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Abstract
Venous thromboembolism has increasing significance in hospitalized pediatric patients. Patients

who have life-threatening or limb-threatening thrombotic events require thrombolysis in addi-

tion to anticoagulation. In patients who show signs of heparin resistance or heparin-induced

thrombocytopenia, it is imperative to identify alternative therapeutic options. We present a child

inwhombivalirudinwas used for systemic anticoagulation during catheter-directed thrombolysis

along with tissue plasminogen activator (Alteplase R©) for the treatment of a near-occlusive

organ-threatening thrombus. We also review the currently available literature on the use of

combination therapy of an intravenous direct thrombin inhibitor with alteplase.
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1 INTRODUCTION

The incidence of pediatric venous thromboembolism (VTE) has

increased over the last decade1 and patients are prescribed anti-

coagulation therapy to prevent extension and recurrence.2 Unfrac-

tionated heparin (UFH), low molecular weight heparins, and vitamin

K antagonists are the mainstay of anticoagulation in children.1–3

In patients with heparin resistance, difficulty in achieving ther-

apeutic heparin levels or in those who develop heparin-induced

thrombocytopenia (HIT), alternative options need to be identified.

Bivalirudin, a direct thrombin inhibitor (DTI), which inhibits circu-

lating and clot-associated thrombin, is an effective anticoagulant

in children.3,4 However, patients who develop limb-threatening or

organ-threatening thromboses may require additional thrombolytic

treatment. We present a child in whom bivalirudin was used for

systemic anticoagulation during catheter-directed thrombolysis using

tissue plasminogen activator (tPA, Alteplase R©) and review the current

literature on the use of combination therapy of an intravenousDTI and

alteplase.

Abbreviations: aPTT, activated partial thromboplastin time; DTI, direct thrombin inhibitor;

ECHO, echocardiogram; HIT, heparin-induced thrombocytopenia; IVC, inferior vena cava; PE,

pulmonary embolism; PF4, platelet factor 4; tPA, tissue plasminogen activator; UFH,

unfractionated heparin; VTE, venous thromboembolism.

2 CASE REPORT

A 2-year-old male with Down syndrome and artificial heart valves on

warfarin presented with shock. An echocardiogram (ECHO) showed

moderate right ventricular dilation with increased pressures, but no

signs of thrombus or vegetation. Blood work revealed an international

normalized ratio of 7, and he received vitamin K and fresh frozen

plasma. Warfarin was discontinued, and he was started on UFH (goal-

activated partial thromboplastin time [aPTT] of 48-78 s).

Five weeks later, a repeat ECHO revealed an echogenic density

in the hepatic inferior vena cava (IVC) with near-complete occlusion

and extension of the thrombus into the right renal vein. Given the

development of an organ-threatening thrombus while on high doses

of UFH (>50 units/kg/h), there was suspicion for development of

HIT. Bivalirudin was started at 0.3 mg/kg/h with a goal aPTT of 1.5

to 2 times his baseline (30 s). After 12 h, catheter-directed alteplase

was initiated at 0.03 mg/kg/h and bivalirudin dose was reduced by

50% with a goal aPTT of 45 to 60 s. ECHO after 24 h of catheter-

directed alteplase showed worsening of thrombus, and alteplase

was increased to 0.06 mg/kg/h for an additional 48 h; bivalirudin

was increased to a maximum of 0.3 mg/kg/h to maintain a goal aPTT

of 45 to 60 s. After 48 h, ECHO showed decreasing thrombus with

improved IVC flow. Throughout treatment the patient’s laboratory

parameters, including fibrinogen, plasminogen, and platelet counts,

were monitored and remained within normal limits, and there were

Pediatr Blood Cancer. 2020;67:e28094. c○ 2019Wiley Periodicals, Inc. 1 of 3wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.28094

https://orcid.org/0000-0002-6212-8910
https://orcid.org/0000-0002-5884-6776


2 of 3 REGLING ET AL.

T
A
B
L
E
1

Su
m
m
ar
y
o
fr
ep

o
rt
ed

ca
se
s
u
si
n
g
D
T
Is
d
u
ri
n
g
th
ro
m
b
o
ly
ti
c
th
er
ap
y

St
u
d
y

N
o
.o
f

tr
ea
te
d

ca
se
s

D
T
Iu
se
d

B
o
lu
s
d
o
se

(𝝁
g/
kg
)

M
ai
n
te
n
an
ce

d
o
se

(𝝁
g/
kg
/m

in
)

A
d
m
in
is
tr
at
io
n
ro
u
te

fo
r
tP
A

G
o
al
aP

T
T

(s
)

To
ta
lt
PA

d
o
se

(m
g/
h
)

D
u
ra
ti
o
n
o
f

tP
A
th
er
ap
y

(h
)

P
re
se
n
t
ca
se

1
B
iv
al
ir
u
d
in

0
0
.1
5
m
g/
kg
/h

P
er
ip
h
er
al
IV

4
5
-6
0

0
.0
3
-0
.0
6
m
g/
kg
/h

7
2

B
ad

re
ld
in

6
1

B
iv
al
ir
u
d
in

0
0
.1
m
g/
kg
/h

P
er
ip
h
er
al
IV

5
0
-6
0

1
2
0

M
ar
ti
n
ez

7
1

B
iv
al
ir
u
d
in

0
0
.1
2
-0
.1
4
4
m
g/
kg
/h

Il
ia
c
ve
n
o
u
s
sh
ea
th

4
5
-7
5

1
3
6

La
u
si
n
8

1
B
iv
al
ir
u
d
in

0
0
.0
5
m
g/
kg
/h

P
er
ip
h
er
al
IV

3
7
-4
4

2
1
2

B
et
h
ea

9
1

A
rg
at
ro
b
an

0
0
.6
5

C
en

tr
al
ca
th
et
er

3
5
-5
5

2
-3

2
0

Si
n
1
0

1
A
rg
at
ro
b
an

0
0
.8

P
o
p
lit
ea
lv
en

o
u
s
sh
ea
th

4
0
-5
0

1
1
8

Sh
ar
if
i1
1

3
3

A
rg
at
ro
b
an

0
0
.3
-1
.0

P
o
p
lit
ea
lv
en

o
u
s
sh
ea
th

5
0
-9
0

0
.7
5
-1

2
0
-2
4

M
al
d
o
n
ad

o
1
2

1
A
rg
at
ro
b
an

0
0
.7
5

P
er
ip
h
er
al
IV

5
0
-7
5

0
.5

4
8

Tu
rb
a1

3
1

A
rg
at
ro
b
an

3
5
0
ov
er

3
-5

m
in

2
5

Fe
m
o
ra
la
rt
er
y

2
-3

×
b
as
el
in
e

1
1
4

Ja
n
g1

4
8
5

A
rg
at
ro
b
an

1
0
0
ov
er

1
m
in

1
o
r
3

P
er
ip
h
er
al
IV

5
0
-7
0

1
5
m
g
b
o
lu
s
fo
llo

w
ed

by
:

−
0
.7
5
m
g/
kg

fo
r
3
0
m
in
(m

ax
5
0
m
g)
to

0
.5
m
g/
kg

fo
r

ad
d
it
io
n
al
6
0
m
in
(m

ax
3
5
m
g)

1
.5
-7
2

B
ar
re
to

1
5

6
5

A
rg
at
ro
b
an

1
0
0
ov
er

3
-5

m
in

1
P
er
ip
h
er
al
IV

N
/A

0
.9

4
8

no bleeding complications. Platelet factor 4 (PF4) screen was negative

indicating no evidence of HIT. With thrombus stabilization, alteplase

was discontinued and bivalirudin was titrated to maintain a goal aPTT

of 45 to 60 s. Unfortunately, the patient passed away 4 weeks later

due to persistent candidal sepsis.

3 DISCUSSION

The American College of Chest Physicians recommends thrombolysis

in childrenwith organ-threatening or limb-threatening VTE.5 The con-

comitant use of heparin at 5 to 10 units/kg/h has been recommended

to prevent new clot formation as clot lysis releases thrombin during

thrombolysis.2 In patients with heparin resistance or HIT, choosing an

alternative anticoagulant becomes imperative. DTIs have been used as

an alternative to UFH in patients with HIT. Bivalirudin is a commer-

cially available DTI that has been used in pediatric patients with VTE

and cardiac catheterization.3,4 Its use during thrombolysis has been

limited, although there are few reports of the use of DTI with throm-

bolytic therapy in adult patients (Table 1).

Badreldin et al.6 reported a case of bivalirudin and alteplase in an

adult male with HIT and recurrent deep vein thrombosis with new

unstable pulmonary embolism (PE). Martinez and Burnett7 reported

an adult female with extensive thrombosis of the bilateral lower

extremities and IVC dilatation who developed HIT. Lausin et al.8

used systemic bivalirudin during catheter-directed thrombolysis with

alteplase for an adult male patient with PE. Patients were prescribed

DTI with 50% reduction in dosing during thrombolytic therapy and

with variable target aPTTs. All had improvement in thrombus size and

no bleeding events during thrombolytic therapy.

There is a strong need for alternative options for systemic antico-

agulation in critically ill patients requiring thrombolytic therapy when

heparin is contraindicated. It is unclear why our patient was refrac-

tory to heparin, as his PF4 screen was negative and antithrombin

level was only mildly low at 67%, although likely multifactorial due

to critically ill condition. In children, the recommended dose of tPA is

highly variable. Recommendations varywith some centers using a low-

dose (0.01-0.06 mg/kg/h) to high-dose tPA (0.1-0.5 mg /kg/h).2 Our

patientwas successfully treatedwith alteplase at 0.03 to 0.06mg/kg/h

while receiving systemic anticoagulationwithbivalirudin at a50%dose

reduction. In our review, this is the first pediatric patient inwhomcom-

bination therapy (DTI and alteplase) has been reported.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS

Katherine Regling collected and reviewed the data and wrote the

manuscript under the mentorship of Michael U. Callaghan andMadhvi

Rajpurkar.



REGLING ET AL. 3 of 3

ORCID

Katherine Regling https://orcid.org/0000-0002-6212-8910

Madhvi Rajpurkar https://orcid.org/0000-0002-5884-6776

REFERENCES

1. Raffini L, Huang Y-S, Witmer C, Feudtner C. Dramatic increase in

venous thromboembolism in children’s hospitals in the United States

from 2001 to 2007. Pediatrics. 2009;124(4):1001-1008.
2. Tarango C, Manco-Johnson MJ. Pediatric thrombolysis: a practical

approach. Front Pediatr. 2017;5(December):1-7.

3. Young G. Anticoagulation therapies in children. Pediatr Clin North Am.
2017;64(6):1257-1269.

4. Forbes TJ, Hijazi ZM, Young G, et al. Pediatric catheterization lab-

oratory anticoagulation with bivalirudin. Catheter Cardiovasc Interv.
2011;77(5):671-679.

5. Monagle P, Chan AKC, Goldenberg NA, et al. Antithrombotic therapy

in neonates and children: antithrombotic therapy and prevention of

thrombosis, 9th ed: American College of Chest Physicians evidence-

based clinical practice guidelines. Chest. 2012;141(2 Suppl):e737S-

e801S.

6. Badreldin HA, Rimsans J, Connors JM, Wiviott SD. Use of systemic

bivalirudin with catheter-directed thrombolysis in a patient with

heparin-induced thrombocytopenia: a case report. Catheter Cardiovasc
Interv. 2018;91(3):E17-E20.

7. Martinez LA, Burnett AE. Catheter-directed thrombolysis with

alteplase and bivalirudin in a patient with heparin-induced thrombo-

cytopenia. Am J Heal Pharm. 2015;72(9):707-710.
8. Lausin A, Fink J, Sutter C, Russo N. 12-267 Catheter-directed throm-

bolysis with alteplase and bivalirudin for treatment of pulmonary

embolism. https://www.eventscribe.com/2017/ASHP-Meeting/ajaxca

lls/PosterInfo.asp?efp=WUFORk1KUU8yMDk5&PosterID=123593
&rnd=0.9841427.

9. Bethea BT, Elliot JW, Richardson JB, Ahmed MI. Treatment of

pulmonary embolism with argatroban and ultrasound-assisted

catheter-directed thrombolysis with alteplase in a patient

with heparin-induced thrombocytopenia. Am J Heal Pharm.
2017;74(15):1153-1157.

10. Sin JH, Yen DC, Catheter-directed thrombolysis with direct intra-

catheter administrationof argatrobanandalteplase for extensivedeep

vein thrombosis in a patient with heparin-induced thrombocytopenia.

2017:36-38. https://doi.org/10.1007/s00270-013-0569-3.

11. Sharifi M, Bay C, Nowroozi S, Bentz S, Valeros G, Memari S. Catheter-

directed thrombolysis with argatroban and tPA for massive iliac

and femoropopliteal vein thrombosis. Cardiovasc Intervent Radiol.
2013;36(6):1586-1590.

12. Maldonado A. Argatroban and catheter-directed thrombolysis with

alteplase for limb- and graft-threatening thromboses in a patient with

a history of HIT. Am J Hematol. 2009;84(4):251-253.
13. TurbaUC, BozlarU, Simsek S. Catheter-directed thrombolysis of acute

lower extremity arterial thrombosis in a patient with heparin-induced

thrombocytopenia. Catheter Cardiovasc Interv. 2007;70(7):1046-1050.
14. Jang IK, Brown DFM, Giugliano RP, et al. A multicenter, random-

ized study of argatroban versus heparin as adjunct to tissue plas-

minogen activator (TPA) in acute myocardial infarction: myocardial

infarction with novastan and TPA (MINT) study. J Am Coll Cardiol.
1999;33(7):1879-1885.

15. Barreto AD, Alexandrov AV, Lyden P, et al. The argatroban and tissue-

type plasminogen activator stroke study: final results of a pilot safety

study. Stroke. 2012;43(3):770-775.

How to cite this article: ReglingK, CallaghanMU, RajpurkarM.

Bivalirudin during thrombolysis with catheter-directed tPA in a

heparin refractory patient: A case report. Pediatr Blood Cancer.

2020;67:e28094. https://doi.org/10.1002/pbc.28094

https://orcid.org/0000-0002-6212-8910
https://orcid.org/0000-0002-6212-8910
https://orcid.org/0000-0002-5884-6776
https://orcid.org/0000-0002-5884-6776
https://www.eventscribe.com/2017/ASHP-Meeting/ajaxcalls/PosterInfo.asp?efp=WUFORk1KUU8yMDk5\046PosterID=123593\046rnd=0.9841427
https://www.eventscribe.com/2017/ASHP-Meeting/ajaxcalls/PosterInfo.asp?efp=WUFORk1KUU8yMDk5\046PosterID=123593\046rnd=0.9841427
https://www.eventscribe.com/2017/ASHP-Meeting/ajaxcalls/PosterInfo.asp?efp=WUFORk1KUU8yMDk5\046PosterID=123593\046rnd=0.9841427
https://doi.org/10.1007/s00270-013-0569-3
https://doi.org/10.1002/pbc.28094

