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Historically, Neonatal exchange transfusion (NET) was the first 
intervention tried successfully for the management of severe 

hyperbilirubinemia (SHB), aiming to prevent kernicterus (1). For neonates 
with SHB, NET is shown to decrease neurological morbidity, such as 
kernicterus and bilirubin induced neurological dysfunction (BIND) with 
several neurodevelopmental issues. It also offers additional benefits to the 
management of SHB, which include removal of anti-body coated red blood 
cells (RBC), correction of hemolytic anemia, lowering of circulating maternal 
antibody titers, and increase of albumin content (resulting in enhanced 
bilirubin binding). It has been primarily used for the management of 
immune mediated, and non- immune hemolytic jaundice. The use of NET 
for the effective control of severe hyperbilirubinemia has been decreasing 
during the last three decades due to the fast decline of the severity of its 
primary indication, hemolytic disease of the newborn (HDN), as a result of 
the universal screening for iso-sensitization, and also because of appropriate 
use of antenatal anti-Rh D antibody prophylaxis (2). Along with the decrease 
in its use, the number of neonatal healthcare professionals with required 
expertise and experience is also dwindling (1). Several pediatric residents 
are graduating now without doing a single NET or witnessing one. Despite 
difficulty in defining procedure specific mortality and morbidity, there is some 
evidence that the incidence of post -exchange complications is increasing. 
The number of publications about the use of NET for indications other 
than severe hyperbilirubinemia seems to be increasing, but slowly. In this 
review, an attempt is made to describe the historical perspective, indications, 
complications, procedural variations, NET trend and its current status 
along with future perspective. It is beyond the scope of this article to cover 
the discussion on intrauterine transfusions, comprehensive management 
of severe hyperbilirubinemia, sepsis and other indications for NET. Use 
of phototherapy, intravenous immunoglobulin, pre-exchange intravenous 
albumin infusion, phenobarbital (prophylaxis and treatment) and antibiotics 
were not discussed. This also does not address partial exchange transfusion 
done for polycythemia and severe anemia associated with hydrops.

HISTORICAL PERSPECTIVE

The first documented description of Hemolytic Disease of the Newborn 
(HDN) was done in 1609 by a French midwife, but not until the 1950s was 
the underlying cause of HDN (Blood type incompatibility and sensitization 
of maternal RBC) explained (2). In October 1946 at the Boston Lying-in 
Hospital, Dr. Louis K Diamond was the first physician to use the umbilical 
vein in the exchange transfusion technique and he was also the first to provide 
complete details of how to perform the procedure in a paper published 
in 1951 (3). As reproduced in NeoReviews 2013 by Dr. AGS Phillip, Dr. 
Diamond stated that “Before 1941, transfusions of anemic newborn infants 
with erythroblastosis foetalis (EF) were performed as a life-saving measure, 
but with variable results. After the discovery of the Rh factor, more success 
was achieved through the use of Rh-negative blood (4). The indications for 
this procedure were further expanded, as shown in the following paragraphs.  

DISCUSSION

The need for NET is rapidly decreasing which is good news to the 
neonatologists that were trained in 1970s and 1980s, who used to do 2 to 
3 NETs per day. Unfortunately, its decline in numbers is making the new 
millennium neonatologist less experienced, and more insecure due to less 
exposure. Now, let us review the indications, contra-indications, risks and 
complications, procedure variations, controversies, common questions and 
NET trend. 

INDICATIONS

NET has been used for the management of severe hyperbilirubinemia (5) 
refractory to intensive phototherapy with or without other adjunctive 
treatment, such as the use of intravenous (IV) albumin infusion and/
or IV immunoglobulin (IVIG). Before performing NET, IVIG has 
been used frequently for severe hemolytic disease of the newborn (Rh 
disease) and other immune related hyperbilirubinemias, including ABO 
incompatibility and minor blood group incompatibility (such as anti-Kell 
and anti Ce sensitization) (6). NET has been used also for severe refractory 
hyperbilirubinemia from non-immune hemolytic disorders such as RBC 
enzyme deficiencies (G-6-P-D deficiency, pyruvate kinase, glutathione 
reductase) and RBC membrane defects (congenital spherocytosis, congenital 
eliptocytosis). Other indications include (5), fulminant neonatal sepsis, 
with or without toxic shock (7,8), disseminated intravascular coagulation, 
metabolic disorders (such as galactosemia, other aminoacidopathies and 
hyperammonemia) (9), severe fluid and electrolyte imbalance, drug toxicity, 
congenital lead poisoning (10), polycythemia, and severe anemia. In the 
early 80s, Christensen et al showed that NET could be used as an alternative 
to granulocyte concentrate administration/transfusion, in neonates with 
bacterial sepsis and profound neutropenia (11). Exchange transfusions 
have been successfully tried in cases of Neonatal hemochromatosis (12,13), 
Hereditary Iron Overload Disease (14), and transient myeloproliferative 
disorder (15). The American Academy of Pediatrics (AAP) guidelines 
(2004) addresses the management of hyperbilirubinemia in the newborn 
infant, 35 or more weeks of gestation. Those guidelines are based on 
evidence and expert opinion, for the use of exchange transfusion in the 
management of severe hyperbilirubinemia refractory to intensive 
phototherapy and other adjunctive therapy (16). Maisels et al. (17) 
suggested guidelines, again based on a combination of expert opinion and 
evidence for the management of hyperbilirubinemia, in the preterm infant 
less than 35 weeks of gestation. In other words, evidence based and/or 
expert opinion based guidelines for the use of exchange transfusion in the 
management of severe hyperbilirubinemia, from hemolytic and non-
hemolytic causes, do exist. But still, a practicing physician is left with 
sparse literature and a lack of consensus, supporting the use of exchange 
transfusion for other indications.

RISKS AND COMPLICATIONS

It seems prudent to assume that the pre-exchange clinical status of the 
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for <3.5 kg infant and 8 fr for >3.5 kg infant), pre-flushed (filled) 
with normal saline, and screened for air bubbles is inserted into the 
umbilical vein (1,19). A 4-way stopcock is attached with clockwise 
connections (Figure 1), starting with: i) a male luer, attached to the 
UVC after its placement, ii) a female luer port hole to be attached 
to a tubing connected to an appropriately sealed and properly hung 
plastic bag (waste container), to collect disposed blood drawn from 
the baby. Also, periodically checking for any potential for leaking of 
blood from the bag, and also being watchful for sudden disconnection 
(de-linking) of tubing from stop-cock will help, iii) the third port hole 
(another female luer port hole is at 90° to the previous port hole), is 
attached to the tubing from the donor blood (cross matched, anti-
coagulated, irradiated, fresh and reconstituted blood). And, iv) a 10 cc 
syringe is attached at the top of the spin handle. As mentioned earlier, 
despite minimal incidence of air embolism but, because of its severe 
consequences, at every step and every pass, precautions need to be 
taken to prevent any air bubbles getting into the system. Screening for 
air bubbles and making it an air tight system is essential.

E. A sterile ruler is usually provided in the exchange transfusion trays,
which can be used for measuring central venous pressure (CVP). CVP 
trend is more important than the actual number which tends to be
in the range of 10 cm +/- 4 cm and it needs to be re-measured at the
completion of the procedure. Both pre and post numbers need to be
close and correlate. If post NET CVP is much lower (3 cm or more)
than that of Pre NET, may consider transfusing additional 5-10 ml of
blood (not more than 1 aliquot/pass). CVP measurements need to be 
documented.

F. A thermostatically controlled blood warmer needs to be used to
keep the temperature of the transfused blood in the range of 36.5 to
37.5°C. Precautions need to be taken to prevent over heating of blood 
(>38°C) (21).

During the procedure

A. After making sure that all connections are air tight, 5-10 ml of blood 
is drawn from the infant, for pre exchange lab such as complete 
blood count (or hemoglobin, hematocrit and platelet count), serum 
electrolytes, calcium (total or ionized), serum glucose and bilirubin 
(total and direct). Blood gases are recommended for infants on 
ventilator support. Blood pH, blood culture and blood lactate levels 
can be used judicially. In the author’s experience of more than 
200 exchange transfusions, blood cultures are found to be helpful 
(anecdotal and not evidence based). The author recommends having 
lab personnel available to receive the first drawn blood, which 
needs to be placed in appropriate color tubes for various tests, to avoid 
“tube errors”.

B. Using only UVC catheter (no arterial catheter), a pull and push 
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neonate will adversely influence NET related morbidity and mortality. 
NET procedure involves slowly drawing blood from the infant, and slowly 
pushing donor blood into the infant (pull and push technique), with an 
inherent potential for numerous fluctuations in the blood volume and blood 
pressure, simultaneously happening in various organs (vital and non-vital). 
Also, we can expect undulations in the chemical composition (including pH, 
electrolytes, calcium and magnesium) and cellular components of the blood, 
which can happen within a short period. Morbidity and mortality from NET 
are much lower in otherwise healthy term infants when compared to very 
ill preterm infants (1). Current information on the mortality is relatively 
unobtainable, as the procedures were done very infrequently. The reported 
overall mortality from the procedure alone or from its complications leading 
to death is ranging between 0.3% and 8% (1). Keenan et al. (18) listed 
morbidity (apnea, bradycardia, cyanosis, vasospasm, thrombosis) which were 
observed in 22 (6.7%) of 328 exchange transfusions performed. Excluding 
minor arterial spasms, they concluded that the incidence of procedure linked 
morbidity is 5%. Watchko (19) listed 22 potential complications using system 
by system approach (19). At two perinatal centers in Cleveland (1992-2002), 
adverse events (thrombocytopenia, hypocalcemia and metabolic acidosis) 
occurred in 74% of 67 babies that had NET over a decade. Only two serious 
adverse events were reported from that data (19). Post transfusion syndrome 
was reported with a rash, eosinophilia and thrombocytopenia in 21 out of 
35 (60%) of neonates who had both intrauterine transfusions and postnatal 
exchange transfusions (20). Air embolism is another potential risk and 
fortunately its incidence with NET is very low. 

Procedure: Step by step approach to NET

Even in the best circumstances at a Level IV Neonatal Unit, it can take 3 to 6 
h from the decision, to the starting of the procedure. Some common reasons 
for this lag time as per the author’s experience include finding the nursing 
staff that has had sufficient experience, finding appropriate equipment 
including functioning blood warmer and the time taken for the 
preparation of blood (antigen-antibody screen, reconstitution, and 
irradiation). These problems get amplified, when the procedures are done 
infrequently, and by less experienced physicians and the team.

Initial steps

A. Once the decision to do exchange transfusion is taken, the physician
leader needs to initiate the process immediately, starting with
notification of the blood bank regarding the indication, type of blood, 
desired hematocrit of the blood to be exchanged, volume, time when
the procedure is expected to start, etc. (Flow chart).

Prior to starting the procedure (team orientation and informed consent)

A. It is imperative for the physician and nursing team to explain to the
parents and/or the family, the reason for doing NET, pre-exchange
precautions, expected duration of the procedure, steps involved in
the actual procedure including antiseptic cleansing of umbilical area,
preparation and placement of catheter, exchange process, monitoring
of the infant and post-exchange follow up. Expected potential
immediate and long term complications, and the precautions
taken to prevent or manage them, also need to be explained to the
family. Informed consent from a parent or a legal guardian should
be obtained at that stage. It is also essential to have the entire team
oriented to the procedure. Lab should be alerted also.

B. Because of its infrequent occurrence, the author suggests to review a
standard procedure manual (21) or a NICU protocol on NET, prior to 
the procedure. Also, reading the paragraphs on controversies will be
beneficial. The physician leader needs to emphasize to the entire team 
that, this is a surgical procedure (usually performed in a Neonatal
ICU), and extreme aseptic precautions should be followed.

Start of the procedure

A. After blood arrives to the procedure site, monitors need to be
connected to the baby (if not done already); the infant needs to be
restrained (gentle and effective).

B. An oro-gastric or a naso-gastric tube (5 fr for preterm and 8 fr for term 
infants) needs to be inserted, and stomach to be emptied (21). May
leave the NG/OG tube for gravity, and aspirate every 30 min, until
the procedure is completed.

C. Having sucrose drops (per oral) available for stable late preterm and
term infants frequently helps to make the procedure go smoothly.

D. Under sterile conditions, an umbilical venous catheter (UVC- 5 fr

A. Syringe (to draw blood from the infant, to dispose, to draw blood from the
donor bag and transfuse into the infant. 

B. 4-way stop cock 

C. UVC from the infant connected to the male leur 

D. Tubing from the waste bag connected clockwise to the 1st female port hole 

E. Tubing from the donor blood connected to the 2nd port hole. 

F. Spin handle with a syringe attached. 

Figure 1) NET-4 way set up
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procedure needs to be done slowly. Each pass may have aliquots of 
5-10 ml/kg (1) or aliquots of 3 ml for less than 1 kg infant, 5 ml for
1-2 kg infant, 10 ml for 2-3 kg infant and 10-20 ml for >3 kg infant.
Each pass (starting from the drawing of the baby’s blood per UVC,
disposing of that old blood, followed by drawing donor blood and
transfusing that blood into the infant) takes approximately 1.5-2 min
for completion. Some researchers recommended up to 3 min (1), for
each pass. Usually, the procedure takes 1-2 hours to complete (1.5 +/-
0-5 h) (1). The recorder should notify the NET performer after every
50 ml of ins and outs. Both numbers (ins and outs) should be the
same. Heart rate and pulse ox readings also will reassure us.

C. Occasionally, transient complications like life threatening bradycardias 
are reported. Slowing down the procedure or even stopping the
procedure for 10-15 min might help in managing such episodes.

D. After completing NET (after the last pass), 5-10 ml of blood needs to
be drawn for post-exchange lab (same as pre-exchange lab). It needs to
be replaced with equal volume of donor blood.

Post-exchange care

A. Shortly before, during, and for at least 1-2 h after NET, the neonate
needs to be closely monitored for cardiovascular and respiratory
complications, using a cardiac monitor and a pulse oximeter.
Heart rate, respiratory rate and pulse oximeter readings need to be
documented every 5-10 min and both temperature and blood pressure 
need to be monitored every 15 min (by the recorder/nursing staff)
throughout the NET and for another 30 min post procedure.

B. Frequently the infants are kept NPO and on intravenous fluids, for 3-4 
h after NET. Later, feedings including breast feeding can be resumed.

Post-NET

Intensive phototherapy is continued post-NET for another 6-12 h or longer, 
depending on the rebound bilirubin values and the etiology of severe 
hyperbilirubinemia.

Recommend neurodevelopmental follow up for all infants that get severe 
hyper-bilirubinemia especially those requiring NET.

CONTROVERSIES AND VARIATIONS IN PRACTICE

Medical literature has several studies advocating variations of NET procedure, 
often confusing to the busy practicing physician. They were discussed in the 
following paragraphs, and evidence based recommendations were made, 
when possible.

1. Single volume (SV) versus double volume (DV) transfusion: Currently
double volume exchange is the norm, as there are few studies that addressed
it. Cochrane reviews (22), looked at all randomized and quasi randomized
control trials comparing single volume and double volume exchange
transfusions in jaundiced newborns. Only one study fulfilled the criteria.
Twenty full term infants requiring exchange transfusion for hemolytic
jaundice due to ABO incompatibility were randomly allocated to receive
single or double volume transfusion. Total bilirubin levels immediately
after exchange transfusion were not significantly different. The reviewers
concluded that there was insufficient evidence to support or refute the use
of SV exchange transfusion as opposed to DV transfusion in jaundiced
newborns.

2. Two stage SV exchange transfusion in severe hemolytic disease of the
newborn was studied by Abbas et al. (23). They concluded that the two stage
single volume exchange transfusion, proved to be more effective in reducing
serum bilirubin level post-exchange, and in decreasing the need for repeated

First step: Decision to do exchange transfusion (taken by the attending physician or by the 
neonatal fellow/nurse practitioner after consulting the attending physician). Informed 
consent to be obtained. Physician/Nursing team/Lab to be alerted.  

Second step: Order sent to the blood center with the following info: 

1. Double volume or single volume exchange transfusion: Single/Double
2. Weight of the baby: ____g; Indication:_______________________
3. Amount of whole blood requested (actually reconstituted blood):_____ml (extra

25 to 30 ml of blood to cover the tubing portion+total amount)
4. Desired hematocrit: ____%; Otherwise the default Hct is 40 to 45%
5. Time: As soon as blood is available or at AM/PM (The blood will be irradiated ONLY

when you are ready)
6. Any other specifications: ________________________________________ (The

blood used for neonates is always CMV negative or leucocyte poor)
7. Phone call(s) to the blood center (phone no. ___________) by the neonatal fellow

or the attending physician and confirm the specifics
8. Other comments: _____________________________________________

Third step: Ideally blood should be available within 2 hours after receiving the order. 

1. If there is a potential for delay at the Blood center, its personnel will notify
neonatal fellow at phone no. and explain the reason for the delay and give a
tentative time for the availability of blood.

2. If the delay is more than one hour, the neonatal fellow needs to call the blood
center and also the neonatal attending physician.

3. If needed the neonatal fellow (or the blood center personnel) will notify the
medical director of the blood center to speed up the process.

4. All questions can be addressed to _______ (neonatal section/blood center)

Flow chart) Steps to be taken for neonatal exchange transfusion (NET)
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exchange transfusions. There were no significant differences in mortality or 
morbidity between the two groups. It certainly needs to be addressed again. 
Double volume NET is still the norm.

3. Pharmacokinetic considerations in NET: Some medications such as 
antibiotics, cardiac drugs and CNS medications can be really crucial for 
neonates. It is possible that their post-NET decreased levels can add to the 
post-exchange morbidity. There are no clear guidelines for the management 
of those situations. The author suggests checking a drug level, after hemo-
equilibration occurs (4-6 h after the completion of the NET) and take 
further steps as needed. Vasopressors may need to be adjusted. In a study 
reported in 1978, only 3% of kanamycin was removed as a result of exchange 
transfusion (24). MacDonald and Ramasethu (19) gave a list of medications 
with hypothetical drug loss for both single volume and double volume NET 
(calculated by first-order kinetics from a single compartment). The expected 
percent of loss due to DV NET for PCN-G, ampicillin and vancomycin is 
in the range of 11 to 14.7 and for gentamycin and kanamycin; it is in the 
range of 10.1 to 10.9. For digoxin it is only 2.4% and for phenobarbital and 
phenytoin, the expected percent of loss is 6.2 to 12.3.

4. Irradiation of blood used for NET: Even though the potential for graft 
versus host inflammatory response is very low with NET, it is advisable to 
use irradiated blood for NET (1). It is also recommended to give irradiated 
blood for follow up post-NET simple transfusions during neonatal period 
and also for simple blood transfusions given to infants weighing less than 
1200 g using leucocyte poor or CMV negative blood (25).

5. Use of supplemental calcium during NET is discouraged as it is shown 
to have little effect on serum ionized calcium, and too rapid infusion of 
calcium may cause brady-arrhythmias and cardiac arrest (1). Pre-exchange 
hypocalcemia may need to be corrected (1), prior to starting NET. There are 
no neonatal studies regarding the use of supplemental magnesium.

6. Route of NET: Use of both umbilical venous (UVC) and umbilical arterial 
catheters (UAC) for NET was tried but did not get much traction, as there 
were more adverse events with the use of both vascular accesses, when 
compared to NET using UVC alone or via other routes (19). In a retrospective 
study, NET via peripheral arteries and veins is reported to be efficient and 
effective. It was done on 102 neonates from January 1995 to December 2006, 
comparing 99 procedures done on peripheral vessels (mostly using radial 
arteries), to (24) procedures done using umbilical vein (26). There were 8 
deaths, though not attributed to NET. There was also a report in the Chinese 
literature, on the use of automated arteriovenous exchange transfusion for 
the treatment of severe hyperbilirubinemia (27). In US, using UVC for pull 
and push technique is the standard. Having a peripheral intravenous access 
can be advantageous for the correction of electrolyte abnormalities etc.

7. Desired hematocrit of donor blood: In order to get the best results 
from the NET, aiming at drawing extravascular bilirubin into the plasma, 
and increasing bilirubin binding capacity (bilirubin-free albumin with 
available binding sites), it is recommended to select donor blood of high 
plasma volume (with a hematocrit of 40%) (1). As done in the 90s, use of 
reconstituted donor blood with a high hematocrit for NET may correct the 
anemia and oxygen carrying capacity, but does not improve the bilirubin 
binding capacity. The practice of using pre-exchange albumin infusion in 
such situations is not evidence based.  

8. Optimal result-percentage of correction of pre-NET total bilirubin and 
rebound: It is common to see approximately 50% decrease in the total 
bilirubin between pre and post-exchange labs (45 to 60%) and rebound of 
total bilirubin up to 65% is frequent (60 to 80%) (19).

9. Repeat exchanges for the same indication on the same baby: It is 
somewhat controversial, as there is no significant evidence to prove or 
disprove. Frequently, physicians use the same guidelines which were used for 
the initial NET (19). Based on anecdotal experience, the author advises to 
have a safe interval of 12 to 18 h between two NETs, in order to decrease the 
already accelerated potential for adverse events. Based on the evidence noted 
in studies that showed pre-exchange (first NET) morbidity influences the 
outcome (1,19), it is prudent to be cautious with repeat NETs, as the infant 
has gone through a very complex and stressful procedure.

10. Getting a routine abdominal film for the placement of umbilical venous 
catheter (UVC) is controversial. UVC tend to move frequently during the 
procedure. So, it is hard to maintain the original x-ray confirmed position 
of the UVC. It is recommended to do an abdominal film, always when the 
UVC is left in after the procedure, for the purpose of infusing intravenous 
fluids, etc.

11. Other issues: Reconstituted blood (RCB) is preferred with a desired 

hematocrit of 40% (1,19) over citrated whole blood (28). The size of the 
infant determines the amount of RCB to be requested for the double volume 
NET. Usually 160 to 180 ml/kg weight is recommended for double volume 
NET (1,19,21).

12. There is no controversy here. During the follow up, repeat hearing 
screen and neurodevelopmental evaluations need to be done because of the 
potential for hearing loss (secondary speech delay) and neurodevelopmental 
delays (1,19,29) from severe hyperbilirubinemia.

NET TREND

At the Royal Women’s Hospital in Melbourne, Australia 1830 exchange 
transfusions (ET or NET) were performed on 1160 infants from 1951-1968, 
averaging 101 procedures per year. At the same hospital during the period 
between January 1st 2001 and December 31st 2010, the ET (NET) rate came 
down to 6.4 per year (30). Israel data from 1995 to 2005 comprising over 
99% of all live very low birth weight infants (VLBW- less than 1500 g at 
birth) born in Israel, showed that 7.7% of them had total serum bilirubin 
(TSB) levels considered to be at a level requiring ET as per their established 
protocols. Only 9 to 14% of them with exchangeable bilirubin levels had 
undergone ET (NET) for the management of very high TSB. The authors 
of the study suggested that the Israel neonatologists seemed to be reluctant 
to perform ET on VLBW infants. The general trend is (including in US) to 
use more intensive phototherapy when TSB is approaching ET levels (31). 
In the US, a retrospective chart review done by Steiner et al. (32) showed 
a sharp decline in the number of exchange transfusions (NET) performed 
during 1996- 2006, compared to 1986-1995, which was attributed to the 
improvements in perinatal and neonatal care. This decline was not associated 
with increase in complications which are expected with decreased procedural 
experience.

CONCLUSION

The frequency of Neonatal Exchange Transfusion (NET) either single or 
double volume, in the management of severe hyperbilirubinemia has been 
decreasing during the last few decades. And, new uses (indications) for NET 
are emerging. It remains as a valuable procedure for all of its indications 
with inherent potential for complications. One needs to exercise caution in 
selecting the neonate and the team, and take all the necessary precautions 
irrespective of the indication. It is imperative that the NET should be 
performed only by experienced individuals at a perinatal-neonatal center 
using both cardio-respiratory monitor and pulse oximeter. The team should 
be ready to respond to any adverse event that may arise at any stage of the 
procedure. Once in 3 months having the team participate in a mock drill 
can be helpful and may decrease the anxiety of the team members during 
the actual procedure. After the procedure, documentation of the suggestions 
that originated from the debriefing can be used for quality improvement. 
Communication is the key between the family and neonatologists, amongst 
all physicians and between physicians and other services such as blood center, 
nursing, respiratory therapy, and laboratory. Over all, the net value for NET 
during this internet age is still considerable.  
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