermore,

their ability to increase production of RBCs and other clotting factors in
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severely impaired due to immature or ill developed organs systems. These

conditions lead to the need for blood component transfusions.8

2. PHYSIOLOGICAL ANEMIA AND ANEMIA OF PREMATURITY

Healthy full-term neonates have a mean cord blood haemoglobin level

of 16.9 ± 1.6 g/dL and that of preterm neonates is 15.9 ± 2.4 g/dL. The

haemoglobin concentration usually falls off during the first few weeks of life,

leading to physiological anaemia of infancy in newborns and physiological

anaemia of prematurity in preterm infants. Both these conditions are usually

self-limiting and are tolerated without deleterious effects. The rate of decline

in haemoglobin depends on the gestational age at birth. At 4 to 8 weeks after

birth, haemoglobin decreases to as low as 8.0 g/dL in preterm infants

weighing 1000 to 1500 g and 7.0 g/dL in neonates weighing less than 1000 g

at birth.3,8,28,29 Many factors contribute to this fall in haemoglobin

concentration: 1) a decrease in erythropoietin (EPO) levels resulting in

diminished red cell production, 2) a decrease in life span of fetal red cells,30

and 3) an increasing blood volume due to rapid growth. Reduced EPO

production results from increased oxygen delivery to tissues because of

increased pulmonary blood flow, elevated arterial pO2 levels, and increased

red cell 2,3-diphosphoglycerate (2,3 DPG) and haemoglobin A levels.3,8

When neonates are delivered before 28weeks of gestation (birthweight

<1.0kg), most of iron transport has not occurred from mother to foetus via the



12

placenta and marked erythropoietic activity of fetal marrow during the third

trimester is yet to commence. Because of this, preterm infants of very low

birth weight have very little iron stores and a small circulating volume of

RBCs when they exit the uterine stage.8

Bowen et al31 study and Freitas et al32 study, there is an increase in red

blood cell transfusion in neonates <32 weeks gestation. Strauss33 in an

international forum stated that transfusions were greatly influenced by birth

weight. 88% of ELBW neonates are transfused with blood.

3. INFANT SIZE AND BLOOD VOLUME

A full-term newborn has a blood volume of approximately 85 mL/kg

compared to 100 mL/kg in a preterm newborn.3,34 Due to the small total blood

volumes of preterm infants (100 mL or less), the size of blood components

provided by blood banks should be appropriate.3,8 Many factors, including

iatrogenic blood loss from repeated venepunctures, lead to frequent

transfusions.8,28,35 Hypovolemia is poorly tolerated in newborns because their

left ventricular stroke volume decreases without a corresponding increase in

heart rate when >10% of their blood volume is lost. Thus, newborns must

physiologically increase their peripheral vascular resistance with decreasing

cardiac output to maintain systemic blood pressure. This leads to impaired

tissue perfusion and oxygenation, which may end in metabolic acidosis.3
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Although transfusion may be required, the goal of transfusion is not to

replace the amount of blood lost mL for mL; rather, transfusions can be done

to maintain a target haemoglobin level in neonates.3,8,29 When ill preterm and

full-term neonates receive multiple transfusions, their levels of fetal

haemoglobin decreases proportionately and that of adult haemoglobin

increases.3

4. ERYTHROPOIETIC RESPONSE

The EPO response in newborns differs from that in adults and older

children. In non-neonates, oxygen sensors in the kidney recognize decreases

in oxygen delivery, resulting in the release of EPO into the circulation. But in

the foetus, this sensor is in the liver and is less sensitive to hypoxia, resulting

in reduced EPO production and secretion in the face of hypoxia (hypo

responsiveness). This obtunded response actually prevents polycythaemia of

the foetus in the hypoxic intrauterine environment.

Although EPO production eventually shifts from the liver to the

kidney, most premature infants produce EPO only sparingly for any degree of

anaemia.3,8,29

5. HYPOTHERMIA

Hypothermia in the neonate can activate or amplify several responses,

which includes 1) an increase in metabolic rate; 2) hypoglycaemia; 3)
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metabolic acidosis; and 4) potential apnoeic events that may lead to hypoxia,

hypotension, and cardiac arrest. In-line blood warmers are needed for all Red

Blood Cell (RBC) exchange transfusions to counteract the effects of

hypothermia. Because of the risk of haemolysis radiant heaters for blood

should not be used.3

6. METABOLIC PROBLEMS

In infants younger than 4 months, transfusions of large volumes of

reconstituted whole blood or plasma may result in acidosis and/or

hypocalcaemia because their immature liver cannot effectively metabolize

citrate. The immature kidneys also contribute to these complications because

they have lower glomerular filtration rates and concentrating ability than older

infants, thus causing difficulties in excreting excess potassium, acid, and/or

calcium.3,27

7. PHYSIOLOGY OF PLATELETS IN NEONATES

Platelet production in the intrauterine life starts at around 5 weeks after

conception and by the end of the second trimester has established the normal

postnatal range of 150–450 ×109/l.8,9,29,36-39  Reference ranges derived from a

large population of babies having blood counts in hospital show a lower (5th

centile) limit of 105×109/l for those born  32 weeks of gestation and

125×109/l for those >32 weeks of gestation. Postnatal infants born at 28

weeks or earlier usually present with a lower platelet count than those infants
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who are more mature at birth, which is probably due to their postnatal clinical

course as well as reduced marrow reserve. The same study also revealed that

all except the most immature infants have a postnatal increase in platelet

count between 2 and 4 weeks after birth, with counts at the end of the 1st

postnatal month frequently above 450×109/l.38-40 Normally the neonatal

platelets respond sluggishly in vitro to most agonists as opposed to adult

platelets. Numerous studies have shown that full-term neonates have adequate

primary haemostasis, despite their in vitro platelet hyporeactivity. This

seemingly paradoxical finding is because there are compensatory factors in

neonatal blood that enhance clot formation and perfectly balance the

hyporeactivity of neonatal platelets, leading to normal BTs and clotting times.

These compensatory factors include the high haematocrit of neonatal blood,

the high MCV (mean corpuscular volume) of neonatal RBCs, and the

predominance of ultra-long polymers of von Willebrand factor in neonatal

plasma.40 Thrombocytopenia occurs in neonates either due to accelerated

platelet destruction or diminished platelet production or a combination of

these.3,8,29

Bowen et al31 study, platelet requirement is high in neonates 32

weeks of gestation. But in Ramanathan et al41 study, there was no significant

relationship between gestational age and neonatal thrombocytopenia &

platelet transfusion. In Ramanathan et al41 study, VLBW neonates received

more platelet transfusions.
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8. DEVELOPMENTAL HEMOSTASIS

The dynamic and evolving process of the haemostatic system that occurs

during infancy and childhood was first described by Andrew and was termed

“developmental hemostasis”.42,43 Neonates must synthesize their own

coagulation factors because amounts required for proper coagulation response

are not transferred from the mother via placenta. In the immediate post-natal

period too, infants are unable to produce normal levels of these proteins

physiologically, and so low levels of vitamin K dependent factors (Factors II,

VII, IX, and X) and contact factors (Factor XI, Factor XII, prekallikrein, and

high-molecular-weight kininogen) contribute to altered coagulation test

results. Also, the naturally occurring vitamin K dependent anticoagulants

(proteins C and S) and the non-vitamin K dependent antithrombin protein are

at reduced levels at birth. Despite these variations from adult levels of

coagulation proteins, the procoagulant and anticoagulant systems are usually

in balance in healthy newborns, so spontaneous bleeding and thrombosis are

rare. However, the reserve capacity of both procoagulant and anticoagulant

systems are limited as compared to that in an adult.3,8,42-46 So, the coagulation

test results should be evaluated clinically according to the age of the

neonate.8,47
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INDICATIONS FOR TRANSFUSION

1. RBC TRANSFUSIONS

Red blood cells are the component most often transfused in sick

neonates.8,48 RBC transfusions are provided mainly to treat symptomatic

anaemia and when tissue oxygenation is poor. Tissue oxygenation depends on

cardiac output, oxygen saturation and haemoglobin concentration. If cardiac

output and oxygen saturation are not compromised, tissue oxygenation can be

increased by increasing the haemoglobin level.48 The most common causes

for RBC transfusions in neonates are sepsis, prematurity, anaemia with

mechanical ventilation for severe respiratory illness, blood loss, apnea and

failure to thrive.49

2. PLATELET TRANSFUSIONS

Thrombocytopenia, generally defined as a platelet count <150 ×

109/L,40,41 is the second most common hematologic disorder after anaemia, in

infants admitted to neonatal intensive care units (NICUs).40 It affects 18% to

35% of all neonates admitted to NICUs40,50 and approximately 70% of

extremely low birth weight (ELBW) infants with a birth weight less than

1000 g. The incidence of thrombocytopenia is inversely proportional to the

gestational age, and it is a risk factor for poor outcomes in NICUs.40

The etiology and natural history of thrombocytopenia are highly

diverse and distinct. Clinically, a distinction is frequently made between early
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onset ( 3 days of life)40,41 and late-onset ( 4 days of life) neonatal

thrombocytopenia. Intrauterine growth restriction, pregnancy-induced

hypertension or diabetes, perinatal infection, and transplacental passage of

maternal allo- or autoantibodies are frequently associated with early onset

thrombocytopenia. Late-onset neonatal thrombocytopenia is most commonly

caused by bacterial infection or necrotizing enterocolitis.40 The neonatal

factors associated with thrombocytopenia are sepsis, respiratory distress,

NEC, IUGR, coagulopathy, DIC and shock.41

3. PLASMA TRANSFUSIONS

In neonates, plasma is mainly given to mitigate perceived bleeding risk

(prophylaxis) in non-bleeding patients. However, it should be accepted that all

critically ill neonates will show some features of bleeding risk, for example,

oozing at sites of venepuncture. Other usages include bleeding with abnormal

coagulation test results, intraoperative bleeding, sepsis, partial exchange for

polycythaemia, and exchange transfusions. Bleeding complications from

coagulation abnormalities in the newborn are usually the result of an acquired

defect in haemostasis, although congenital disorders may be present,

particularly in association with an iatrogenic insult.46

RATIONAL USE OF BLOOD AND ITS COMPONENTS

One of the objectives in National Blood Policy is the rational use of

blood components.51 Judicious use of blood implies the right blood product is



19

to be given to the right patient in the right amount.52 Evidence based

recommendations will ensure safe patient care of high quality, while also

making the use of blood products cost effective with minimal wastage.53

Indiscriminate use of blood and blood components is on the rise. The apparent

reasons for inappropriate transfusions were fear of immediate risk to the

patient and ignorance about the role of blood components in therapeutics.16

GUIDELINES FOR ASSESSING APPROPRIATE NEONATAL

TRANSFUSIONS

Transfusion practices for high-risk neonates differ widely among

neonatal intensive care units.54,55 Neonatal transfusion guidelines are

repeatedly changed as new data become available and remain an area of

debate.26 Because of the fragile clinical status of these small patients, it is

difficult to design randomized controlled trials with enough statistical power

to produce ironclad data. A great majority of the papers written about

neonatal transfusion are practice oriented and derived by consensus.

Therefore, adapting published literature to be used when creating transfusion

audit guidelines for neonates and it should be done on an individualized basis.

In certain selected clinical situations, transfusion events that deviate from the

proposed guidelines may be considered appropriate. Scientific data, as well as

review of the patient’s chart, can be helpful in evaluating the appropriateness

of transfusion events that deviate from guidelines.56
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Table 1: RBC Transfusion Guidelines

NNF GUIDELINES4 AABB GUIDELINES3 BCSH GUIDELINES12

Severe anemia of antenatal onset:
Anemia occurring before birth,

characterized by Hb< 8/dL at birth, requires
prompt transfusion, as specified below

a. In severe anemia associated with
congestive heart failure (due to immunohemolysis,
chronic feto-maternal or feto-fetal hemorrhage)
the most appropriate treatment is "partial"
exchange  transfusion  (PET)  with  packed  RBC
with  the  aim  of  correcting  the  anemia  while
avoiding volume overload.

b. In severe anemia with hypovolaemic
shock (placenta previa, abruption placentae,
rupture of the cord), the intravascular volume
must be restored and the anaemia corrected.
Early neonatal anemia:

For anemia developing after birth or in the
first week of life, in which the values of Hb are
moderately decreased, transfusion treatment is
necessary in the case of severe cardio-pulmonary
diseases,  in  order  to  maintain  the  PCV  greater
than 0.35 to 0.40.
Late neonatal anaemia:
a. Acute blood loss greater than 10% of blood

volume with features of decreased  oxygen
delivery or greater than 20% of blood volume.

1. Haematocrit <20% with low
reticulocyte count and symptomatic
anaemia (tachycardia, tachypnea, poor
feeding).
2. Haematocrit <30% and any of the
following:

a. On <35% oxygen hood.
b. On oxygen by nasal cannula.
c. On continuous positive airway
pressure and/or intermittent
mandatory ventilation on
mechanical ventilation with mean
airway pressure <6 cm of water.
d. With significant tachycardia or
tachypnea (heart rate >180
beats/minute for 24 hours,
respiratory rate >80 beats/minute
for 24 hours).
e. With significant apnea or
bradycardia (>6 episodes in 12
hours or 2 episodes in 24 hours
requiring bag and mask
ventilation while receiving
therapeutic doses of
methylxanthines).
f. With low weight gain (<10

* Standard definition of preterm is <37
weeks gestational age at birth but table
applies to very preterm neonates (< 32
weeks).
** It is accepted that clinicians may use up to
85 g/L depending on clinical situation

Postnatal
age

Suggested transfusion
threshold Hb (g/L)
Ventila
ted

On
oxygen
/NIPP
V#

Off
oxygen

1st 24
hours

< 120 < 120 < 100

 week  1
(day 1-7)

< 120 < 100 < 100

week 2
(day 8 -
14)

 week  3
(day 15
onwards)

< 100 < 95
< 85

< 75*
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b. PCV < 30%: Moderate or significant
mechanical ventilator support [MAP >8 cm, FiO2
>0.40 with conventional ventilation or MAP > 14
and FiO2 > 0.40 with High frequency ventilation-
HFV]
c. PCV < 25%: Minimal mechanical ventilator

support [ MAP < 8 cm, FiO2 < 0.40 on
conventional ventilation or MAP <14 and/or FiO2
0.40 on HFV]
d.  PCV  <  20%:  Supplemental  oxygen  not

requiring mechanical ventilatory support plus the
presence of one or more of the following:

i. Tachycardia >180/minute or Respiratory rate
> 60 for  24hours

 ii. Doubling of the oxygen requirement in
last 48 hours

iii. Lactate > 2.5 mEq/L or acute metabolic
acidosis with pH <7.20

iv. Weight gain less than 10 grams/kg/day
over 4 days while receiving 120
kcal/kg/day

 v. If the infant will undergo major surgery
within 72 hours

e.  PCV  <  18%:  Consider  transfusion  for
asymptomatic infants with absolute
reticulocyte count of < 100x103 L
(100x109/L) or < 2 percent.

g/day observed over 4 days while
receiving 100 kcal/kg/day).

3.  Haematocrit  <35%  and  either  of  the
following:

a. On >35% oxygen hood.
b. On continuous positive airway
pressure/intermittent mandatory
ventilation with mean airway
pressure 6-8 cm of water.

4.  Haematocrit  <45%  and  either  of  the
following:

a. On extracorporeal membrane
oxygenation.
b. With congenital cyanotic heart
disease.

# NIPPV, non-invasive positive pressure
ventilation
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Table 2: Platelet Transfusion Guidelines

NNF GUIDELINES4 AABB GUIDELINES3 BCSH GUIDELINES12

Platelets
(x109/L)

Bleeding Immune status

Yes No AITP* NAIT#

<30 Transfuse Consider
Platelet
transfusion

Transfuse if
bleeding/
IVIG not
available

Transfuse
if bleeding

30 to 49 Transfuse Transfuse if
Weight
<1000grams or
postnatal age
<1week or
Unstable (IVH
Gr3-4) or
associated
coagulopathy
or Surgery
required

Transfuse,
if unstable,
bleeding

Transfuse
if bleeding

50 to 99 Transfuse Do not
transfuse

Do not
transfuse

Transfuse
if bleeding

>99 Do not transfuse
* Autoimmune thrombocytopenia
# Neonatal Alloimmune thrombocytopenia

With Thrombocytopenia
Platelet count 5,000 to 10,000/ L
with failure of platelet production.
Platelet count <30,000/ L in neonate
with failure of platelet production.
Platelet count <50,000/ L in stable
premature infant:
- With active bleeding, or
- Before an invasive procedure,

with failure of platelet
production.

Platelet count <100,000/ L in sick
premature infant:
- With active bleeding, or
- Before an invasive procedure in

patient with DIC.
Without Thrombocytopenia

Active bleeding in association with
qualitative platelet defect.
Unexplained excessive bleeding in a
patient undergoing cardiopulmonary
bypass.
Patient undergoing ECMO with:
- A platelet count of <100,000/ L,

or
- Higher platelet counts and

bleeding.
DIC = disseminated intravascular coagulation;
ECMO = extracorporeal membrane
oxygenation.

Platelet
count (x

109/l)

Indication for
platelet

transfusion
< 25 Neonates with no

bleeding
(including
neonates with
NAIT  if  no
bleeding and no
family history of
ICH)

< 50 Neonates with
bleeding, current
coagulopathy,
before surgery,
or infants with
NAIT if
previously
affected sibling
with ICH

< 100 Neonates with
major bleeding
or requiring
major surgery
(e.g.
neurosurgery)

ICH: Intracranial hemorrhage
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Table 3: Fresh Frozen Plasma Transfusion Guidelines

NNF GUIDELINES4 AABB GUIDELINES3 BCSH GUIDELINES12

Indication for Fresh Frozen Plasma Transfusion
a. Severe clotting deficiency (including

DIC) with bleeding
b. Severe clotting deficiency in a

neonate undergoing an invasive procedure
c. Vitamin K deficiency with bleeding
d. Dilutional coagulopathy with

bleeding
e. Severe anticoagulant protein

deficiency
f.  Reconstitution  of  packed  RBC  for

exchange transfusion
Incorrect Indications:

a. Prevention of intraventricular
haemorrhage in premature neonates

b. Volume replacement in the
management of sepsis

c. As an adjunct in the management of
thrombocytopenia

d. To “correct” prolonged indices of
coagulation

Fresh Frozen Plasma (FFP)
Support during treatment of disseminated
intravascular dissemination.
Replacement therapy:

When specific factor concentrates
are not available, including, but not
limited to antithrombin; protein C or
S deficiency; and Factor II, Factor V,
Factor X, and Factor XI deficiencies.

During therapeutic plasma exchange when
FFP is indicated (cryopoor plasma, plasma
from which the cryoprecipitate has been
removed).
Reversal of warfarin in an emergency
situation, such as before an invasive
procedure with active bleeding.

Note: FFP is not indicated for volume expansion or
enhancement of wound healing.

Recommendations
1. There is no evidence to support the
routine use of FFP to try to correct
abnormalities of the coagulation screen
alone in non-bleeding neonates (1C).
2. FFP may be of benefit in neonates
with clinically significant bleeding
(including massive blood loss) or prior
to invasive procedures with a risk of
significant bleeding, and who have an
abnormal coagulation profile, defined
as  a  PT  or  APTT  significantly  above
the normal gestational and postnatal
age-related reference range (taking into
account local reference ranges where
available) (2C).
3.  FFP  should  not  be  used  for  simple
volume replacement or routinely for
prevention of IVH (1B).
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1. NEONATAL RBC TRANSFUSION

Table 1 describes about the various guidelines used in neonatal RBC

transfusion practice. NNF guidelines with regard to transfusion trigger for

RBC, it failed to explain haemoglobin threshold for cardiac patients and

neonates on ECMO support which was included by AABB guidelines. NNF

guidelines also failed to mention about the transfusion trigger when the

neonates are symptomatic at room air even with a haematocrit of <30%. Both

guidelines had not specified to which group of neonates this protocol applies

because the physiology of term and preterm neonate are not similar. BCSH

guideline formulated new guidelines for RBC transfusion trigger for neonates

<32 weeks. WHO stated that the decision to transfuse should not be based on

the haemoglobin level alone, but also on a careful assessment of the child’s

clinical condition.57 RBCs are transfused to apnoeic neonates. Although apnea

of prematurity has a multifactorial etiology, decreased oxygen carrying

capacity may play a role. Studies have shown that RBCs transfusion had

improved oxygen carrying capacity in neonates with apnea of prematurity.58

In Wade et al study, 77% of packed red cell transfusions were appropriate.16

In Baer et al study, 70% of packed red cell transfusions were appropriate.23

Liberal Versus Restrictive RBC Transfusion Practice

RBC transfusion guidelines have moved from being liberal to

restrictive. Two randomized controlled trials, the Premature Infants in Need
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of Transfusion (PINT)59 and its follow up study [PINT Follow up Outcomes

Study (PINTOS)]60 as well as a University of Iowa study61 compared the

outcomes of restrictive (Hb = 7 g/dL) vs liberal RBC transfusion triggers (Hb

= 10 g/dL) in VLBW infants.3,12,59-62

The Iowa trial revealed a lower rate of transfusion events (3.3 vs 5.2;

p=0.025) with the restrictive strategy compared to the liberal strategy.

However, rates of periventricular leukomalacia and death were higher in the

restrictive arm.61 The PINT study found no significant difference between the

two arms, which had the same thresholds as the Iowa study, with respect to

complications like death or any of bronchopulmonary dysplasia, retinopathy

of prematurity (Stage >3), or brain injury (periventricular leukomalacia,

intracranial hemorrhage Grade 4, or ventriculomegaly).59 The follow up

PINTOS study showed that at 18 to 24 months after birth, infants in the PINT

study’s restrictive arm had more neuro developmental impairments than those

in the liberal arm.60 In summary, these studies concluded that maintenance of

higher haemoglobin levels in low birth weight infants may provide long term

neurologic protection.3,12,59-62 It should be noted that safety of haemoglobin

threshold levels below those used in the trials is not known.12

Given the conflicting nature and limitations of the above-mentioned

trials, experts agree that further study is needed to determine the optimal RBC

transfusion threshold for neonates. To address the above-mentioned concerns

regarding the haemoglobin thresholds and cut-off values, two trials namely
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Transfusion of Premature (TOP) trial and Effects of Transfusion Thresholds

on Neurocognitive Outcome of Extremely Low Birth-Weight Infants

(ETTNO) are currently underway.12,62

Despite many studies on the RBC transfusion therapies, an agreement

has not been reached on various threshold values of transfusion.

2. NEONATAL PLATELET TRANSFUSION

Table 2 describes about the various guidelines used in neonatal platelet

transfusion practice. NNF and BCSH guidelines had failed to explain about

transfusion trigger for qualitative disorders of platelets, whereas AABB alone

describes about it. AABB and NNF guidelines failed to explain about surgery

when platelet count above 50 × 109/L, whereas BCSH guidelines has

explained about it. In AABB guidelines, there is no clear distinction between

platelet count 5,000 to 10,000/ L and <30,000/ L as both explains the same

transfusion trigger. Experts stated that during sepsis there will be a fall in

platelet count and platelet transfusion is reasonable in a bleeding sick neonate

with sepsis.63

In Wade et al study, 75% of platelet transfusions were appropriate.16 In

Baer et al study, 69% of platelet transfusions were appropriate.23 Even though

the least inappropriate transfusions to neonates are transfusion of platelets, the

optimal platelet transfusion threshold for neonates is still unknown. A large-
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scale randomized multicenter controlled trial (PlaNet-2 trial) may yield more

precise information about the thresholds required to transfuse platelets.40,64

3. NEONATAL PLASMA TRANSFUSION

Table 3 describes about the various guidelines used in neonatal FFP

transfusion practice. NNF and AABB guidelines doesn’t explain about the

coagulation parameters value in a bleeding neonate. Furthermore, the age-

related changes of coagulation proteins during infancy make it hard to

correctly diagnose coagulopathy in neonates and subsequently determine the

time and dose of FFP administration.43 Motta et al reported 63% of the infants

receiving FFP for prophylaxis, without evidence of haemorrhage which is

60% non-compliant with established guidelines.43,44,53 In Wade et al study,

FFP transfused were 100% inappropriate.16 In Raban et al53 study, 75% of

FFP transfused were appropriate.53 In Baer et al study, 65% of FFP

transfusions were appropriate.23 The inappropriate use of FFP is due to

absence of evidence based guidelines.43,53 Decrease in titres in procoagulation

and anticoagulation proteins has been reported in asphyxiated and

hypothermic neonates, resulting in abnormal clotting tests and later

progressing to coagulopathy.65-67 However, a meta-analysis studying the

consequence of therapeutic hypothermia in asphyxiated encephalopathic

neonates showed no significant difference in coagulopathy, thrombosis, or

hemorrhage in cooled versus non- cooled neonates. FFP administration is not

advised in perinatal asphyxia neonates subject to therapeutic hypothermia, if
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there is no active bleeding.43 In sepsis related coagulopathy, the indications

for FFP usage range from mild laboratory alterations to severe disseminated

intravascular coagulation (DIC). Risk of bleeding increases with low levels of

platelets and coagulation factors. However, plasma or platelet substitution

therapy is indicated only in those patients with active bleeding or at high risk

for bleeding complications. Large volumes of plasma are often required to

correct the coagulation defect thus seen.63 Experts stated that neonates with a

significant coagulopathy [e.g. prothrombin time (PT) or activated partial

thromboplastin time (APTT) ratio >1.5] and significant risk of bleeding (e.g.

preterm and/or intubated, previous PVH) or who are about to undergo an

invasive procedure should receive FFP.68

CRYOPRECIPITATE TRANSFUSION

Cryoprecipitate transfusions are currently being used to treat

conditions resulting from decreased or dysfunctional fibrinogen (congenital or

acquired) or Factor XIII deficiency. In the treatment of DIC in newborn

cryoprecipitate is usually given in conjunction with platelets and FFP.

Typically, 1 unit is sufficient to achieve haemostatic levels in an infant.3,50

AABB GUIDELINES3

Hypofibrinogenemia or dysfibrinogenemia with active bleeding.

Hypofibrinogenemia or dysfibrinogenemia while undergoing an

invasive procedure.
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Factor XIII deficiency with active bleeding or while undergoing an

invasive procedure in the absence of Factor XIII concentrate.

Limited directed-donor cryoprecipitate for bleeding episodes in small

children with hemophilia A (when recombinant and plasma-derived

Factor VIII products are not available).

In the preparation of fibrin sealant.

von Willebrand disease with active bleeding, but only when both of the

following are true:

o Deamino-D-arginine vasopressin (DDAVP) is contraindicated,

not available, or does not elicit response.

o Virus-inactivated plasma-derived Factor VIII concentrate

(which contains von Willebrand factor) is not available.

GRANULOCYTE TRANSFUSION

The role of granulocyte transfusion for sepsis in neonates is not clear,

and this treatment is not routinely used. It is important to establish the

following factors before the transfusion of granulocytes: 1) strong evidence of

bacterial or fungal septicaemia; 2) absolute neutrophil count less than 500/ L,

chronic granulomatous disease, or leukocyte adhesion deficiency; and 3)

diminishing storage pool (such that 7% of nucleated cells in the marrow are

granulocytes that are metamyelocytes or more mature).3,56
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AABB GUIDELINES3

Neonates or children with neutropenia or granulocyte dysfunction with

bacterial sepsis and lack of responsiveness to standard therapy.

Neutropenic neonates or children with fungal disease not responsive to

standard therapy.

DOSAGE OF BLOOD COMPONENTS

Table 4: According to AABB3, Blood Components and Dosing of Small
Volumes in Neonates

Component Dose Expected Increment

Red Blood Cells 10-15 mL/kg Haemoglobin increase 2-3 g/dL*

Fresh Frozen Plasma 10-15 mL/kg 15%-20% rise in factor levels
(assuming 100% recovery)

Platelets
[whole-blood-
derived (WBD) or
apheresis]

5-10 mL/kg or
1 WBD unit/10
kg
(patients 10 kg

50,000/ L rise in platelet count
(assuming 100% recovery) †

Cryoprecipitated
AHF 1-2 units/10 kg 60-100 mg/dL rise in fibrinogen

(assuming 100% recovery)

*Dependent on anticoagulant-preservative solution: with 3 g/dL increment for
CPD and CPDA-1 and 2 g/dL for AS-1, AS-3 and AS-5.

†Assumes 5.5 × 1010 platelets in 50 mL of plasma (whole-blood-derived)
and 3.0 × 1011 platelets in 250-300 mL plasma (apheresis).

CPD = citrate-phosphate-dextrose; CPDA-1 = citrate-phosphate-dextrose-
adenine-1; AS = additive solution.
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PRETRANSFUSION TESTING

1. PRINCIPLE

Fetal and neonatal ABO grouping differs from adult ABO grouping because:

Fetal/neonatal ABO red cell antigens may be poorly expressed.

Due to the naivety of the fetal/neonatal immune system the

corresponding ABO red cell antibodies are not usually well-developed.

Maternal IgG ABO antibodies may be detectable in the fetal /neonatal

plasma.

The in-built laboratory double-check for ABO blood grouping cannot

be used for fetal/neonatal samples because the red cell antigen (forward)

group cannot be confirmed by the plasma antibody (reverse) group.

Fetal/neonatal antibody screening differs from adult antibody grouping

because:

Red cell antibodies are not usually produced within the first four

months of life even after multiple transfusions.

Maternal IgG antibodies are actively transported across the placenta

during the second trimester onwards providing acquired immunity to

the fetus and neonate. These can include clinically significant red cell

antibodies and prophylactic anti-D if administered during pregnancy.

Due to these factors antibody screening of a foetus/neonate represents

the maternal antibody status rather than the fetal/neonatal antibody status.12



32

2. RBC TRANSFUSION68

Red cells for small volume transfusion should

be ABO compatible with mother and infant, and infant’s RhD group

(or RhD negative)

be IAT compatible with maternal plasma (if available) or neonate’s

plasma for first transfusion (and subsequent transfusions up to four

postnatal months if atypical maternal antibodies present);

be 35 days old or less (if in SAG-M or similar additive system)

28 days old or less (if in CPD)

have a haematocrit of 0.50–0.70;

be irradiated if appropriate (in case of immunocompromised recipients)

usually be infused in a volume of 10–20 ml/kg;

be aliquoted donations (Pedi pack) from a single unit dedicated to one

infant.

3. PLATELET TRANSFUSION68

Platelets for neonatal transfusion should

be ABO identical or compatible (Table I): RhD identical or

compatible;

be HPA compatible in infants with alloimmune thrombocytopenia;

be produced by standard techniques without further concentration;

be irradiated if appropriate;

usually be infused in a volume of 10–20 ml/kg
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4. PLASMA TRANSFUSION68

Fresh frozen plasma for neonatal transfusion should

be group AB, or compatible with recipient’s ABO red cell antigens

usually be infused in a volume of 10–20 ml/kg

Virus inactivated plasma should be used for the treatment of patients

with inherited coagulation deficiencies where no pathogen-inactivated (PI)

factor concentrate is available.

CYTOMEGALOVIRUS (CMV) SAFE BLOOD COMPONENT

With recent advances in the manner of blood collection and

segregation the risk of infection from transfusion has decreased considerably,

but still there are chances of transmission of various infections inadvertently.8

Prevention of transfusion-transmitted infections is especially important for

neonates because any gain from transfusion safety in neonates will lead to

more disease-free years of life compared with adults.62 The transmission of

CMV via transfusion is of special concern in immune incompetent patients,

such as preterm neonates born to CMV-seronegative mothers which can cause

serious morbidity and mortality.62,69 CMV negative blood is indicated for

intrauterine transfusion of packed RBC and platelets, neonates with birth

weight <1500 grams and/or gestation < 30weeks and neonates with congenital

or acquired immune deficiency4 and exchange transfusion.70
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Proper donor screening for CMV can be effective to decrease the risk

of TT-CMV; however, TT-CMV can still occur with this approach because of

false-negative serology results and the window period in which a CMV-

seronegative donor has been acutely infected.62 CMV is endemic in India with

seroprevalence rates greater than 95%, which severely limits the donor pool.71

Because latently infected monocytes in the donor blood are the primary

source of TT-CMV, leukocyte reduction of blood products also effectively

decreases the risk of TT-CMV.62,72 With the increasing use of filtered blood

components, the need for blood from CMV-seronegative donors is decreasing

because there is no known additive effect of combining both measures for

preventing CMV.73 Future steps should consider other better and more

accurate donor testing, like CMV nucleic acid testing to further improve the

safety of leukoreduced blood products and pathogen reduction technology.62

IRRADIATED BLOOD COMPONENTS

Neonates, particularly those who are extremely preterm, are at risk for

transfusion associated graft versus host disease (TA-GvHD).8 Irradiation is

the only method to render the T lymphocyte nonmitogenic and prevent this

reaction.72 Irradiation is indicated for intrauterine transfusion of packed RBC

and platelets, transfusion of packed RBC and platelets after intrauterine

transfusion, exchange transfusion, transfusion of RBC and platelets in

neonates with birth weight < 1500grams and/or gestation at birth < 30weeks,

donations from first or second-degree relatives and neonates with congenital
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or acquired immunodeficiency.4,73 So, a blanket policy of irradiating blood for

all neonates is not required.72,73

EXCHANGE TRANSFUSION

1. INDICATIONS

Neonatal hyperbilirubinemia resulting in clinical jaundice is a common

problem among neonates.74 Exchange blood transfusion (EBT) is usually done

in neonatal population to manage a high or rapidly rising bilirubin not

responsive to intensive phototherapy or intravenous immunoglobulin or for

severe anaemia.3,75,76 EBT is mainly used in the treatment of HDN to prevent

bilirubin encephalopathy by taking away from circulation the antibody-coated

red cells and excess bilirubin.5,76 It may also be required for neonatal hyper

bilirubinaemia due to other causes, such as glucose-6-phosphate

dehydrogenase (G6PD) deficiency.3,75 Noto et al in their study stated that

exchange transfusion have been used in the treatment of DIC, sepsis77, hyper

viscosity syndrome and other toxic conditions.75

2. GUIDELINES

The criteria used to assess the need for exchange transfusion includes

total bilirubin level, haemoglobin level and subjective symptomatology of the

neonate.8 Murray et al78 in their study stated that traditional guidelines suggest

exchange transfusion in the following circumstances:
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Within 12 hours of birth if:

Cord blood bilirubin concentration exceeds 3 to 5 mg/dL (50–

85 mol/L) for preterm infants, and 5 to 7 mg/dL (85–120 mol/L) for

term infants, or the rate of increase is >0.5mg/dL/hour (8.5 mol/L/h);

and

Severe anaemia with haemoglobin <10 g/dL combined with

hyperbilirubinemia.

After 24 hours of birth if:

Total bilirubin concentration >20mg/dL (342 mol/L) or a bilirubin

increase of >0.5mg/dL/hour (8.5 mol/L/h), or haemoglobin <10g/dL

combined with hyperbilirubinemia.

EBT is not without its associated risks and is now infrequently

performed in most neonatal units mainly because of the reduction in HDN

following routine antenatal anti-D prophylaxis for D-negative women and the

ready availability of intensive phototherapy as a safe alternative to EBT. EBT

must take place in an intensive care setting with intensive clinical and

biochemical monitoring, carried out by trained healthcare providers.3,76

A single blood volume EBT will remove 75% of the neonatal red cells,

and a double volume (160-200 mL/kg depending on gestational age) up to 85-

90% red cells, and up to 50% of circulating bilirubin. A double-volume
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exchange transfusion can be more efficacious in removing antibody-sensitised

neonatal red cells and reduce the need for a subsequent EBT, but there is little

direct evidence.3

3. COMPONENT AND PROCEDURE

A specific red cell component for neonatal exchange transfusion is

provided, usually group O, and it should be compatible with any maternal

antibody. Red cell units for neonatal exchange transfusion are not available

readily in institution and they require adequate notice to be made available

from the hospital transfusion laboratory. The time is needed to perform

irradiation of the selected component and transportation to the hospital. When

HDN is caused by an unusual antibody, it may take longer for red cell units to

be provided by the Blood Services, and at least 24 hours’ notice should be

made to the lab. In emergency situations, it is occasionally necessary to use

standard antigen-negative red cells in saline, adenine, glucose and mannitol

(SAGM) if red cells for specific exchange transfusion cannot be provided in

time. There should be meticulous biochemical monitoring of the recipient

neonate for complications e.g. for possible rebound hypoglycaemia.3,12

Red cells suitable for neonatal exchange are irradiated, and ‘fresh’

(before the end of Day 5 following donation, with a 24-hour shelf-life post

irradiation in order to reduce the risk of recipient hyperkalaemia3,12 and CMV

negative.4,12 They have a controlled Hct 0.5-0.6, in order to mitigate the
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dangers of both post-exchange anaemia and polycythaemia.3,4,12 The red cell

unit must be negative for high-titre anti-A and anti-B antibodies (HT

negative).12

EBT should not be performed with red cells straight from 4ºC storage,

and an approved/CE-marked blood warming device should be used to avoid

hypothermia. However, use of a blood warmer is only appropriate if the

infusion is given at a constant rate (warming is not suited to the intermittent

bolus nature of a single vessel EBT where the “push-pull” cycle method is

used). Blood warming during EBT should not be uncontrolled (e.g. infusion

lines exposed to a radiant heater) because of the risk of red cell haemolysis.3,12

TRANSFUSING STORED RBCs IN NEONATES

Neonatologists insist on fresh RBCs over stored RBCs generally for

the following concerns:

1. The increase in extracellular potassium (K+)

2. The decrease in RBC 2,3-disphosphoglycerate (2,3-DPG) – both of

which occur in RBC units during extended storage; and

3. The safety of additives such as mannitol, adenine and the relative

amounts of glucose and phosphate present in extended storage

preservative solutions
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These are more pronounced in transfusion with large volume (>25

mL/kg) as during a surgery, exchange transfusion or extracorporeal

membrane oxygenation and do not apply in the small volume transfusion

setting.14 Most of the red cell transfusions to neonates are small volume

transfusions (traditionally 10-20 mL/kg, typically 15 mL/kg over 4 hours)

given to replace phlebotomy losses in the context of anemia of prematurity,

especially for preterm Very Low Birth Weight (VLBW) neonates.12,56

1. POTASSIUM

To compute the amounts added potassium due to transfusions, Strauss

determined that an RBC unit (80% haematocrit) stored in an extended storage

medium for 42 days would deliver 2mL of plasma containing only 0.1

mmol/L of potassium when transfused at 10 mL/kg. This amount of

potassium is much less than the daily requirement of 2 to 3 mmol/L for a

patient weighing 1 kg. The amount of potassium leak from cell is determined

by the type of anticoagulant-preservative solution used to store RBCs. For

instance, a unit of RBCs preserved in an additive solution (AS), such as AS-1,

AS-3, or AS-5, delivers less extracellular potassium than RBCs stored in

citrate-phosphate-dextrose adenine (CPDA-1).3,14,79 In addition, special

component processing, such as irradiation, can aggravate potassium leaks.

When components with potassium leak are stored for more than 24 hours,

washing may be required to remove the excess potassium before

transfusion.3,80 This washing practice is supported by several studies in which,
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infants who received either older RBC units or units that had been irradiated

(>1 day before transfusion), via central line or intra cardiac line had severe

adverse effects, including cardiac arrest and death which were attributed to

potassium.3,81

2. 2,3-DPG

Levels of 2,3-DPG in red cells decrease rapidly after 1 to 2 weeks of

storage because of the absence of glycolysis. This deficit does not affect older

children and adult recipients negatively because of they can manufacture

more 2,3- DPG in vivo and they can adjust for hypoxia by increasing their

heart rate. Infants younger than 4 months do not have such advanced coping

mechanisms to low 2,3-DPG levels. Sick neonates are further endangered in

this context because of their low intracellular 2,3-DPG levels that further

reduces with respiratory distress syndrome or septic shock. The regeneration

of 2,3-DPG in transfused RBCs has not been studied in infants. However,

even if no 2,3-DPG were regenerated the p50 of RBCs stored to outdate is the

same as that found in the blood of preterm infants at birth (18 mmHg).3,14

3. ADDITIVE SOLUTIONS

RBCs are routinely produced from WB collection and stored in one of

several anticoagulant and/or preservative solutions, which have varying

constituents and shelf lives.3 The clinician should be made aware of the nature

and ingredients of the additive solution in use, especially in neonatal
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transfusions. Initially, there were concerns about the use of AS-1 in premature

neonate due to the presence of mannitol with its diuretic affects

(750mg/100mL AS-1 vs none in CPDA-1) and higher quantities of adenine

(27 mg/100mL AS-1 vs 17.3mg/63mL CPDA-1). Both adenine and mannitol

have been shown to be renal toxic in high concentrations. A variety of clinical

trials and mathematical models have concluded that blood preserved in AS is

safe when used for small-volume (5-15 mL/kg) transfusions and may improve

blood glucose homeostasis. AS-3 has 30mg adenine per 100mL without

mannitol, has been found to be safe for small-volume neonatal transfusion.55

However, for neonates with compromised liver or kidney function, it is

advised that AS solution be removed from RBC prior to transfusion,

especially if there might arise a need for multiple transfusion. The safety of

AS-preserved RBCs in high volume transfusion as seen in trauma-related

massive transfusions, cardiac surgery, or exchange transfusions is not well

studied in neonatal population. Therefore, caution should be exercised when

transfusing AS preserved RBCs in neonates especially in large volumes.3 AS-

5 is also used in blood collection, but there are no studies or guidelines

regarding its use in neonatal population. Because its composition is similar to

the other solutions, its safety profile can be assumed to be similar to the other

solutions.56
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STRATEGIES TO REDUCE DONOR EXPOSURE IN NEONATES

The increased risk of transfusion transmitted infections including

unidentified infectious agents is a major concern in neonatal transfusion

practice especially in those neonates with multiple transfusion.25 So, strategies

to reduce the donor exposure were researched. The adopted measures to

reduce donor exposure are dedicating specific units to neonates, while taking

the advantage of longer shelf life and improved viability of RBCs stored in

additive solutions, with extended RBC shelf life of 42 days. Multiple Pedi-

packs/Transfer bags with the aid of Sterile Connecting Device (SCD) from a

single donor unit can be used to reduce donor exposure.56,82,83 Uezima et al in

their study showed a 33% reduction of blood donor exposure in preterm

infants with birth weight less than 1000g using pedi-packs.84 Cook et al

reported a 49% reduction and 27% reduction in donor exposure for neonates

weighing less than 1500gm and more than 1500gm respectively.85 Liu et al,79

Arora et al,86 Lee et al87 and Wang-Rodriguez et al88 studies showed reduction

in donor exposure using Pedi-packs. The other measures to reduce donor

exposure are delayed cord clamping during birth, testing initial blood

investigations using cord sample of the neonate, limiting phlebotomy losses

and use of erythropoietin as an alternative to red cell transfusion.82,89
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Fig. 1: Example neonatal paedipack allocation algorithm12

STORAGE AGE OF RED CELLS AND LENGTH OF STAY

1. AGE OF RED CELLS

Prolonged storage of RBCs leads to morphological changes that could

have a deleterious impact on microvascular perfusion and thus oxygen

delivery. These changes include changes to the cell shape and membrane, an

increase in adhesiveness, a decline in flexibility and reductions in capillary

flow. Further, older blood is associated with the release of free iron that may
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predispose to vascular dysfunction, thrombosis and nosocomial infections.

The storage medium could be deleterious by generating superoxides and

inflammatory mediators that could result in oxidative damage.13,62,90 Various

studies have shown that prolonged RBC storage is associated with increased

rates of infection, organ failure, death and increased length of stay. So,

neonates are usually transfused with fresh RBCs because of the storage lesion

associated with older RBCs.90,91 But recent literatures are saying that there is

no difference in outcome when transfusing with fresh or old units of red blood

cells for small volume top up transfusion.13 Fresh (<5 days old) RBCs are

required in case of large volume transfusion such as exchange transfusion,

during cardiac surgery and ECMO.14

2. LENGTH OF STAY

It has been demonstrated in various studies that blood component

transfusion is associated with increased morbidity, mortality and length of

stay. Prospective and retrospective observational studies in critically ill adults

show that RBC transfusions have an independent association with increased

morbidity and mortality rates, irrespective of disease severity.90 RBC

transfusions are associated with immunosuppressive effects and the

development of multiple system organ failure. The leukocytes in the donor

blood are responsible for the immunomodulatory effects seen.92 However, it is

still unclear whether the high mortality and morbidity were the direct result of
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transfusions, with the sickest neonates receiving more transfusions and

predictably having worse outcomes.49

Age of Red Blood Cells in Premature Infants (ARIPI),91 a randomized

controlled trial conducted in Canada to address the issue of the effect of RBC

age on transfused neonates. In this study they randomly assigned low birth

weight infants to be transfused with RBCs that were 7 days old or less (mean

= 5.1 days, n = 188) and with standard issue RBCs divided into aliquots and

stored for 2 to 42 days (mean = 14.6 days, n = 189). The primary composite

endpoints in this trial were, necrotizing enterocolitis (NEC), intraventricular

hemorrhage (IVH), and bronchopulmonary dysplasia (BPD). The ARIPI trial

found no differences in the primary endpoints between infants in the two

arms, suggesting that in the study population, the age of RBCs does not affect

these common morbidities of prematurity. The systematic review and meta-

analysis by Alexander et al could not discern any difference in the impact of

blood age across patient groups, i.e. very fresh vs fresh RBCs, or old vs very

old RBCs. But they have also noted narrow confidence intervals regarding

mortality thus calling into question the applicability of the conclusions of the

trial.13 Alexander et al13 study, AABB3 and Cochrane review,93 the length of

stay was not influenced by the storage age of red cells. But in Hassan et al10

study and Karam et al94 study, LOS was influenced by the storage age of red

cells and found to prolonged when using >14 days old blood.



46

Standard operating procedures in transfusion differ widely among

neonatal care units based on factors like preferences of caregivers, hospital

policy and availability of resources.26 Most neonatal transfusion practices are

based more on opinions and anecdotes than on verifiable evidence.56 The

expectation of benefit that most neonatologists have while prescribing

medicines, is not seen to the same degree in the administration of blood

products. Recent advances have resulted in both an increased need for

transfusion of blood and awareness of the possible consequences of these

products in the sick newborns.95 Identifying and eliminating any unnecessary

transfusions in the NICU would be a step toward better care, lower costs and

more careful preservation of blood component resources.23 Because of the

above-mentioned reasons there exists a wide diversity in the practices among

clinicians and in institutions when it comes to transfusions. Such a situation is

far from ideal and there is a need to find and implement best transfusion

practices uniformly and cohesively. As it stands, transfusion practices pose a

great challenge to the healthcare workers caring for neonates.



MATERIALS AND METHODS
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MATERIALS AND METHODS

Study design

Prospective Study

Study Population

Neonates admitted and treated in the Neonatal Intensive Care unit at

Institute of Child Health.

Study area

Neonatal Intensive Care Unit (NICU) & Blood Bank at Institute of

Child Health & Hospital for Children.

Department of Transfusion Medicine, The Tamilnadu Dr. M.G.R.

Medical University, Chennai.

Sample size and Study Period

Neonates admitted and treated between September 2016 and August

2017, who fulfil inclusion criteria (Purposive sampling) were included in this

study.

Inclusion criteria

All neonates (up to 28 days), who received transfusion of at least one

unit of blood and its components in the Neonatal Intensive Care Unit

(NICU) at Institute of Child Health & Hospital for Children, Chennai.

Those who are willing to participate in the study.
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Exclusion criteria

Those who are not willing to participate in the study.

Informed consent

Informed consent from parents/guardian of the neonates were obtained

for willingness to participate in the study.

Study Procedure

The study protocol was approved by the Ethics Committee of

University and Institute. A detailed clinical and blood transfusion details were

recorded in a predesigned proforma. The data were taken till the outcome of

the baby.

The following variables of the study population were obtained

Neonate demographic details such as postnatal age of the

neonate on admission, sex, birth weight, gestational age and

mode of delivery.

APGAR score at 5 min.

Blood grouping and Rh typing

Indication for admission in NICU and Diagnosis

Indication for transfusion

Components requested and issued

Age of red cell units transfused

Number of donor exposure

Length of stay
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OPERATIONAL DEFINITION

I. APPROPRIATENESS OF TRANSFUSION

The following guidelines formulated by “National Neonatology Forum

(NNF) of India”,4 “American Association of Blood Banks”,3 “British

Committee for Standards in Haematology”12 and “Evidence based Experts

opinion”43,63,68 were used to study the appropriateness of blood and its

components utilized in neonates. (Refer Table 1-3). If the transfusions given

were based on the above guidelines the transfusion would be considered

appropriate.

Table 5: Dosage of components used in the study

COMPONENT DOSE

Packed red cells 15 ml/kg

Platelets 10 ml/kg

Fresh Frozen Plasma 10 ml/kg

II. Classification of neonates to assess transfusion requirements:

1. Gestational age17,18 (Table 6)

Gestational age of the neonate

Extreme preterm (<28 weeks)

Very preterm (28 to <32 weeks)

Preterm (32 to <37 weeks)

Term (>37 weeks)
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2. Birth Weight19 (Table 7)

Birth Weight

Normal birth weight ( 2500 gm)

Low Birth Weight (2499-1500 gm)

Very Low Birth Weight (1499-1000 gm)

Extremely Low Birth Weight (<1000 gm)

3. APGAR Score at 5 min20 (Table 8)

APGAR Score at 5 min

7 – 10 Normal

4 – 6 Intermediate

0 – 3 Low

III. Relationship between Length of Stay (LOS) and Age of Red Cells

Length of stay (LOS) is the interval between admission and discharge

of the neonate from the hospital.

The age of RBC unit was determined by subtracting the date of

collection from the date of transfusion.

Older RBCs are associated with storage lesion.13 Transfusion of older

RBCs are associated with multi organ failure, postoperative infections mainly

due to immunomodulatory effects of blood transfusion.90 But there is no

standard definition for fresh or old RBCs.13 So, in this study the storage age of



51

red cells <7 days and <14 days were considered fresh to assess the

relationship between LOS and storage age of red cells.

Statistical analysis

Data entry and analysis were done using SPSS software version 21.0.

Statistical analysis was done using chi square test and analysis of variance for

categorical variables and Pearson correlation to find correlation. P <0.05 was

considered significant.



RESULTS
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RESULTS

I. DEMOGRAPHIC CHARACTERISTICS OF NEONATES

Table 9: Distribution of gender among neonates

Gender No of neonates Percentage of neonates

Male 64 64%

Female 36 36%

Fig. 2: Distribution of gender among neonates

In the study population (n=100), 64% (n=64) were male and 36%

(n=36%)  were females.
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Table 10: Distribution of the age of the neonate at the time of admission

Age of the neonate on
admission No of neonates Percentage of neonates

<1 day 40 40%

2nd - 7th day 32 32%

8th - 14th day 10 10%

15th - 21th day 10 10%

22th - 28th day 8 8%

Fig. 3: Distribution of the postnatal age of the neonate at the time of

admission

In the study population (n = 100), 40% (n=40) of the neonates were

admitted within 24 hours of delivery, 32% (n=32) were admitted on 1st week

[2nd to  7th day], 10% (n=10) were admitted on 2nd week, 10% (n=10) were

admitted on 3rd week and remaining 8% (n=8) were admitted on 4th week of

postnatal age of the neonate.
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Table 11: Distribution of Blood grouping and Rh D typing among

neonates

Blood grouping and
Rh D typing No of neonates Percentage of

neonates

A Positive 28 28%

B Positive 22 22%

B Negative 4 4%

O Positive 42 42%

AB Positive 4 4%

Fig. 4: Distribution of blood grouping and Rh D typing among neonates

Distribution of Blood grouping and Rh typing among neonates showed

28% (n=28) were A Positive, 22% (n=22) were B Positive, 4% (n=4) were B

Negative, 42% (n=42) were O Positive and 4% (n=4) were AB positive.
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Table 12: Distribution of mode of delivery among neonates

Mode of delivery No of neonates Percentage of
neonates

Caesarean section 50 50%

Vaginal delivery 48 48%

Forceps delivery 2 2%

Fig. 5: Distribution of mode of delivery among neonates

In the study population (n=100), 50% (n=50) of the neonates were

delivered through caesarean section, 48% (n=48) were by vaginal delivery

and 2% (n=2) by forceps delivery.
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Table 13: Distribution of gestational age at birth among neonates

Gestational age of the
neonate

No of
neonates

Percentage of
neonates

Extreme preterm (<28 weeks) 6 6%

Very preterm (28 - <32 weeks) 11 11%

Preterm (32 - <37 weeks) 26 26%

Term (>37 weeks) 57 57%

Fig. 6: Distribution of gestational age at birth among neonates

In the study population (N=100), 57% of the neonates were Term, 43%

were preterm. In preterm neonates (n=43), 26% were born between 32 weeks

to 37 weeks, 11% were very preterm (28 to less than 32 weeks) and 6% were

extreme preterm (less than 28 weeks).
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Table 14: Distribution of birth weight among neonates

Birth Weight No of
neonates

Percentage of
neonates

Extremely Low Birth Weight (<1000 gm) 9 9%

Very Low Birth Weight (1499 - 1000 gm) 16 16%

Low Birth Weight (2499 - 1500 gm) 25 25%

Normal birth weight ( 2500 gm) 50 50%

Fig. 7: Distribution of birth weight among neonates

In the study population (n=100), 50% of the neonates born with normal

weight, 25% were low birth weight, 16% were very low birth weight and 9%

were extremely low birth weight.
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Table 15: Distribution of APGAR score at 5 minutes of neonates

APGAR Score at 5 min No of neonates Percentage of
neonates

0 - 3 (Low score) 8 8%

4 – 6 (Intermediate score) 37 37%

7 – 10 (Normal score) 55 55%

Fig. 8: Distribution of APGAR score at 5 minutes of neonates

In the study population (n=100), 55% of the neonates were with

normal (7-10) score, 37% with intermediate (4-6) score and 8% of the

neonates were with low (0-3) APGAR score.
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Table 16: Indication for admission in NICU among neonates

Indication for admission in NICU No of neonates Percentage of
neonates

Perinatal asphyxia 22 22%

Prematurity <34 weeks 19 19%

Respiratory distress 18 18%

Neonatal jaundice 9 9%

LBW 12 12%

Neonatal seizures 4 4%

Sepsis 4 4%

Hypoglycemia 4 4%

Others 8 8%

Fig. 9: Indication for admission in NICU among neonates

In the study population (n=100), the major cause for NICU admissions

were perinatal asphyxia (22%), Prematurity <34 weeks (19%), Respiratory

distress (18%) and Low birth weight <1800 gm (12%). The various were

Neonatal jaundice, seizure, sepsis, hypoglycaemia.
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Table 17: Distribution of age of the neonates (in days) at which first
transfusion was given

Age of the neonate at which first
transfusion was given

Mean ± SD
(in days)

Percentage
(%)

0 - 7 days 4 ± 2 60

8 - 14 days 11 ± 2 19

15 - 21 days 16 ± 1 7

22 - 28 days 24 ± 2 14

Fig. 10: Distribution of age of the neonates (in days) at which first
transfusion was given

In the study population (n=100), 60% of the neonates received

transfusion during the first week of life. 19% in the second week, 7% in the

third week and 14% in the fourth week of life. The minimum and maximum

age at which first transfusion was given were day 1 and day 28.
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Table 18: Distribution of age of the neonates (in days) at which blood

components were given

Age of the
neonate at

which
components
were given

No of red
cell

transfusion

No of
platelet

transfusion

No of FFP
transfusion

No of whole
blood

transfusion

Total No of
transfusion

1 - 7 days 27 37 74 8 146

8 - 14 days 26 70 45 2 143

15 - 21 days 28 29 19 0 76

22 - 28 days 30 21 12 0 63

>28 days 18 9 5 0 32

Fig. 11: Distribution of postnatal age (in days) of the neonates at which

red cells, platelets, FFP transfusions and whole blood were given

On analysis, most of the neonates had transfusions in the first and

second week of life. In the first week of life, FFP was the major component

utilized. In the second week, platelets usage predominant over the other

components. Whole blood usage is seen only in the first two weeks.
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Table 19: Distribution of the volume (ml) of blood transfused among

neonates

Components
Mean ± SD

(in ml)
Minimum

(in ml)
Maximum

(in ml)

Packed red cell 55 ± 41 9 235

Platelet 67 ± 59 10 297

Fresh frozen plasma 53 ± 52 6 231

Fig. 12: Distribution of the volume (ml) of blood transfused among

neonates

In the study population, the mean volume of packed red cells, platelets

and FFP transfusions per neonates were 55ml, 67 ml and 53 ml respectively.

The minimum and maximum volume of PRBC transfusions were 9ml and

235ml respectively. The minimum and maximum volume of platelets

transfusions were 10ml and 297ml respectively. The minimum and maximum

volume of FFP transfusions were 6ml and 231ml respectively.
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Table 20: Distribution of mean number of donor exposure per neonate

Number of donor exposure Mean ± SD Minimum Maximum

Total No. of donor exposure 4.6 ± 4.2 1 20

Donor exposure due to PRBC 1.29 ± 1.3 1 5

Donor exposure due to PLT 1.66 ± 2.2 1 10

Donor exposure due to FFP 1.55 ± 1.9 1 8

Donor exposure due to WB 0.1 ± 0.3 1 2

Fig. 13: Distribution of mean number of donor exposure per neonate

In the study population (n=100), the mean number of donor exposure

per neonate was 4.6 ± 4.2. Mean number of donor exposure due to platelet

transfusion was higher (1.66 ± 2.2), followed by FFP (1.55 ± 1.9), PRBC

(1.29 ± 1.3) and whole blood (0.1 ± 0.3). The minimum and maximum

number of donor exposed were 1 and 20 respectively.
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II. APPROPRIATENESS OF BLOOD AND COMPONENT

TRANSFUSION IN NEONATES

Table 21: Total blood components utilized in neonates

Component No of
neonates

No of transfusion
episodes

Percentage of
transfusion

episodes

Packed red cells 66 129 28%

Platelet 53 166 36%

Fresh Frozen Plasma 66 155 34%

Whole Blood 8 10 2%

Cryoprecipitate 0 0 0%

Fig. 14: Total blood components utilized in neonates

In the study population (n=100), a total 460 transfusions were given.

Of the 460 transfusions, 166 (36%) were platelet transfusions, followed by

155 (34%) FFP transfusions, 129(28%) red cell transfusions and 10 (2%)

whole blood transfusions. Cryoprecipitate and single donor platelets were not

used in the study population.
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Fig. 15: Number of neonates for whom various blood components were

used in combination

In the study population (n=100), packed red cells with platelets and

FFP (23%) was the commonly used combination of blood components in

neonates. The other commonly used combinations were packed red cells with

FFP, packed red cells with platelets and platelets with FFP.
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Table 22: Distribution of age of red cell units transfused to neonates

Age of red cells
transfused

Mean ± SD
(in days)

0 - 7 days 5 ± 2

8 - 14 days 10 ± 2

15 - 21 days 18 ± 2

22 - 28 days 24 ± 1

29 - 35 days 29 ± 0

Fig. 16: Distribution of age of red cell units transfused to neonates

In the study population (n=100), most of the red blood cell transfusions

belonged to first week (37%) and second (42%) week of storage. The mean

age of red cells transfused in first and second week were 5 days old and 10

days old blood respectively. The minimum and maximum storage age of red

cells units used were 1st and 29th day respectively.
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Table 23: Distribution of red cell appropriateness among neonates

Appropriateness of red cell
transfusion

No of transfusion
episode

Percentage

Appropriate 118 out of 129 91%

Inappropriate 11 out of 129 9%

Fig. 17: Distribution of red cell appropriateness among neonates

Out of 129 packed red cell transfusions,91% (n=118) of the

transfusions were appropriate and 9% (n=11) were inappropriate. Out of 118

appropriate PRBC transfusion, 53% (n=63) were compliant with NNF

guidelines, 47% (n=55) were compliant with other guidelines.
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Table 24: Indications for packed red cell transfusion

Indications compliant with NNF guidelines No of
transfusion

PCV <18%, Symptomatic at room air 5

PCV <18%, on mechanical ventilation 6

PCV <20%, heart rate >180/min for 24 hours 1

PCV <20%, on supplementary oxygen requirement 7

PCV <25%, FiO2 <0.35 1

PCV <25%, on mechanical ventilation (MAP - <8cm of
water)

11

PCV <30%, on mechanical ventilation (MAP - >8cm of
water)

29

PCV <40%, early neonatal anaemia 3

Indications compliant with other guidelines (AABB) No of
transfusion

HCT <30%, with significant tachycardia (heart rate >180
beats/minute for 24 hours)

12

HCT <30%, on mechanical ventilation with mean airway
pressure <6 cm of water

5

HCT <30%, on oxygen by nasal cannula 9

HCT <35%, on mechanical ventilation with mean airway
pressure >6-8 cm of water

25

HCT <35%, on >35% oxygen hood 4

Inappropriate indications for packed red cell
transfusion

No of
transfusion

PCV >45%, without any symptoms 3

PCV >40%, without any symptoms 2

PCV >30%, without any symptoms 3

FiO2 40% without laboratory assessment of haematocrit 3
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Table 25: Distribution of platelet appropriateness among neonates

Appropriateness of
platelet transfusion

No of transfusion
episode

Percentage

Appropriate 160 out of 166 96%

Inappropriate 6 out of 166 4%

Fig. 18: Distribution of platelet appropriateness among neonates

Out of 166 platelet transfusions, 96% (n=160) of the transfusions were

appropriate and 4% (n=6) were inappropriate. Out of 160 appropriate platelet

transfusions, 97% (n=155) were compliant with NNF guidelines, 3% (n=5)

were compliant with other guidelines.
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Table 26: Indications for platelet transfusion

Indications compliant with NNF guidelines No of transfusion

Platelet count <30 × 109/L, with bleeding 41

Platelet count <30 × 109/L, without bleeding 81

Platelet count 30 to 49 × 109/L, with bleeding 3

Platelet count 30 to 49 × 109/L, neonates who were
unstable

10

Platelet count 30 to 49 × 109/L, with associated
coagulopathy

10

Platelet count 30 to 49 × 109/L, neonate with postnatal
age <1 week

3

Platelet count 30 to 49 × 109/L, surgery or invasive
procedure done

3

Platelet count 50 to 99 × 109/L, surgery or invasive
procedure done

2

Indications compliant with other guidelines (BCSH,
Expert opinion)

No of transfusion

Platelet count 32000/µL to 35000/µL, sepsis 3

Platelet count >50000/µL, major surgery done 2

Inappropriate indications No of transfusion

Platelet count 61000/µL to 78000/µL, without bleeding 6
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Table 27: Distribution of FFP appropriateness among neonates

Appropriateness of
FFP transfusion

No of transfusion
episodes

Percentage

Appropriate 133 out of 155 86%

Inappropriate 22 out of 155 14%

Fig. 19: Distribution of FFP appropriateness among neonates

Out of 155 FFP transfusions, 86% (n=133) of the transfusions were

appropriate and 14% (n=22) were inappropriate. Out of 133 appropriate FFP

transfusions, 38% (n=51) were compliant with NNF guidelines, 62% (n=82)

were compliant with other guidelines.
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Table 28: Indications for FFP transfusion

Indications compliant with NNF guidelines No of transfusion

Severe clotting deficiency (including DIC) with bleeding 47

Severe clotting deficiency in a neonate undergoing
invasive procedure

3

Vitamin K deficiency with bleeding 1

Indications compliant with other guidelines (BCSH,
Expert opinion)

No of transfusion

Sepsis with bleeding 25

High risk group (preterm and or intubated) 39

HIE on therapeutic hypothermia with bleeding 16

Shock 2

Inappropriate indications No of transfusion

INR <1.5 without bleeding 8

Single episode of Nasogastric bleed in a term neonate 7

Metabolic abnormalities (hypernatremia, hyponatremia,
hypokalaemia)

5

Coagulopathy without laboratory parameters done 2
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Table 29: Distribution of whole blood appropriateness among neonates

Appropriateness of whole blood
transfusion

No of transfusion
episodes

Percentage

Compliant with NNF guidelines 9 out of 10 90%

Inappropriate 1 out of 10 10%

Fig. 20: Distribution of whole blood appropriateness among neonates

Out of 10 whole blood transfusions, 90% (n=9) of the transfusions

were appropriate and 10% (n=1) were inappropriate. 9 appropriate whole

blood transfusions were compliant with NNF guidelines.

Table 30: Indications for whole blood transfusion

Indication compliant with NNF guidelines No of transfusion

Exchange transfusion 9

Inappropriate indications No of transfusion

Both haemoglobin and platelets reduced 1
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III. RELATIONSHIP BETWEEN NEONATAL PARAMETERS

WITH TRANSFUSION REQUIREMENTS OF BLOOD

COMPONENTS

Table 31: Relationship between gestational age of the neonate with

transfusion requirements of blood components

Gestational Age
Wise Component

Usage

Red cell
transfusion
Mean ± SD

Platelet
transfusion
Mean ± SD

FFP
transfusion
Mean ± SD

Whole Blood
transfusion
Mean ± SD

Total no of
transfusion
Mean ± SD

Extreme preterm
(<28 weeks) 2.16 ± 1.47 0.33 ± 0.81 1.00 ± 1.09 0.00 ± 0.00 3.50 ± 1.76

Very preterm
(28 - <32 weeks)

2.45 ± 1.43 1.54 ± 1.91 1.72 ± 2.24 0.00 ± 0.00 5.72 ± 4.81

Preterm
(32 - <37 weeks)

1.65 ± 1.52 3.07 ± 3.00 1.42 ± 1.81 0.77 ± 0.27 6.23 ± 5.03

Term
(>37 weeks)

0.80 ± 0.97 1.17 ± 1.72 1.63 ± 2.01 0.14 ± 0.44 3.75 ± 3.68

P value 0.00 0.01 0.855 0.557 0.059

On analysis, the red cell requirement increases as the gestational age

decrease. Platelet requirement is high in the preterm (32 - <37 weeks). No

statistical difference in FFP usage as increase in gestational age. Preterm (32 -

<37 weeks) were the most frequently transfused group.
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Table 32: Relationship between birth weight of the neonate with

transfusion requirements of blood components

Birth Weight
Wise

Component
Usage

Red cell
transfusion
Mean ± SD

Platelet
transfusion
Mean ± SD

FFP
transfusion
Mean ± SD

Whole Blood
transfusion
Mean ± SD

Total no of
transfusion
Mean ± SD

Extremely Low
Birth Weight
(<1000 gm)

2.00 ± 1.32 0.89 ± 1.45 1.11 ± 1.05 0.00 ± 0.00 4.00 ± 1.87

Very Low Birth
Weight (1499 -

1000 gm)
2.37 ± 1.50 2.37 ± 2.70 1.81 ± 2.34 0.63 ± 0.25 6.62 ± 5.94

Low Birth
Weight (2499 -

1500 gm)
1.32 ± 1.18 1.88 ± 2.38 1.64 ± 2.07 0.00 ± 0.00 4.84 ± 3.55

Normal birth
weight ( 2500

gm)
0.80 ± 1.12 1.46 ± 2.15 1.50 ± 1.86 0.18 ± 0.48 3.94 ± 4.08

P value 0.00 0.357 0.842 0.157 0.161

On analysis, the red cell requirement increases as the birth weight

decrease. Platelet requirement also increases as a decrease in birth weight. But

not statistically significant. No statistical difference in FFP usage as increase

in gestational age. Very Low Birth Weight (1499 - 1000 gm) were the most

frequently transfused group.
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Table 33: Relationship between APGAR SCORE (5 min) of the neonate

with transfusion requirements of blood components

APGAR Score
at 5 min wise
component

usage

Red cell
transfusion
Mean ± SD

Platelet
transfusion
Mean ± SD

FFP
transfusion
Mean ± SD

Whole
Blood

transfusion
Mean ± SD

Total no of
transfusion
Mean ± SD

0 – 3
(Low score)

2.12 ± 0.178 2.12 ± 3.27 2.87 ± 3.13 0.00 ± 0.00 7.12 ± 7.41

4 – 6
(Intermediate

score)
1.16 ± 1.01 1.32 ± 1.93 1.62 ± 1.67 0.27 ± 0.16 4.13 ± 3.38

7 – 10
(Normal score)

1.25 ± 1.44 1.81 ± 2.32 1.30 ± 1.83 0.16 ± 0.46 4.54 ± 4.11

P value 0.178 0.497 0.096 0.149 0.192

On analysis, no significant difference in transfusion requirement across

APGAR score at 5 min group. However, FFP transfusion was high in low

APGAR score group.
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IV. AGE OF RED CELLS AND LENGTH OF STAY (LOS)

Table 34: Difference in mean LOS in patients receiving RBCs of various

storage ages

Variable

Age of red cells

Length of stay

(in days)

Mean ± SD

P value

Neonates transfused with RBC
units with <7 days storage (n=21)

17.00 ± 20.41
0.973

(>0.05)Neonates transfused with RBC
units with >7 days storage

(n=26/79)
17.19 ± 18.51

Neonates transfused with RBC
units with <14 days storage

(n=48)
18.81 ± 21.12

0.858

(>0.05)Neonates transfused with RBC
units with >14 days storage

(n=6/52)
17.16 ± 21.48

In the study population (n=100), it was observed that the mean length

of stay of neonates receiving red blood cells stored for greater than 7 days and

14 days was not significantly longer than those receiving red blood cells

stored less than 7 days and 14 days.
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DISCUSSION

I. NEONATE DETAILS

1. Sex of the neonate

In our study, 64% (n=64) were male and 36% (n=36) were female.

Similarly, in Rahim et al22 study 71.96% were male and 28.04% were female,

in Ogunlesi et al5 study 71.4% (n=80) were male and 28.6% (n=32) were

female.

2. Age of the neonate on admission

In our study, the minimum and maximum age of the neonate on

admission were 2 hours and 27 days respectively. But in Ayede et al24 study

the age of the neonate was between 2 to 34 days. In our study, 72% (n=72) of

the neonates were admitted in NICU in the first postnatal week. Of the 72%,

40% got admitted within 24 hours of delivery. Similarly, in Ogunlesi et al5

study 81.2% (n=98) got admitted in NICU in the first postnatal week. But

only 11.6% (n=13) were admitted within 24 hours of delivery.

3. Blood grouping and Rh typing of the neonate:

In our study, 42% belonged to O blood group, 28% belonged to A

group, 26% belonged to B group and 4% to AB group. In Ayede et al24 study,

43.9% were O group, 40% were A group, 13% B group and 2% were AB

group.
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4. Birthweight of the neonate

In our study, the mean birth weight of the neonate was 2199 gm with

the minimum and maximum birth weight were 560 gm and 3655 gm

respectively. 50% of the neonates were with normal birth weight ( 2500 gm),

25% were Low Birth weight neonates (2499 – 1500 gm), 16% were Very

Low Birth weight (1499 – 1000 gm) and 9% were Extremely Low Birth

weight (<1000 gm). In Ayede et al24 study, the weight ranged from 800 gm to

3600 gm with the mean weight of 1640 gm. But in Ali et al74 study, 0.8% of

the neonates were ELBW, 5.4% were VLBW, 37.7% were LBW.

5. Gestational age of the neonate

In our study, the gestational age of the neonate ranged from 24 weeks

to 42 weeks with the mean gestational age of 36 weeks. Similarly, in Boo et

al95 study, the mean gestational age was 33.6 weeks ranging from 24 to 41

weeks. 57% were term (>37 weeks), 26% were late preterm (32 - <37 weeks),

11% were very preterm (28 - <32 weeks) and 6% were extremely preterm

(<28 weeks). Overall 57% were term and 43% were preterm neonates. In Boo

et al95 study, 22.7% of the neonates were extreme preterm, 25.5 were very

preterm, 15.5% were late preterm and 36.4% were term neonates. In Ayede et

al24 study, 82% were preterm and 18% were term neonates.
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6. Mode of delivery of the neonate

In our study, 50% were delivered by caesarean section, 48% by normal

vaginal delivery and 2% by forceps delivery.

7. APGAR score at 5 min of the neonate:

In our study, APGAR score at 5 min ranged from score 2 to score 10

with the mean APGAR score of 6.5. 55% belonged to Normal score (7 – 10),

37% belonged to Intermediate score (4 -6) and 8% belonged to Low score

(0 – 3).

8. Indication for admission in NICU

In our study, the indications for admission in NICU were perinatal

asphyxia, prematurity, respiratory distress, neonatal jaundice, low birth

weight, neonatal seizures, sepsis, hypoglycaemia and others (failure to thrive,

lethargy, congenital malformation, hyperthermia and surgical interventions).

In Rahim et al22 study, the indications for admissions were prematurity,

neonatal infection, neonatal jaundice and birth asphyxia. In Neogi et al,11 the

various reasons for admissions were respiratory distress, sepsis, low birth

weight/prematurity, birth asphyxia, congenital malformation, jaundice and

others.
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9. Age of the neonate at which first transfusion was given

In our study population, 60% of the neonates received transfusion during

the first week of life. 19% in the second week, 7% in the third week and 14%

in the fourth week of life. The minimum and maximum age at which first

transfusion was given were day 1 and day 28.

10. Age of the neonate at which transfusions were given

In our study, most of the neonates had transfusions in the first and

second week of life. In the first week of life, FFP was the major component

utilized. In the second week, platelets usage predominant over the other

components. Whole blood usage is seen only in the first two weeks. Packed

red cell requirement was same in all weeks.

II. APPROPRIATENESS OF BLOOD COMPONENT UTILIZATION

In the present study, 460 transfusions were given to 100 neonates. In

Ogunlesi et al5 study, 251 transfusions were given to 112 neonates. In Boo et

al95 study, 223 transfusions were given to 110 neonates. In Kaur et al64 study,

557 transfusions were given to 280 neonates.

In the present study, 28% (n=129) received packed red cell, 36%

(n=166) received random donor platelet, 34% (n=155) received fresh frozen

plasma and 2% received whole blood. Cryoprecipitate and single donor

platelets were not used in the study. Cellular products were not leukoreduced
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or irradiated in the study. In Kaur et al64 study, 54.7% received platelets and

24.5% received packed red cells. In Giridharan et al6 study, 53% received

platelets, 35% received packed red cells, 10% received FFP and 2% received

cryoprecipitate. In Ogunlesi et al5 study, 66.1% received packed red cells and

8% received plasma. In Ramanathan et al41 study, 54.5% received platelets. In

Bowen et al31 study, 88.9% received packed red cells and 23.9% received

platelets.

In the present study, 66 neonates received 129 packed red cells, 53

neonates received 166 platelets, 66 neonates received 155 FFP and 8 neonates

received whole blood. In Kasat et al26 study, 111 neonates received 559

packed red cells. In Altuntas et al52 study, 80 neonates received 225 FFP. In

Essabar et al49 study, 60 neonates received 77 packed red cells. In Raban et

al53 study, 113 neonates received 142 FFP.

In the present study, packed red cells with platelets and FFP (23%) was

the commonly used combination of blood components in neonates. The other

commonly used combinations were packed red cells with FFP, packed red

cells with platelets and platelets with FFP.

In the present study, the mean donor exposure was 4.6 which ranged

from single donor exposure to 20 donor exposures. In Donowitz et al83 study,

the mean donor exposure was 6.9 which ranged from single donor exposure to

25 donor exposures. In Wang-Rodriguez et al88 study, the mean donor



83

exposure was 1.6 ± 0.8. In Cook et al85 study, the mean donor exposure in

Group I was 8.2 (1 -25) and in Group II was 2.2 (1 – 9). The strategies to

reduce donor exposure in neonates are delayed clamping or milking of the

umbilical cord at preterm, drawing the initial blood tests from cord/placental

blood from VLBW neonates, limiting phlebotomy losses of VLBW neonates,

aliquoting the blood components into Pedi packs or using sterile connecting

device and using till its expiration date, selected use of erythropoiesis

stimulating agents to prevent transfusions, using platelet mass (number of

platelets per microliter of blood and average platelet size) rather than platelet

count in platelet transfusion services, permitting the platelet count to fall to

<20000/µL in stable neonates and <50000/µL in unstable neonates, not

performing routine coagulation test screening on every VLBW neonate.89

1. Appropriateness of red blood cell transfusions:

In the present study, out of 129 red cell transfusions, 91% (n=118)

were appropriate and 9% (n=11) were inappropriate. Out of 118 red cell

transfusions, 63 (53%) were compliant with NNF guidelines and 55 (47%)

were compliant with other guidelines such as AABB and expert opinion. The

reasons for inappropriate use of packed red cells in the present study were

PCV 31% to >45%, without any symptoms and FiO2 40% without

laboratory assessment of haematocrit. In Wade et al16 study, 77% packed red

cell transfusions were appropriate. In Baer et al23 study, 70% of packed red

cell transfusions were appropriate.
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The mean volume of red cell transfusion was 55 ml with the range of 9

ml to 235 ml. The mean donor exposure due to red cell transfusion was 1.29

with the range of single donor exposure to 5 donor exposures. In the present

study, the mean haemoglobin before transfusion was 9.2 g/dL. In Kaur et al64

study, Essabar et al49 study and Portugal et al2 study, the mean haemoglobin

before transfusion was 8.2 g/dL, 8.59 g/dL and 9.0 g/dL respectively.

In the present study, most of the red blood cell transfusions belonged

to second (42%) and first week (37%) of storage. The mean age of red cells

transfused in first and second week were 5 days old and 10 days old blood

respectively. The minimum and maximum storage of red cells units used in

the present were day 1 and day 29 blood respectively.

2. Appropriateness of platelet transfusions

In the present study, out of 166 platelet transfusions, 96% (n=160)

were appropriate and 4% (n=6) were inappropriate. Out of 118 platelet

transfusions, 155 (97%) were compliant with NNF guidelines and 5 (3%)

were compliant with expert opinion. The reasons for inappropriate use of

platelets in the present study was transfusing at a platelet count 61000 to

78000, without bleeding. In Wade et al16 study, 75% of platelet transfusions

were appropriate. In Baer et al23 study, 69% of platelet transfusions were

appropriate.
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The mean volume of platelet transfusion was 67 ml with the range of

10 ml to 297 ml. The mean donor exposure due to platelet transfusion was

1.66 with the range of single donor exposure to 10 donor exposures. In the

present study, the mean platelet count before transfusion was 24973/µL. In

Kaur et al64 study and Ramanathan et al41 study, the mean platelet count

before transfusion was 35453/µL and 43118/µL respectively.

3. Appropriateness of fresh frozen plasma transfusions

In the present study, out of 155 FFP transfusions, 86% (n=133) were

appropriate and 14% (n=22) were inappropriate. Out of 133 appropriate FFP

transfusions, 38% (n=51) were compliant with NNF guidelines, 62% (n=82)

were compliant with other guidelines such as BCSH and Expert opinion. The

reasons for inappropriate use of FFP in the present study were INR <1.5

without bleeding, single episode of nasogastric bleed in a term neonate,

metabolic abnormalities (hypernatremia, hyponatremia, hypokalaemia) and

coagulopathy without laboratory parameters done. In Wade et al16 study,

100% inappropriate FFP transfusions. In Raban et al53 study, 75% of FFP

transfused were appropriate. In Baer et al23 study, 65% of FFP transfusions

were appropriate.

The mean volume of FFP transfusion was 53 ml with the range of 6 ml

to 231 ml. The mean donor exposure due to FFP transfusion was 1.55 with the

range of single donor exposure to 8 donor exposures.
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4. Appropriateness of whole blood transfusions

In the present study, out of 10 whole blood transfusions, 90% (n=9) of

the transfusions were appropriate and 10% (n=1) were inappropriate. 9

appropriate whole blood transfusions were compliant with NNF guidelines. In

one case, whole blood was used to treat combined anaemia and

thrombocytopenia. Platelets are inactivated at 2-6 C storage of whole blood.

So, whole blood usage for this transfusion is inappropriate.

The mean donor exposure due to whole blood transfusion was 0.1 with

the range of single donor exposure to 2 donor exposures. The age of the

whole blood units transfused ranged from day 1 storage to day 5 storage with

the mean storage age of whole blood was 2.9 days. In the present study, all

exchange transfusions were double volume exchange transfusions.

III. RELATIONSHIP BETWEEN NEONATAL PARAMETERS

WITH TRANSFUSION REQUIREMENTS

1. Relationship between gestational age of the neonate with transfusion

requirements

In the present study, a significant linear association is present between

gestational age of the neonate and red cell transfusion except for extreme

preterm (<28 weeks). The survival rate of extreme preterm was low and also

most of the extreme preterm neonates were also extremely low birth weight
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neonates. When gestational age increases there is a decrease in the red cell

requirement. This linear association is because preterm neonates enter

extrauterine life with low iron stores and a small circulating volume of RBCs.

Very preterm (28 - <32 weeks) had received more of red cell transfusion.

Similarly, in Bowen et al31 study and Freitas et al32 study, there is an increase

in red blood cell transfusion in neonates <32 weeks’ gestation.

In our study, a significant linear association is present between

gestational age and the platelet requirement. As gestational age increase

platelet requirement also increases. But in term neonates’ platelet requirement

is low because term neonates born with normal adult platelet count values.

Preterm neonates born with low platelet count. In our study, platelet

requirement is high in preterm (32 - <37 weeks). Similarly, in Bowen et al31

study platelet requirement is high in neonates 32 weeks of gestation. But in

Ramanathan et al41 study, there was no significant relationship between

gestational age and neonatal thrombocytopenia and platelet transfusion. In the

present study, no statistical difference in FFP usage as increase in gestational

age. Association between gestational age and whole blood requirement could

not make out because very preterm and extreme preterm neonates have not

received whole blood.
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2. Relationship between birth weight of the neonate with transfusion

requirements

In the present study, a significant linear association was present

between birth weight and transfusion requirement except extremely low birth

weight neonates. The survival rate of ELBW neonates was low. In the present

study, VLBW neonates received transfusion more frequently. Similarly, in

Strauss33 in an international forum stated that transfusions were greatly

influenced by birth weight. 88% of ELBW neonates are transfused with

blood. Platelet requirement also increases as a decrease in birth weight. But

there is no statistical significance. In Ramanathan et al41 study also VLBW

neonates received more platelet transfusions. No statistical difference in FFP

usage across the birth weight group of the neonates. Association between

birth weight and whole blood requirement could not make out because very

preterm and extreme preterm neonates have not received whole blood.

3. Relationship between APGAR SCORE (5 min) of the neonate with

transfusion requirements

In the present study, no association between APGAR score at 5 min

and transfusion requirement. FFP requirement increases as a decrease in

APGAR score. But there is no statistical significance. In most cases, Low

APGAR score was due to perinatal asphyxia. Coagulation derangement is
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common in perinatal asphyxia. So, FFP usage is more common in the Low

APGAR score group.

IV. AGE OF RED CELLS AND LENGTH OF STAY (LOS)

Prolonged storage of RBCs leads to morphological changes that could

have a deleterious impact on microvascular perfusion and thus oxygen

delivery. These changes include changes to the cell shape and membrane, an

increase in adhesiveness, a decline in flexibility and reductions in capillary

flow. Further, older blood is associated with the release of free iron that may

predispose to vascular dysfunction, thrombosis and nosocomial infections.

The storage medium could be deleterious by generating superoxides and

inflammatory mediators that could result in oxidative damage.13,62,90

Various studies have shown that prolonged RBC storage is associated

with increased rates of infection, organ failure, death and increased length of

stay.91 So, neonates are usually transfused with fresh RBCs because of the

storage lesion associated with older RBCs. However, it is still unclear

whether the high mortality and morbidity were the direct result of

transfusions, with the sickest neonates receiving more transfusions and

predictably having worse outcomes.49

But recent literatures are saying that there is no difference in outcome

when transfusing with fresh or old units of red blood cells for small volume

top up transfusion.13,14 Fresh (<5 days old) RBCs are required in case of large
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volume transfusion such as exchange transfusion, during cardiac surgery and

ECMO.14

In the present day, the association between age of red cells transfused

and length of stay was assessed. Based on Cochrane review,93 AABB3

standards and ARIPI trial,91 <7 days and <14 days were considered fresh

RBCs in the present study because of the lack of uniform definitions of fresh

or old RBC storage. In the study population (n=100), it was observed that the

mean length of stay of neonates receiving red blood cells stored for greater

than 7 days and 14 days was not significantly longer than those receiving red

blood cells stored less than 7 days and 14 days. Similarly, Alexander et al13

study, AABB3 and Cochrane review,93 the length of stay was not influenced

by the storage age of red cells. But in Hassan et al10 study and Karam et al94

study, LOS was influenced by the storage age of red cells and found to

prolonged when using >14 days old blood.
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Table 34: Master Chart for appropriateness of blood component utilization

Study Present
study Kaur et al64 Giridharan

et al6
Ogunlesi et

al5
Cook
et al85

Kasat et
al26

Altuntas
et al52

Ramanathan
et al41

Essabar
et al49 Boo et al95 Wade

et al16
Portugal

et al2
Bowen
et al31

Wang-
Rodriguez

et al88

Raban
et al53

Donowitz
et al83

Baer
et al23

Total no of
transfusion

460
transfusions
in 100
neonates

557
transfusions
in 280
neonates

- 251
transfusions
in 112
neonates

- - - - - 223
transfusio
ns in 110
neonates

- - - - - - -

No of
components
transfused

66 neonates
– 129
PRBC, 53
neonates –
166, 66
neonates –
155 FFP, 8
neonates –
10 WB

- - - - 111
neonates
– 559
PRBC

80
neonates
– 225
FFP

- 60
neonates
– 77
PRBC

- - - - - 113
neonates
– 142
FFP

- -

Percentage
of
components
utilized

36 %
platelets,
34% FFP,
28% PRBC,
2% WB

54.7%
Platelets,
24.5%
PRBC

53%
Platelets,
35% PRBC,
10% FFP,
2% Cryo

66.1%
PRBC, 8%
Plasma

- - - 54.5%
Platelets,
83.6% FFP

- - - - 88.9% -
PRBC,
23.9% -
Platelets

- - - -

Mean pre-
transfusion
HB

9.2 g/dL 8.2 g/dL - - - - - - 8.59
g/dL

- - 9.0 g/dL - - - - -

Mean pre-
transfusion
platelet

24973/µL 35458/µL - - - - - 43118/µL - - - - - - - - -

RBC
appropriate
transfusion

91% - - - - - - - - - 77% - - - - - 70%

Platelet
appropriate
transfusion

96% - - - - - - - - - 75% - - - - - 69%

FFP
appropriate
transfusion

86% - - - - - - - - - 0% - - - 75

%

- 65%

Whole
blood

2% - - - - - - - - - - - - - - - -
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Study Present
study Kaur et al64 Giridharan

et al6
Ogunlesi et

al5
Cook
et al85

Kasat et
al26

Altuntas
et al52

Ramanathan
et al41

Essabar
et al49 Boo et al95 Wade

et al16
Portugal

et al2
Bowen
et al31

Wang-
Rodriguez

et al88

Raban
et al53

Donowitz
et al83

Baer
et al23

appropriate
transfusion

Mean donor
exposure

4.6  ±  4.2  (1
– 20)

- - - Group
I – 8.2

(1  –
25),
Group
II –
2.2 (1
– 9)

- - - - - - - - 1.6 ± 0.8 - 6.9 (1 –
25)

-

Table 35: Master chart for age of red cells and Length of Stay (LOS)

Study Present study Hassan et al10 Alexander et al13 AABB3 Cochrane93 Karam et al94

Storage age of red
cells vs LOS

LOS not prolonged LOS prolonged LOS not prolonged LOS not prolonged LOS not prolonged LOS prolonged
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Table 36: Master chart for relationship between neonatal parameters with transfusion requirements of blood components

Study Present study Bowen et al31 Ramanathan et al41 Strauss in an
international forum33 Freitas et al32

Gestational age of the
neonate with
transfusion
requirements

Red cell requirement
higher in <32 weeks
and platelet
requirement higher in
>32 weeks

Red cell requirement
higher in <32 weeks
and platelet
requirement higher in
>32 weeks

No significant relation
between gestational age
and neonatal
thrombocytopenia

- Red cell
requirement
higher in <32
weeks

Birth weight of the
neonate with
transfusion
requirements

VLBW <1500 gm
neonates received
more platelet
transfusion

- VLBW <1500 gm
neonates received more
platelet transfusion

Transfusions are
greatly influenced by
birth weight. 88% of
ELBW neonates
transfused with blood

-

APGAR SCORE (5
min) of the neonate
with transfusion
requirements

FFP usage was high in
low APGAR score
group. But not
significant statistically

- - - -
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SUMMARY

In our study,

I. On appropriate use of blood components

Out of the 100 neonates, 64 were male and 36 were female.

The minimum and maximum age of the neonate on admission were 2

hours and 27 days respectively. 72% (n=72) of the neonates were

admitted in NICU in the first postnatal week. Of the 72%, 40% got

admitted within 24 hours of delivery.

The mean birth weight of the neonate was 2199 gm which from 560

gm to 3655 gm. 50% of the neonates were with normal birth weight

2500 gm), 25% were Low Birth weight neonates (2499 – 1500 gm),

16% were Very Low Birth weight (1499 – 1000 gm) and 9% were

Extremely Low Birth weight (<1000 gm).

The gestational age of the neonate ranged from 24 weeks to 42 weeks

with the mean gestational age of 36 weeks. 57% were term (>37

weeks), 26% were late preterm (32 - <37 weeks), 11% were very

preterm (28 - <32 weeks) and 6% were extremely preterm (<28

weeks). Overall 57% were term and 43% were preterm neonates.

APGAR score at 5 min ranged from score 2 to score 10 with the mean

APGAR score of 6.5. 55% belonged to Normal score (7 – 10), 37%

belonged to Intermediate score (4 -6) and 8% belonged to Low score

(0 – 3).
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The indications for admission in NICU were perinatal asphyxia,

prematurity, respiratory distress, neonatal jaundice, low birth weight,

neonatal seizures, sepsis, hypoglycaemia and others.

60% of the neonates received transfusion during the first week of life.

460 transfusions were given to 100 neonates.

28% (n=129) received packed red cell, 36% (n=166) received random

donor platelet, 34% (n=155) received fresh frozen plasma and 2%

received whole blood.

66 neonates received 129 packed red cells, 53 neonates received 166

platelets, 66 neonates received 155 FFP and 8 neonates received whole

blood.

Packed red cells with platelets and FFP (23%) was the commonly used

combination of blood components in neonates.

The mean donor exposure was 4.6 which ranged from single donor

exposure to 20 donor exposures.

Out of 129 red cell transfusions, 91% (n=118) were appropriate and

9% (n=11) were inappropriate. Out of 118 red cell transfusions, 63

(53%) were compliant with NNF guidelines and 55 (47%) were

compliant with other guidelines such as AABB and expert opinion.

The mean volume of red cell transfusion was 55 ml with the range of 9

ml to 235 ml.
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The mean donor exposure due to red cell transfusion was 1.29 with the

range of single donor exposure to 5 donor exposures.

The mean haemoglobin before transfusion was 9.2 g/dL.

Most red blood cell transfusions belonged to second (42%) and first

week (37%) of storage.

Out of 166 platelet transfusions, 96% (n=160) were appropriate and

4% (n=6) were inappropriate. Out of 118 platelet transfusions, 155

(97%) were compliant with NNF guidelines and 5 (3%) were

compliant with expert opinion.

The mean volume of platelet transfusion was 67 ml with the range of

10 ml to 297 ml.

The mean donor exposure due to platelet transfusion was 1.66 with the

range of single donor exposure to 10 donor exposures.

The mean platelet count before transfusion was 24973/µL.

Out of 155 FFP transfusions, 86% (n=133) were appropriate and 14%

(n=22) were inappropriate. Out of 133 appropriate FFP transfusions,

38% (n=51) were compliant with NNF guidelines, 62% (n=82) were

compliant with other guidelines such as BCSH and Expert opinion.

The mean volume of FFP transfusion was 53 ml with the range of 6 ml

to 231 ml.

The mean donor exposure due to FFP transfusion was 1.55 with the

range of single donor exposure to 8 donor exposures.
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Out of 10 whole blood transfusions, 90% (n=9) of the transfusions

were appropriate and 10% (n=1) were inappropriate. 9 appropriate

whole blood transfusions were compliant with NNF guidelines.

The mean donor exposure due to whole blood transfusion was 0.1 with

the range of single donor exposure to 2 donor exposures.

The age of the whole blood units transfused ranged from day 1 storage

to day 5 storage with the mean storage age of whole blood was 2.9

days.

All exchange transfusions were double volume exchange transfusions.

II. On relationship between neonatal parameters with transfusion

requirements

A significant linear association is present between gestational age of

the neonate and red cell transfusion. Red cell requirement is inversely

proportional to the gestational age of the neonate.

Platelet requirement is high in 32 weeks of gestation.

A significant linear association was present between birth weight and

transfusion requirement. Platelet requirement is inversely proportional

to the birth weight of the neonate.

III. Age of red cells and Length Of Stay (LOS)

The mean length of stay of neonates receiving red blood cells stored

for greater than 7 days and 14 days was not significantly longer than

those receiving red blood cells stored less than 7 days and 14 days.
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CONCLUSION

Neonatal physiology and transfusion requirement varies with maturity,

age, weight and the presence of morbidities. So, while considering the

necessity for transfusing blood components to neonates these parameters

along with normal physiological adaptation after birth should be taken into

consideration. On analysing the blood utilization practices among neonates in

our study, appropriateness is on par with the current consensus of transfusion

practice. But the current NNF guidelines need some revision of the available

transfusion triggers. So, institution-based neonatal transfusion guidelines

should be formulated with new concepts in the field, by the combined efforts

from neonatologist and transfusion medicine specialist.

In our study, Gestational age and Birth weight of the neonate had a

significant association with transfusion requirement. Very low birth weight

premature neonates bear the brunt of multiple donor exposures due to

frequent transfusions. This could be avoided by usage of Pedi-

packs/aliquoting with the aid of SCD from a single donor, irrespective of the

storage age of red cells, especially for small volume top-up transfusions.

Further, our study reiterates that there is no significant difference

between LOS and storage age of red cells in neonates. This is contrary to the

wider belief of using fresh blood for neonatal transfusions to avoid storage

lesion induced effects in immature neonates. However, for larger volume
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transfusions as in exchange transfusion, usage of fresh RBCs is

recommended.

This study emphasizes the rational use of blood and its components

and reduction of multiple donor exposure. In a developing country like India,

due to the financial constraint, leukoreduction and irradiation should be

practised at least for high-risk neonates.
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ANNEXURES







PROFORMA

1. Name: ........................................................

2. Age: ................................................days

3. Sex: ........................................................

4. Ip.No: .........................................................

5. Blood Group: ...............................................

6. Birth Weight: ........................................gms (VLBW / ELBW / NORMAL)

7. Gestational Age: ...................................wks (Preterm / Term)

8. Mode of delivery of the neonate: ......................................................................

9. APGAR Score: 1min........................5min.......................

10. Indication for Admission In NICU: .................................................................

11. Diagnosis: ........................................................................................................

12. Indication for PRBC Transfusion: ...................................................................

13. Indication for PLATELET Transfusion: ...........................................................

14. Indication for FFP Transfusion: .......................................................................

15. Indication for WHOLE BLOOD Transfusion: ................................................

16. Age at which first transfusion was given: .........................................Days / 28

17. Age at which transfusions were given: ............................................................

18. Number of Transfusions Given: .......................................................................

19. Transfused Blood Date of Collection: ………………………………………

20. Pre - transfusion Haematocrit: ..........................................................................



21. Pre - Transfusion Platelet count: .....................................................................

22. Blood utilization

Blood utilization ml
PRBC
WB
FFP
Platelets
Cryo

23. Duration of Hospital Stay: ..................................................Days

24. No of donor exposure:………………………………………….
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PATIENT INFORMATION SHEET

EVALUATION OF BLOOD UTILIZATION PRACTICE IN

NEONATES

A neonate experiences rapid change of physiology at birth and during

initial few days of life. Blood forms one of the therapeutic modalities in

neonatal care. This study is done to evaluate Blood usage pattern among

neonates in Neonatal Intensive Care Unit (NICU).

PROCEDURE

Data will be collected from Case records, Blood request forms and

Blood Bank records for analysis.

BENEFITS AND RISKS

There is no risk for patients enrolled in this study as their treatment

protocols are not interfered with.

CONFIDENTIALITY

Your privacy will be protected in so for as permitted by law. Only your

researcher and Ethical committee members will have access to the data

collected during the study.

PARTICIPATION

Your participation in this study is voluntary and you are free to decide

now or later whether to continue or discontinue from the study.

Name of the patient:

Parent/ Guardian Signature:

Date:



CONSENT

I confirm that I read and understood the information about the above research

study dated ______________ and I received chance to ask the questions.

My participation in this study is voluntary and I know that I am free to

withdraw from the study at any time, without giving any reason and without

affecting of my legal rights.

I agree to this access. I know that my identification will not be revealed in any

details that is released to third persons or published.

I agree not to restrict or interfere with any data or results that are obtained

from this study. I agree to participate in this research study for the above

listed purpose.

Patient’s Name               :                                     Date    :

Parent’s Name                :                                     Parent’s Signature    :

Patient IP Number          :

Signature of the person

who obtains consent            :                                                              Date    :
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