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Clinically significant hemorrhage, especially intracranial hemorrhage, is a major cause
of morbidity and mortality in extremely preterm infants and is a rare event in otherwise
healthy term infants. Infusions of FFP in newborn infants is effective in reducing blood
loss associated with extracorporeal membrane oxygenation or cardiopulmonary bypass
and to treat active bleeding due to disseminated intravascular coagulation, liver failure
or vitamin K deficiency. However, routine use of fresh frozen plasma (FFP) in sick preterm
infants for volume expansion, to treat coagulopathy in the absence of bleeding, or for par-
tial exchange transfusion does not decrease mortality or morbidity.
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tilization of blood resources remains
U high in neonatal intensive care units.

Sick newborn infants, especially
preterm infants, are likely to receive blood
products including fresh frozen plasma for
many reasons, including: acute bleeding,
coagulopathy, exchange transfusion, prim-
ing the circuit for extracorporeal membrane
oxygenators (ECMO) or cardiopulmonary
bypass (CPB), blood volume expansion and
sepsis. This paper will examine evidence
underlying use of fresh frozen plasma (FFP)
or plasma protein components in each of
these settings.

Acute Bleeding

Clinically significant hemorrhage is a
major cause of morbidity and mortality in
extremely preterm infants and a rare event
in otherwise healthy term infants.

Intracranial Hemorrhage (ICH) in sick
preterm infants

Hemorrhage in sick preterm infants is fre-
quently intracranial (ICH) and occurs with
a highest frequency during the first seven-
ty-two hours of life." Early studies deter-
mined that infants less than thirty-two
weeks gestation manifested laboratory evi-
dence of hypocoagulability with low fib-
rinogen, thrombocytopenia and prolonged
bleeding time prior to the onset of ICH.? The
finding of decreased antithrombin, in itself
a prothrombotic risk factor, in these infants
suggested that hypocoagulability in sick
extremely preterm infants resulted from a
consumptive coagulopathy.” Based on these

findings, a small randomized clinical trial
(RCT) to prevent ICH in high risk infants
using transfusions of fresh frozen plasma
(FFP), 10 mL per kg, versus no routine
replacement at birth and again at 24 hours,
was performed in the early 1980's by Bev-
erley et al. and showed encouraging results
(3). Subsequently, the Northern Neonatal
Nursing Initiative Trial (NNNIT) included
infants less than 32 weeks gestation in a
large RCT (N=776) administering FFP, 30
mL/kg, versus no routine replacement, dur-
ing the first 24 hours of life, and were
unable to demonstrate an improvement in
survival or neurodevelopmental outcome.*
Finally, a recent Cochrane meta-analysis of
five clinical trials including these two and
three additional trials concluded that rou-
tine infusion of FFP in ill preterm infants
failed to show benefit with respect to over-
all mortality, ICH incidence or long-term
outcomes.®

The rate of ICH in sick preterm infants
decreased and the mean gestational age of
infants with severe ICH decreased in asso-
ciation with improvements in neonatal sup-
portive care.°’A recombinant preparation of
the activated procoagulant protein, factor
VII (rFVIla), has been used successfully in
several case reports to treat ICH in preterm
infants.’A RCT using rFVlla as treatment of
neonatal ICH is in preparation (presented
to the International Society of Thrombosis
and Haemostasis, Subcommittee on Peri-
natal and Pediatric Haemostasis, by P.
Mathews, University of New Mexico).
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ICH and other severe bleeding manifestations
in term infants

Symptomatic ICH in term infants is rare and is most
often associated with complications in labor and deliv-
ery.® Severe symptomatic intracranial, gastrointesti-
nal, skin or abdominal bleeding following an unevent-
ful delivery raises the possibility of early hemorrhagic
disease of the newborn or a severe genetic bleeding
disorder. After excluding thrombocytopenia, screening
coagulation studies should be performed to rule out
vitamin K deficiency, and hemophilia A or B caused by
deficiencies of factors VIII or IX, respectively. Less com-
mon bleeding disorders associated with neonatal
intracranial and other hemorrhages include afibrino-
genemia as well as severe deficiencies of factors XIll,
X. VIl and V. If none of the more common coagu-
lopathies is evident, term infants with ICH in the
absence of obvious trauma should be further evaluat-
ed for these rare disorders as well as for hyperfibrinol-
ysis (including severe deficiencies of the plasminogen
activator inhibitor (PAI-1) or -2-antiplasmin) or severe
platelet function abnormalities. Vitamin K should be
administered to all infants at birth.

While there are no RCTs of term infants with ICH, it
would appear reasonable to administer FFP, 10-20
mL/kg, to replace a potential coagulation factor defi-
ciency while awaiting results of coagulation factor
assays. Once the diagnosis of a genetic bleeding dis-
order has been determined, it is appropriate to use
specific factor replacements as available (Factors VIII,
IX, VII, XIll, fibrinogen, von Willebrand factor), cryopre-
cipitate (fibrinogen, factor XIlI) or FFP (factors II, V, X,
XI, PAI-1 and o.-antiplasmin). Routine prophylactic
replacement of clotting factors is generally not
required in newborn infants with these coagulopathies
but should be used for bleeding, surgery, or invasive
procedures.

Rarely, ICH may result from post-infarction hemor-
rhage. The anatomic distribution in the area of the
middle cerebral artery suggests neonatal ischemic
arterial stroke in affected infants.

ECMO and CPB

ECMO is used in extremely preterm infants with
severe respiratory distress who fail mechanical venti-
lation. The use of standardized protocols to adminis-
ter FFP, packed red blood cells (PRBC) and platelet con-
centrates to infants on ECMO has been shown to
reduce hemorrhage safely with minimal adverse
impact on blood resources.*® Similar to ECMO, CPB
used during cardiac surgery often requires FFP and
other blood products to prime the bypass circuit and
to control bleeding. A large RCT of infants undergoing
CPB (N=96) showed that FFP and PRBC were superior
to whole blood for pump priming regarding outcomes
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including hospital stay and cumulative fluid balance.”
Three retrospective reviews of FFP and PRBC for CPB
in children have shown low rates of bleeding, accept-
able overall blood component use and favorable clin-
ical outcomes.””™

Liver Disease

Neonatal liver failure, caused by severe intrauterine
infection or primary liver disease, is marked by severe
coagulopathy and clinical bleeding. The coagulopathy
of liver disease is complex and includes decreased
coagulation protein synthesis, thrombocytopenia,
platelet dysfunction, hyperfibrinolysis and diminished
clearance of fibrin degradation products. Although
objective evidence from RCTs is lacking, the mainstay
of therapy for bleeding associated with neonatal liver
failure is the infusion of FFP in doses of 10-20 mL/kg.
The magnitude and duration of effect of FFP depends
on the volume of distribution (limited to the plasma
volume for factor VIII, XIll and fibrinogen, and to twice
the plasma volume for the vitamin K-dependent pro-
teins II, VII, IX, and X) and half-life (ranging from six
hours for factor VII to ten days for factor XIlI) of defi-
cient coagulation proteins. There is no evidence that
FFP is of benefit in the absence of bleeding (15). How-
ever, prophylactic use of FFP in the setting of coagu-
lopathy of liver disease is appropriate prior to liver
biopsy or other invasive procedures.

Sepsis and disseminated intravascular coagula-
tion (DIC)

Hemorrhage is a frequent complication of sepsis in
neonates, particularly among preterm infants. Throm-
bocytopenia is the most frequent coagulopathy in
infants with sepsis and bleeding, followed by DIC with
low fibrinogen and a prolonged prothrombin time. The
mainstay of therapy for DIC in the neonate is treat-
ment of the underlying cause with appropriate antibi-
otics and support of perfusion and oxygenation. Clin-
ical bleeding is treated with infusions of FFP to replace
consumed procoagulant factors reflected in a pro-
longed prothrombin time and cryoprecipitate to
replace consumed or dysfunctional fibrinogen. There is
no evidence that treatment of asymptomatic coagu-
lopathy is beneficial. A small RCT (N=33) assigning
neonates with DIC randomly to treatment with
exchange transfusion, FFP and platelet concentrates or
no transfusion support in addition to aggressive sup-
portive care showed no difference in mortality or res-
olution of DIC in either of the two treatment groups.’
A more recent study of plasma exchange for the treat-
ment of DIC in children with meningococcemia
showed no significant advantage.”

With regard to targeted coagulation interventions
for DIC, an open-label German treatment trial of 10
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newborn infants with DIC and acquired antithrombin
(AT) deficiency or persistent coagulopathy on heparin
therapy was conducted administering AT concentrate
at 40 U/kg/day and unfractionated heparin at 50 to
500 U/kg/day. In this trial, eight of ten infants sur-
vived and seven of eight survivors had improvement in
coagulopathy within two days of initiation of therapy.
The investigators reported a mean increase in plasma
AT activity of only 8%, suggesting that neonates in
DIC may require higher dosing for efficacy due to
increased consumption of AT. Whether among
neonates, older children or adults, no definitive evi-
dence existed that a coagulation treatment of sepsis
and DIC altered outcome until the report in 2001 of a
19% relative reduction in mortality associated with
infusions of recombinant activated protein C
(drotrecogin alpha, Xigris, Eli Lilly, Indianapolis, IN) in
adults.”® Unfortunately, ICH was subsequently observed
as a major toxicity in 5.9% of children treated with this
drug on an international, open-label pediatric proto-
col.” Thus, activated protein C cannot be routinely rec-
ommended in sick newborn infants with sepsis and
DIC at this time.

Exchange transfusion

Complete exchange transfusion for the management
of severe unconjugated hyperbilirubinemia of the
neonate is most often required in the setting of alloim-
mune Rh or ABO hemolytic anemia. Early studies
determined that clinical outcomes in neonates were
equivalent for the use of blood reconstituted from FFP
and PRBC as compared with fresh whole blood for
complete exchange transfusion.” Partial exchange
transfusion is generally limited to newborn infants
with hyperviscosity secondary to polycythemia. FFP
was not found to be superior to normal saline in three
RCTs of neonatal hyperviscosity, whether measured by
short-term reduction in hematocrit or long-term neu-
rologic outcome.®* Current understanding that
chronic intrauterine hypoxia is pivotal in the patho-
physiology of neurologic damage in neonatal hypervis-
cosity syndrome explains why postnatal red cell reduc-
tion using partial exchange transfusion improves organ
perfusion but does not prevent abnormal neurologic
outcomes.”*

Purpura fulminans

Purpura fulminans is uncommon in the newborn
infant. The neonatal syndrome of early onset DIC, pur-
pura fulminans (particularly originating from pressure
points) and large vessel thrombosis is nevertheless
important to recognize and is caused by homozygous
or compound heterozygous mutations in the protein C
or protein S genes. After a blood sample is obtained for
confirmatory plasma assays of protein C activity and
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free and total protein S antigen, affected neonates
should be treated with 10 mL/kg of FFP every eight
hours until the diagnosis is confirmed or excluded. A
highly-purified, viral- inactivated, plasma-derived pro-
tein C concentrate (Ceprotin, Baxter HeathCare, Marl-
burg, Germany) is licensed in Europe and currently
undergoing Food and Drug Administration (FDA)
review in the United States. Protein C concentrate is
highly effective in prophylaxis and treatment of DIC
secondary to severe genetic protein C deficiency (< 20
[U/dL).

Purpura fulminans secondary to bacterial sepsis also
occurs in newborn infants and is explained by acquired
deficiency of components of the protein C system.
Treatment is similar to that for DIC and sepsis,
although use of protein C concentrate or activated
protein C may be useful to limit tissue infarction.
Indeed pediatric studies in older children suggest
favorable outcomes as compared to historical controls
in a single institutional study.”

Neonatal thrombosis

Standard antithrombotic therapy for the newborn
infant consists of anticoagulation using unfractionat-
ed or low molecular heparin or thrombolysis using tis-
sue plasminogen activator or urokinase. Effective anti-
coagulation is sometimes limited in the newborn
infant by low plasma levels of AT and thrombolysis is
sometimes limited by low plasma concentrations of
plasminogen, caused both by physiologic development
and rapid consumption. Both AT and plasminogen may
be replaced in neonates with thrombosis using FFP at
10 mL/kg once daily. Because of rapid clearance, it may
be difficult to increase AT to clinically relevant levels
with FFP. Although not studied in the context of a clin-
ical trial, highly purified, viral-inactivated, human plas-
ma-derived AT concentrate may be used in doses of
50-100U/kg every 24 to 48 hours to replace this pro-
tein and increase heparin sensitivity in infants who
fail to achieve the target therapeutic anti-Xa activity
using usual doses of heparins.

Conclusion

Optimal use of FFP and plasma protein components
in the newborn infant requires a careful consideration
of indications, risks and benefits. In general, routine
infusion of FFP into asymptomatic infants to treat
coagulopathy is without measurable benefit. In con-
trast, FFP is effective to treat hemorrhage in infants
with clotting factor deficiency caused by vitamin K
deficiency, genetic clotting factor deficiency, con-
sumptive coagulopathy, liver failure, ECMO or CPB.
Blood reconstituted from FFP and PRBC is effective for
complete exchange transfusion but FFP is not superi-
or to saline in partial exchange transfusion.
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