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Abstract

Background: Thromboembolic events are rare in children even during conditions at risk of thrombosis like
surgeries. Unlike adults, thromboprophylaxy in prepubescent children is not well established and preventive
anticoagulation is usually given on a case by case basis.

Methods: We report the case of an 11-year-old prepubescent boy suffering from a scoliosis refractory to braces,
on which a spinal distraction without fusion was carried out. Prophylactic treatment with low molecular weight
heparin (LMWH) was started on day 2 after surgery.

Results: LMWH treatment was stopped on day 10 due to a thrombocytopenia. On day 14, a distal pulmonary
embolism was detected on chest angioscan. HemosIL HIT-Ab (IL) and ELISA (enzyme-linked immunosorbent
assay) Asserachrom HPIA (Stago) showed positive results. After consultative discussion with the hematology and
vascular surgery teams, the diagnosis of heparin-induced thrombocytopenia (HIT) was considered. A curative non-
heparinic intra-venous (IV) anticoagulation treatment (Danaparoid sodium, Orgaran, Msd, France) was administrated
for one month in addition to IV hydration and compression stockings. Eight day later, the pulmonary artery
thrombosis completely resolved. No further complication occurred.

Conclusions: We emphasize the difficulty of deciding whether a prepubescent child has to be prophylactically
covered with an anticoagulant in situations of increased thrombosis risks knowing that serious adverse reactions to
anticoagulant can occur. HIT is a well-known complication of heparin therapy in adults but it is less documented in
children. Potential risk of HIT should be kept in mind during heparin treatment and patients should be closely
followed clinically and biologically.
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Introduction
Thromboembolic events (thrombosis, pulmonary embolism (PE))

are rare in the pediatric population accounting for 5.3 per 10, 000
hospital admission/year according to the Canadian thrombosis registry
[1]. More recent studies reported similar prevalence [2]. Seventy
percent of thromboembolic events occur in two age groups: neonates
and adolescents [1-5]. Idiopathic deep venous thrombosis is rare in
children and an underlying pathology (thrombophilia, congenital
heart disease, renal disease, septic shock, malignancy) or insult
(trauma, surgery, presence of central venous lines) is reported in more
than 90% of cases [1,3,6]. Obesity, cigarette smoking, oral
contraceptives and pregnancy represent risk factors in adolescents [3].
Thromboembolic events in children are important causes of morbidity
(post-phlebitic syndrome in 12.4% to 20% of cases) and mortality (fatal
pulmonary embolism in 2.2%) [1,7] Low-molecular-weight heparin
(LMWH) both for treatment and prevention [2] is the anticoagulant
frequently prescribed to children due to several advantages over
unfractionated heparin (UFH) (minimal monitoring needed, ease of
subcutaneous administration) while being equally effective and safe as

UFH [8,9]. Heparin-induced thrombocytopenia (HIT) is a serious
known side effect of heparin utilization occurring in 0.5%-5% of
heparin treated adults who already have been exposed to heparin in
the past [10]. HIT is an adverse prothrombotic effect of heparin that
can take two forms: HIT-I and HIT-II. HIT-I is characterized by a mild
asymptomatic reduction in platelet count, occurring in the first 2 days
of heparin treatment. HIT-I resolves spontaneously. HIT-II, much
more severe, is an immune response occurring 5-14 days after
initiation of heparin and presenting with thrombocytopenia (platelet
count drop>50% compared with baseline pre-heparin level or a platelet
count below 150 g/L) and a paradoxical hypercoagulable state due to
platelet activation and thrombin generation [11-15]. HIT development
necessitates prior exposure to heparin (flush, heparin-coated catheters,
etc.). Therapeutic doses of heparin (versus prophylactic) and
intravenous administration (versus subcutaneous) are additional risk
factors [16]. The prevalence of HIT-II in adults is known to be much
higher in patients receiving UFH (2.6%) compared to those receiving
LMWH (0.2%) [17]. Mode of presentation of HIT-II in adults includes
venous or arterial thrombosis (ratio 4:1) [18] in 30-60% of patients
[19] and pulmonary embolism (PE) in 25% [18]. HIT-II has been
associated with a high incidence of limb artery occlusion and life-
threatening complications (myocardial infarction, PE, thrombotic
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stroke) [15]. Patients showing the lowest platelet counts are at the
highest risk of morbidity and mortality [20]. HIT-II should be treated
with immediate discontinuation of all heparin products and initiation
of an alternative non-heparin anticoagulant [11]. HIT morbidity and
mortality rates of 61% and 22.5% have been respectively reported in
adults [21]. HIT occurrence in children varies between 1.5% (neonatal
intensive care unit) [22] and 2.3% (pediatric intensive care unit) [23].
The diagnosis of HIT-II is formulated on the basis of clinical
assessment and on biological tests: demonstration of anti-PF4/heparin
complex antibodies via enzymelinked immunosorbent assay (ELISA,
sensibility 91-97%) [12,13,24,25], heparininduced platelet aggregation
method (HIPA) [22] or C-serotonin release assay, more specific
(usually not available in most hospitals: difficult to perform and time
consuming), which evaluates platelets activation [12,13,25]. Our case
report describing a HIT induced pulmonary embolism in an 11-year-
old boy, operated for spinal surgery, underscores the difficulty in
weighting the risk-benefit of heparin anticoagulation use in
prepubescent children during a high thromboembolic risk surgery.

Clinical case report
Here we report the case of an 11-year-old prepubescent boy

suffering from a juvenile scoliosis in association with an
arthrogryposis. His past medical history reveals consanguinity and a
chronic immune thrombocytopenic purpura. During the previous
years, he experienced several episodes of cutaneo-mucous purpura
associated with severe episodes of thrombocytopenia treated with
corticosteroids and high doses of intravenous immunoglobulins
(Clairyg®, Lfb-Biomedicaments, France). Due to the progression of the
scoliosis despite bracing (80° right thoracic and 40° left lumbar curves),
the patient was scheduled for growing rods spinal instrumentation
(T2-T3 laminar hooks, L3-L4 pedicle screws) (Figure 1).

Figure 1:Post-operative AP (A) and lateral X-Ray (B) showing the
growing rods.

The chronic thrombocytopenia related to the chronic immune
thrombocytopenic purpura was corrected prior to surgery by the
administration of polyvalent immunoglobulins (Clairyg®, Lfb-
Biomedicaments, France) and corticosteroids (Solupred® 90 mg twice a
day × 4 days, Sanofi-Aventis, France) (preoperative platelet count: 146

g/L). During surgery, massive bleeding occurred. The patient received
six red blood cell units, three fresh frozen plasma units, one platelet
unit and three polyvalent immunoglobulins (Clairyg®, Lfb-
Biomedicaments, France). Immediate post-surgical evolution was
positive. Preventive LMWH treatment with Lovenox® 40 mg
subcutaneous (sc)/day (Sanofi- Aventis, France) (48 Kg) was started on
day 2 followed by verticalisation with a brace on day 4. On
postoperative day 10, due to the presence of a thrombocytopenia of 17
g/L (500 g/L on day 3), LMWH administration was stopped. On day
14, the patient was sub febrile (38.5°C) without any clinical or
biological sign of infection and complained of a brief episode of
retrosternal chest pain. Blood oxygen saturation value was 98%. The
electrocardiogram showed sinus tachycardia of 125 beats per minute.
Chest X Ray was normal. His blood chemistry panel revealed
hemoglobin value of 8.9 g/dL, a negative thrombophilic status, a
platelet count of 14 g/L and an increase in D-Dimers>10000 μg/L
(ELISA, N<500 μg/L). Lower limbs Doppler ultrasonography did not
reveal any thrombus but a distal pulmonary embolism was detected in
a branch of the right inferior lobar artery on chest angioscan (Figure
2).

Figure 2: Distal pulmonary embolism in a branch of the right
inferior lobar artery on chest angioscan.

Functional and immunological tests, such as heparin-induced
platelet aggregation test (HemosIL® HIT-Ab (IL): 100% sensibility and
81.2% specificity) and the anti-PF4/heparin complex enzyme-linked
immunosorbent assay test (ELISA Asserachrom® HPIA (Stago): 100%
sensitivity and 47-88% specificity) were performed [26]. Based on the
positive results obtained with both tests (HEMOSIL HIT-Ab (IL): 2.2
U/ml (N<1.0 U/ml) and ELISA Asserachrom® HPIA (Stago): 0.959
(positivity threshold: 0.676) and after consultative discussion with the
hematology and vascular surgery teams, the diagnosis of HIT was
considered. Intravenous immunoglobulins (Clairyg®, Lfb-
Biomedicaments, France) and a curative non-heparin IV
anticoagulation treatment (Danaparoid sodium, Orgaran®, Msd,
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France) were administrated in addition to IV hydration and elastic
compression stockings. The peripheral IV line had to be changed for a
central IV line a few days later due to the appearance of a 2 cm long
superficial thrombus in the basilic vein. On day 8 following Orgaran®
(Msd, France) treatment, the pulmonary artery thrombosis completely
resolved as observed on the control angioscan. Treatment with
Orgaran®(Msd, France) alone was continued for a period of one
month. The patient was discharged towards a rehabilitation centre after
4 weeks. No further complication occurred. The same patient was re-
operated two years later in order to conduct a definitive posterior
arthrodesis of his spine. The surgery went fine without complication.
Due to his past history of HIT, no heparin was administrated, but the
patient was placed on Orgaran® (Msd, France) 500 UI SC twice a day
from day 1.

Discussion
Adolescents (after menarche in girls and after signs of secondary

sexual development in boys) are considered, just like adults, at high
risk of thrombosis during high thromboembolic risk situations and
treated prophylactically with an anticoagulant. Concerning younger
children, the situation is less clear. Information on the potential
benefits and risks of preventive anticoagulation in children is scarce in
medical literature. Recommendations regarding thromboprophylaxis
in children have been given in some countries (England [2], United
States [27,28]) but in France, no consensus exists, hence
thromboprophylaxis in children is extrapolated from
recommendations for adults [16] and currently mostly administered
on an individual basis weighting between thrombotic risks and benefits
of anticoagulation for each situation [3]. Eustratiades et al. [29] studied
thromboprophylaxis for spinal surgery in children. They reported an
occurrence of 15 deep vein thrombosis of the lower limb (0.16%) and
one pulmonary embolism (0.001%) in 9870 children aged<16 years old
undergoing spinal surgery. According to these results, use of preventive
anticoagulation in spinal surgery in pediatric population could be
questioned. More than half of deep vein thrombosis appeared during
the first week following surgery. The authors reported that 73% (11/15)
of patients suffering from a thrombosis or EP had not had any
prophylactic anticoagulation. Pediatric patients receiving heparin may
be at risk of complication linked to heparin therapy and heparin
should be given with caution. HIT is a potential and serious
complication of heparin use which real incidence in children remains
unclear. It is most frequently observed in adults due to previous
heparin exposure but HIT also occurs in children mostly in newborns
due to use of heparin-induced catheters as well as during puberty in
relation with hormonal change and contraceptive therapy [3]. Here, we
report the case of an 11-year-old prepubescent boy who developed a
pulmonary embolism on the basis of HIT after spinal surgery. Our
patient received preventive LMWH on day 2 and its administration
was discontinued on day 10 due to a thrombocytopenia of 17 g/L. On
day 14, the patient developed PE and showed positive values to the
heparin-induced platelet aggregation HemosIL® HIT-Ab (IL) and the
anti-PF4/heparin complex ELISA test (ELISA Asserachrom® HPIA
(Stago). Although, according to literature, HIT is often a complication
to anticoagulation therapy with UFH and only in few cases is
secondary to LMWH use [17,30], our patient developed HIT after
LMWH treatment, showing that pediatric patients receiving LMWH
are still at risk for HIT [31]. HIT occurred on day 10 in agreement with
previous observations [32]. Our patient was suffering from a chronic
thrombocytopenic purpura and showed reduced platelets count
corrected preoperatively by a corticotherapy. Per operative major

bleeding was corrected by 3 fresh frozen plasma units, 6 red blood cell
units, 1 platelet unit and intravenous immunoglobulins which elevated
abruptly the platelets count to 500 g/L on day 3 and could have
favoured the occurrence of thrombosis. This case shows that risk
factors for HIT should be kept in mind and patients should be
evaluated for any clinical and/or biological sign of HIT, particularly on
day 5-14 after heparin administration. Early diagnosis and accurate
management are crucial. Platelet count should be monitored before
treatment and every 2-3 days between day 4 and day 10 of treatment
[33]. A patient who develops thrombocytopenia or a thromboembolic
event should be screened for heparin-associated antiplatelet antibodies
(by a blood sample obtained during thrombocytopenia as HIT
antibodies are transient (undetectable within weeks after HIT) [34].
Treatment with any form of heparin (e.g. heparin-coated catheters,
flushing solution, plasma products, etc.) should be immediately
stopped (before resolution of thrombocytopenia and without awaiting
laboratory diagnosis) in children suspected to suffer from HIT
according to clinical assessment or biological criteria [35]. A non-
heparin anticoagulation (Danaparoid (Orgaran®, Msd, France) [12,33]
or direct thrombin inhibitor (Hirudin) should be started [32-33,36].
There is no consensus concerning the length of anticoagulation
treatment following a HIT but a minimum of 30 days is advised as the
risk of thrombosis persists well after the platelet count returns to
normal (usually within a week of heparin discontinuation) [4]. Platelet
transfusions should not be used for prophylaxis of bleeding in HIT as
they aggravate the hypercoagulable state [32]. Limb amputation or
death was reported in 42.1% of children treated with withdrawal of
heparin alone [4]. This rate dropped by half (18%) when HIT was
treated with withdrawal of heparin and utilization of Danaparoid (a
low molecular weight heparinoid), Lepirudin (a direct thrombin
inhibitor) or Argatroban® (Lfb-biomedicaments. France) [4]. We
administrated a curative non-heparin intra-venous (IV)
anticoagulation treatment (Danaparoid sodium, Orgaran®, Msd,
France) for one month and no additional complication occurred. It is
important that the diagnosis of HIT remains clearly documented in the
patient's medical record as a patient with a medical history of HIT
should never be exposed to heparin again [5]. Our patient was re-
operated since his HIT and no longer received any form of heparin.

Conclusion
Much about indications of anticoagulant in children remains to be

known. Even in highrisks groups including patients with spinal
surgery, anticoagulation should be weighted on an individual basis
between benefits and potential adverse events, which can have serious
consequences. Heparin-thromboprophylaxis in children should be
restricted to high-risk groups due to possible severe adverse effects of
heparin. Prior to administration of heparin, a methodical
questionnaire should be conducted to point out at risk patients (prior
exposition to heparin, medical history of thromboembolic event,
family history of thromboembolic event) and the thrombotic risk of
the current situation analysed (nature of surgery to be conducted).
Preventive measures should be used like maintaining per operative
adequate hydration, early mobilisation, removal of central venous line
as soon as no longer useful and cessation of contraceptive pill 4 weeks
prior to surgery [2,3]. In patients considered to be at high risk of
venous thromboembolism and who should receive a
thromboprophylaxis, substitution of UFH by LMWH may reduce the
incidence of HIT. Close clinical and biological follow-up during and
after treatment is required. The use of a mechanical compression
method of thromboprophylaxis or an alternative anticoagulation
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treatment with Danaparoid, Lepirudin or Argatroban® (Lfb-
biomedicaments. France) should be considered. The diagnosis of HIT
must be clearly documented in the patient's medical record to prevent
further exposure to heparin.
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