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About Children’s National

« Has served the nation’s children for 140 years

« Care for > 360,000 patients each year
— come from throughout the region, nation and world

« Perform ~10,000 MRI examinations per year




Overview

Short history of MRI

MR contrast agents
— Safety in children

Sedation/anesthesia: special for children

Use of contrast agents in children < 2
years of age



MR Imaging

Clinical NMR Imaging of the
Brain: 140 Cases

M. Bydder' Cranial nuclear magnetic resonance (NMR) scans were performed on 13 healthy
E. Steiner’ volunteers and 140 patients with a broad spectrum of neurologic disease and compared
. R. Young? with x-ray computed tomography (CT) scans. The NMR scans included a variety of
A S Hall? sequences reflecting proton density, blood flow, T,, and T, as well as transverse,
sagittal, and coronal images. White matter, gray matter, and cerebrospinal fluid were
i clearly distinguished in the normal brain with inversion-recovery (IR) sequences, and

J. M"m’hd,lll normal progressive myelination was demonstrated in infants and children.
C. A. Pa”lS! Acute hemorrhages displayed short T, values, but other pathologic processes such
N. J. Legg’ as infarction, infection, demyelination, edema, and malignancy were associated with
long T, values. Cysts had very long T, values (about that of cerebrospinal fluid). Spin-

Bydder AJR 1982
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MR Contrast

. Initial human clinical experience
— 20 patients reported (carr, AJR 1984)
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Gadolinium-DTPA as a
Contrast Agent in MRI:

Initial Clinical Experience in 20
Patients

Magnetic resonance imaging (MRI) was performed in 20 patients before and after
intravenous administration of gadolinium-diethylenetriamine pentaacetic acid (Gd-
DTPA) in a dose of 0.1 mmol/kg. Twelve of the patients had clinical and histologic
diagnoses of cerebral tumor, six had hepatic tumors, one had hepatic cysts, and one
had transitional cell carcinoma of the biadder. Contrast enhancement was seen with all
tumors, but not with the hepatic cysts. The degree of enhancement was greater than
that seen with computed tomography (CT) in 13 cases, equal to it in six, and less in one.
Contrast enhancement was detectable as long as 18 hr after injection of Gd-DTPA in
one case of cerebral tumor. The margin between cerebral tumor and peritumoral edema




MR Contrast - children

. first large comprehensive study of
pediatric patients
— 65 consecutive children
— age one day to 18 years

Gd-DTPA-Enhanced Cranial MR
Imaging in Children: Initial Clinical
Experience and Recommendations

for Its Use

Allen D. Elster’ Gd-DTPA was administered prospectively to 65 consecutive children (ages 1 day to
Geoﬁrey D. Rieser 18 years, mean 9.6 years) to document its utility and safety for routine cranial MR
imaging. Precontrast T1- and T2-weighted scans and postcontrast T1-weighted scans

Elster, AJR 1989



Appearance of MRI image

« Governed by relaxation times:

and

* rate with which hydrogen protons return to their
magnetic ground state following excitation

* rate at which they “relax”






Paramagnetic contrast agents

 Accelerate T1 relaxation

« Contain one or more unpaired electrons
— gives them a permanent magnetic moment
— promotes relaxation of hydrogen protons



Paramagnetic contrast agents

 Accelerate T1 relaxation

« Contain one or more unpaired electrons
— gives them a permanent magnetic moment
— promotes relaxation of hydrogen protons

* Produce tissue enhancement on MR images
— tissue with contrast turns bright on T1 images
— Improves diagnostic accuracy and sensitivity



T1 pre contrast

1 year old
Astrocytoma






In the brain and spinal cord:
enhancement indicates breakdown or absence of the
blood brain barrier



MRI contrast agents: early adoption

* Without administration of intravenous
contrast, MRI could not replace
— CT with contrast
— myelography
In the evaluation the blood brain barrier, and

specifically of patients with tumors and
iInfections of the brain and spinal cord



Gadolinium

 Rare earth element
« 7 unpaired electrons



A Resource for Elementary, Middle School, and High School Students
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Gadolinium based contrast agents
(GBCA) In children

Magnevist — gadopentetate dimeglumine
Omniscan - gadodiamide

ProHance - gadoteridol

MultiHance - gadobenate dimeglumine
Gadavist — gadobutrol

Dotarem — gadoterate meglumine



Elimination of GBCA

* Mostly eliminated through the kidneys
— Glomerular Filtration Rate (GFR)

* Mean elimination half-life (normal
children, adults): ~1.5 hours



Neonates, young infants

* Renal function underdeveloped

* GFR reduced
— Newborn: 20 — 40% of adult GFR

 Calculated half life of GBCA

— 6 - 8 week Infant: 1.6 hours
— 4 week: 2.1 hours

— Newborn: 6.5 hours
(Elster Radiology 1990)



GBCA dosage: neonates

« Serum half life prolonged

* Neonate extracellular fluid volume Is
approximately twice as large as in
adults

— Blood GBCA concentration only 1/2 that
of an adult for same dose

* 0.1 mmol / kg = adult dose



GBCA for children < 2 years

* Not FDA approved
* Physicians administer GBCA use best judgment

* Risk of adverse reaction
VS.
benefit of investigation for patient management



Safety

 GBCA considered safe in majority of
patients

 Precautions undertaken to avoid
adverse drug reactions

— Immediate
— Delayed



Immediate Reactions

« Most common side effects
— Nausea/vomiting
— Discomfort at injection site
— Rash
— Headache, lightheadedness
— Bronchospasm

e 0.2 % to 5.8% of children

* Immediate severe reactions
— allergic-type hypersensitivity / anaphylaxis

— 1/40,000 incidence (children and adults)
(Prince, AJR 2011)
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Contrast Administration Screening Form

Form Completed by

Source of Information

__ Diagnosis

e e r———.

Does patlent haw history uf'

Allerguzs r_] no D unknown [ List

Asthma D o |:| unknown Asthma medications:
 Eczema " Ono [ unknown
H]dnav Problems  [lno [ unknown
Sickle Cell Arlern?la o 107 yes [] no -I__,j unknown
| Heart Failure o D ne [ unknown
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Glucophage/Metformin Use | (yes [Jno [Junknown |
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Lnng Term Central Lines - Elnn o
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Reaction to contrast (One [ unknown
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| Last Menstrual Period:




Delayed Reaction;
Nephrogenic Systemic Sclerosis (NSF)

Systemic condition characterized by a
fiorosing dermatopathy

— Can lead to severe contractures and disability

Fibrosis also involves lungs, joints, liver,
muscles

— May be fatal
Reported since 2000
Clinical use of GBCA's can trigger NSF



Nephrogenic Systemic Sclerosis

At risk: patients with chronic renal disease or
end-stage renal failure

— GFR < 30 mL/min (normal ~ 130): contraindicated
— GFR 30 — 60 mL/min: careful consideration

* Link between NSF and the underdeveloped
renal function in infants has yet to be reported



Screening for renal function

Done on all pediatric in-patients

Selectively in out-patients

— risk factors
* presence of active renal disease
 iImpaired renal function
* risk for impaired renal function

BUN, creatinine
GFR measurement or estimation



Sedation

* Children under the age of 6-8 years are
generally sedated



' Anesthesiologist
Induces sedation
(anesthesia)



Transport
sedated
patient with
MRI monitors
to MRI
scanner



Nurse (special
training)
monitors child
from outside of
magnet




Anesthesiologist
Immediately
avallable
outside MRI
scanner

......



MRI sedation increases complexity

MRI compatible equipment

Infusion pumps
Monitors
Anesthesia machines

Carts, poles

Hypothermia

Deep sedation




Despite complexity of sedation

Indiscriminate use of contrast agents In
MR Iimaging of patients younger than 2
years of age Is not warranted

Gadopentetate dimeglumine-enhanced MR of the brain: clinical utility and safety in
patients younger than two years of age. Eldevik AJNR 1994



Neuro MRI exams
December 2012
Children’s National

* 550 exams - all ages (1 day — 18 years)
» Contrast given: 20% (107 cases)

— 98 exams < 2 years of age
— Contrast given: 16% (16 cases)



Indications: Pediatric CNS

 Tumors
— Brain
— Head and neck, spinal cord, spinal canal

 Infection / inflammatory diseases
« Characterization of lesions seen on precontrast scan



Indications: Pediatric CNS

Tumors
— Brain
— Head and neck, spinal cord, spinal canal

Infection / inflammatory diseases
Characterization of lesions seen on precontrast scan

Evaluation of hydrocephalus, abnormal fluid
collections

Evaluation of nerves (cranial, spinal)
Evaluation of meninges
Neurocutaneous disorders

Vascular evaluation (MRA, MRV)









Leptomeningeal dissemination









Brain tumors: contrast

Characterization
Extent

Tumor vs cyst
Tumor vs edema

Leptomeningeal dissemination
— Presence strongly affects prognosis
— Changes treatment (intensity)



1 year old, posterior fossa mass












Surgery - Irradiation — Chemotherapy

* Treatment related changes in brain/spinal cord
— Edema
— Ischemia
— Scar
— Demyelination
— Necrosis

 Contrast crucial to differentiate treatment related
changes from residual or recurrent tumor



1 year old cystic masses



Arachnoid cysts



16 day old, seizures






Sturge Weber

(neurocutaneous disorder)



Neonate, focal seizures



Focal cortical dysplasia



4 month old
Group B strep meningoencephalitis

Subdural fluid, ? Effusion ? Empyema






2 weeks later



Empyema



1 year old
Delayed development
Esotropia









Metachromatic leukodystrophy



1 year old
Spinal cord mass

?Cyst
? Tumor




T1 no contrast

?Cyst
? Tumor







1 year old

Infected dermal sinus
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Conclusion: GBCA’s < 2 years

 Benefits

— lesion
» detection
« characterization
« extent

— direct therapy
— assess efficacy of therapy
— saves lives

e Safe
* Prudence in use

— risk of adverse reaction vs benefit
— appropriate precautions as indicated



