
POiNT OF ViEwA PAtIENt’s

The Patient’s Perspective on 
Radiation Exposure
Under the pressure of heavy work-loads, it is all too easy for radiologists to 
fail to appreciate how patients see issues such as the radiation dose con-
nected with the imaging they undergo. 

This article puts the patient’s point of view.

Patients have had concerns about radiation 
exposure in medical imaging long before the 
current alarming stories in the press. Parents 
worry about voluntarily exposing their children 
to radiation. We know from history that radia-
tion causes genes to change. People who already 
have a genetic risk factor for cancer worry that 
even the small amount of radiation in an x-ray 
might have long-term consequences.

For all hereditary renal cancers (HRC), we 
have learned to perform periodic screening 
to look for problems in all the areas at risk. In 
some cases there are blood tests, but for the 
most part we use medical imaging for sur-
veillance. Balancing benefit and risk for these 
patients is a very real concern.

thE BENEfIts 
Since 1962 I have been intimately involved 

in the care of people with von Hippel-Lindau 
disease (VHL), which is caused by one tiny 
misspelling in one gene that increases the risk 

of tumors of the retina, brain, inner ear, spinal 
cord, kidney, pancreas, and adrenal glands. No 
matter which of these occurs first, it becomes an 
early warning system that can be used to pro-
tect the patient from the worst consequences of 
these tumors. 

Any patient who presents with kidney cancer 
at a young age (under 50), with multiple kid-
ney cancer tumors, especially on both kidneys, 
should be evaluated for the possibility of a 
genetic risk factor. While 80% of such patients 
are likely to have family history of the condi-
tion, 20% will be the first in their family ever 
to have it. When issues are identified early, we 
have time to find the right doctors, make a 
good plan, treat successfully, avoid crisis, and 
avoid metastatic cancer.

Hereditary Renal Cancer (HRC) includes 
VHL, and also hereditary papillary renal cancer 
(HPRC), hereditary leiomyomatosis and renal 
call cancer (HLRCC), Birt Hogg Dubé (BHD), 
Tuberous sclerosis (TS), Succinate Dehydroge-
nase (SD), and several other syndromes that are 
less well described. In each cases, there is more 
to the story than kidney cancer. [1]

Skin cancers occur on the surface and can be 
seen with the naked eye. However, the tumors 
in people with HRC nearly always occur inter-
nally, and frequently display no symptoms until 
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 “ ... an “average” patient with von Hippel-
Landau syndrome diagnosed at age 14 
will have at least one CT and/or MRI 
examination annually for a lifetime 

stretching to age 60 and beyond. That’s 
easily 100 MRIs and/or CTs over 46 years 

– and that may be a low estimate...”
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they are seriously advanced. Symptoms of kidney 
cancer usually do not occur until the tumor has 
metastasized. Before 1980 there was little medical 
imaging available, and each tumor led to a crisis. 
Today, with the advances in medical imaging we 
are able to find tumors at early stages, monitor 
their progress, and choose the right moment to 
intervene.

There is documented evidence that people who 
have been in a program of systematic surveillance 
after 1990 (with modern imaging) live at least 16 
years longer than those who have not. [2]

whIch IMAGING MOdAlIty tO usE?
Ultrasound is inexpensive and does not use 

ionizing radiation. It would seem to be the per-
fect choice. However, the quality of an ultrasound 
image is highly dependent upon the skill of the 
operator, the condition of the machine, and the 
size of the patient. Results are more accurate for 
thinner patients. Even if all these conditions are 
optimal, ultrasound misses more tumors than it 
finds. It does not detect the tissue of some kidney 
tumors, especially those of HLRCC, and it will not 
see very small tumors (under 2 cm).

Magnetic Resonance Imaging (MRI) does not 
use ionizing radiation, and it does detect small 
structures. In HLRCC, renal tumors have been 
known to metastasize at 1 cm. For HLRCC, MRI 
is used with thin slices to find these small tumors. 
But there are issues of cost, availability, and the 
time it takes in that confining tunnel to perform 
an MRI. A significant number of people require 
Valium or anesthesia to get through the claustro-
phobic experience. 

Computed Tomography (CT) is less expensive, 
more available, and it finds most small structures. 
The tunnel is short and the procedure is quick, 
so it does not provoke the same level of stress. Its 
drawback is the amount of radiation required to 
get a good image of internal organs like the kidney. 

 
For both MRI and CT, the contrast dyes used 

may also be of concern. There are now very good 
guidelines for radiologists about the use of con-
trast agents with people with compromised kid-
ney function. The dye must be flushed out of the 
system in a timely manner. That means that the 
kidneys need to filter and the GU apparatus needs 
to eliminate it within a few hours. If the kidneys 
are not working at the normal filtration rate, there 
is increased risk of Nephrogenic Systemic Fibrosis 
(NSF). It is therefore critically important to verify 
the patient’s kidney function prior to administer-
ing contrast dues. The ordering physician should 
be reminded to order kidney function tests to be 

completed prior to the scan, or the scan may need 
to be delayed. The patient should also be reminded 
to be well hydrated to assist the body in flushing 
out the contrast dye. 

There is now general agreement that all chil-
dren – especially those with some genetic condi-
tion – should avoid radiation unless truly medi-
cally necessary. While there is no specific evidence 
that medical imaging increases the risk of future 
cancers, there is compelling circumstantial evi-
dence that, although there is no specific threshold, 
low individual doses of radiation received over 
a period of years are equivalent to higher doses 
obtained at one time and that ionizing radiation 
predisposes to germline mutations in HRC. [3]

tRAcKING RAdIAtION ExPOsuRE
Industry has long understood the need to pro-

tect staff from radiation exposure in the workplace. 
Limits are in place for the maximum radiation 
exposure permitted among the staff. Traditionally, 
however, little attention has been paid to the expo-
sure of the patient, because “the benefit outweighs 
the risk.” As more focus was placed on improving 
CT image quality and reducing the time it takes to 
complete the scan, radiation levels rose. Since 2006 
the International Atomic Energy Agency (IAEA) 
has led an effort worldwide to reduce the radia-
tion dose delivered to the patient, and to facilitate 
tracking of the delivered dose so that in future we 
can carry out retrospective studies that will answer 
some of these questions.

Typically, on a global scale, CT constitutes 
around 5 % of the imaging examinations using 
ionizing radiation but contributes 30–40 % to the 
radiation dose delivered to the population from 
man-made sources, excluding radiotherapy. Only 
recently has it been reported that patients receiv-
ing multiple CT examinations were being exposed 
to patient doses that exceed the average occupa-
tional dose over a working life of most workers. [4]

An “average” VHL patient diagnosed at age 14 
will have CT and/or MRI at least annually for a 
lifetime stretching to age 60 and beyond. That’s eas-
ily 100 MRIs and/or CTs over 46 years – and that 

 “ ... Only a few years ago, it was 
practically impossible to learn just how 
much radiation had been delivered in 

the course of a CT examination. ...”
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may be a low estimate. In some 
research protocols, or to monitor 
a tumor, there are periods when 
the patient may undergo CTs every 
3-6 months, both with and without 
contrast. And that’s just one organ. 
This patient is likely seeing mul-
tiple specialists (e.g. for kidney, 
pancreas, lung). Coordination of 
the various scans is essential.

PROGREss
Only a few years ago, it was 

practically impossible to learn 
just how much radiation had been 
delivered in the course of a CT 
examination. Different machines 
calculated those values differently, 
if at all. Today the technical chal-
lenges of communication of dose 
data between imaging machines 
from different vendors have been 
reasonably met, making tracking 
of procedures and dose a reality 
through cooperating institutions 
in a Picture Archiving and Com-
munications System (PACS). [5]

These values are stored auto-
matically with the images in the 
PACS at each institution. There 
is work going on worldwide to 
coordinate data contained within 
PACS systems to cover entire 
states, provinces, and countries, 
and to make provision for sharing 
between PACS. This not only helps 
in measuring cumulative radiation 
exposure but also reduces dupli-
cative imaging carried out at dif-
ferent centers. There is also an 
effort to transcribe these values 
into the patient’s Electronic Medi-
cal Record (EMR), and to keep one 
EMR for each patient, not just for 
one hospital or medical practice. 
This involves having one consistent 
patient identifier across all jurisdic-
tions. In the European Union, with 
national health systems, implemen-
tation is already progressing well. 
In the United States, this is only just 
now beginning to be discussed.[6] 
While large US groups such as Kai-
ser Permanente already have EMRs 
in place, if a patient goes outside 
the group for scans or treatment, 
that information is usually not cap-
tured and important data lost. 

There is also a concerted 
worldwide focus on making 
sure that when a medical image 
is needed, the right modality is 
chosen that will use the lowest 
possible radiation does that will 
give the image needed to answer 
the medical question. The scan 
should be medically justified 
by the physician, and the dose 
should be carefully optimized by 
the radiologist. And the patient 
needs to understand the con-
siderations and be part of this 
discussion.

Previous scans can provide 
important information on the 
rate of tumor growth. Radiation 
dose information can be used not 
only to track cumulative risk, but 
could also be used to optimize 
dosage. If we are aware of the 
dose used in a previous scan, and 
the quality of the image created, 
we can make smarter decisions 
whether a lower dose would also 
provide an acceptable image. 
[7] Various proposals have been 
tested, mostly dependent upon 
the patient keeping track of his 
own exposure on a handwritten 
card like a vaccination card. The 
optimal way to track, which is 
being implemented in a number 
of countries [8, 9, 10] is for the 
machine to report dosage along 
with the scan in the PACS and 
the value from the PACS to be 
recorded into the patient’s EMR 
giving the physician access to 
that information when ordering 
the next scan.[11] The Euro-
pean Union (EU) Directive on 
Patients’ Rights in Cross-Border 
Healthcare will help to promote 
the implementation of PACS sys-
tems nationwide and to promote 
the interoperability of these 
national systems across the EU.

cONclusION
From a patient’s perspective, 

there is significant long-term 
benefit to be gained from the 
judicious use of medical imag-
ing. There is even greater benefit 
to the patient in recording radia-
tion dose, tracking exposure over 
time, and using this information 

in planning the next scan. 
Most of all, it is important for 

both the physician and the radi-
ologist to involve the patient in 
making these decisions. Patients 
are already being advised to ask:

•Why do I need this exam? 

• How will having this exam 
improve my health care? 

• Are there alternatives that do 
not use radiation and which are 
equally as good? [12]

Radiologists should be pre-
pared to discuss these issues 
with their patients. Remember 
that medicine is a team sport, 
and that the patient is an integral 
part of the team.
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