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(Conway ,JJ)

The outlook
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Most common age group of our 

patients (years)

Estimated Effective Dose (mSv)

PET study 5 4.1

Tc99m-MAG3 1 0.8

Tc99m-Sulphur Colloid (oral) 10 0.4

Tc99m-DTPA 5 0.1

Tc99m-Mebrofenin 10 2.1

I123-MIBG 10 1.9

(Mettler FA,et al)
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(Mettler FA,et al)
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Weight based dosing with 20% window
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(Bielsa IR)

Immobilization

• Swaddling (any age)

– Baby Blankets, Sheets, 

Positioning Sponges, 

Velcro, and Tape

• Feed before imaging (e.g. 

Renal MAG3)

• Sleep deprived – CT 

commonly uses

• Favorite toy or blanket

• Safety straps

• Medication Assistance

– Oral: Versed, Ativan, 

Benadryl, prescriptions 

for pain meds

– Conscious Sedation: 

Nitrous Oxide, Fentanyl, 

Versed

– Anesthesia: Propofal and 

Precedex

(dexmedetomidine)
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Renal MAG3 (Kidney c/Lasix)

Indications are different in pediatrics
 Commonly ordered for: Imaging variations

 Duplicated systems Infant Swaddle (0-5m)

 Hydronephrosis Anesthesia (6m to 5-6yrs)

 UPJ/UVJ Obstruction Non-sedate over 6yrs

 Horseshoe Kidney

 Post Transplant (no Lasix, 30 min imaging)

21

Renal MAG3 Exam Prep
Infant Swaddle (0-6 months)

NPO 4 hrs prior to exam

IV catheter

IV fluids- 15 mL/kg; 30 min infusion

Urinary Catheter- typically 8Fr

Feed immediately prior to imaging

Swaddle

Scan

Darkened room, soft music, snoozellen

22

Anesthesia (6 months – 6 years)
NPO 6 hrs solids/milk; NPO 2 hrs
for clear liquid
IV catheter
IV fluids- 15 mL/kg; 30 minute 
infusion
Urinary catheter – typically 8Fr
Anesthesia administered
Scan
Recovery

Non-sedate 6yrs and Older

Oral Hydration – 16 oz water 
(240 mL)

IV catheter

No urinary catheter

Pick out a MOVIE!!!

Scan
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• Planar imaging remains most commonly 
performed NM procedure in peds

• Acquisition can be:
• Static: 123I-MIBG for neuroblastoma
• Dynamic: 99mTc-MAG3 renal scan

MAG3 Renal - Hydronephrosis

24

Left kidney

Right kidney

Patient A -19 months Patient B -9.5 wks

Patient A

Patient C -13 yrs

UPJ

UVJ
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MAG3 Renal - Transplant

25

• Hydronephrosis • Transplant

Flow

1-30 min

0-30 sec 0-30 min

Graph shorted from 60 sec for viewing

RT-ANT-LT

RT-ANT-LT

123-I mIBG Imaging

I

26

SPECT fused with previous diagnostic CT
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Bone Scan (WB and 3 Phase)
• Done very similar to adults: 

Metastatic Disease, 

Osteomyelitis, FUO, Pain

• Differences

– Length of time to hold still –

approx 1 hour

– Possible need for a urinary 

catheter

– Osteosarcoma, 

Rhabdomysarcoma, 

Ewing’s Sarcoma

• Spot imaging for WB under 12 

months

• SPECT/CT

– Spine: PARs Defect, 

Fractures, 

Spondyolisthesis (slipping), 

AVN hips

– Area requested by 

radiologist

27

Bone Imaging

28

Spot views WB for an infant Whole body bone scan

Mass

Same patient that demonstrated large mass on 

previous slide with mIBG

3 HR Delay
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• NM procedures are extremely safe
• Total mass and volume administered tracer is 

very small 
• Therefore do not produce hemodynamic/ 

osmotic effects
• Below allergic trigger levels

Why NM for peds?

(Treves, p.2)
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• Lower renal function
• Lower GFR
• Faster washout of 

radioactive gases from 
the lungs 

• Faster circulation times
• Faster lymphatic flow

That being said, why are peds different?

(Treves, Ed.3 Table 10.1)

(Bielsa IR)

• There are peds diseases that 
do not exist in adults. 
Examples:
• Perthes disease: Common in 

3-5yr 
• Meckel diverticulum is more 

frequent in children than in 
adults

• Brain metabolism in neonates 
is limited to basal ganglia and 
sensorimotor cortex

How are peds different?
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• In some diseases, the location and 
morphology of the lesions differ during 
childhood. For example: 
• Bone fractures under 24 months are 

pandiaphyseal instead of lineal 
• Osteomyelitis has different sensitivity and 

distribution patterns in adults vs. peds
• More bone marrow activity in peds than 

adults  FDG or gallium uptake is different 
in kids 

How are peds different?

Different tracer distribution: FDG uptake in 
young child vs. adolescent vs. adult

(Bielsa IR)
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• F-18 PET bone scan in a 
14yr old female

• Pattern similar to 99mTc-
MDP

• In pediatric patients, 
physeal uptake indicates 
skeletal immaturity

(Treves, p.36)

• Any conflicting imaging tests?
• Example: Has patient been given 

radiographic contrast during past few 
days? (can produce shielding artifacts)

• Any medications that may interfere with NM 
study?

• Can little Johnny’s grandma and family stay 
with him in the PET waiting room?

Other challenges
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Physical challenges: 
i. Planar imaging

• Long acquisition times
• Immobilization

• Higher sensitivity
• More efficient use of data to reduce 

acquisition time
• Minimize administered activity
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• Challenges:
• Small organs: optimize visualization 

maximize spatial resolution
• Dose: Age issue and latent stochastic effects

Physical challenges: 
i. Planar imaging

• Appropriateness of the clinical use
• Most recent radiopharmaceutical dose 

guidelines

General approaches to reducing dose
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Acquisition and protocols

Data analysis 
and image 
processing

Instrumentation 
and imaging 

advances

• Are your protocols most appropriate given 
the state of practice?
• Example 1: A perfusion phase with rapid 

framing in 99mTc-MAG3 renal imaging may 
no longer be current

• Example 2: Renal DMSA (we don’t use 
anymore)

a) Acquisition aspects of planar imaging
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68Ga Dotate

1. Access issues: 
• To the patient: Minimizing camera head distance 

vs. adjustments for greater access for ancillary 
support apparatus

• Around the OR: 
• Mobile or handheld gamma cameras for 

intraoperative imaging 
• Example: Surgical removal of osteoid osteomas 

• 99mTc-MDP is administered
• Camera is brought to the room

b) Instrumentation aspects of planar 
imaging
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https://www.digirad.com/cameras/ergo/
https://www.digirad.com/cameras/ergo/
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https://crystal-photonics.com/enu/products/cam-crystalcam--enu.htm
https://crystal-photonics.com/enu/products/cam-crystalcam--enu.htm
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2. Collimation: 
• Choice should be determined on a task 

specific basis
• Must balance spatial resolution with 

efficiency
• Resolution : localization of 

abnormalities on a bone or renal scan
• Sensitivity : hepatobiliary imaging for 

diagnosing biliary atresia

Parallel collimator resolution largely determines 
system resolution

(Cherry, p.225)

18

16

14

12

10

8

6

4

2

Sy
st

em
 R

es
o

lu
ti

o
n

, 
FW

H
M

 (
m

m
)

𝑹
𝒔
𝒚
𝒔
=

𝑹
𝒄
𝟐
+
𝑹
𝒊𝟐



4/1/2019

26

• The choice of collimation: 
• What is the energy of the emissions of the 

tracers you’ll be using?

Parallel hole collimation

(Cherry, p.210)

• The choice of collimation: 
• What is the energy of the 

emissions of the tracers 
you’ll be using?

• What about additional 
emissions?

Parallel hole collimation
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• The choice of collimation: 
• Example:

• 123I used in thyroid imaging or for kids 
with suspected neuroblastoma 

• Primary emission is 159 keV LEC is 
often used

• However, 4 % of the photons emitted 
have higher energies

Parallel hole collimation

(Snay, p.101)
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• Septal thickness in LECs usually has limited 
effectiveness in stopping these hi-E photons

• Result 1: Around 40 % of detected events in 
a 123I study may result from the septal 
penetration of these hi-E photons

• Result 2: Sensitivity obeys inverse square 
law for LECs when imaging I-123! But for 
MECs the traditional equation holds:

g ≈ 𝑲𝟐(
𝒅

𝒍𝒆𝒇𝒇
)𝟐

𝒅𝟐

(𝒅+𝒕)𝟐
(No b dependence)

(Treves, Fahey, p.624)
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Conclusion: It may be more appropriate to 
utilize a MEC rather than a LEC for I-123, 
because:

1. Better image i.e. higher contrast, less 
noise

2. Increased sensitivity i.e. shorter scan 
times
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My conclusion: It may be 
more appropriate to just test 
this all out on your system and 
see if switching to a MEC 
works for you:

1. “Still looks noisy”
2. We only use ME for 

Octreoscan 111In

(Treves, Fahey, p.626)

LEUHR ME

4yr old kiddo, ME improves sensitivity by a factor of 3
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• The choice of collimation: 
• How will you balance between spatial 

resolution and sensitivity?
• Example 1: LEHR vs LEHS 

• LEHS may be well suited for the eval of 
differential lung function from a perfusion 
lung scan (cuz we don’t need localization of 
small features)

• Here, 5-fold gain in sensitivity (compared to 
LEHR) can allow imaging time to be cut 

• If spatial resolution is not of primary 
concern, the LEHS collimator may be a good 
choice.

• Example 2: LEHR vs LEUHR 
• @5cm, not much difference between the 

resolutions, but sensitivity is 2x for LEHR

(Treves, Fahey, p.624)
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Why magnification collimation

(Cherry, p.227)

Magnification collimation

• Examples:
• In patients < 1yr with possible 

pyelonephritis, may need high-resolution 
image of renal cortex using 99mTc-DMSA to 
evaluate the extent of scarring

• If wanting to discern which bone in the 
foot has enhanced 99mTc-MDP uptake

Pinhole collimation



4/1/2019

33

• Osteoid Osteoma of the spine
• Whole body Tc-MDP bone scan parallel 

col vs pinhole
• Used mobile solid state camera in OR

(Treves, p.379)

M=a/b

Rc≈deff(a+b)/a

g≈(Cos3θ)(deff/4b)2

Notice efficiency deteriorates faster than Rc with b

𝑹𝒔𝒚𝒔 = 𝑹𝒄
𝟐 + (

𝑹𝒊

𝑴
)𝟐
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(Treves, p.377)

• Moral of story: When decreasing aperture size, 
there is a trade off between col sensitivity (and 
therefore acquisition time) and spatial resolution
• Notice however, reducing aperture size has 

bigger effect on g than on Rc
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• Pros:
• Excellent spatial resolution  good for 

small organs or babies
• Cons:

• Magnification distortions  for bigger 
patients

• g↓ if (θ or b)↑ (unlike converging 
collimators)

My conclusion: It may be more appropriate 
to just test this all out on your system and 
see if a Pinhole collimator works for your 
particular type of exam:

1. We only use Pinholes for femoral hips 
and thyroids in newborns. We use the 
SPECT for other former pinhole usages 
(e.g. 3-phase bone scan)

2. “takes too long to position it”



4/1/2019

36

Converging collimation

𝑅𝑐 ≅
𝑑

𝐿𝑒𝑓𝑓
′ 𝐿′𝑒𝑓𝑓 + 𝑏 (

1

cos 𝜃
)(1 −

 
𝐿′𝑒𝑓𝑓

2
𝑓 + 𝐿′𝑒𝑓𝑓

)

g ≅ 𝐾2 𝑑2

𝐿′𝑒𝑓𝑓
2

𝑑2

(𝑑+𝑡)2
𝑓2

(𝑓−𝑏)2

g↑ if b↑ 
(provided f>b) 
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c) Image processing aspects of planar 
imaging

• Adaptive filtering
• The size and type of the filtering kernel is 

spatially modified depending on the local 
image content

• Apply lots of smoothing to areas of 
uniform activity

• Apply less smoothing to areas of varying 
spatial content such as those containing 
edges and fine detail

• Apparent noise level is reduced while 
preserving image sharpness

• Allows for reduction in the administered 
activity (i.e. absorbed dose) to patient

• Example 1: Apply adaptive filtering to 
dynamic 99mTc-MAG3 renal study
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(Hsiao, p.909)
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• Example 2: Apply Enhanced Planar 
Processing (EPP) to scintigraphic
hepatobiliary studies in infants for the 
diagnosis of biliary atresia

• With EPP, clinically acceptable images may 
be produced with a reduction of 75 % of the 
minimum administered activity

A 2-month old boy (4.5 kg) with hepatocellular 
dysfunction w/o (top) and w/ (bottom) EPP

(Fahey ref [5])
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Using EPP to reduce imaging time while preserving 
diagnostic information. 3yr old boy Tc-MDP @3.7mCi.. 

(Treve, Ref.8)

14min 3.5min
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• A little bit more challenging than planar:
• 100 proj x 20 sec/proj = enough time for 

kiddo to move around
• Age group for sedation or general 

anaesthesia is between 1-5yr olds

Physical challenges: 
ii. SPECT

• Use dual heads to improve sensitivity 
reduce to 180 degree acquisition

• In peds, the highest spatial resolution is 
essential. Therefore:
• body contour orbits
• L-config for cardiac SPECT
• Which collimator? LEHR or LEUHR?

Resolution-Sensitivity Tradeoff



4/1/2019

42

(Treves, Fahey, p.624)

In SPECT, objects are at a distance from the collimator, thus the difference in resolution 
is more striking, therefore using the LEUHR may be more appropriate.
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• Use OSEM (iterative recon) with resolution 
recovery to improve IQ 

Recon innovations to bring down 
administered activity or acquisition time

FBP with full counts OSEM with resolution
recovery with half of the
counts

Bone SPECT using Tc-MDP

(Stansfield et al.)
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• CZT det, Multiple pinhole collimation,…? 

Adopting recent technologies for peds?

GE Healthcare website

• Preclinical (i.e. small animal imaging) 
systems,…?
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Multi-Wiper Multi-Well 
Wipe Counter

Captus 3000 Single-Well 

Wipe Counter

Which one can we trust?
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94
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How does one verify the numbers 
these machines provide us?

By reproducing them using theoretical 
models

(std count)(patient dose)(0.693)(1000)

(counts at t0)(thalf-clearance)(std dose)
GFRraw = 

cpm µCi

cpm min µCi

mL

mL/min
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Reconstruct the decay curve using 4 
points

10 vials in total

MWCtheory MWCraw

108.24619 109.4

1.06591

24.625336 24.6

0.102885

88.722622 91

2.566851

92.426811 92.8

0.403768

50.391074 50.5

0.216161

77.773471 76.1

2.151724

27.671443 27.7

0.103199

52.787587 52.8

0.023516

27.974022 28

0.092863

148.29971 149.7

0.944229

76.643132 75.3

1.752449

SWCtheory SWCraw

104.9345 118

12.45108

24.95928 25

0.163155

87.04764 99

13.73082

88.10758 87

1.257074

50.10131 53

5.785661

74.77385 80

6.98928

27.30581 28

2.542282

51.96546 53

1.990815

27.29043 28

2.600069

139.4404 144

3.269896

73.28331 71

3.115728

Question 1: Deviation from the theoretical model

Question 2: Is there consistency
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1. Decay correction

2. Body Surface Area normalization

3. Single exponential assumption 

(SEA) correction 

Question 3: What corrections are being used?

Body Surface Area

GFRBSA = (GFRraw)(1.73)/BSA
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MWC

Mosteller Dubois Haycock

GFRBSA= 146.0151053 146.9350951 145.5466351 ml/min/1.73m2

GFRBSA= 69.18519795 71.27186856 68.45135989 ml/min/1.73m2

GFRBSA= 172.3267196 173.1222245 172.2168952 ml/min/1.73m2

GFRBSA= 126.8630861 129.8557583 125.4554834 ml/min/1.73m2

GFRBSA= 114.1409079 116.3411644 113.3772854 ml/min/1.73m2

GFRBSA= 99.62199733 97.66064125 100.5091335 ml/min/1.73m2

GFRBSA= 120.0329448 123.4692609 119.0963434 ml/min/1.73m2

GFRBSA= 117.4734264 118.0710967 117.450879 ml/min/1.73m2

GFRBSA= 97.88938817 100.0178082 97.33100167 ml/min/1.73m2

GFRBSA= 169.8862161 169.5152273 169.8822344 ml/min/1.73m2

GFRBSA= 91.1483237 92.22559425 90.56607868 ml/min/1.73m2

Question 4: Is it even that big of a difference anyway?

What corrections are being used

1. Decay correction

2. Body Surface Area normalization

3. Single exponential assumption 

(SEA) correction 
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• “Plasma clearance has widely been pragmatically considered 
to be bi-exponential,”

• “…the early phase or exponential is considered to 
represent diffusion of the tracer between intra- and 
extravascular fluid volumes”
• “….the late phase reflects solely renal clearance”. 

• “…One-compartment 
characterization is the clinical 
workhorse for GFR measurement.” 
• “Only the late exponential is 
characterized”
• “GFR is systematically 
overestimated because of the 
absent data from the early 
compartment.”
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• “published 
corrections can be 
used to 
compensate for the 
missing early-
compartment 
data”. 

Mosteller Dubois Haycock

GFRBSA= 146.0151053 146.9350951 145.5466351 ml/min/1.73m2

GFRBSA= 69.18519795 71.27186856 68.45135989 ml/min/1.73m2

GFRBSA= 172.3267196 173.1222245 172.2168952 ml/min/1.73m2

GFRBSA= 126.8630861 129.8557583 125.4554834 ml/min/1.73m2

GFRBSA= 114.1409079 116.3411644 113.3772854 ml/min/1.73m2

GFRBSA= 99.62199733 97.66064125 100.5091335 ml/min/1.73m2

GFRBSA= 120.0329448 123.4692609 119.0963434 ml/min/1.73m2

GFRBSA= 117.4734264 118.0710967 117.450879 ml/min/1.73m2

GFRBSA= 97.88938817 100.0178082 97.33100167 ml/min/1.73m2

GFRBSA= 169.8862161 169.5152273 169.8822344 ml/min/1.73m2

GFRBSA= 91.1483237 92.22559425 90.56607868 ml/min/1.73m2

GFRBM= 118.7035 ml/min/1.73m2

GFRBM= 61.73984 ml/min/1.73m2

GFRBM= 123.5659 ml/min/1.73m2

GFRBM= 100.7715 ml/min/1.73m2

GFRBM= 93.13447 ml/min/1.73m2

GFRBM= 86.61738 ml/min/1.73m2

GFRBM= 96.73983 ml/min/1.73m2

GFRBM= 95.18815 ml/min/1.73m2

GFRBM= 82.57832 ml/min/1.73m2

GFRBM= 133.1702 ml/min/1.73m2

GFRBM= 80.19059 ml/min/1.73m2

Question 5: Will these corrections make a difference 

anyway?
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“Some investigators 
consider that a 
better determination 
of the slope can be 
obtained by using 
more blood samples 
within the 2-4-hr 
time interval.”

Question 6: Why are we even 

using 4 time points?

“However, it has 
been shown that no 
significant benefit is 
gained by adding a 
third intermediate 
blood sample.”
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4 vs 2

146.0151

69.1852

172.3267

126.8631

114.1409

99.622

120.0329

117.4734

97.88939

169.8862

91.14832

156.4579

69.7533

187.9087

120.4858

117.9737

101.2169

120.1938

118.3152

96.05838

172.2381

81.28269

ml/minml/min
4.86161% AVR difference
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60min, 90min, 120min, 180min

• Using 4 blood draws

120min, 240min

• Using 2 blood draws

Clinical outcome?

Benefit 1 of a 2 point GFR: Happier patients
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Clinical outcome?
Benefit 2 of a 2 point GFR: Higher throughput
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To scan or not to scan. That is the question.


