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Abstract
Objective—To describe the off-label use of antithrombin concentrate in tertiary care pediatric
hospitals across the United States.

Study design—This is a retrospective, multicenter, cohort study of 4,210 admissions of children
less than 18 years of age who received antithrombin concentrate between 2002 and 2011 within
the Pediatric Health Information System administrative database. An on-label admission was
defined as an admission with an International Classification of Diseases diagnostic code for a
primary hypercoagulable state; admissions without this code were classified as off-label.

Results—Over the 10 year study period, off-label use of antithrombin concentrate increased 5-
fold. Overall, 97% of study subjects received antithrombin off-label. Neonates < 30 days old was
the largest age group (45.7%) of use; 87% of patients had at least one complex chronic condition
with congenital heart/lung defects being the most prevalent primary diagnosis (36.3%).
Extracorporeal membrane oxygenation (ECMO) was the most common procedure associated with
antithrombin use (43.7%).

Conclusions—The off-label use of antithrombin concentrate is increasing rapidly, particularly
in critically-ill children receiving ECMO, with few parallel studies to substantiate its safety or
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efficacy. Further pre-clinical and controlled clinical studies are critical to expanding our
knowledge of this drug. In the meantime, antithrombin concentrate should be used judiciously by
clinicians and following guidelines instated by hospitals.
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Antithrombin, a 58-kD serine protease inhibitor synthesized in the liver, irreversibly
inactivates several endogenous active clotting factors, including factor Xa and thrombin.1,2

Heparin, the most commonly used parenteral anticoagulant, functions by potentiating
antithrombin’s anticoagulant activity 1000- to 5000-fold.3,4 Antithrombin also possesses
anti-inflammatory properties mediated primarily through its interaction with the
endothelium.1 Congenital antithrombin deficiency is uncommon, with an estimated
prevalence of 1:500–20,000, and results from either quantitative or qualitative defects in the
circulating antithrombin protein.1,5,6 Acquired antithrombin deficiency is more common
resulting from low production (e.g., liver disease), consumption (e.g., disseminated
intravascular coagulation), increased losses (e.g., protein-losing enteropathy, nephrotic
syndrome, chylothoraces), or by drug-induced mechanisms (eg, L-asparaginase, heparin).
Term neonates typically do not reach adult antithrombin levels until 6 months of age.7

Two formulations of antithrombin concentrate are available commercially. The U.S. Food
and Drug Administration (FDA) approved a plasma-derived concentrate (Thrombate III®,
Grifols, Los Angeles, CA) in 1991 and a recombinant concentrate (ATryn ®, GTC
Biotherapeutics, Framingham, MA) in 2006. The two formulations share an identical amino
acid sequence, but the glycosylation pattern differs so that the recombinant form has a
higher heparin affinity and a significantly shorter half-life and is therefore given as a
continuous infusion.8 Both formulations are FDA-approved for the prevention of peri-
operative and peripartum thromboembolic events in adults with congenital antithrombin
deficiency.9,10 The safety and efficacy of antithrombin concentrates in pediatrics has not
been established; therefore, antithrombin is not FDA-approved in this population.

Three decades of literature abound with the use of antithrombin concentrate in children to
treat either congenital or acquired antithrombin deficiency. At one tertiary-level pediatric
hospital, antithrombin concentrate use increased from 3 patients per year in 1999 to 29
patients per year in 2009 with the most common indication being acquired antithrombin
deficiency associated with major cardiac surgery, heparin infusion, sepsis, or severe
thromboembolism.11 Other significant associations were extracorporeal membrane
oxygenation (ECMO) and orthotopic liver transplantation.11 However, rigorous safety and
efficacy studies have not paralleled the increase in the off-label use of antithrombin
concentrate. This multicenter cohort study aims to describe antithrombin concentrate use in
U.S. children’s hospitals.

Methods
This retrospective, multi-institutional cohort study was deemed to be exempt by the
institutional review boards of Cincinnati Children’s Hospital and Medical Center, Children’s
Hospital of Philadelphia, and Seattle Children’s Hospital.

Data were obtained from Pediatric Health Information System (PHIS), which contains
resource utilization data from 43 U.S. free-standing children’s hospitals. Participating
hospitals are located in non-competing markets of 27 states plus the District of Columbia.
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PHIS contains comprehensive discharge data from all participating hospitals including
patient demographics, diagnosis and procedure codes, and utilization data for radiologic
imaging, laboratory studies, and medication use. PHIS also contains data on the admitting
hospital and service. Data were de-identified prior to inclusion in the study dataset.
Encrypted medical record numbers allowed for tracking of individuals across multiple
hospitalizations. The Children’s Hospital Association (formerly the Child Health
Corporation of America; Shawnee Mission, KS) and participating hospitals jointly assure
data quality and reliability as described previously.12

Eligible subjects included children who were less than 18 years of age at time of admission,
admitted to a PHIS participating hospital between January 1, 2002 and December 31, 2011,
and had a pharmacy billing code for antithrombin concentrate. Subjects were excluded if the
date of service was not available for all antithrombin concentrate doses or if subjects were
not traceable across PHIS data files.

Although antithrombin’s efficacy and safety have not been studied in the pediatric
population, for the purpose of this study, adult indications for antithrombin concentrate use
were used to define on-label and off-label use. A subject was considered to have received
antithrombin concentrate on-label if the International Classification of Diseases, 9th

Revision, Clinical Modification (ICD-9-CM) diagnostic code for a primary hypercoagulable
state (289.81) was present. This ICD-9-CM code for primary hypercoagulable state
encompasses multiple congenital prothrombotic disorders but, most importantly includes
congenital antithrombin deficiency. All subjects without this ICD-9-CM code were defined
as having received antithrombin concentrate off-label.

A previously published approach was used to classify subjects into complex chronic
conditions (CCC) with the following categories: neuromuscular, cardiovascular, respiratory,
renal, gastrointestinal, hematology/immunodeficiency, metabolic, congenital/genetic defect,
and malignancy.13 Patients with arterial or venous thrombosis, sepsis, hemorrhage,
chylothoraces, subjects undergoing liver transplant, and subjects receiving ECMO or
cardiopulmonary bypass (CPB) were identified by ICD-9-CM codes (Appendix; available at
www.jpeds.com).

Statistical Analyses
Categorical variables were summarized using frequencies and percentages and analyzed
using Pearson’s chi-squared test. Continuous variables were summarized by the median and
range. The rate of antithrombin concentrate use was calculated by dividing the number of
admissions with antithrombin use by the total number of hospital admissions in PHIS for
each year during the study period. To calculate rate of antithrombin concentrate use in
ECMO patients, the number of admissions billed for both antithrombin and ECMO was
divided by the total number of PHIS hospital admissions billed for ECMO for each year
during the study period. To determine whether the rate for on- vs. off-label use significantly
differed over time in the overall study population and for the ECMO subpopulation, a
likelihood ratio test compared the linear regression model which included an interaction
term for study year and on- versus off-label cohort to the model without the interaction term.
For those subjects with multiple hospitalizations in which antithrombin was given, only the
first hospitalization was included in the analysis. A value of P ≤ .05 was considered
statistically significant. Statistical analyses were performed using Stata 12 software
(Statacorp LP, College Station, TX).
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Results
During the 10-year study period between January 2002 and December 2011, 4,040 unique
subjects received antithrombin concentrate over 4,210 admissions. Based on the inclusion
and exclusion criteria, subjects in the final study cohort corresponded to only 39 of the 43
PHIS participating hospitals. Three percent of subjects received antithrombin concentrate as
on-label use and the remaining 97% were off-label uses (Table).

Neonates less than one month old at admission comprised the largest proportion of the
overall sample and in each cohort. Congenital malformations were the most common
principal diagnoses in both cohorts (Table). Of these, heart and lung malformations were the
most common. At least one CCC flag was identified for 87% of all subjects who received
antithrombin concentrate. Forty-nine percent had one CCC, 25% had two CCCs and 13%
had at least three CCCs. The most common CCCs were cardiovascular (66%) and
congenital/genetic (17%) abnormalities. Other associated diagnoses include sepsis (33%),
venous thrombosis (18%), and arterial thrombosis (14%; Table). An additional 8% had a
chylothorax and 3% underwent liver transplantation during their hospitalization. The most
common admitting services were cardiology (19%), neonatology (17%), critical care
medicine (17%), and cardiovascular surgery (14%).

Overall, subjects received antithrombin concentrate for a median of two days per admission
(range, 1–108 days), with the on-label cohort receiving a median of 3 days (range 1–44
days) and the off-label cohort receiving a median of 2 days per admission (range, 1–108
days; Table). The first dose of antithrombin was given on a median of six days from the time
of admission (range 1–32 days).

The number of PHIS admissions with off-label antithrombin concentrate use steadily
increased over the 10-year study period. In 2002, 0.04% of all PHIS admissions received
antithrombin concentrate, whereas in 2011, 0.19% received antithrombin concentrate,
demonstrating an almost 5-fold increase. The rate of increase was significantly steeper in the
off-label cohort compared with the on-label cohort over time (p<0.001; Figure).

ECMO was the most common procedure associated with antithrombin concentrate use. Of
the total number of admissions, 43% underwent ECMO: 43% of off-label admissions and
25% of on-label admissions (p<0.001; Table). The proportion of ECMO patients who
received antithrombin concentrate steadily increased over the study period. Twenty-nine of
the 544 (5.3%) PHIS admissions in which ECMO was billed in 2002 received antithrombin
concentrate compared with 475 of the 939 (50.6%) PHIS admissions in which ECMO was
billed in 2011, a 9.5-fold increase (Figure). The rate of increase of off-label use in ECMO
was significantly greater than increase of on-label use over time (p<0.001).

Discussion
This multicenter cohort study of antithrombin concentrate use in pediatric patients in tertiary
care centers across the US sought to compare antithrombin concentrate use in children with
congenital antithrombin deficiency with children without the disorder. Most subjects (97%)
received antithrombin off-label regardless of the fact that inherited antithrombin deficiency,
a rare congenital disorder, is the only approved indication in adults. Most antithrombin used
in neonates and in patients with congenital heart and lung defects. Only 30% of subjects had
a thrombosis during their admission as determined by ICD-9-CM coding. The two most
common, major procedures were ECMO (44%) and CPB (37.5%). Over the 10-year study
period, we demonstrated an almost 5-fold overall increase in off-label antithrombin use.
Antithrombin use among all PHIS ECMO admissions during the study period increased 9.5
fold, from 5.3% to 50.6%.
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Medical diagnoses associated with antithrombin administration in the pediatric literature
includes respiratory distress syndrome,14,15 disseminated intravascular coagulation from
sepsis,16,17 clot prevention associated with L-asparaginase use in leukemia,18,19 nephrotic
syndrome,20 liver failure,21 thermal injuries,22 veno-occlusive disease,23 and necrotizing
enterocolitis.24 Patients received antithrombin either to treat or prevent acquired
antithrombin deficiency, but in the case of sepsis and disseminated intravascular coagulation
(DIC), antithrombin also appeared to be given for its anti-inflammatory properties. The two
randomized controlled clinical trials of antithrombin replacement in preterm infants with
respiratory distress syndrome (RDS) did not demonstrate a benefit and one of these studies
reported increased mortality in the antithrombin treatment group.15 Currently, antithrombin
is not recommend in sepsis following adult studies that demonstrated increased hemorrhagic
complications and no mortality benefit in patients who received antithrombin concurrently
with heparin.25,26 Off-label antithrombin has been administered for heparin resistance, a
state in which unusually high doses of unfractionated heparin are needed to achieve
therapeutic activated partial thromboplastin times, anti-factor Xa activity, or activated
clotting times.27–31

The overall impact of off-label antithrombin use on clinical outcomes in critically-ill
patients is unclear. A meta-analysis of 20 randomized controlled trials that enrolled 3,458
critically-ill patients, including 267 children, with various diagnoses but mainly with sepsis,
concluded that administration of antithrombin concentrate did not decrease mortality,
respiratory failure, days on mechanical ventilation, length of stay in the hospital or intensive
care unit, or improve quality of life.26 This lack of efficacy could be due to two reasons: (1)
thrombin inhibition by antithrombin does not directly or sufficiently mitigate the
mechanisms leading to organ failure and poor clinical outcomes; or (2) antithrombin does
indeed play a role, but the ideal dosing schedule in this heterogeneous population has not
been defined in order to observe consistent clinical improvement. The meta-analysis also
demonstrated that subjects who received antithrombin concentrate had a statistically
significant 1.5-fold greater risk of bleeding compared with controls; this increase is likely
attributable to higher circulating levels of this anticoagulant.26

Our study demonstrates that antithrombin use during ECMO therapy has clearly increased
over time and currently is used in over half of the patients receiving ECMO. The increase in
on-label use in ECMO is intriguing and, because a congenital hypercoagulable state should
not predispose someone to need ECMO, likely reflects the misclassification of ICD-9
diagnosis codes. Few studies have evaluated the effect of antithrombin concentrate in
ECMO. The non-biologic surfaces of the extracorporeal circuit place patients at high risk of
thrombosis, leading some centers to administer antithrombin standardly in order to optimize
heparin’s effect. The administration of heparin and exposure to non-biologic materials in
these critically-ill patients result in hemorrhagic complications, with rates of intracranial
hemorrhage reaching as high as 52% of patients in certain ECMO populations.32–35 Small
case series including 7 to 34 children who received antithrombin concentrate while on
ECMO did not report excessive bleeding complications;34,36–39 however, efficacy studies
and well-powered safety studies are lacking.

The only prior publication describing antithrombin concentrate use in pediatrics is from a
single pediatric institution.11 Similarly to our multicenter study, they reported a significant
increase in use over time, predominantly in neonates with complex medical conditions. The
majority of their 37 subjects received antithrombin for suspected heparin resistance (78%)
and acquired antithrombin deficiency (57%). ECMO was the most common procedure
associated with antithrombin use in 78% of their subjects. Authors did not report
hemorrhagic complications. Our multicenter study confirms the finding that antithrombin
use is increasing, particularly for off-label use in critically-ill patients receiving ECMO.
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PHIS is a large database with stringent quality-control measures, but limitations are inherent
to research using administrative data. We were unable to determine the temporal relationship
between antithrombin concentrate dosing and the diagnosis of associated medical
conditions. Resistance to unfractionated heparin is a growing justification for antithrombin
use11; unfortunately, we were unable to determine whether patients received antithrombin
for this particular indication as PHIS pharmacy data do not differentiate between
unfractionated heparin used for flushing indwelling catheters from doses administered for
treatment or prevention of thrombosis. In addition, we are unable to confirm whether our on-
label vs. off-label differentiation using ICD-9-CM code 289.91 is a true representation of
congenital antithrombin deficiency. As ICD-9-CM code 289.91 can be used for any primary
hypercoagulable state and the prevalence of ICD-9-CM code 289.91 in our study sample is
higher than the expected prevalence of congenital antithrombin deficiency in the general
population, we suspect that patients without antithrombin deficiency may have been
misclassified as on-label. Thus, our study would underestimate the prevalence of off-label
antithrombin use. Regardless, our findings highlight the need for prospective studies to
determine whether antithrombin treatment is associated with improved outcomes of children
with acquired antithrombin deficiency.
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Appendix

Diagnostic codes used to indicate conditions/treatment

Condition Codes used to define condition

Arterial thrombosis ICD codes: 362.30, 433.0, 433.1, 433.2, 433.8, 433.9, 434.0, 434.1, 434.9, 435.9, 444.0, 444.1,
444.2, 444.21, 444.22, 444.81, 444.89, 444.9, 593.81, 410.0, 410.1, 410.2, 410.3, 410.4, 410.5,
410.6, 410.7, 410.8, and 410.9.

Venous thrombosis ICD codes: 325, 362.35, 415.1, 415.11, 415.12, 415.19, 451.1, 451.11, 451.19, 451.2, 451.8,
451.81, 451.83, 451.84, 451.89, 451.9, 452, 453.0, 453.1, 453.2, 453.3, 453.40, 453.41, 453.42,
453.8, 453.9, and 572.1.

Hemorrhage ICD codes: 423.0, 423.3, 430, 431, 432, 432.0, 432.1, 432.9, 459.0, 511.89, 530.82, 568.81,
569.3, 578, 578.0, 578.1, 578.9, 595.0, 770.3, 772, 772.1, 772.11, 772.12, 772.13, 772.14, 772.2,
772.4, 772.5, 772.8, 772.9, 784.7, 784.8, 786.3, 786.30, 786.31, 786.39, and 998.11.

Sepsis ICD codes: 038, 038.0, 038.1, 038.10, 038.11, 038.12, 038.19, 038.2, 038.3, 038.4, 038.40,
038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9, 771.81

ECMO ICD code: 39.65
CTC code: 521181

CPB ICD code: 39.61

Liver transplant ICD code: 50.5

Chylothorax ICD code: 457.8
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Figure 1.
AT use over 10-year study period. (A) AT use within PHIS over time; (B) AT use in ECMO
patients within PHIS over time (Off-label = ; On-label = )
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Table 1

Characteristics of patients who received antithrombin concentrate

Off-label (n=3914) On-label (n=126) Total (n=4040)

Age at Admission

  Median (range) 56.5 days (1–6551) 79 days (1–6376) 57 days (1–6376)

  ≤30 days old 1789 (45.7) 58 (46.0) 1847 (45.7)

  31–364 days old 845 (21.6) 19 (15.1) 864 (21.4)

  1 – 2.9 years old 369 (9.4) 8 (6.4) 377 (9.3)

  3 – 9.9 years old 463 (11.8) 13 (10.3) 476 (11.8)

  10 – 17.9 years old 448 (11.5) 28 (22.2) 476 (11.8)

Sex

  Female 1689 (43.2) 66 (52.4) 1755 (43.4)

Race/Ethnicity

  White 1573 (40.2) 63 (50) 1636 (40.5)

  Hispanic 728 (18.6) 22 (17.5) 750 (18.6)

  Black 370 (9.5) 9 (7.1) 379 (9.4)

  Other 425 (10.9) 9 (7.1) 434 (10.8)

Length of Stay

  Median (range) 35 (1–585) 40.5(2–328) 35 (1–585)

  0–14 days 722 (18.5) 18 (14.3) 740 (18.3)

  15–30 days 1,018 (26) 34 (27) 1,052 (26)

  31–60 days 1,063 (27.2) 36 (28.6) 1,099 (27.2)

  61–90 days 478 (12.2) 19 (15) 497 (12.3)

  >90 days 633 (16.2) 19 (15) 652 (16.1)

Mortality

  In-hospital death 1190 (30.4) 27 (21.4) 1217 (30.1)

Number of days receiving AT per admission

  Median (range) 2 (1–108) 3 (1–44) 2 (1–108)

  1 1611 (41.2) 30 (23.8) 1641 (40.6)

  2 – 3 1152 (29.4) 38 (30.2) 1190 (29.5)

  4 – 5 467 (11.9) 17 (13.5) 484 (12)

  >6 684 (17.5) 41 (32.5) 725 (18)

Top 5 Principal Diagnosis Categories

  Congenital heart/lung defect 1433(36.6) 34 (27) 1467 (36.3)

  Perinatal diseases 576 (14.7) 23 (18.3) 599 (14.8)

  Circulatory disease 413 (10.6) 15 (11.9) 428 (10.6)
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Off-label (n=3914) On-label (n=126) Total (n=4040)

  Congenital defect, non-heart/lung 292 (7.5) 13 (10.3) 305 (7.6)

  Respiratory, incl pneumonia 292 (7.5) 2 (1.6) 294 (7.3)

Associated Diagnoses/Procedures

  Sepsis 1322 (33.8) 35 (27.8) 1357 (33.6)

  Chylothorax 294 (7.5) 25 (19.8) 319 (7.9)

  Liver transplant 121 (3.1) 6 (4.8) 127 (3.1)

  ECMO 1734 (44.3) 33 (26.2) 1767 (43.7)

  Cardiopulmonary bypass 1459 (37.3) 28 (22.2) 1487 (36.8)

Hemorrhage and Thrombotic Events

  Hemorrhage 1317 (33.7) 42 (33.3) 1359 (33.6)

  Venous thrombosis 681 (17.4) 52 (41.3) 733 (18.1)

  Arterial thrombosis 527 (13.5) 32 (25.4) 559 (13.8)

  Any thrombosis 1109 (28.3) 72 (57.1) 1181 (29.2)
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