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Primary Goal:  The primary goal of the Pediatric Stroke Program is to reduce the morbidity and mortality resulting from childhood stroke.

Secondary Goals:

1. To provide education to health care workers, medical students, residents, general pediatricians, and pediatric sub-specialists about childhood stroke (etiology, symptoms, diagnosis and treatment)

2. To facilitate early diagnosis of stroke by assembling a team of healthcare workers with the knowledge and training to recognize signs of cerebral ischemia and initiate rapid diagnostic evaluation

3. Develop standardized diagnostic and treatment pathways that will allow opportunity to reverse or minimize the deleterious effects of cerebral ischemia and identify its etiologies

4. To develop an institutional pediatric stroke registry (as part of a larger registry) to understand outcomes related to specific underlying diagnosis and therapy

5. To investigate interventions to reduce or reverse chronic arterial cerebral ischemia

6. To provide a system for evaluation and quality improvement of procedures and guidelines

Members of the Pediatric Stroke Program: Collaboration and cooperation of the multidisciplinary team members is critical to improving care for children with stroke.  Key members of the stroke program team include:

1) Emergency department physicians:   Brian Gilligan, Mark Horton
2) Radiologists: Debbie Merinbaum, Alice Patton, Inbal Cohen
3) Neurologists: Harry Abram, Raj Sheth
4) Hematologists Cindy Gauger, Paul Pitel
5) Intensivists:Jose Irazuzta, Kevin Sullivan
6) Cardiologist: Jose Ettedgui
7) Neuropsychiatrists:Allison Cato, Lisa Cox
8) Physical Medicine and Rehabilitation physicians: Louise Spierre
9) Neurosurgeons: Phillip Aldana, Ian Heger

10) Interventional radiology: John Mackenzie,  Ricardo Hanel
There are 5  different guidelines depending on the clinical situation, based on the presence or absence of sickle cell disease and the timing of the event.

PART I:   FOR PATIENTS WITHOUT SICKLE CELL DISEASE

1.  GUIDELINES FOR ACUTE ARTERIAL STROKE (Symptoms for  less than 8 hours since last seen well)
2.  GUIDELINES FOR SUBACUTE ARTERIAL STROKE (Symptoms for at least 8 hours but less than 48 hours since last seen well OR complete resolution of symptoms(TIA) 
3.  GUIDELINES FOR RECENT ARTERIAL STROKE/TIA (Symptoms for greater than 48 hours OR history of TIAs)

PART 2:    FOR  PATIENTS WITH SICKLE CELL DISEASE
PART 3: 
FOR PATIENTS WITH CEREBRAL SINOVENOUS THOMBOSIS 

PART 1:

GUIDELINES FOR INITIAL MANAGEMENT FOR PATIENTS WITHOUT SICKLE CELL DISEASE
These guidelines are intended to facilitate in the care of children with a potential stroke, but evaluation and  therapy should be tailored to meet the needs of an individual patient.

I.  GUIDELINES FOR ACUTE ARTERIAL STROKE

- an acute focal neurological deficit with signs and symptoms consistent with clinical stroke syndrome
-symptoms for ≤ 8 hours since last seen well
1. Emergency room nurse or floor nurse to immediately notify responsible attending for rapid assessment for possible acute stroke
2.  Attending physician assesses patient and if agrees with concerns of a possible stroke, will initiate the below protocol
3. Start Large bore IV


4. Obtain STAT  a. labs: CBC, Chem 12, PT/PTT/INR   

     b. EKG   

5.  Document a history and careful physical examination with clear documentation of the  
neurologic exam.  

6 . Make patient NPO.  

7.   Initially Keep head of bed flat for suspected/confirmed ischemic stroke, 
       (-if confirmed ICH or CSVT, keep elevated 30 degrees )
8. STAT pages:
A.  Pediatric Neurology (697-3600): notify Nemours operator to STAT call or page neurology, if no answer within 10 minutes, re-page Nemours operator to re-contact neurology 
and
B. PICU attending (202-8300) 
C.  ADON-director of nursing: to assist with transportation, communication and room assignment
9. PICU or Neurology to determine if patient may be a potential candidate for hyperacute thrombolytic therapies (defined as IV TPA or interventional intra-arterial-endovascular therapy).  
         If  yes,   may initiate “pediatric code stroke” as defined below
         If no, proceed with urgent imaging of the brain.   May start with CT of brain without           
       contrast to be followed by MRI as necessary.
Pediatric Code Stroke Imaging protocol

A.  ER to order STAT MRI of brain per Pediatric Code stroke protocol (see below).  
           B.  PICU shall provide supportive care and coordinate anesthetic needs


C.  Neurology shall assess the patient as soon as possible 


D.  Contact transport team to assist with transportation throughout WCH

E.  Nemours radiology is responsible for stat interpretation and communication with


      Neurology, ER and PICU attending, regardless of time of day.  


  MRI “ pediatric Code Stroke  protocol” 


a. ER to Contact MRI 202-3426 or 202-2405 or 202-4284 notify of “pediatric 

code stroke”  
b. Aim to initiate scanning  within one hour . 
c. MRI technician to directly notify Nemours radiologist when call received.  MRI technician to call Nemours radiologist a second time at the onset of the final pulse sequence. 
d. Initial sequences shall consist of abbreviated study to include: DWI, ADC, T1 axial, GRE axial and FLAIR axial
e. Further imaging (including use of contrast, MRA of head and neck, MRI of neck with fat saturation, MRV) may be considered after initial sequence and discussion with radiology, PICU and neurology attending.  
f. Consider MR perfusion if DWI indicates ischemia to assess penumbra and guide interventional options.

Note:  May proceed with directly with CT first if there is any delay for MRI more than one hour, or if patient is medically unstable, depressed  mental status, recent trauma or suspected intracranial hemorrhage
10. If imaging confirms acute ischemic event involving a large vessel occlusion (carotid or middle cerebral artery) or vertebral/basilar occlusion, Neurology and PICU services to further consider hyperacute thrombolytic options:

9.  Notify Neurosurgery any  acute stroke

10. Notify Mayo Clinic Interventional neuroradiology: call Mayo operator (953-2000)  and request a text page to the interventional neuroradiologist on call attending:  “Pediatric Code stroke Wolfson’s” with neurology or PICU attending’s name and cell number

A. If stroke is identified within 4.5 hours since patient last seen well consider investigational intravenous  TPA?  

   To consider investigational IV TPA, child should 


i.  Generally should be at least 10 years old (subject to discussion of involved services)
ii.  Have PedNIHSS >10 and < 30

iii.  Neuro-imaging: 

-acute focal cerebral infarction with restricted diffusion in a known arterial territory consistent with the clinical history and exam
-evidence of occlusion in the same territory on cerebro-vascular imaging (MRA, CTA or conventional angiography)



     iv. None of the below contra-indications shall exist

            Contraindications to systemic-intravenous TPA include:  
-Intracranial hemorrhage on current neuro-imaging or past neuro-imaging

-Symptoms suggestive of subarachnoid hemorrhage even if neuro-imaging is normal
-Large infarct, defined as: midline shift, sulcal effacement, >1/3 MCA territory, 

                                         depressed mental status, PedNIHSS > 30
-Stroke or serious head trauma within past 3 months

-Minor symptoms (PEDNIHSS <10)
-Extreme hypertension (BP >180/110)
-Glucose <50 or >400 

-Pregnancy

-Anti-platelet agents (within the past 2 weeks)

      -Platelets <100,000, PT or PTT or INR > 1.5 x normal

      -Persistent seizures/post-ictal state
      -Sickle cell disease

      -Known or suspected moya-moya disease

      -Known malignant CNS neoplasia

      -GI or GU hemorrhage within 3 weeks
-Major surgery or trauma within past 14 days 
-Arterial puncture at a noncompressable site within past 7 days

-Lumbar puncture within past 7 days

Intravenous TPA dose is 0.9 mg/kg (maximum dose is 90 mg)

 10 % given over 1 minute bolus , with reminder 90% given over 1 hour

  
    -a separate dedicated line is required for tPA


    -hold all anti-coagulation and anti-platelet agents for at least 24 hours

Major adverse effect of tPA is intracranial hemorrhage:

In case of suspected ICH, arrange STAT CT, notify neurosurgery, send STAT labs: (PT, PTT, cbc with plt, fibrinogen, type & cross) and prepare to give 6-8 units of cryoprecipitate (fibrinogen and factor VIII) and 6-8 units of platelets

B.  Consider interventional intra-arterial endovascular treatment options  If stroke is identified from 4.5 to 8 hours since patient was last seen well or if within 4.5 hours and there are contra-indications to systemic (intravenous) TPA;  consider interventional endovascular treatment options:  intra-arterial TPA or mechanical thrombectomy;  Attending from neurology or neurosurgery to discuss with  Mayo Clinic Interventional neuroradiology (953-2000 ) 
Note: Intra-arterial dose ranges from 0.2 mg/kg to 0.5 mg/kg (12-30 mg maximal 


dose

If heparin is to be given during the procedure, dose shall be 30 units/kg (maximum 2,100 units) at identification of the clot followed by intravenous continuous heparin infusion at 6 units/kg/h (maximum 420 units/h) until completion of the procedure (TIPS protocol, 2007).

11. Consult Neurosurgery:  for any hemorrhage on CT, evidence of increased ICP, dissection on imaging, large stroke (midline shift, >1/3 MCA territory,  depressed mental status) and prior to invasive radiological intervention (angiogram) 

12. Correct fluid balance if necessary, goal is to be euvolemic

13.  Correct BP if needed.  Optimize mean arterial pressure (MAP).  Avoid rapid fluctuations or significant decreases.

14.  Monitor oxygen saturation and provide supplemental oxygen if oxygen saturation is < 95 % or mental status depressed.   Intubate and begin mechanical ventilation if airway unstable of if increased ICP becomes evident
15.  Consider anticoagulation with heparin. Once non-hemorrhagic stroke is diagnosed and the use of tPA or endovascular intervention has been ruled out:   .  This clinical decision can be made in concert with the hematologist, PICU and neurologist.  
A. Contraindications to heparin 

i. Any evidence of recent or current intracranial hemorrhage      (anything more than scant or petechial blood)
ii. Large hemispheric infarct (ANY midline shift, sulcal effacement, or >1/3 of MCA territory); wait at least 3 days
 iii. Platelet count <50K
iv. Intracranial arterial dissection
v. Active systemic bleeding
vi. Major surgery within last 24 hours
vii. Uncontrolled hypertension
viii. TPA use within past 24 hours

The use of acute anticoagulation interventions in children is controversial and rests on the assumption that 1) it may prevent acute recurrent stroke of embolic nature, or 2) it may promote recanalization or halting the progression of arterial occlusion, and thereby improve outcome in either thrombotic or embolic arterial ischemic stroke in children.  The decision to treat, and the counseling of patient and family regarding risks and benefits, must take into account the paucity of evidence for making treatment recommendations.   
We recommend consideration of anticoagulation therapy in all children (beyond the neonatal period) with evidence of acute arterial ischemic stroke thought to be secondary to idiopathic infarction +/- stenosis, congential heart disease, PFO/ASD, large vessel dissection, prothrombotic disorder, vasculitis, or recurrent stroke while on aspirin.
B. Heparin protocol:  
1. Low molecular weight heparin (LMWH) (Lovenox) Protocol


Will preferentially use LMWH over UFH.  If patient is stable and no anticipated 


invasive procedures (i.e., angiogram, surgery, LP, etc). Begin at a dose of 1 


mg/kg/dose subcutaneously every 12 hours.  If < 2 months of age,



 use 1.5 mg/kg/dose
i. Give first dose of Lovenox at either 8AM or 8PM and at least 2 to 4 hours after discontinuing heparin

ii. After 2nd or 3rd dose of Lovenox obtain an anti-factor Xa level 4 hours after the dose.  Therapeutic range is 0.5 to 1.

PT, PTT and INR are not affected by LMWH.


-monitor weekly anti-Xa level and CBC w/ plt
iii. In case of suspected ICH while on LMWH, arrange STAT CT, notify neurosurgery, send STAT labs: (PT, PTT, cbc with plt, fibrinogen, type & cross).   Prepare to give protamine sulfate.  Note only partial reversible is possible with LMWH.
Typically takes 12 hours for reversal of anti-coagulation with LMWH without protamine.

Protamine Sulfate protocol for LMWH


-Stat call to hematology and pharmacy



 to discussing stat administration of IV protamine 
 



 
- if LMWH has been given within the past 8 hrs, Give 1 mg 





Protamine IV for every 1 mg of LMWH, max dose is 50 mg





-if > 8 hrs since dose of last of LMWH, give ½ the dose (0.5 mg per 




1 mg of LMWH)





-May repeat in 2-4 hours if needed at a dose of 0.5 




mg per 1 mg of LMWH






-check anti-Xa level 15 minutes after infusion and q 




12 hr times 2





-Protamine sulfate can potentially provoke anaphylactoid reactions,




especially if infused 
too quickly.

2.  Unfractioned Heparin Protocol( UFH)
Would use if rapid anticoagulation is desired or patient may need an invasive procedure within 24 hours.
a. Dosing:  Start at 15-20 units/kg/hour.  Do not typically bolus. However, If bolus desired give  75 units/kg (MAX DOSE 10,000 units), then IMMEDIATELY begin drip.  Draw first PTT 1 hour after drip is initiated
.  

b. Monitor with PTT: goal of PTT is 60-85 seconds (or ranges that correspond with an Anti-Xa level 0.35 to 0.7 units).  

i. Use  a second IV to monitor heparin in another extremity that has never had heparin in the line

ii. Obtain an ACT if suspicion of bleeding or over-anticoagulation.   If ACT is greater than 220 seconds, stop heparin drip.  Check PTT STAT.  Restart heparin if PTT is less that 60 sec and reduce dose by 15%.  

iii. Use the follwing nomogram to adjust heparin and place a flow chart at bedside to help with monitoring.

	Description
	aPTT (sec)
	
	Hold (min)
	Rate Change

( %)
	Repeat aPTT

	Adjustment  of  UFH drip 
	< 50
	
	0
	+ 15%
	4 h

	 
	50–59
	
	0
	+ 10%
	4 h

	 
	60–85
	
	0
	0
	Next day

	 
	86–95
	
	0
	– 10%
	4 h

	 
	96–120
	
	30
	– 10%
	4 h

	 
	> 120
	
	60
	– 15%
	4 h


iv. daily CBC, PT, PTT



v. avoid arterial puncture and IM injections

vi. In case of suspected ICH on UFH, arrange STAT CT, notify neurosurgery, send STAT labs: (PT, PTT, cbc with plt, fibrinogen, type & cross).  Immediately stop UFH and prepare to give protamine sulfate.  Typically takes 4 hours for anti-coagulation effects of UFH to resolve without protamine.
Protamine Sulfate protocol for UFH



-Stat call to hematology and pharmacy



 to discussing stat administration of IV protamine 


-Give 1 mg Protamine IV for every 100 unit of heparin received within 

the past 30 minutes, max dose is 50 mg



 
- if UFH has been stopped for >30 minutes, but less than 2 hours




use ½ the dose 





-if greater than 2 hours, use ¼ of the dose





-Protamine sulfate can potentially provoke anaphylactoid reactions,




especially if infused 
too quickly (rateb should be <5 mg/min). Higher 



risk of allergic to fish


3.  Administer Aspirin (3-5 mg/kg) PO or NG: emergently if neither 




TPA nor heparin given and continue daily.   



                      Discontinue if heparin initiated.
16.  Aggressively treat and monitor for seizures.  Consider continuous EEG monitoring if patient not clinically assessable or subclinical seizures suspected.  Use IV levetiractam (30 mg/kg over 30 minutes) or IV fosphenytoin (20 mg PE/Kg

over 30 minutes) .  Start maintenance anticonvulsant.

17. Perform Head CT after 24 hours of heparin start or STAT for any sudden worsening of symptoms to document if there is an intracranial hemorrhage

18. Patient should remain in PICU for at least 24 hours, and up to 72 hours if a large stroke (midline shift, sulcal effacement, or >1/3 of MCA territory)
19. Nursing Care in ICU should include:
a. Maintain normal core body temperature.  Aggressively treat any fevers (rectal acetaminophen q 6 hours) 
b. Maintain normal glucose: check dextro-stick every 2 hours for 24 hours, notify MD if <60 or >150
c. Monitor for signs/symptoms of ICP: Neuro checks and vital signs hourly
d. Monitor oxygenation, airway and ventilation

e. Monitor BP: avoid reduction in BP by no more than 15% per 24 hours
f. Maintain NPO status

g. Head of bed: to remain flat in case is ischemic stroke and elevated (30-45 degrees) in case of ICH or venous thrombosis

20. Once patient is stable, begin focused (patient-specific) evaluation for cause of stroke.  Most of these tests can be done anytime within the first 72 to 96 hours and are NOT urgent.  Use clinical history and exam to guide specific test selection.
iv. Laboratory tests (all labs can be obtained patient if on heparin)

1. Blood culture if patient is febrile and not done earlier

2. Toxicology screen if not done earlier

3. Evaluation for systemic inflammatory disease: ANA, ESR, CRP, C3/C4 and urinalysis  

4. Varicella titers

5. Fasting lipid profile and lipoprotein a

6. Plasma homocysteine 
7. Ammonia

8. Lactate

9. lumbar puncture (if infectious, inflammatory, or mitochondrial etiology suspected)

10.  Thyroid function studies

11.  Iron studies
12.  In case of neonatal stroke:  placental pathology

21.  Consider hypercoaguable evaluation with hematological consultation                Careful family history for prothrombotic conditions is crucial.  
a. Lupus anticoagulant(LA) 
b. Anticardiolipin antibodies

c. fVIII activity

d. Factor V Leiden (ordered as factor V gene mutation) and prothrombin gene mutation studies
e.  Protein C, Protein S, and antithrombin activity
f.  fibrinogen, D-dimer
-may need to  repeat studies 3-6 months after stroke
22.  Consult Cardiology if patient if patient is previously known to them and to assist with 
a. transthoracic cardiac echocardiogram with bubble study to rule out embolic disease.  When ordering study, state that it is being ordered for a stroke evaluation 
23.  Consider Genetics consultation if etiology remains idiopathic after initial work up to assist with genetic and inborn error of metabolism evaluation: 
a. DNA studies for MELAS (mitochondrial myopathy, encephalopathy, lactic acidosis and stroke)

            b.  Evaluation of urine organic and serum qualitative amino acids

24.  Consider rheumatology/nephrology consult if suspected non-infectious inflammatory disorder.

25.   Additional imaging to be considered after stroke diagnosed:

                 a. Consider conventional angiogram for patients with carotid disease, posterior fossa disease, spontaneous hemorrhage or multifocal disease.   PICU Attending should coordinate with the neurosurgery and interventional radiology
    b.  Carotid Doppler 

    d. Plain films of cervical spine if posterior circulation stroke

    e. CT angiogram

    f. SPECT study with diamox challenge

26.  Transfer to floor when patients medically stable after at least 24 hours in PICU
       - service of the pediatric hospitalists.   
 - active consultants should continue to follow patient 
27. Consult PT/OT/ST and Physical medicine/rehab for evaluation of rehabilitation needs

28. Consider neurocognitive consultation

29.  Consider behavioral pediatric consultation

30. Cautiously advance diet with assistance of ST, consider swallowing study
31.  At discharge, all patients should be followed up by neurology and hematology.  Follow up with other service as clinically needed.

32. Consider repeating  MRI/MRA 7 to 14 days after diagnosis
33.   Secondary prevention: Recommended long-term therapy is based on etiology of stroke 
a. High risk of recurrence: embolic strokes of cardiac origin, arterial dissection, high grade (>90%) stenosis of carotid arteries, major prothrombotic states as defined by hematology, recurrent stroke or TIA  while on ASA.   Anticoagulation with low molecular weight heparin or coumadin for 3 to 6 months followed by 12 months of aspirin (3 to 5 mg/kg/day) 

b.  Low or unknown risk of recurrence: cerebral arteriopathy, (idiopathic, post varicellia, vasculitis, moyo-moya), “mild” prothombotic states: long-term aspirin therapy (3-5 mg/kg/day).  

c. If a patient has a second stroke while receiving aspirin, an additional agent such as clodiprogel (Plavix ®) or anticoagulation should be considered.

d. Moyamoya defined by imaging studies can be treated with calcium channel blockers in addition to aspirin.  Neurosurgery will be consulted
for consideration of re-vascularization procedures.

e. Avoid combination use of aspirin and heparin

34. Family should be provided with information handbook on childhood strokes:  1. Children's Hemiplegia & Stroke Association (www.chasa.org)
2. A FAMILY GUIDE TO PEDIATRIC STROKE" published by the Canadian Stroke Network in 2011.. To access go to www.canadianstrokenetwork.ca 
Importance of follow up with PCP and specialists

Rehabilation needs/options

 
Safety issues, side effects, use of Aspirin, LMWH and Coumadin

Neurocognitive and psychology options

Support group, websites

School issues

II.  GUIDELINES FOR SUBACUTE STROKE (Symptoms for > 8 but less than 48 hours since last seen well OR complete resolution of symptoms(TIA) 
Contact 
1. pediatric neurology (697-3600)
2. PICU (202-8300)

Proceed with above Guidelines for “code stroke” with additions and exceptions as noted below:
1.  Proceed with urgent neuro-imaging (not emergent or STAT)
a. MRI of the brain is preferable and should be done within first 12 hours of presentation 
-MRI may initially consist abbreviated sequences 
-Further imaging (including complete brain MRI, contrast, MRA of head and neck, MRI of neck) may be considered after initial sequence and discussion with PICU, neurology and radiology attendings

b. If MRI not available within 1st 12 hours, arrange CT without contrast instead

2.  Unable to proceed with thrombolytic therapy with TPA and endovascular options due to length of time since last seen well. 
3.  Admit to PICU for at least 24 hours
4.  Supportive care as outlined in Guideline 1
4.   Consider anti-coagulation with heparin as per Guideline 1   
5.  Further evaluation and treatment as per above Guideline 1
III.GUIDELINES FOR RECENT STROKE/TIA (Symptoms for >48 hours OR history of TIAs)
1. Contact  pediatric neurology (697-3600)

Proceed with above Guidelines for “code stroke” with additions and exceptions as noted below:

1.  Proceed with neuro-imaging 
-MRI is preferable and should include complete study of head and neck with MRA of head and neck
-should be done within 24 hours of presentation

2.   Consider anti-coagulation with heparin as per guidelines   
3.  Further evaluation and treatment as per above guidelines
PART 2:

 GUIDELINES FOR INITIAL MANAGEMENT FOR PATIENTS WITH KNOWN SICKLE CELL DISEASE
Proceed with above Guidelines for “code stroke” with additions and exceptions as noted below::

Contact Pediatric Hematology
Contact Pediatric Neurology
Contact PICU
1. Type and cross and RBC phenotype (if not previously done). 

2. Obtain quantitative percent hemoglobin S 

3. Order STAT NONCONTRAST CT of head to rule out bleeding.  

-if CT scan is positive for tumor or hemorrhage, call neurosurgery..  
4.  An MRI/MRA with Diffusion weighted imaging needs to be done as soon as possible.  

5. Once Stroke confirmed clinically  begin transfusion even if confirmatory MRI cannot be done until the next day:

a) If Hgb ≤ 7g/dl give simple transfusion of 10cc/kg over 4 hours and continue transfusions until Hgb is no greater than 10.5 g/dl

b)  If Hgb is > 7 g /dl exchange transfusion will be required, prepare and coordinate with hematology and pathology.
6.  Patient to admitted for 1st 24 hours to PICU with transfer to floor on hematology service once patient medically stable

7. Begin focused (patient-specific) evaluation for additional risk factors of stroke when patient is stable.  Consider additional evaluations as noted above depending on clinical assessment:

8. Transcranial Doppler to be requested through radiology after chronic transfusion therapy started

9.  Chronic transfusion protocol will be initiated by Sickle Cell Hematology Team.

10. If any etiology for stroke other than sickle cell disease is identified treatment with aspirin or anticoagulation can be considered on an individual basis.
PART 3:
GUIDELINES CEREBRAL SINOVENOUS THROMBOSIS 
Proceed with above guidelines for ischemic stroke with additions and exceptions as below
1.  Confirm diagnosis with MRI/ MR venogram (or CT venogram)
2.  If coma, extensive thrombus in multiple veins, recurrent seizures, worsening neurologic status, and venous infarctions 

-Admit to PICU


-Consult neurosurgery

-Consider rapid interventions such as catheter-directed tPA or mechanical dissolution 


-Attending from PICU, neurology or neurosurgery to contact interventional radiology (Mayo-Hanel or Baptist interventional radiology 202-1020) to review options
3.  Consult Hematology 

4.  Consult Neurology

5.  Consult ENT if head/neck infection is considered

6. Consult Opthalmology if vision or papilledema is a concern.  

7. Begin treating any underlying causes (e.g., antibiotics for ENT infection, fluid for dehydration). 
8. Supportive care as outlined for arterial ischemic stroke

9. Consider anticoagulation with heparin: 
       See Guideline I for contraindications to heparin and dosage
-note: small amounts of parenchymal hemorrhage are not a contraindication)

-will preferentially use LMWH over UFH

.
The use of acute anticoagulation interventions in children is controversial and rests on the assumption that 1) it may prevent extension of thrombus or 2) it may promote recanalization and thereby improve outcome.  The decision to treat, and the counseling of patient and family regarding risks and benefits, must take into account the paucity of evidence for making treatment recommendations.   We recommend consideration of anticoagulation therapy in all children (beyond the neonatal period) with evidence of extensive CSVT with/without infarction
10.  After 24 hours of anti-coagulation OR for any sudden worsening of symptoms, repeat a CT scan of head to document if there is an intracranial hemorrhage

11.  If patient stable and no risk of invasive procedures (i.e., surgery, etc) at 24 hours consider beginning low molecular weight heparin (Lovenox) or warfarin as per above guidelines for arterial stroke. 

12.  For children with a contraindication to anticoagulation, begin as soon as the contraindication is removed (i.e. after ENT surgery)
13. For children with a contraindication to anticoagulation, reimage within 5 to 7 days, and consider starting anticoagulation if there has been extension of thrombus.  

14.  Begin patient specific evaluation for risk factors for CSVT

       -see laboratory evaluation for arterial ischemic stroke

      -special consideration for



i.   ENT infections


ii. Thyroid function studies



iii. hypercoaguable/prothromboitc evaluation,  include d-dimer


iv. iron studies
15.  Continue LMWH or warfarin for a minimum of 6 weeks, typically for 3-6 months.  
16. Schedule a repeat MRI/MRV 6 weeks after diagnosis if started on anticoagulation.
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***Adapted from Children’s Medical Center-Dallas: Pediatric Stroke Guidelines, by permission of Michael Dowling, MD and Stroke Guidelines of Children’s Hospital of Philadelphia by permission of Rebecca Ichord, MD
Appendix  1:  Suggested Items to Include in Neuro History and Physical for Patients Being Evaluated for Stroke

(This is not an exhaustive list.  Complete evaluation is warranted)

1) History:  


a) Include time LAST SEEN WELL, circumstances or onset, time course and note progression.

b) Note speech problems, aphasia or dysarthria

c) Note changes in level of consciousness

d) Headaches/migraine in past or associated with event

e) Seizures in past or at presentation

f) TIAs at presentation or in past

g) Associated acute illnesses such as dehydration, sepsis, fever, acidosis, shock, anoxia

2) PMH



a) Note history of underlying cardiac disease or other underlying chronic disease, surgeries, medications, etc.

3) Family Hx

a) Specifically note family history of early (<40 years) stroke, MI or history of DVT, PE, or multiple miscarriages in parents, GP, and siblings

4) Examination:  (note this is a minimum…point of exam and level of description required is to allow another independent MD to be able to note changes in exam in your absence) 

a) General Examination:  Note cranial or carotid bruits, heart murmurs

b) Mental status: Note level of consciousness and speech (aphasia or dysarthria)

c) Cranial nerves:

i) Pupils, size, reactivity,  EOM, visual field defects, papilledema

ii) Facial muscles (symmetric or not)

iii) Facial sensation

iv) Hearing

v) Swallowing and palate elevation

vi) Shoulder shrug

vii) Tongue

d) Motor:  Tone and strength.  

i) For weakness, describe what the child can or cannot do (e.g. wiggles fingers of L hand but cannot lift L arm off bed) 

(1) For arms and legs.  Note if weakness is distal or proximal.

ii) Sensation:  Note sensitivity to touch, pain, temperature at a minimum

iii) Cerebellar Function:  Note dysmetria on finger-nose-finger maneuver or on heel-to-shin

iv) Gait:   Describe

e) Reflexes:  Note at a minimum:  Biceps, triceps, patellar, ankle jerk, and Babinski 

Appendix 2: Pediatric NIH Stroke Scale (Modified from NIH stroke scale)
Interval:
1[ ] Baseline
2[ ] 2 hours post treatment    3[ ] 24 hours post onset of symptoms ±20 minutes    4[ ] 7-10 days

         

5[ ] 3 months
6[ ] Other ________________________________(___ ___)

Time: ___ ___:___ ___   1[ ]am   2[ ]pm

Administer stroke scale items in the order listed.  Follow directions provided for each exam item.  Scores should reflect what the patient does, not what the clinician thinks the patient can do. MODIFICATIONS FOR CHILDREN:  Modifications to testing instructions from the adult version for use in children are shown in bold italic with each item where appropriate.  Items with no modifications should be administered and scored with children in the same manner as for adults. 

	Instructions
	  Scale Definition
	Score

	1a.  Level of Consciousness:   For children age 2 yrs and up, the investigator must choose a response, even if a full evaluation is prevented by such obstacles as an endotracheal tube, language barrier, orotracheal trauma/bandages.  A 3 is scored only if the patient makes no movement (other than reflexive posturing) in response to noxious stimulation.  For infants age 4 months up to age 2 years, multiply the score for this item by three, and omit scoring items 1b and 1c. 


	
0 =
Alert; keenly responsive.


1 =
Not alert, but arousable by minor stimulation to obey, answer, or respond.


2 =
Not alert, requires repeated stimulation to attend, or is obtunded and requires strong or painful stimulation to make movements (not stereotyped).


3 =
Responds only with reflex motor or autonomic effects or totally unresponsive, flaccid, areflexic.
	______

	1b.  LOC Questions:  The patient is asked the month and his/her age.  The answer must be correct - there is no partial credit for being close.  Aphasic and stuporous patients who do not comprehend the questions will score 2.  Patients unable to speak because of endotracheal intubation, orotracheal trauma, severe dysarthria from any cause, language barrier or any other problem not secondary to aphasia are given a 1.  It is important that only the initial answer be graded and that the examiner not "help" the patient with verbal or non-verbal cues.

Modified for children, age 2 years and up.  A familiar Family Member must be present for this item: Ask the child “how old are you?” Or “How many years old are you?” for question number one.  Give credit if the child states the correct age, or shows the correct number of fingers for his/her age.  For the second question, ask the child “where is XX?”, XX referring to the name of the parent or other familiar family member present.  Use the name for that person which the child typically uses, e.g. “mommy”.  Give credit if the child correctly points to or gazes purposefully in the direction of the family member.  Omit this item for infants age 4 months up to age 2 years.  See comment under item 1a.
	 0 =
Answers both questions correctly.

 1 =
Answers one question correctly.

 2 =
Answers neither question correctly. 


	______

	1c.  LOC Commands:  The patient is asked to open and close the eyes (For children > age 2 years, this command to open and close the eyes is suitable and can be scored as for adults.) and then to grip and release the non-paretic hand.  For children > age 2 years, substitute the command to grip the hand with the command “show me your nose” or “touch your nose”.   Substitute another one step command if the hands cannot be used.  Credit is given if an unequivocal attempt is made but not completed due to weakness.  If the patient does not respond to command, the task should be demonstrated to them (pantomime) and score the result (i.e., follows none, one or two commands).  Patients with trauma, amputation, or other physical impediments should be given suitable one-step commands.  Only the first attempt is scored.  Omit this item for infants age 4 months up to age 2 years.  See comment under item 1a.
	 0 =
Performs both tasks correctly

 1 =
Performs one task correctly

 2 =
Performs neither task correctly



	______


APPENDIX 3  NIH STROKE SCALE
 

Site Number:
Patient ID number:  

Letter code

Visit Date ___ ___/___ ___/___ ___
Visit number:
correction

	2.  Best Gaze:  Only horizontal eye movements will be tested.  Voluntary or reflexive (oculocephalic) eye movements will be scored but caloric testing is not done.  If the patient has a conjugate deviation of the eyes that can be overcome by voluntary or reflexive activity, the score will be 1.  If a patient has an isolated peripheral nerve paresis (CN III, IV or VI) score a 1.  Gaze is testable in all aphasic patients.  Patients with ocular trauma, bandages, pre-existing blindness or other disorder of visual acuity or fields should be tested with reflexive movements and a choice made by the investigator.  Establishing eye contact and then moving about the patient from side to side will occasionally clarify the presence of a partial gaze palsy.
	 0 =
Normal

 1 =
Partial gaze palsy.  This score is given when gaze is abnormal in one or both eyes, but where forced deviation or total gaze paresis are not present.

 2 =
Forced deviation, or total gaze paresis not overcome by the oculocephalic maneuver.
	______

	3.  Visual:  Visual fields (upper and lower quadrants) are tested by confrontation, using finger counting (for children > 6 years) or visual threat (for children age 4 months to 6 years) as appropriate.  Patient must be encouraged, but if they look at the side of the moving fingers appropriately, this can be scored as normal.  If there is unilateral blindness or enucleation, visual fields in the remaining eye are scored.  Score 1 only if a clear-cut asymmetry, including quadrantanopia is found.  If patient is blind from any cause score 3.  Double simultaneous stimulation is performed at this point.  If there is extinction patient receives a 1 and the results are used to answer question 11. 
	 0 =
No visual loss

 1 =
Partial hemianopia

 2 =
Complete hemianopia

 3 =
Bilateral hemianopia (blind including cortical blindness)

 
	______

	4.  Facial Palsy:  Ask, or use pantomime to encourage the patient to show teeth or raise eyebrows and close eyes.  Score symmetry of grimace in response to noxious stimuli in the poorly responsive or non-comprehending patient.  If facial trauma/bandages, orotracheal tube, tape or other physical barrier obscures the face, these should be removed to the extent possible.
	 0 =
Normal symmetrical movement

 1 =
Minor paralysis (flattened nasolabial fold, asymmetry on smiling)

 2 =
Partial paralysis (total or near total paralysis of lower face)

 3 =
Complete paralysis of one or both sides (absence of facial movement in the upper and lower face)
	______

	5 & 6. Motor Arm and Leg:  The limb is placed in the appropriate position:  extend the arms (palms down) 90 degrees (if sitting) or 45 degrees (if supine) and the leg 30 degrees (always tested supine).  Drift is scored if the arm falls before 10 seconds or the leg before 5 seconds. For children too immature to follow precise directions or uncooperative for any reason, power in each limb should be graded by observation of spontaneous or elicited movement according to the same grading scheme, excluding the time limits.  The aphasic patient is encouraged using urgency in the voice and pantomime but not noxious stimulation.  Each limb is tested in turn, beginning with the non-paretic arm.  Only in the case of amputation or joint fusion at the shoulder or hip, or immobilization by an IV board, may the score be "9" and the examiner must clearly write the explanation for scoring as a "9".
	  0 =
No drift,  limb holds 90 (or 45) degrees for full 10 seconds.

  1 =
Drift, Limb holds 90 (or 45) degrees, but drifts down before full 10 seconds; does not hit bed or other support.

  2 =
Some effort against gravity, limb cannot get to or maintain (if cued) 90 (or 45) degrees, drifts down to bed, but has some effort against gravity.

  3 =
No effort against gravity, limb falls.

  4 =
No movement

  9 =   Amputation, joint fusion  explain: ______________________

 5a.  Left Arm


 5b.  Right Arm

	______

______



	
	  0 =
No drift, leg holds 30 degrees position for full 5 seconds.

  1 =
Drift, leg falls by the end of the 5 second period but does not hit bed.  


  2 =
Some effort against gravity; leg falls to bed by 5 seconds, but has some effort against gravity.

  3 =
No effort against gravity, leg falls to bed immediately.

  4 =
No movement

  9 =
Amputation, joint fusion  explain:_________________

6a.  Left Leg
6b.  Right Leg 


	______

______




APPENDIX 3 NIH STROKE SCALE
 

Site Number:
Patient ID number:  

Letter code

Visit Date ___ ___/___ ___/___ ___
Visit number:
correction

	7.  Limb Ataxia:  This item is aimed at finding evidence of a unilateral cerebellar lesion.  Test with eyes open.  In case of visual defect, insure testing is done in intact visual field.  The finger-nose-finger and heel-shin tests are performed on both sides, and ataxia is scored only if present out of proportion to weakness.  In children, substitute this task with reaching for a toy for the upper extremity, and kicking a toy or the examiner’s hand, in children too young (< 5 years) or otherwise uncooperative for the standard exam item. Ataxia is absent in the patient who cannot understand or is paralyzed.  Only in the case of amputation or joint fusion may the item be scored "9", and the examiner must clearly write the explanation for not scoring.  In case of blindness test by touching nose from extended arm position.
	0 =
Absent

 1 =
Present in one limb

 2 =
Present in two limbs

 If present, is ataxia in

  Right arm   1 = Yes     2 = No  

        9 = amputation or joint fusion, explain ___________________

  Left arm    1 = Yes     2 = No  

        9 = amputation or joint fusion, explain ___________________

  Right leg   1 = Yes     2 = No  

        9 = amputation or joint fusion, explain ___________________

  Left leg    1 = Yes     2 = No  

        9 = amputation or joint fusion, explain ___________________
	______

______

______

______

______

______

	8.  Sensory:  Sensation or grimace to pin prick when tested, or withdrawal from noxious stimulus in the obtunded or aphasic patient.  For children too young or otherwise uncooperative for reporting gradations of sensory loss, observe for any behavioral response to pin prick, and score it according to the same scoring scheme as a “normal” response, “mildly diminished” or “severely diminished” response. Only sensory loss attributed to stroke is scored as abnormal and the examiner should test as many body areas [arms (not hands), legs, trunk, face] as needed to accurately check for hemisensory loss.  A score of 2, "severe or total," should only be given when a severe or total loss of sensation can be clearly demonstrated.  Stuporous and aphasic patients will therefore probably score 1 or 0.  The patient with brain stem stroke who has bilateral loss of sensation is scored 2.  If the patient does not respond and is quadriplegic score 2.  Patients in coma (item 1a=3) are arbitrarily given a 2 on this item.
	 0 =
Normal; no sensory loss.

 1 =
Mild to moderate sensory loss; patient feels pinprick is less sharp or is dull on the affected side; or there is a loss of superficial pain with pinprick but patient is aware he/she is being touched.

 2 =
Severe to total sensory loss; patient is not aware of being touched in the face, arm, and leg.
	______

	9. Best Language:  A great deal of information about comprehension will be obtained during the preceding sections of the examination. For children age 6 years and up with normal language development before onset of stroke: The patient is asked to describe what is happening in the attached, to name the items on the attached naming sheet (see pictures used in the STOP study, attached), and to read from the attached list of sentences (see the list of words/phrases from the STOP study; or who premorbid were known to be unable to read).  Comprehension is judged from responses here as well as to all of the commands in the preceding general neurological exam.  If visual loss interferes with the tests, ask the patient to identify objects placed in the hand, repeat, and produce speech.  The intubated patient should be asked to write.  The patient in coma (question 1a=3) will arbitrarily score 3 on this item.  The examiner must choose a score in the patient with stupor or limited cooperation but a score of 3 should be used only if the patient is mute and follows no one step commands.  For children age 2 yrs to 6 yrs (or older children with premorbid language disability), score this item based on observations of language comprehension and speech during the preceding examination.  For infants age 4 months to 2 years, score for auditory alerting and orienting responses. 

	For Children age 2 years and up: 

0 =
No aphasia, normal

 1 = 
Mild to moderate aphasia; some obvious loss of fluency or facility of comprehension, without significant limitation on ideas expressed or form of expression.  Reduction of speech and/or comprehension, however, makes conversation about provided material difficult or impossible.  For example in conversation about provided materials examiner can identify picture or naming card from patient's response. 

 2 =
Severe aphasia; all communication is through fragmentary expression; great need for inference, questioning, and guessing by the listener.  Range of information that can be exchanged is limited; listener carries burden of communication.  Examiner cannot identify materials provided from patient response.

 3 =
Mute, global aphasia; no usable speech or auditory comprehension.

For Infants age 4 months to 2 years:

0= alerts to sound and orients visually or by behavior toward the location of origin of sound 

2= alerts to sound, but does not have spatial orientation to sound

3= does not alert or orient to sound
	______


APPENDIX 3 NIH STROKE SCALE
 

Site Number:
Patient ID number:  

Letter code

Visit Date ___ ___/___ ___/___ ___
Visit number:
correction

	10.  Dysarthria:  If patient is thought to be normal an adequate sample of speech must be obtained by asking patient to read or repeat words from the attached list.  If the patient has severe aphasia, the clarity of articulation of spontaneous speech can be rated.  Only if the patient is intubated or has other physical barrier to producing speech, may the item be scored "9", and the examiner must clearly write an explanation for not scoring.  Do not tell the patient why he/she is being tested.
	 0 =
Normal

 1 =
Mild to moderate; patient slurs at least some words and, at worst, can be understood with some difficulty.

 2 =
Severe; patient's speech is so slurred as to be unintelligible in the absence of or out of proportion to any dysphasia, or is mute/anarthric.

 9 =
Intubated or other physical barrier, explain_____________________________
	______

	11.  Extinction and Inattention (formerly Neglect):  For children age 2 years and up: Sufficient information to identify neglect may be obtained during the prior testing.  If the patient has a severe visual loss preventing visual double simultaneous stimulation, and the cutaneous stimuli are normal, the score is normal.  If the patient has aphasia but does appear to attend to both sides, the score is normal.  The presence of visual spatial neglect or anosagnosia may also be taken as evidence of abnormality.  Since the abnormality is scored only if present, the item is never untestable. For children age 4 months to 2 years, score as “1” if there is either a sensory or motor deficit, score as a “2” if there are both sensory and motor deficits on the general neurological examination.
	 0 =
No abnormality.

 1 =
Visual, tactile, auditory, spatial, or personal inattention or extinction to bilateral simultaneous stimulation in one of the sensory modalities.

 2 =
Profound hemi-inattention or hemi-inattention to more than one modality.  Does not recognize own hand or orients to only one side of space.
	______


COMMENTS:

Pediatric NIH Stroke Scale: Picture for Item 9 “Best Language”

[image: image2.wmf]
Pediatric NIH Stroke Scale: Picture for Item 9 “Best Language”

1. *Items from the STOP neurologic exam:

2. Naming – pictures are of a clock, pencil, skateboard, shirt, baseball, bicycle (see end of document for pictures).

3. Repetition – each of 4 word-repetition tasks is presented:

a. Stop

b. Stop and go

c. If it rains we play inside

d. The President lives in Washington

4. Reading – each of 3 items is presented for the child to read (adjust expectations according to child’s age/school level):  See below for printed stimulus. 

a. Stop

b. See the dog run

c. Little children like to play outdoors

1. Stop.

2. See the dog run.

3. Little children like to play outdoors.

[image: image1.jpg]D2. Naming to Conlrontation
Ask patient to identify:
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