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X-rays are universally used in 
medical diagnostics. The great-
est diagnostic x-ray exposure 
to a modern population is now 

from CT scanning.
The following article is an attempt to put 

some of the current literature into a New 
Zealand perspective.

Ct dose
The number of CT scans performed in 

the US is said to have tripled from 1996 to 
2010 up to 149/1000 patients. Calculated per 
capita effective dose from CT rising from 1.2 
mSv in 1996 to 2.3 mSv in 2010 1 . In 2006 the 
National Council on Radiation Protection 
and Measurement calculated a per capita 
effective dose from CT scans in the US of 3.0 
mSv 2.     

Compare the above figures with the fol-
lowing from New Zealand in 20073,5 : mean 
effective dose  from CT 196 μSv  per capita 
per annum (1/15 of the US per capita dose 
and compared with 81 μSv in NZ  1992). In 
the same period of time the effective dose 
per examination increased from 3.9 mSv to 
8.4 mSv . As a fraction of diagnostic radiol-
ogy exams CT scans had risen, in the same 
period from 4 percent to 5 percent and the 
CT contribution to total medical diagnostic 
radiology use in the population had risen 
from 17 percent to 33 percent. 

In comparison CT and nuclear medicine 
radiation exposure combined (2006) is said 
to have reached 75 percent of all medical 
radiation exposure in the US and medical 
use is now responsible for 48 percent of US 
population exposure to radiation4,5 .

radiation risk:
A principal concern about radiation 

exposure is the induction of malignancy. 
Leukaemia and cancers of solid organs have 
been implicated. 

Radiation has a stochastic or probabilistic 
risk relationship to cancer induction, al-
though much studied there is little evidence 
to prove low radiation doses induce cancer, 
and cancer risks from CT scans have not 
been demonstrated directly6. In general, 
assumptions have been made by extrapolat-
ing risks of high dose exposures, assuming a 
straight-line relationship between dose and 
effect. 

Studies of Japanese atomic bomb survi-
vors, nuclear workers and patients receiving 
multiple diagnostic x-rays have indicated 
that radiation doses of the magnitude deliv-
ered by several CT scans (50 to 100mGy) can 
cause cancer6. However, there are dissenting 
views on the evidence, particularly the long-
term data on atomic bomb survivors, with 
alternative hypotheses of more complex 
dose/response relationships or even a thresh-
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old dose for cancer induction7. 
There is a latency period of 5 to 25 

years before appearance of cancers after 
radiation (we see this occasionally after 
radiotherapy) and not everyone afflicted dies 
of the disease6.

Smith-Bindman et al calculated risks of 
radiation induced cancer from CT scans to 
be as high as one in 150 (for a female 20yrs of 
age undergoing a CT Coronary Angiogram) 
and as low as one in 14,680 (for a routine 
head scan in a 60 year old male)7. Overall it is 
estimated as many as 1.5 to two percent of all 
cancers in the US may now be attributable to 
CT scanning9. 

Berrington De Gonzalez et al adopted a 
different approach and estimated that, of 
approximately 72 million CT scans per-
formed in the US in 2007, 57 million was the 
appropriate number to use for calculation of 
future cancer risks (after exclusion of scans 
obtained in the last five years of life and 
scans in patients with a diagnosis of cancer). 
Detailed calculations based on dose, area 
scanned and patient sex and age yielded an 
estimated 29,000 incident cancers. Assuming 
a 50 percent mortality this would translate 
into 14,500 cancer deaths. Because of latency 
it may take several decades for these “excess” 
cancers to appear and reach Brenner and 
Hall’s 1.5 to 2 percent 6.

Approaches to Ct scan risks:
Whatever the exact risks there is a consen-

sus that CT scanning carries an appreciable 
risk of cancer induction. How do we manage 
this risk and ensure a robust risk/benefit 
ratio for our patients?

We reduce radiation exposure; 
there are multiple ways to achieve this:

A) By substituting examinations;  
Ultrasound and MR imaging do not use 

ionizing radiation, induction of cancer is not 
a risk with these techniques.

Ultrasound has high accuracy in assess-
ment of appendicitis, and is particularly 
useful in imaging liver, gallbladder and 
abdominal aorta.

MR imaging is great for imaging brain, 
spine, liver, pelvic organs, joints and, with 
special preparation, bowel.

Cone Beam CT; a newly available tech-
nique , very low x-ray dose (as low as 10 per-
cent of an equivalent traditional fan beam 
CT) useful for imaging paranasal sinuses, 

jaws and teeth and high resolution bone 
imaging particularly wrists, hands and feet.

B) By reducing radiation dose. 
Applying ALARA Principle (As Low As 

Reasonably Acceptable). This is now basic ra-
diographic training and there is continuing 
pressure on radiologists, radiographers and 
departments to obey this principle and put it 
into effect through departmental protocols.

Dose rates can be greatly reduced for many 
CT procedures, reduced radiation dose not 
necessarily compromising accurate assess-
ment.

Overall patient dose can also be signifi-
cantly reduced by adopting protocols which 
reduce length of a scan, and avoiding multi-
ple post contrast scans.

C) Avoiding clinically unnecessary 
repeat scans;

Lack of availability of a previous scan, lack 
of knowledge that a previous scan exists, lost 
images etc are all reasons used for inappro-
priately repeating scans. These repeat studies 
are too common. We can avoid them by 
improving information systems, sharing 
information between providers and patients. 
Perhaps the best way of sharing patient in-
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formation is for each country to maintain an 
Electronic Medical Record (EMR) or patient 
medical record that is separate from institu-
tional records but which all institutions and 
medical practitioners access to pull down 
up to date information. The “Gold standard” 
record.

EMRs should contain information on ra-
diation exposure such as the CTDI and DLP 
measurements which are readily available 
from all modern CT scanners. It is a legal 
requirement for this “dose” to be recorded 
on all CT scans and all CT scan reports in the 
State of California since October 2010.

D) Curtailing Ct when it is unnecessary:
If it is unlikely to affect patient manage-

ment because a positive finding is irrelevant.
Assessment and surveillance of incidental 

findings.
Investigating too often; before the disease 

could have progressed or before the results 
could influence treatment.

Performing the wrong investigation.
Over investigating, eg repeated use of CT 

for patients with documented renal stones.
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