Radiation exposure of vascular surgery patients
beyond endovascular procedures

Wei Zhou, MD, Stanford, Calif

Background: Medical imaging evaluations provide valuable information and are often imperative in the care of our
patients. Radiation exposure in patients who undergo medical imaging procedures is not routinely monitored and the
associated risks are often underestimated.

Methods: Radiation exposure associated with computed tomography (CT) angiography and coronary intervention is
reviewed.

Results: Vascular surgeons are often involved in the decision-making process in roughly 30% of CT scans performed that
are believed to be unnecessary. Society for Vascular Surgery (SVS) practice guidelines for patients with abdominal aortic
aneurysms recommended eliminating a 6-month contrast surveillance CT if no endoleak was observed at 1 month after
endovascular aneurysm repair (EVAR). Ultrasound and aortic duplex can help eliminate some of the CT scans.
Conclusion: Vascular surgeons must remain vigilant in monitoring radiation exposure for their patients who have potential for
coronary and vascular imaging with radiation. Judicious use of alternative imaging modalities when possible and maintaining
the dose as low as reasonably achievable (ALARA) is the responsibility of vascular surgeons. (J Vasc Surg 2011;53:39S-438S.)

High-dose ionizing radiation has been shown to be
associated with predictable deterministic effects, namely
hematologic disorders, gastrointestinal symptoms, skin in-
juries, and central nervous system syndrome.'* Chronic
low-dose radiation exposure, on the other hand, is often
related to unpredictable stochastic effects, particularly can-
cer inductions.! In addition to background radiation and
radiation exposure during endovascular procedures, pa-
tients with vascular diseases are frequently subjected to
additional radiation from several common sources of med-
ical imaging, particularly plain x-rays, computed tomogra-
phy (CT) scans, nuclear stress tests, and coronary angiog-
raphies.

A common scenario we encounter as vascular surgeons
is described here: An elderly patient with multiple medical
problems presents to the clinic for evaluation of an aortic
aneurysm or peripheral vascular disease. This patient then
undergoes several diagnostic tests prior to vascular inter-
ventional procedures. For example, a CT angiogram is
obtained for this patient with an aortic aneurysm or lower
extremity occlusive disease; a preoperative nuclear cardiac
stress study may be required because of his history of
coronary artery disease; and then a coronary angiogram and
coronary angioplasty/stent is prescribed for him due to the
abnormal cardiac stress test. Following the vascular proce-
dure, this patient may receive multiple CT scans for routine
follow-up surveillance of an aneurysm repair or necessary
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secondary endovascular interventions to maintain patency
of the revascularized lower extremity vessels. These medical
imaging evaluations provide valuable information and are
often imperative in the care of our patients. However,
radiation exposure in patients who undergo medical imag-
ing procedures is not routinely monitored and the associ-
ated risks are often underestimated.

Plain x-rays are commonly performed imaging studies.
Despite its low radiation dose, a single chest x-ray, for exam-
ple, is equivalent to the amount of radiation exposure one
experiences from our natural surroundings in 10 days.? Like
plain x-rays, CT scans also utilize x-rays passing through
the body to generate images. CT scans have gained immense
popularity in medical imaging since its introduction in the
1970s, but radiation risks are often under recognized. The
exposure from a chest CT scan is equivalent to the amount of
radiation exposure one experiences from natural sources in 2
years, and an abdominal CT scan is equivalent to that of 3
years.®* Unlike x-rays and CT scans, the small amount of
radioactive material inhaled, injected, or swallowed during
nuclear medicine procedures is the main source of radiation,
and the amount of radiation exposure is associated with the
type of radioactive material.®

CT SCANS AND RADIATION EXPOSURE

CT scanning is considered the greatest advancement in
modern medicine with remarkably versatile imaging appli-
cations. It is the standard imaging modality used for pre-
operative planning in patients with aortic aneurysms and
the most common follow-up imaging modality postopera-
tively.® It is also often used as a diagnostic test by many
vascular surgeons for patients with peripheral vascular dis-
eases. Over the last several decades, the usage of CT scans
has increased dramatically. The rise in the volume of imag-
ing services per Medicare beneficiary was reported to have
outstripped the growth of all other services physicians
provided.® The total number of CT examinations per-
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formed annually in the United States has risen from approx-
imately three million in 1980 to nearly 70 million in 2007.”
The dramatic rise in imaging raises both health care costs
and patient radiation exposures.® The exposure to radiation
levels from a CT scan is considerable and variable. An
abdominal CT scan delivers 500 times the radiation than a
routine anterior-posterior (AP) chest x-ray, while a mul-
tiphase abdominal and pelvic CT angiogram routinely dou-
bles that amount of radiation.”

Utilization patterns of CT scans and radiation
exposure. Multiple studies have evaluated radiation expo-
sure for patients who have undergone CT scans. A recent
study evaluated nearly one million adults less than 65 years
of age across the United States and found that approxi-
mately 70% of the study population underwent at least one
imaging procedure associated with radiation exposure over
a 3-year period.® CT scans and nuclear imaging accounted
for 21% of the total number of procedures and 75% of the
total effective doses. Although most subjects received rela-
tively low doses of radiation, 20% of the total population
received either moderate (>3 mSv), high (>20 mSv), or
very high (>50 mSv) annual effective doses. Elderly sub-
jects and women had higher rates of high and very high
effective doses.® A retrospective cross-sectional study con-
ducted by Smith-Bindman and colleagues included 1119
consecutive adult patients in the San Francisco Bay area
during a 5-month period.” The author examined the 11
most common types of diagnostic CT studies and docu-
mented higher and more variable doses than what was
typically quoted from the most common types of diagnostic
CT studies performed in clinical practices. For example, the
median effective dose varied from 2 mSv for a routine head
CT to 14 mSv for a suspected stroke CT. A routine non-
contrast abdominal and pelvic CT scan had a much lower
median effective dose (15 mSv) than a multiphase abdom-
inal and pelvic CT scan (31 mSv). Interestingly, there was
also a substantial variation in doses within and across insti-
tutions, with a mean 13-fold variation between the highest
and lowest doses for each CT study type included. The
investigators found no specific pattern to the variation.
Significant variation in radiation dose across the facilities
has also been documented from other studies as well.” This
considerable dose variation reflects the lack of standardiza-
tion in administration of CT scans.

CT scan-associated radiation injuries. Significant ra-
diation exposure associated with the increased usage of CT
scans has raised the concern of future cancer risks in the
population. Radiation is one of the most extensively stud-
ied carcinogens, and its direct relationship to the risks of
cancer has been demonstrated from studies of the Japanese
atomic bomb survivors and radiation workers.'®!! There
was a significant increase in the risk of cancer even in the
subgroup of atomic bomb survivors who received low doses
of radiation, doses that are approximately equivalent to two
or three CT scans in adults. Similarly, significant risks of
cancers have also been observed among 400,000 radiation
workers in the nuclear industry who were exposed to an
average dose of radiation equivalent to that of a single CT
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scan for an adult.'*>'3 Although the risk of CT-associated
cancers to an individual is small, the cumulative exposure in
the population likely leads to considerable public health
issues due to the large number of people exposed annually.
In a review article in the New England Journal of Medicine,
Brenner and Hall estimated that 1.5% to 2% of all cancers in
the United States may be attributable to the radiation from
CT studies.? In another large-scale study, the investigators
conducted a detailed modeling of the future cancer risks for
current CT scan usage in the US and estimated that approx-
imately 29,000 future cases of cancer could be related to
CT scans performed in the US in 2007.** Based on the
author’s assumption of a 50% mortality rate, these cancer
cases would translate into about 14,500 cancer deaths.

Physician awareness. Unfortunately, the majority of
physicians underestimate the amount of radiation exposure
associated with CT scans and a significant number of phy-
sicians including many vascular surgeons are not aware of
CT-associated lifetime risks of cancers. A survey conducted
in the emergency room (ER) of an academic medical center
showed that only 47% of radiologists, 9% of ER physicians,
and 3% of patients believed that there was an increased
cancer risk."® All patients and most physicians were unable
to accurately estimate the radiation dose for one CT scan
compared with that of one chest x-ray.'®

Admittedly, most cancers and noncancer health risks
due to radiation exposure are derived from Japanese atomic
bomb survivors and radiation workers.'®*?® There is mini-
mal direct evidence of radiation injury actually related to
CT scans. It is also very difficult to estimate the risk of
malignancies associated with ionizing radiation generated
by medical imaging. Malignancies induced by radiation
from CT and other medical imaging are often indistin-
guishable from malignancies induced by other carcinogens
or background radiation.* As CT scans become commer-
cially available, thousands of people have undergone a total
body scan without an appropriate medical indication de-
spite limited insurance coverage. Together with ever-in-
creasing medical imaging, the cumulative dose of ionizing
radiation in the general population is alarming and mea-
sures should be taken to reduce radiation exposure.

In addition to standardizing CT scan guidelines and
carefully tracking the dosage information of patients, the
most effective measure in decreasing radiation exposure is
to reduce the amount of CT scans prescribed. It is reported
that over 30% of CT examinations currently performed may
be unnecessary.” Vascular surgeons are often part of the
decision-making process to contribute to this effort. It is
our responsibility to help reduce radiation exposure of our
patients. In fact, a recent Society for Vascular Surgery (SVS)
practice guideline for patients with an abdominal aortic
aneurysm recommended eliminating a 6-month contrast
CT surveillance if no endoleak or other abnormality of
concern was observed on contrast-enhanced CT scan per-
formed 1 month after EVAR.® Alternatively, magnetic
resonance imaging (MRI) and ultrasounds could be used to
replace some CT scans.
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Although MRI is sophisticated and noninvasive with-
out exposing patients to radiation, the use of MRI for
vascular evaluations has not been widely adopted largely
due to the higher cost and unfamiliarity with the technol-
ogy among vascular surgeons.® Ultrasound, on the other
hand, has been a successful screening tool for abdominal
aortic aneurysms, but its utilization for preoperative plan-
ning is limited. Moreover, for postoperative follow-up eval-
uations, it is often dependent upon the comfort of the
physicians and consistency of the technicians. With increas-
ing familiarity and consistency, MRIs and ultrasounds are
promising diagnostic tools for vascular patients. Utilization
of these alternatives can decrease the demand for contrast-
enhanced CT angiograms and potentially reduce radiation
exposure to our patients.

CORONARY ANGIOGRAPHY/INTERVENTION
AND RADIATION EXPOSURE

Coronary catheterization is another diagnostic modal-
ity frequently required for vascular patients, as moderate-
to-severe coronary artery diseases are common in this pa-
tient population. Unlike CT scans, complicated coronary
artery interventions can result in high enough radiation
dosages to cause deterministic effects of radiation expo-
sure.'®? Similar to endovascular procedures, the radiation
dosage during coronary interventions depends on the
lengths of fluoroscopy and cineangiography (cine), proce-
dure indications, positions of the x-ray tube, and clinical
conditions of the patients. Several studies have compared
radiation exposure between peripheral vascular interven-
tions and coronary interventions. Not surprising, it was
found that patients received similar amounts of radiation
and the doses correlated to total procedure time.'® During
a coronary artery intervention, the effective dose a patient
receives varies greatly from approximately 5 mSv (moder-
ate) to 60 mSv (very high). In other words, one single
coronary angioplasty can deliver radiation up to the
amount of radiation exposure one experiences from the
natural surroundings in 15 years and equivalent to 3000
times more radiation than a routine AP chest x-ray.

Coronary intervention and radiation measurement.
There has been increased evidence in the cardiology litera-
ture examining radiation exposure during coronary angiog-
raphies and angioplasties. Faulkner and colleagues showed
a significant increase in the coronary interventional proce-
dures with the average number of coronary angioplasties
increasing by 6.7% per year across 29 European countries
since 1990.'7>'® Growing numbers of interventional pro-
cedures lead to growing incidences of deterministic and
stochastic effects of radiation to a single patient, to the
population, and to health care providers. Clinical awareness
of radiation exposure to patients and staff has been height-
ened in recent years. However, due to nonuniform expo-
sure and dose variations during coronary interventions, the
cumulative dose of radiation is often difficult to measure.
The dosimeter, a commonly worn badge by a fluoroscopy
operator to measure radiation exposures, may underesti-
mate the radiation exposure of the medical personnel. The
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measurement often varies based on location and angulation
of dosimeters. Studies have shown that the greater angula-
tion and rotation away from the x-ray tube, the less the
measurement of actual radiation exposure.?®2! While the
average operator dose is quantitatively related to the aver-
age patient dose, it is not surprising that Kim and coauthors
observed greater variations in operator doses than in patient
doses in a retrospective review.?? In their review, the au-
thors also found that for the same patient dose-area prod-
uct, occupational doses varied widely, which suggested
variations in the usages of radiation protection devices and
management of radiation scattering. To decrease radiation
exposure to health care providers, various protective de-
vices are available such as leaded aprons, thyroid shields,
leaded glasses, leaded gloves, and lead screens. However,
the protection for patients is often minimal. Fixed fluoros-
copy units often have an integrated component that out-
puts the kinetic energy released in dose-area product. This
automatic feature provides valuable information about es-
timated radiation exposure of our patients.

Risk factors for radiation exposure during coronary
interventions. Radiation exposure during coronary artery
intervention varies significantly. Total fluoroscopy time and
number of frames recorded have shown to be the major
factors in determining the radiation delivered during inter-
ventional procedures.?®> 2* Studies have shown that ana-
tomical and technical factors significantly influence the
total fluoroscopy time.*®2°** Complex lesions, multiple
lesions, prior history of bypass surgery, and the number of
digital cines performed are associated with higher total
fluoroscopy times.>%2® Patient radiation exposures in cine
are much higher than static image recordings, and the dose
is directly proportional to the framing frequency. Cine was
reported to contribute 66% of the total radiation dose while
only occupying 23% of the total exposure time.*! A recent
Canadian study including approximately 2000 patients
confirmed that multiple lesions, complex lesions, bifurca-
tion lesions, and radial access were significantly associated
with increased radiation exposure.?® Studies have also
shown that despite a modest reduction in average operator
doses over time for diagnostic coronary angiography and
ablation, occupational doses have not been reduced for
therapeutic coronary angioplasty. In addition, radiation
exposure during an angioplasty was strongly correlated
with procedure complexity.?? These lessons learned from
coronary interventions can be easily translated into the
vascular surgical field where increasingly complex endovas-
cular interventions are being performed.

Radiation-related injuries during coronary inter-
ventions. Radiation-induced skin injuries, such as ery-
thema, pigmentation, desquamation, ulceration, and hair
loss, have been reported as early as 1897.'¢ Even with
appropriate dose-saving techniques, complicated interven-
tional procedures and prolonged use of fluoroscopy can
deliver a very high dose of radiation that places the skin at
risk for injury.'® Using an automatic build-in dose moni-
toring system, den Boer and colleagues calculated the skin
radiation dose for 322 consecutive adult patients during
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coronary interventions. The authors found that the radiation-
exposed skin was restricted to a size of 50 cm X 50 cm in
95% of all procedures. The high-dose areas occurred when
fluoroscopy time was >60 minutes; gantry positioning
unchanged throughout the procedure; the irradiation oc-
curred through a thick body mass; and high radiation
quality was required during fluoroscopy and cine. Dose
values >1 Gy occurred in the majority of the patients, and
1.2% of the patients received a dose >4 Gy at some parts of
the skin, even with aggressive dose-saving techniques and
real-time monitoring systems.!® Other studies also con-
firmed that certain projections of gantry accounted for a
disproportionally high amount of radiation exposure.>!

In addition to the deterministic effects, radiation expo-
sure during coronary interventions can also contribute to
risks of cancers. It is estimated that there is a 2.5% per Sv
lifetime risk of fatal cancer for a population between the age
of 40 and 60 years.>” A study examined diagnostic and
interventional cardiology procedures in 29 European coun-
tries and estimated that the population doses from these
procedures alone were 27,000 man Sv in 2006."7

SUMMARY

The advancement of medical imaging has undeniable
benefits for our patients. Commonly prescribed imaging
modalities for vascular patients, such as CT scans, nuclear
imaging, and coronary angioplasty, can help to establish an
accurate diagnosis, stratify operative risk, aid in preopera-
tive planning and postoperative evaluations, and potentially
reduce the risk of vascular interventions. Benefits from the
medical procedures may greatly outweigh any potential
minimal risk of harm from the amount of radiation when
appropriately used. However, modern medicine is increas-
ingly dependent on technology, and the growing use of
imaging procedures has raised significant concerns regard-
ing radiation exposure in the general population. Many of
these procedures are frequently performed on multiple
occasions in the same patient. An extensive body of litera-
ture has clearly demonstrated that excessive utilization of
medical imaging beyond what is appropriate increases radi-
ation exposure. Literature also revealed that radiation doses
vary significantly for each procedure among institutions
and even within the same institution. Furthermore, radia-
tion exposure in patients who undergo medical imaging is
not routinely monitored, and there are significant inconsis-
tencies in the reported values of radiation doses. Standard-
izing protocols for medical imaging, limiting unnecessary
imaging studies, and utilizing alternative imaging modali-
ties can help to reduce radiation exposure in our patients.

Although there is no direct evidence that ionizing radia-
tion from medical imaging can induce cancer, radiation is one
of the most extensively studied carcinogens. The consensus
from experts and researchers advocates a conservative ap-
proach of “linear no threshold hypothesis” to radiation dose
and risk of malignancies.> * Physicians and technologists
performing these procedures should be trained to use the
minimum amount of radiation necessary for the procedure.
Certain states, such as California, require all physicians who
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perform fluoroscopic procedures to hold Supervisor and Op-
erator Fluoroscopy Permits. The licensee is to use qualified
judgment in deciding whether fluoroscopy of a patient is
essential and adhere strictly to good practices during fluoro-
scopic examinations. Appropriate utilization of imaging mo-
dalities to maintain the dose as low as reasonably achievable
(ALARA) is the responsibility of all operators.
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