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Abstract: Heparin-induced thrombocytopenia (HIT) is an immune-
mediated coagulation side effect of heparin therapy characterized
by thrombocytopenia and by a paradoxical prothrombotic state
following heparin exposure when thrombotic or thromboembolic
events accurse, the condition is classified as Heparin-induced
thrombocytopenia with thrombosis (HITT). We report a case of
HITT with evidence of small-vessel arterial thrombosis in a 5-day-

old newborn receiving extracorporeal membrane oxygenation
(ECMO) for congenital diaphragmatic hernia, and our attempt of
bivalirudin alternative treatment. We also review previous reports
regarding HIT and ECMO with the alternative management in
this unique population. Keywords: heparin-induced thrombocy-
topenia, extracorporeal membrane oxygenation, direct thrombin
inhibitor, bivalirudin. JECT. 2011,43:5-12

Heparin-induced thrombocytopenia (HIT; previously
called HIT type 2) is an immune-mediated coagulation
side effect of heparin therapy characterized by thrombocy-
topenia and by a paradoxical prothrombotic state follow-
ing heparin exposure (1). After being considered very rare
in the pediatric population, reports from the last decade
have shown that HIT occurs in children receiving unfrac-
tionated heparin therapy for thromboembolic events with
a similar incidence to that seen in adults (2-6). The high-
est incidence of pediatric HIT has been found in pediatric
intensive care units especially those caring for patients fol-
lowing cardiac surgery (5,6).

HIT results when preexisting antibodies against heparin
are exposed to complexes of platelet factor 4 (PF4) and
heparin (7,8). Platelet activation is then caused by com-
plexes of heparin, PF4, and immunoglobulin G on the
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platelets’ surfaces, which leads to subsequent activation of
coagulation and to a decrease in platelet counts in blood
samples. In approximately 40-75% of HIT patients, venous
or even arterial thromboses develops, (9,10) thus classified
as heparin-induced thrombocytopenia with thrombosis
(HITT).

The antibodies, irrespective of thrombocytopenia, are
associated with increased morbidity and mortality in vari-
ous clinical settings (11,12). Mullen et al. (13) prospectively
characterized the incidence of HIT antibodies formation
and seroconversion in two pediatric populations, in neo-
nates undergoing first time cardiac surgery and children
undergoing reoperative cardiac surgery with prior unfrac-
tionated heparin exposure. Although many of the children
had cardiac catheter interventions before surgery, none of
them were anti-PF4/heparin antibody positive on the day
of surgery. This supports the idea that cardiac surgery is the
main trigger for HIT antibody induction. Up to that point,
there had been no evidence in the literature that HIT anti-
bodies are boosted by reexposure after a typical anamnes-
tic immune response. The incidence of seroconversion in
neonates was less than the older children having reopera-
tions. As noted by the authors, although the exact cause
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of this is unknown, there are two potential explanations.
One is that HIT antibodies develop more easily in patients
being preimmunized. The other is that the immune system
undergoes changes during early childhood, enabling the
formation of this type of antibody (14).

The management of HIT includes immediate with-
drawal of heparin. Even when the underlying disease
does not require anticoagulation, because of the pro-
thrombotic state, an alternative anticoagulant is neces-
sary. Extracorporeal membrane oxygenation (ECMO) in
particular requires the use of anticoagulation to maintain
circuit patency and prevent thrombotic complications. In
contrast to a large body of data in adult patients, experi-
ence with alternative anticoagulants in pediatric patients
is limited (15).

The authors report a case of HITT with evidence of small-
vessel arterial thrombosis in a 5-day-old newborn receiving
ECMO for congenital diaphragmatic hernia. Alternative
therapy with Angiomax (bivalirudin, The Medicines
Company, USA) was initiated, resulted in the resolution
of the cutaneous manifestations of thromboembolism, and
provided sufficient anticoagulation to allow the continua-
tion of ECMO support.To our knowledge this is the young-
est neonate to develop HITT ever to be reported. We also
review previous reports regarding HIT and ECMO with
the alternative management in this unique population.

CASE REPORT

As per the regulations of the Schneider Children’s
Medical Center of Israel, Institutional Review Board
approval is not required for retrospective case reports.

The patient is a full-term baby-girl with prenatal diag-
nosis of left diaphragmatic hernia. She was intubated
immediately after birth due to bradycardia and decreased
respiratory effort, with high frequency oscillation and
inhaled nitric oxide. Inotropic support with dopamine
and dobutamine was initiated. Echocardiography dem-
onstrated a normal anatomical-structured heart in the
right hemi thorax, large patent arterial duct with right to
left shunt, and pulmonary hypertension. Head ultrasound
demonstrated a suspected mild cerebral edema without
evidence of hemorrhage. Antibiotic therapy with ampicil-
lin and gentamycin was started after blood and urine cul-
tures had been taken.

Extracorporeal membrane oxygenation was indicated
because of cardiopulmonary failure with severe pulmonary
hypertension after honeymoon period with minimal pCO2
of 39 and maximal pO?2 of 42. Right neck cannulation was
performed followed by venoarterial ECMO support with
a flow of 150 mL/kg/min. On cannulation 100 units/kg of
unfractionated heparin were given followed by heparin
infusion at initial dose of 10 units/kg/h titrated to maintain
the activated clotting time (ACT) at a range of 180-200
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seconds. Hypertension was treated with Nitroprusside and
Phentolamine. Severe capillary leak with the development
of anasarca were noticed shortly after ECMO was initiated.
On the third day of ECMO thrombocytopenia was noticed
for the first time requiring platelets transfusion. Two days
later, on the fifth day of ECMO, cutaneous ischemia devel-
oped involving the abdomen, hands, fingers, legs, soles, and
toes. Peripheral pulses were normal. An echocardiogram
excluded intracardiac thrombi, valvular vegetation, or the
presence of thrombi on the ECMO cannula. A day later
heparin-platelet factor 4 antibody titer by enzyme-linked
immunosorbent assay returned positive and the diagno-
sis of HITT was made. The heparin was then discontinued
and bivalirudin was initiated at a loading dose of .4 mg/kg
followed by infusion at initial rate of .15 mg/kg/h and
titrated to maintain the ACT in the target range of 180—
200 seconds, requiring a dose between .06 and .17 mg/kg/h.
Because no guidelines for dose titration existed in these cir-
cumstances for bivalirudin, the ACT target range was cho-
sen to be the same as for heparin, for which considerable
clinical experience exists. Even though the platelet count
was not spontaneously recovered, there was a decreased
need for platelet transfusion. There was continued gradual
improvement in the thromboembolic cutaneous manifes-
tations. Repeated blood and urine cultures returned sterile
with no sign of sepsis. Seven days later, after respiratory
and hemodynamic improvement, the patient underwent a
bedside diaphragmatic hernia repair on ECMO support
by the surgical team. No significant bleeding was noticed
during the surgical procedure nor any disturbances to the
ECMO support. After the procedure the patient gradu-
ally deteriorated, with the development of anasarca, renal
failure, hepatic failure, and coagulopathy. Bivalirudin dos-
age had to be increased to 1.1-1.6 mg/kg/h to maintain the
ACT target range of 180-200 seconds. Seven days after the
surgery the patient died after termination of ECMO sup-
port. Post-mortem examination was not performed.

DISCUSSION

HIT is mediated by heparin-induced antiplatelet
Immunoglobulin G antibodies, which bind to platelet fac-
tor 4, contained in platelet o granules (16-18). This anti-
gen-antibody interaction leads to platelets, endothelial
cells, and monocytes activation, generating a strong proco-
agulant state as shown by elevated thrombin-antithrombin
complexes (19,20). These physiologic changes lead to the
formation of both arterial and venous thrombi with sub-
sequent thrombocytopenia. In the adult population about
7-50% of heparin-treated patients form heparin/PF4 anti-
bodies; however, HIT occurs in approximately 1-5% of
patients receiving unfractionated heparin and less than
1% of patients receiving low-molecular weight heparin
(20-22).
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Risch et al. (6) systematically reviewed the literature of
reported HIT pediatric patients and identified 70 cases.
The majority of cases occurred in the pediatric intensive
care units, especially those caring for patients following
cardiac surgery. HIT in children has been reported to occur
at all age groups. There is a bimodal frequency, with higher
incidences at age 0-2 (especially in neonates), and during
puberty, at age 11-17 (6,23). This bimodal frequency prob-
ably reflects the periods where children predominantly
receive heparin treatment (23): In the first group hepa-
rin was administered mainly for cardiac surgery, whereas
adolescents received heparin for the treatment of venous
thromboembolism. Interestingly, HIT more often has been
reported in boys than in girls (5,6).

In HIT, the relative decrease in platelet count is key
to the diagnosis, which is based on the interpretation of
clinical findings together with laboratory confirmation
of HIT antibodies. Clinical criteria include a decrease in
the platelet count of >50% or to levels <10 x 10%L after
heparin exposure and in HITT, a new thrombotic and/or
thromboembolic event (24). Thrombocytopenia with evi-
dence of thrombus formation can be seen from 5-14 days
after the first exposure to heparin. In patients exposed to
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heparin in the past 100 days, reactions can be seen imme-
diately (1). Platelet counts for our patient are illustrated
in Figure 1. We could not exclude the contribution of the
ECMO circuit to thrombocytopenia, although the pattern
was uncharacteristic. The cutaneous thromboemboli mani-
festations response to heparin withdrawal despite contin-
ued extracorporeal support suggest it was not responsible.
Another aspect that was not typical is the timing of onset.
Our patient developed thrombocytopenia within 3 days of
heparin exposure instead of the more classical 5-10 days.
The early onset thrombocytopenia can be ECMO related
or due to non-immune heparin-associated thrombocytope-
nia (previously called HIT type 1). There was no evidence
for other underlying causes like sepsis, disseminated intra-
vascular coagulation, or hypoxia as an explanation for the
early onset thrombocytopenia.

Although the diagnosis of HIT is primarily clinical, labo-
ratory finding of heparin antibodies is useful to substantiate
the diagnosis and to monitor its presence in patients who
need to be reexposed to heparin (24). The most common
detection method is the enzyme-linked immunosorbent
assay (ELISA) that tests for Immunoglobulin G antibod-
ies against the heparin-PF4 complex. The sensitivity of

Platelet count over 21 days of ECMO support
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Figure 1. Platelet count over time during 21 days of ECMO support. Overall 10 platelets transfusions are indicated in the chart.
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the ELISA method is >90%, with a specificity of >95% in
patients with a drop in platelets beginning <4 days after
heparin exposure (25). This method is obtainable, quick,
and technically simple. In contrast, platelet activation
assays exploit the platelet-activating property of patho-
genic HIT antibodies. For example, the platelet serotonin
release assay has a sensitivity up to 98%, and specificity
>95% in patients with early fall in platelets (25). However,
this test is technically demanding and less available (17).
Other diagnostic methods include platelet function stud-
ies that detect the release of adenosine triphosphate from
activated platelets and flow cytometry assays that detect
other markers (P-selectin, CD-62, and annexin V) released
in the presence of heparin (26).

Although not validated in the pediatric population, the
“4 Ts” have been proposed as a clinical pretest scoring
system for early identification of HIT: Thrombocytopenia,
Timing of symptoms, Thrombosis or other sequelae, and no
oTher discernible cause for thrombocytopenia (27,28). In
our patient, the combination of clinical presentation, pat-
tern of platelet counts, pretest probability, the absence of
any drug causing thrombocytopenia and documented hep-
arin-associated antibodies makes the diagnosis of HITT
very likely.

Management of HIT includes the immediate discontinu-
ation of all heparin and the administration of an alterna-
tive anticoagulant (29) (Table 1) even without indication
of the underlying condition. If another anticoagulant is
not administered, there is a substantially increased risk of
symptomatic or fatal thrombus formation. Twenty to 50%
of patients will progress to a clinically significant throm-
botic event without further anticoagulation therapy (30,31)
with a 30-fold risk of thrombosis than the normal popu-
lations (31). After cessation of heparin, platelet counts in
children have been shown to increase promptly with full
recovery usually within 5-8 days (6). In our patient we
could not demonstrate full recovery of the platelet counts
with further need for platelet transfusions. The reasons for
that can be an additional etiology for the thrombocytope-
nia along with HITT, failure of obtaining adequate antico-
agulation with further consumption of platelets on existing
thrombi, or accelerating antibodies formation by ongoing
platelets transfusions.

Because of their HIT promoting properties, the follow-
ing treatments should be avoided: low-molecular weight
heparin, oral anticoagulants during the acute phase of HIT,
platelets transfusions, and implantable vena-cava filters
(32). In our patient there were six platelets transfusions
after HITT was diagnosed and 10 platelets transfusions
overall. ECMO patients are at increased risk of major hem-
orrhagic events such as intracranial bleeding and therefore
our institutional ECMO protocol recommends a platelet
count of 10 x 10%L. The balance between the risk of proco-
agulant and thromboembolic events on one hand and the
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risk of severe, sometimes fatal, bleeding on the other hand
can be very challenging in ECMO patients with HITT. We
assume that the leading course of death in our patient was
massive, disseminated intravascular thrombosis formation.
In this case, repeated platelets transfusions are fatal and
retrospectively should have been strictly avoided.

Nonheparin anticoagulants such as direct thrombin
inhibitors (DTI) including argatroban, lepirudin, and
bivalirudin, and factor Xa inhibitors (danaparoid, fonda-
parinux) may be used. Of these, danaparoid, argatroban,
lepirudin, and bivalirudin have been reportedly used in
children (25,33). However, there is a great scarcity of pub-
lished data on their use in ECMO, particularly in the pedi-
atric population. Argatroban and lepirudin are the DTIs
most used in the pediatric population.

Nine pediatric ECMO patients with HIT and argatroban
treatment have been described up to date (Table 2). While
most of them had no hemorrhagic or thromboembolic
complications, three patients died. Post mortem revealed
disseminated thrombi formation (34,35).

Kawada et al. (36) reported on two neonates undergo-
ing ECMO for congenital diaphragmatic hernia associated
with hypoplastic lung. Continuous intravenous adminis-
tration of argatroban was initiated, as the primary antico-
agulant, without prior evidence of HIT. ECMO support
was safely continued in these neonates for 6 and 78 days,
respectively, without evidence of hemorrhagic or throm-
boembolic complication.

Three cases of lepirudin use in this population have been
described (29,37,38) (Table 2). While a 21-month-old baby
boy with myocardial dysfunction post cardiac surgery was
successfully treated (38), the babies in the other two cases
died, one of uncontrolled bleeding after heart transplant
(29) and the other patient died secondary to pulmonary
failure after ECMO was removed (37).

Bivalirudin is a DTI frequently used in the adult pop-
ulation for anticoagulation in the setting of invasive car-
diology, particularly percutaneous coronary intervention.
Bivalirudin has a unique pharmacologic profile: It under-
goes predominant non-organ elimination (proteolysis),and
has the shortest half-life (approximately 25 minutes). Its
affinity for thrombin is intermediate between that of lep-
irudin (highest) and argatroban (lowest) (39). Bivalirudin
provides an interesting option for patients diagnosed with
HIT (with or without thrombosis) as this bivalent DTI
is cleaved by thrombin. This avoids major drug accumu-
lation in case of either renal and/or hepatic impairment
(40). Finally, activated clotting time can be used with good
correlation to monitor clinical efficacy of anticoagulation
(33,41,42). In our patient we surprisingly had to increase
the dosage of bivalirudin in the presence of renal failure.
After her deterioration with the evidence of marked sys-
temic inflammatory response syndrome with severe cap-
illary leak and endothelial dysfunction, we hypothesized
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that endothelial proteases metabolized bivalirudin thus
decreasing its bioavailability and necessitating dosage
increment.

Bivalirudin has become the agent most used to replace
heparin in patients with HIT requiring cardiac surgery.
An early case series (43) reported four patients with sus-
pected HIT who underwent coronary artery bypass graft-
ing using cardiopulmonary bypass (CPB) and bivalirudin
anticoagulation. Anticoagulation was monitored using
ACT. Anticoagulation during CPB was effective, and total
operating times were acceptable. One patient experi-
enced excessive postoperative bleeding. Larger, prospec-
tive studies compared bivalirudin with heparin in non-HIT
patients undergoing cardiac surgery using CPB (44) or
undergoing coronary artery bypass grafting without CPB
(45). Bivalirudin was administered to 206 patients, provid-
ing anticoagulation with a safety profile similar to that of
heparin (20).

Until recently, the only reports on the use of bivalirudin
in children were case reports (46). There is now a prospec-
tive, dose-finding, pharmacodynamic, safety and efficacy
study performed in children evaluating bivalirudin. The
study used bivalirudin in infants less than 6 months of
age for the treatment of venous or arterial thrombosis
(47). This age group was chosen for the pilot study as such
infants are physiologically deficient in antithrombin and it
was felt they would thus have the highest benefit-to-risk
ratio. The study comprised 16 patients and has defined the
dosing for this age group for the above indications. Safety
was demonstrated as only two of the 16 infants met the
predefined clinical criteria for severe bleeding, both of who
had gross hematuria (one with a supratherapeutic aPTT
and another at the upper limit of the therapeutic aPTT)
and both resolved with lowering the infusion rate. There
were no episodes of intracranial or other deep tissue hem-
orrhage in this vulnerable population, and there were no
nonbleeding adverse events. Efficacy was demonstrated by
reassessing via diagnostic imaging the thrombus at 48-72
hours after infusion initiation. Three of 16 patients (37.5%)
had complete clot resolution and 3/16 (37.5%) had partial
resolution at this early time point. Experience suggests that
this is not expected with heparin, although comparative
studies with heparin will need to be performed to prove
this outcome (46).

There is no published data in the pediatric ECMO pop-
ulation and bivalirudin use. Gates et al. (33) reported on
a 5-month-old infant with hypoplastic left heart syndrome
who had undergone stage 1 Norwood subsequently com-
plicated by bowel ischemia requiring resection. The patient
then developed acute HIT and was referred for stage 2
Norwood (Glenn cavopulmonary shunt) with successful
use of bivalirudin as anticoagulant on cardiopulmonary
bypass. No clots were encountered on the circuit, and good
hemostasis was obtained within 10 minutes after ultra-

filtration. The patient had an uneventful postoperative
course and was discharged home without incident. Koster
et al. (48) reported on a 40-year-old woman who required
ECMO for myocardial failure after cardiac surgery and
developed HIT. She was treated with bivalirudin. No sig-
nificant bleeding was mentioned.

HIT is a serious, antibody-mediated complication of hep-
arin therapy. It confers significant risks of thrombosis and
devastating outcomes. Although HIT is a recognizable and
treatable complication, because of its relative infrequency,
children are at increased risk for delayed diagnosis and sig-
nificant morbidity. It is apparent that HIT is an intensely
procoagulant disorder and in the setting of patients on
ECMO it is associated with a high thrombotic morbidity
and mortality, thus high index of suspicion is mandatory,
based on clinical signs of HIT. Diagnostic studies for HIT
may be unreliable, so we intervene early with alternative
anticoagulants when HIT is suspected as this step is cru-
cial and may improve outcome in these patients. Further
clinical research in alternative anticoagulants is critical in
pediatric patients so that therapy may be optimized with-
out placing them at undue risk.
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