Thrombosis in PICU 

* Occurs in 10% or more  

* Usually associated with central venous catheters, frequently by catheter sepsis

* Altered blood flow - asphyxia , septicemia, dehydration , shock , 
                vessel injury 

* Congenital prethrombotic disorders— 1) positive family Hx , 2) early age of onset , 

                                3) frequent recurrence

* 常見的congenital prethrombotic disorders—activated protein C resistance /factor V Leiden mutation , FII mutation ( 20210A), AT def. , protein C def., protein S def., dysfibrinogenemia

(一)Mechanism of thrombosis 

* An activated coagulation mechanism            ( venous thrombosis )

* An inactive inhibitor system                   ( venous thrombosis )

* An inactive fibrinolytic mechanism             ( venous thrombosis )

* Reduced blood flow                         ( venous thrombosis ) 

* Abnormal Plt. Adhesion-Aggregation            ( arterial thrombosis )

* Vessel injury (most common )                 ( arterial thrombosis )

(二) Risk factors for Thromboembolic events
(A) Inherited prothrombotic disorders: Antithrombin III def. , Factor V Leiden/ APCR, Protein C def., Protein S def., Dysfibrinogenemia , Plasminogen def. , Homocysteinuria , Marfan syndrome
(B)  Acquired risk factors: intravenous catheters , thermal injury , infections , severe dehydration , shock , immobilization , cyanotic heart disease, hyperleukocytosis , myeloproliferative disorders, SLE, hyperlipidemia, L-asparaginase therapy 

(三) Clinical manifestation of Thromboembolic events ( TEs) 
* depend on the location of the TE 

* Deep vein thrombosis ( DVT)-- pain, discoloration & swelling of the 
                         affected extremity

* Pulmonary embolism ( PE)-- shortness of breathing , pleuritic chest pain, 
                       cyanosis , and syncope 

* Portal vein thrombosis-- abdominal pain, splenomegaly, esophageal 
                   varices with bleeding 

* Renal vein thrombosis-- hematuria , proteinuria , flank pain , enlarged 
                   kidney, edema 

* Sinovenous thrombosis-- increased intracranial pressure, seizure , lethargy 

(四) Imaging studies of thromboembolic events 
* Duplex ultrasonogram ( real-time B-mode)

* Venography

* Angiography

* Ventilation /Perfusion ( V/Q) scan

* Spiral CT scan 

* MRI, MRV, MRA
(五) Confirmatory tests for children with TEs

Location of TE        Gold standard       Current practice 

DVT in upper system   venography         venography + echo

DVT in lower system   venography         echo 

Pul. embolism          V/Q scan         V/Q scan or spiral CT

Tip of the CVL*           －            Ehco or/and lineogram

Arterial thrombosis     angiography           －

Ischemic stroke        angiography        MRI, MRA

Sinovenous thrombosis      －            MRI, MRV

*CVL: centeral venous lines; MRA: magnetic resonance artiography ; 

 MRV: magnetic resonance venography 

(六)Flow diagram for the approach to a pt with venous TE dis.

Suspect venous thrombosis

↓

PT. APTT. fibrinogen，FDP，Plt
（noninvasive studies）

                        

                                    abnormal 


                          venograghy         stop and observation

                        positive     
1、 measure protein C，protecin S，ATⅢ，APC resistance，lupus auticoagulant，plasminogen，reptilase time

2、 begin anticoagulation

3、 pulmonary symptoms              pulmonary V/Q scan 
                             

     Defer Scan

(七)Management of Thrombosis 

(I) Deep-vein thrombosis 

  (1) Heparine full dose 7-10 days

a. loading dose: 75U/kg IV over 10mins

b. initial maintenance dose: 28U/kg/hr for <1y/o ; 20U/kg/hr for >1y/o

c. adjust heparin to maintain APTT 60-85sec (見表一)

d. Check APTT 4hr after loading dose & 4hr after every change in the infusion rate 

e. Daily CBC & APTT, if APTT are therapeutic values 

(2) Warfarin therapy 0.2mg/kg PO, maintain INR 2-3

(II) Pulmonary embolism

(1) Thrombolytic therapy (見表二)

a. Local therapy   

b. Systemic therapy

(2) Embolectomy if medical management fails to improve pt’s clinical states within a few hrs.

(III) Arterial thrombosis 

(1) Thrombectomy, embolectomy
(2) Thrombolytic therapy and /or anticoagulation when surgical approach may not be possible 

(3) Antiplatelet therapy 

a. Aspirin 5-10mg/kg/day

b. Dipyridamole( Persantin) 3-5 mg/kg/day  

1) 表一、Systemic Heparin Adjustment for pediatrics patients





2) APTT(s)
Bolus, U/kg
Hold, min
Rate Chamge,%
Repeat APTT

<50
50
0
3) +10
4hr

50-59
0
0
4) +10
4hr

60-85
0
0
0
Next day

86-95
0
0
-10
4hr

96-120
0
30
-10
4hr

>120
0
60
-15
4hr

5) 表二  Thrombolytic therapy for pediatric patients

6) （A）Low Dose for Blocked Catheters


Regimen
7) Monitoring


8) Instillation
UK （5,000U/ml）
none



9) 1.5~3ml per

10) lumen2-4hrs



infusion
UK(150U/kg/hr)per

lumen 12~48 hrs
11) fibrinogen、TCT、PT、 APTT


12) (B)Systemic Thrombolytic Therapy*


Load，U/kg
Maintenance
Monitoring

UK△
4,400U/kg
4,400U/kg/hr 6-12hrs
13) fibrinogen，TCT，PT，APTT

SK
2,000U/kg
2,000U/kg/hr 6-12hrs
Ditto

tpA
None
14) 0.1~0.6mg/kg/hr for 6 hrs
Ditto

15) ＊Start heparin therapy either during or immediately on completion of thrombolytic therapy。A loading dose of heparin may be omitted。




16) △UK：Urokinase；SK： Streptokinase；tPA：tissue Plasminogen Activator；TCT：Thrombin Clotting Time。
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