ALY

Estimating Risks from CT Scans

- In the Context of CT Scan Benefits

David J. Brenner ‘

Center for Radiological Research
Columbia University Medical Center

djb3@cumc.columbia.edu



There Is no question that CT has
revolutionized medical practice

More effective surgical treatment

Shorter hospital stays

Elimination of exploratory surgeries

Better diagnosis and treatment of cancer
More efficient treatment after injury
Better treatment of stroke

Better treatment of cardiac conditions




Why are we particularly interested in CT?
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Why are we particularly interested in CT?

Examination Relevant organ| Relevant organ
dose (MGy)

Dental x ray Brain 0.005
PA Chest x ray Lung 0.01
Lateral chest x ray Lung 0.15
Screening mammogram Breast 3
Adult abdominal CT Stomach 11
Adult head CT Brain 13
Child abdominal CT Stomach 10-25
Child head CT Brain 20-25
Adult 1¥8F-FDG PET Bladder 18




Why are we particularly interested in CT?

Frequency of CT scans per year in the US

90 0.30
,(})\ | S
C 80 S
O - 0.25 =
— 70 A ~

| c
E 60 -020 S
S 50 - 7
) -0.15 @
> 40 o
~ | ~~

] L 7))
O 30 1 0.10 =
S 20- O
R L 0.05 0
— ] =
O I e 0.00

1980 1985 1990 1995 2000 2005 2010 2015
Year



Mean individual total radiation dose in the US:
1980 vs. 2011
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Average individual dose from medical imaging

USA: 1980 vs. 2011
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The key organ - dose ranges of relevance for CT

Taking into account

* Machine variability,

* Usage variability,

* Age variability,

* Scans done with and without contrast
* Multiple scans

Relevant organ dose ranges for CT are

5-100 mSyv for a single series of scans



Atomic bomb survivor locations by dose

Douple et al 2011



Risk estimates based on organ doses

and A - bomb survivor data
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OBIECTIVE. In light of the rapidly increasing frequency of pediatic CT examinations,
the purpose of our study was o assess the lifetime cancer morality risks arnributable to radia-
tion from pediatric €T

MATERIALS AND METHODS. Crzan doces as a fuaction of age-ar-diapnosis were ecti-
mated for common CT inaci and d arril le lifetime cancer montalicy risks
{pex unir dose) for differenr crgan sites were applisd. Standard models thar assume a linear cx-
trapolation of ricks from intsrmediate to low doses were applied. On the basis of cument standard
practice, the p il dz) were assumed, independent of aze.

RESULTS. The larger doses and increased lifetime radiation gisks in children produce a
sharp increase, relative to adolts. in estimated rizk from CT Estimated lifetime cancer mortal-
ity gizks attribueable to the radiation exposure from a CT in a 1-year-old are 0.18% (abdomi-
aal) snd 0.070% (head)—an order of magnimde higher than for aduliz—although thoze fizures
still sopreseat a small increase in cancer mortality aver the natrnal backeround cate. In the
United Stares, of 1y 600,000 abdominal and head CT inations anmally pec-
formed in children vader the age of 15 years, a rough estimare iz thar 500 of these individuals
might ulrimately die from cancer attribueable to the CT radiation.

CONCLUSION. The bezt available rizk estimates suggest that pediatric CT will result in
significantly increased lifetime radiation sk over adult CT, both becanse of the increazed
doze per milli d, and the i d lifetime risk per vnit doze. Lower millizm-
pore-second sottingz can be used for childen without significant loss of information. Al-
though the rick-benefit balance ix =till strongly tilted toward bencfit, becance the frequency of
podiatic CT ions s rapidly i . cati that quensitasive lifotime radiation
sisks for childeen vadergoing CT are not ncelizible may stmulaic more active reduction of
CT exposure settings in pediatric patients.
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he vse of CT has increased rap-

' idly in the past raro decades, fu-
eled in part by the development

of helical CT [1]. For example, the estimared

annnal number of CT examination: in the
United States rose app 1 £ol

[51: i this survey, approximarely 4% of CT
examinations (which corresponds to about
10%year in the United States) were performed.
on children vnder the aze of 15 years. The pro-
portion of childhood CT examinasions iz rapidly

from 2.8 millien in 1081 [2] to 20 millicn in
1005 [3]. By deir namee, CT cxaminations
contribute dispropomicnarely w the collec-
tive diagnostc radiation dose to the popula-
tion; for example, in Britain it haz been
estimated that approximately 4% of diagnos-
tic radiology proceduses are CT examina-
tionz, but their contribution to the collective
daze is approximarely 400 [4].

Figuee 1 shows a breakdown of the aumber
of CT i by age at inati
based on the resulez of & 1080 British survey

(indeed, an average valve of §% was
estimated in 1003 [d]); for example, Coren et al.
[7] repericd a 63% increase in requests for pedi-
amic CT berween 1001 and 1004.

The recent increase in pediatric CT exam-
inations is particularly marked in the United
States. Figuee 2 chows the aumber of ab-
dominal and pelvic CT examinations of chil-
dren under a given age at 3 major American
children's hospital for 1000 through 1000,
Thiz fisure shows, for cxample. a 028 in-
crease between 1000 and 1000 in abdominal
and pelvic CT examinations on children lesz
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