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Neonatal Exchange Transfusion in a Non-Tertiary Hospital setting:
a “How to guide”
Introduction
Exchange transfusion is becoming a less commonly performed procedure. For this
reason, NSW Health Guidelines GL2016_027 Neonatal – Jaundice and management in
Neonates ≥ 32 weeks Gestation and GL2016_018 NSW Maternity and Neonatal Service
Capability Framework state that an Exchange Transfusion in NSW should be performed in
a tertiary Neonatal Intensive Care Unit (NICU). However, there are circumstances when a
newborn will present in non-tertiary hospitals with potentially neurotoxic serum bilirubin
(SBR) levels. In this scenario, the risk of the time delay involved in transfer to a tertiary
NICU may exceed the risk of exchange transfusion being performed locally.
This “How to guide” is designed to assist in the performance of an exchange transfusion
in this situation. It is not designed to replace protocols in units that already have their own
current written guidelines.
The “How to guide” is based on use of the NSW State standard exchange transfusion
delivery set, which is available from REM Systems Pty Ltd on Freecall: 1800 737 222 or
Customer service on (02) 9878 5551

1.

What is a neurotoxic bilirubin level?

There is no simple answer to this question because it depends on a range of factors
including postnatal age, underlying disease process, maturity and serum albumin levels. If
in doubt, consultation with a neonatologist should take place.
In general terms:

2.

•

Any well newborn after 37 weeks and older than three (3) days with an
SBR between 400 and 450 micromol per litre, consideration should be given
to discussing management with a neonatologist.

•

A SBR over 450 micromol per litre would be an indication for urgent discussion
about management with a neonatologist

•

Lower thresholds than this will apply in newborns with risk factors including;
being born before 37 weeks, having known haemolysis, having a low serum
albumin or being systemically unwell from another cause. In the presence
of risk factors, exchange transfusion thresholds should be individualised in
a range between 340 and 380 micromol per litre in discussion with a
neonatologist.

To transfer or not to transfer?

Where to perform the exchange transfusion will be the most difficult decision and should
only be taken in consultation with NETS and a neonatologist.
Factors that will influence this decision include:
2.1
The immediate risk of kernicterus
This is usually based on the SBR. Once this is above 500 micromol per litre in a well term
newborn, the risk is very high. If the newborn is showing any neurological signs that could
be due to bilirubin neurotoxicity then the risk is extreme.
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2.2
•

•

The underlying disease process
The SBR usually continues to rise despite
phototherapy in newborns with haemolysis due to rhesus incompatibility or G6PD
deficiency.
The SBR often falls (sometimes quite quickly) with intensive phototherapy in ABO
incompatibility or physiological jaundice (often Asian babies of Chinese ethnic
origin).

2.3
A systemically unwell newborn
The risks of exchange transfusion are much higher in a newborn who is systemically
unwell, so transfer to an NICU may be preferable in this situation.
2.4

The options for transfer and likely transfer time to an NICU

2.5

The availability of blood
see 3.1 below

2.6
The ability to insert an umbilical venous catheter (UVC)
This procedure is described in detail below (see 3.4). The UVC should be inserted by a
clinician with prior experience.
2.7
The state of the umbilical stump
After day 3 to 4 of life, the umbilical vessels become progressively more difficult to
catheterise. If an UVC with a free flow of blood cannot be established then exchange
transfusion will have to be done via a peripheral venous and peripheral arterial line.
If the skills to insert a peripheral arterial line are not available, you cannot proceed

3.

Exchange Transfusion Procedure

If the decision is made to proceed to an exchange transfusion prior to transfer
then you will need to follow these steps.
3.1
Ensure availability of Red Cells and Fresh Frozen Plasma (FFP)
Traditionally, blood for exchange transfusion was required to be less than 5 days old,
cytomegalovirus (CMV) negative and irradiated and came from the Australian Red
Cross Blood Service (ARCBS) in Sydney. If you consider an urgent exchange transfusion
in a peripheral unit is necessary, it will require a compromise on the type of blood used.
Most hospitals have a stock of O-negative red cells and the risk to the newborn of using
this blood compared to the risk of brain injury if the exchange is delayed will be small.
The risks of using stock O- negative red cells to be considered are:
3.1.1

Higher potassium levels in older blood

Potassium levels rise with age in stored blood. The ARCBS red cell packs meet the
specification for potassium levels to be less than 9 mmol per pack at expiry (42 days).
You should use the freshest bag of red cells available and monitor the potassium
levels in the blood closely during the exchange (see 3.6.2).
3.1.2 pH of blood products
Stored blood is acidic and the acid base status of the newborn will need to be monitored
closely during an exchange (see 3.6.2).
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3.1.3 Transmission of cytomegalovirus (CMV)
Stored red cells are leucocyte depleted to less than 1 x
106 white cells per unit thus, with filtering, the risk of CMV transmission even with CMV
positive blood is very small. The ARCBS guidelines state:

3.1.4

•

Use CMV negative blood whenever possible

•

If not available, leucocyte depleted blood is considered to offer a high level
of safety in preventing CMV transmission, but i s not universally believed
to be equivalent to CMV negative blood

•

If you use CMV positive blood, monitor for CMV infection after the transfusion.

Graft vs Host reaction

The risk of this in a newborn is small. Irradiation of the blood to be transfused is NOT
necessary with the ONLY exception to this being a newborn who has had an intrauterine
transfusion.
3.1.5

Polycythaemia

Stored red cells have a predictable packed cell volume of 60% (± 2%). While this is
acceptable in a newborn, it is usual to dilute by about 10% the blood to be transfused with
Fresh Frozen Plasma (FFP) of compatible ABO type. See Plasma compatibility.
Australian Red Cross Blood Service
www.transfusion.com.au/blood_basics/compatibility/plasma

Key Points
•

Place the newborn under phototherapy lights and on a Biliblanket (if available

•

Exchange transfusions usually exchange double the newborn’s blood volume – i.e.
160 mL per kg

•

The formula for exchange fluids is Red cells 90% + FFP 10%. See section 3.5.1
for example

•

Use the freshest bag of O-negative blood, ideally CMV negative.

•

The use of blood warmers is not recommended. Leave the blood and FFP to
warm to room temperature while preparing the newborn for the exchange.

•

A checked neonatal resuscitation trolley must be nearby in case the newborn’s
condition deteriorates acutely during the procedure
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3.2.
•
•
•
•
•

•
•
•
•
•
3.3
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Equipment required
Umbilical Venous Catheter: single lumen 5FG
Sterile gown and gloves
Sterile drapes
Skin preparation solution: aqueous Chlorhexidine or if not available, Betadine
Sterile instruments:
o scalpel with blade
o fine tooth forceps or lacrimal probe
o scissors and suture forceps or Umbilical Catheterisation tray
Sutures (silk 3/0)
Sterile linen cord tie
Additional sterile gauze swabs
Assorted needles / syringes
REM Systems NSW State standard exchange transfusion delivery set
Preparation of the newborn
Continue intensive phototherapy during preparation
The doctor obtains a written informed consent
The newborn screening test (NBST) needs to be collected prior to the transfusion
Identification of the newborn is checked by the nurse and doctor performing the
procedure
Place the newborn on an open care system
Attach cardio-respiratory and temperature monitoring and a BP cuff if available
Take and record newborn’s baseline temperature, pulse, respirations and blood
pressure
Ensure that the newborn’s skin temperature is maintained within the normal range
Measure newborn’s abdominal girth
Attach a urine bag
Insert an 8FG nasogastric tube and empty the stomach contents, leave on free
drainage
Give sucrose for pain relief as per local policy
Nurse assists with umbilical catheterisation as per procedure (see section 3.4)
Restrain newborn only as required.
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3.4

Insert an Umbilical Venous Catheter (UVC)

PROCEED AS FOLLOWS:
Step 3.4a
• If the cord is dry, consider soaking
with wet gauze while you are
setting up
•

Operator should scrub and put on
sterile gown and gloves

•

Prime the umbilical catheter with
heparinised saline (50 units per
5mls) and leave syringe attached

•

Sterilise the cord and area
around the cord with aqueous
Chlorhexidine or Betadine. Then
drape the area around the cord as
shown.
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Step 3.4b
A. Place sterile cord tie around the base
of the cord and tie in a loop with
moderate tension (this is to stop back
bleeding).

B. Use the scalpel to cut the cord
between the cord clamp and the skin
at the base of the umbilicus. Cut
away from you and close to the
clamp. Do not cut flush with the skin
as this will limit any further attempts.

Step 3.4c
•

Examine the cut end of the cord and
identify the two arteries (small, thicker
walled and constricted) and the single vein
(more gaping and thin walled).
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Step 3.4d
A. Grasp the edge of the cord with the
suture forceps and use the lacrimal
probe or the fine toothed forceps to
tease open the vein. It will usually
open up easily

B. Ease the catheter into the open vein
and advance slowly to 9 to 11 cm (in
a term newborn). It will usually need
only slight pressure to advance.
An approximation of the insertion
distance in cms can be derived from the
3
formula :
(1.5 x birthweight in kg) + 5.5
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Step 3.4e
• Test with the syringe whether you can

get free flowing withdrawal of blood.
• If you can’t withdraw blood, it usually

means the catheter tip is in the one of
the smaller hepatic portal veins, so
withdraw the catheter slowly until you get
free flow of blood.

Step 3.4f
•

Anchor catheter to base of the cord with
a suture

•

Secure with ‘goal post’ tapes as shown

•

Connect catheter to infusion of Normal
Saline to keep catheter open
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Step 3.4g
• X-ray catheter to locate tip
position.
• Ideally the catheter goes
straight up with the tip at the
level of the diaphragm (T8,T9).

• If the catheter deviates off into
the liver, measure distance and
withdraw to bring into central
hepatic veins
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3.5
Preparation and setting up of the giving set and waste exchange transfusion
system with the NSW State standard exchange transfusion delivery set:
NOTE: 4 way taps are unavailable from 2016. Future sets will have 2 X 3 way taps
which will still enable the withdraw of blood and discard in a closed system as well
as the ability to take the blood samples during the procedure

One x 4 way tap
to be replaced
by two x 3 way
taps in future
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3.5.1 Preparation of the exchange transfusion set
up and blood
• Check blood, fresh frozen plasma as per hospital policy
• Connect the red blood cells and fresh frozen plasma to the two arms of the giving set
• Fill the burette with 90% red blood cells and 10% FFP. For example to fill to 120mls in
the burette add 108mls of red blood cells and 12mls of FFP, or to fill to 150mls, add
135mls red blood cells and 15mls of FFP
• The RBC/FFP mixture is run through the blood filter and connected to a long extension set,
which is then connected to one of the two 3 way taps
• The disposal bag is connected to the one of the two 3 way taps, then secured to the
newborn’s bed
• The Umbilical Catheter is connected to the other 3 way tap
• The exchange is performed with a syringe through one of the two 3 way taps maintaining a
closed system
3.6
Perform the Exchange Transfusion
This process will involve two health care workers (usually a doctor and nurse) for 2 to 3 hours
so it is important that there is adequate staff available to cover their other patient
commitments
Monitoring bloods (see 3.6.1.below) will need to be taken regularly during the exchange and
these samples require urgent analysis. Warn the laboratory and ensure immediate
delivery of blood samples
3.6.1 The Exchange Transfusion Cycle
Each repetitive withdrawal and infusion cycle takes 5 to10 minutes.
The transfusion cycle is as follows:
a. Withdraw 10 mL of the newborn’s blood slowly from UVC into the syringe
b. This blood is then pushed into the waste bag
c. Draw down 10mL of the mixed RBC / FFP into the syringe
d. Push that 10mL of the mixed RBC / FFP slowly into the newborn

This completes one cycle

NOTE
The blood that is withdrawn on the first cycle and the blood from every 10th cycle is
sent for Full Blood Count, Serum Bilirubin, Glucose, Sodium, Potassium, Calcium,
Creatinine and Blood Gases
Record the time the blood was taken on the Neonatal Exchange Transfusion Blood
Results Chart (Appendix 2)
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• Continue cycles until you have exchanged 160 mL
per kilogram of volume, which is double the
newborn’s blood volume
• Repeat the blood tests (see 3.6.1a) every 10th cycle, otherwise direct withdrawn blood
into waste bag
• Replenish the 90% RBC / 10% FFP mix in the central burette as required
3.6.2 Monitoring
• Record the cycles on the chart provided (Appendix 1), ensuring an accurate record is kept
• Continuously monitor newborn’s temperature, heart rate and oxygen saturation. If
temperature can’t be monitored continuously then it should be done via the axilla every
5th cycle or every 30 minutes. If possible, measure blood pressure every 30 minutes.
• Check blood glucose from the newborn’s withdrawn blood every 5th cycle or every 30
minutes
• Take baseline bloods from first withdrawal (see 3.6.1), then every 10th cycle (if using 10
ml aliquots) and also at the last withdrawal. Send immediately to lab for urgent analysis
• It is usual to continue the exchange transfusion while awaiting these blood results. If any
of the parameters on the previous blood collection are borderline, consider waiting for the
next results before proceeding with the exchange.

4.

Complications of Exchange Transfusion

Complications are unusual if the exchange transfusion is performed slowly. If complications
do occur it is best to slow down or pause the exchange.
If any complications do occur during the exchange, discuss with NETS and the consulting
neonatologist.
• Hypothermia
If newborn’s temperature drops below 36oC slow down the exchange transfusion and turn
up the external heat source
• Hypoglycaemia
May occur during and shortly after the exchange, if the newborn's blood glucose is
less than 2.0 mmol per litre; give push of 2 mL per kg of 10% dextrose and repeat blood
glucose on next cycle.
If there is alternative peripheral venous access, consider starting a 10% dextrose infusion
at the total daily fluid requirement to maintain the blood glucose. Continue to monitor the
newborn’s blood glucose every cycle.
• Rising potassium levels
If potassium (K+) rises above 6 mmol per litre, stop the exchange until the potassium
levels have normalised.
• Hypocalcaemia
This is rare with the preservative anticoagulants used today and will rarely need treating.
If total calcium drops below 1.5 mmol per litre: Flush catheter dead space with normal
saline and give 50mg per kilogram of 10% calcium gluconate via a slow push through the
UVC. Do not give into a peripheral vein.
• Metabolic acidosis
Mild metabolic acidosis is common and usually doesn’t require treatment. If the
newborn’s base excess drops below minus 10 mmol per litre: Flush catheter dead space
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with normal saline and half correct with sodium bicarbonate (mmol of bicarbonate = [body
weight x base excess x 0.3] /2). If acidosis worsens or persists, then consider stopping
exchange.
• Thrombocytopaenia
Because the stored red cells are platelet depleted, the platelet count will tend to fall
during the exchange transfusion. This rarely needs intervention but if the platelet count
falls below 75,000; stop the exchange and consider arranging a platelet transfusion, if
platelets are available.

6.

Conclude the Exchange Transfusion

• Disconnect the exchange transfusion set, flush the UVC with normal saline and
connect a new giving set of 10% Dextrose infusion at the total daily fluid requirement if the
newborn is not feeding or heparinised saline (1unit per ml) at one ml per hour to keep the
UVC patent
• Continue the newborn under phototherapy lights and on a Biliblanket (if available)

7.

Newborn Care Post Exchange Transfusion

• Measure the newborn’s blood pressure at completion of exchange if possible
• Continue phototherapy post exchange transfusion
• Monitor the newborn closely for 24 hours post exchange. This includes:


blood glucose level every 30 minutes for 2 hours post exchange



regular serum bilirubin level (SBR)



hourly temperature, pulse and respirations for 4 hours. If stable and
within normal limits after 4 hours, re-commence previous observations



check and note the appearance of the newborn’s abdomen and listen for
bowel sounds 4 hourly for 24 hours



check catheter sites for bleeding and signs of infection

• Commence feeds if clinically stable and observe for signs of feed intolerance
• Arrange transfer to a tertiary NICU for further management unless it is agreed with NETS
and the consulting neonatologist that it is reasonable to stay at non tertiary hospital for
observation
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Appendix 1: Exchange Transfusion Chart

Special Care Nursery: Neonatal Exchange Transfusion Chart
Date:
Cycle

Total to be exchanged (160mL/kg):
Time

Volume
Out

Total Out

Volume In

Heart
Rate

Temp

SaO2

Dextrostix

Total In

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Send Bloods

Send Bloods

17.
18.
19.
20.

Send Bloods
Neonatal Exchange Transfusion Chart

FILE IN NEWBORN’S MEDICAL RECORD
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Appendix 2: Blood Results Chart

Special Care Nursery: Neonatal Exchange Transfusion Blood Results Chart
Date
Time:
SBR
Hb
WCC
Platelets
Sodium
Potassium
Calcium
Creatinine
Glucose
pH
pO2
pCO2
Base Excess
Neonatal Exchange Transfusion Chart

FILE IN NEWBORN’S MEDICAL RECORD
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