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P: In ED patients being considered for diagnostic CT,
I: is the consideration of radiation exposure with inclusion of patient decision making and consent regarding the harmful risks of the imaging procedure,
C: compared to deferring consent,
O: associated with a more judicious and appropriate approach to the use of CT? 

2011 Archives of Int Medicine: Use of Neuroimaging in the US EDs: Raja et al.

Analyzed the 2007 NHAMCS (National Hospital Ambulatory Medical Care Survey: based on 35, 490 ED visits) ED component to evaluate head CT use.
Trauma, HA, and dizziness were the leading indications for obtaining a head CT.
There were approximately 117 million visits to the US EDs, and head CTs were performed on 6.7% of visits. This is nearly 8 million head CTs ordered in the ED.
This translates to about 1 in 14 ED patients receiving a head CT. By age, 1 in 34 children (younger than 18yo) received a head CT and 1 in 7 older than 65yo.


2006: Health Risks from Exposure to Low Levels of Ionizing Radiation: BEIR VII-Phase 2: Committee to Assess Health Risks from Exposure to Low Levels of Ionizing Radiation, National Research Council: ISBN: 978-0-309-09156-5 424p

Background information: Radiation exposure is measured in terms of absorbed dose which is the ratio of energy imparted to the mass of the exposed body or organ. Absorbed dose is J/kg which is called gray (Gy). 1 Gy=1 Sv



The total average annual population exposure worldwide due to low linear energy transfer ionizing radiation is approximately 0.9 mSv. 2 view CXR is about 0.08 mSv.

Data: 
The epidemiologic data describes atomic bomb survivors, populations who lived near nuclear facilities during accidental releases of radioactive materials such as Chernobyl, workers with occupational exposures, and populations who received exposures from diagnostic and therapeutic medical studies. 
The most thoroughly studied individuals for determination of the health effects of ionizing radiation are the survivors of the Hiroshima and Nagasaki atomic bombs. 65% of these survivors received a low dose of radiation (less than 100mSv, which is the definition of low dose used in BEIR VII. This is approx 100x the yearly background exposure of low LET (linear energy transfer) radiation). 

Results:
From the Hiroshima and Nagasaki studies, solid cancers show an increasing rate with increasing radiation dose that is consistent with a linear association. Therefore the linear no-threshold model is used to provide the most reasonable estimates of CA from ionizing radiation exposure. This means that even at low levels of radiation exposure, there is risk of CA.
Radiation doses associated with commonly used CT scans resemble doses received by atomic bomb survivors in whom an increased risk of CA was documented.
Excess cancers can be detected at doses as low as 10 mSv with in-utero exposure.
The expected cancer risk from a single exposure (based on a 70 yr life expectancy) of 0.1Sv (higher risk for females and young people), assuming a sex and age distribution similar to that of the entire US population, the BEIR VII lifetime risk model predicts that approx 1 person in 100 would be expected to develop CA from a dose of 0.1Sv above background. 1 per 1000 would develop CA from exposure to 0.01 Sv.

Conclusions: 
Risk estimates are uncertain and estimates that are a factor of two or three larger or smaller cannot be excluded, however CA risk increases with radiation exposure.
One would not expect to see an excess of adverse hereditary effects from radiation exposure based on the atomic bomb survivors. But there are extensive data on mice and other organisms that radiation induced transmissible mutations occur, so data may be insufficient in size to see an effect. Also, this does not account for miscarriages.
Ionizing radiation at high doses causes mental retardation in the children of mothers exposed to radiation during pregnancy.
High therapeutic doses and moderate doses of radiation exposure can cause death, or increase cardiac, stroke, hematologic, digestive and respiratory diseases.









2007 NEJM: CT-An Increasing Source of Radiation Exposure: Brenner et al.

Review article summarizing the concepts of radiation.
Exposure depends on doses to particular organ, scan tube current and scan time, size of the patient, axial scan range, scan pitch (degree of overlap between adjacent CT slices), tube voltage, specific model of CT scan.
Increasing number of CTs (see figure below): 2006 data: over 60 million CT scans per year, with over 4 million in children. Only 3 million total CTs in 1980.



25,000 survivors of atomic bomb received doses less than 50 mSv. Significant overall increased risk of cancer in the subgroup of atomic bomb survivors who received doses of 5 to 150mSv with a mean dose of 40 mSv.
Also, studies from 400,000 radiation workers in the nuclear industry exposed to an average dose of 20 mSv showed an association between dose and mortality from cancer consistent with atomic bomb data.
“The estimated risks associated with CT are not hypothetical-that is, they are not based on models or major extrapolations in dose. Rather, they are based directly on measured excess radiation-related cancer rates among adults and children who in the past were exposed to the same range of organ doses as those delivered during CT studies.”
“Perhaps 20 million adults, and more than 1 million children per year in the US are being irradiated unnecessarily.”


2009 Archives of Internal Medicine: Radiation Dose Associated With Common CT Examinations and the Associated LAR of Cancer: Bindman et al.

Objective: “We sought to estimate the radiation dose associated with common CT studies in clinical practice (those performed most commonly in the United States) and quantify the potential LAR of cancer associated with these examinations by studying variation across study types, patients, and institutions.

Methods: Collected data from 4 institutions in the San Francisco Bay area in CA: a 600, 555, 235, and a 1300 bed hospital. Selected based on size, geographic diversity, availability of PACS, and reporting systems allowing querying of the clinical reasons studies were ordered. Each institution used the same manufacturers CT scanners.
Reviewed all scans performed in March 2008 and chose the 11 most common studies. They were head, neck, chest, abd and pelvis. Table 1 displays the studies selected.
Sampled 20-30 consecutive patients 18 yo and older for each study type for each institution between Jan 08-May 08 for a total of 1119 pts. For each pt dose report data was abstracted from the CT images. Used “effective dose” to quantify the radiation exposure with each CT exam. Used BEIR II risk estimates to calculate age and sex specific LAR of all CA incidence for the median and interquartile range of effective doses for each type of study.

Results: Mean pt age was 59 yo and 48% female. All institutions had the same scanners but showed a huge variation in radiation doses. See table 2 and figure 1. Within study type, radiation dose varied by a mean 13 fold variation in mSv between the highest and lowest dose for each CT study type. The multiphase abd and pelvis ranged 6-90 mSv!
Variation occurred within and across institutions. Mean doses differed 2 fold across institutions and many studies differed by 3 fold or more.
The median effective dose of an abd/pelvis CT scan is quoted as 8-10 mSv: this paper showed the median dose was 66% higher. For a multiphase abd/pelvis the median dose was almost 4 fold higher.
For a 20 year old female:
Head CT median effective dose 2 mSv=median adjusted LAR of CA is 0.23/1000. Range from 0.03-0.7/1000.
Multiphase abd/pelvis med eff dose 31 mSv=median LAR of CA 4/1000 range 0.8-11.1/1000.
Coronary angiography had the lowest # of CT scans needed to result in CA. (20 yo women 1 CA per 150, 40 yo women 1 CA per 270).
The highest effective dose they observed: fig 2: 20yo women who got a CTA PE, CTA coronary angio or multiphase abd, and pelvis CT scan: 1 in 80 risk of CA 

Conclusions: The vast discrepancy between ‘quoted’ dose and actual dose is due to:
1.) phantoms accounting for the original effective dose estimates.
2.) clinical indications for specific scans
3.) site specific protocol differences that answer the same clinical question (ex; table 3: CTA for PE: one institution used chest and scanned pelvis and thighs for DVT).
Protocols should be determined with a randomized trial to provide a framework for standardizing radiation dose of each study type with penalties for excessive radiation exposure.

Limitations: Did not look at specific factors causing variations in doses (CT tech experience, docs ability to review studies in real time to prevent multiphase scans, pt wt factors, etc.). Didn’t look at image quality and effective dose. Limited data to a single manufacturer of the scanners. Variable assumptions of effective dose and LAR of CA. Only looked at 4 hospitals and limited study to most common CTs.


2009 AJR:  R Griffey, A Sodickson: Cumulative Radiation Exposure and Cancer Risk Estimates in ED Patients Undergoing Repeat or Multiple CT

Objective: To define a conservative estimate of the number of patients undergoing repeat or multiple ED CT studies and to quantify their cumulative CT radiation doses and LAR of developing CA.

Methods: Tertiary care, adult academic medical center, 54K annual visit. Studied a one yr period from 05-06. Identified all patients with at least 3 ED visits within 1 yr who received either a CT of the neck, chest, abd, or pelvis at each visit. Of this group, they then identified all diagnostic CT studies over the previous 7.7 years. Then calculated cumulative radiation doses and LAR of cancer using the BEIR VII report. 

Results: Ave age of 56, included a 21 year old. 130 patients met inclusion criteria. Mean cumulative CT dose was 122 mSv with a max of 579, and a mean LAR of cancer of 1 in 82 and a max of 1 in 17. See table 2 which is likely highly underestimated in terms of radiation dose and LAR of CA.

[image: ]

Fig 2 shows that the ED comprised 55% of the total imaging. [image: ]

Conclusion: The small cohort of patients with multiple imaging from repeat visits may have a higher risk of developing CA from cumulative CT radiation exposure. Individualized radiation risk assessment may impact the risk to benefit equation of CT scans.

Limitations: this study vastly underestimated CT exposure (“because of our restrictive inclusion criteria our estimates represent only the “tip of the iceberg”). It did not include pts who underwent multiple imaging on a single date (poly trauma pt), only covered a one yr period so it excluded pts with less visits, and only identified scans in a single hospital. Also, this study only included specific scans. Finally, they used estimates of the effective doses, not actual doses as the Bindman paper does.


Overall Summary and Clinical Bottom Line

First do no harm! Radiation is harm. Inform your patient of the risk of harm versus the potential of benefit (include Brenner table 4 on patient consent form).

Patient’s radiation exposure needs to be reduced:
1.) Standardize: CT protocols need to be standardized to limit variations in dose.
2.) Regulate: FDA requires manufacturers to record dosing info on phantoms but does not monitor or regulate dose in clinical CT applications. There is likely a role for a governing body to oversee and protect pts from radiation exposure. (The FDA does regulate mammography exposure)
3.) Reduce: decrease amount of scans done. Utilize US and MRI if imaging necessary.
4.) Track: have hospital wide access to radiation exposure for each pt.

Pt oriented outcomes are needed to prove the worthiness of a CT scan:
For example: 2011: Annals of EM: Newman and Schriger: Rethinking PE…
Table showing more fatalities than lives saved for PE
		Benefits per 10,000 Harms per 10,000
Total Events:	Nonfatal	24 (5-48)	37 (10-71)
			Fatal		6 (1-12)	36 (4-69)

From an invited commentary in the Feb 2011: Archives of Internal Medicine by Jeffery Tabas and Renee Hsia:
“As a society and as a profession, we cannot allow the temptation for diagnostic certainty to undermine the intent of our profession: the patient’s best interest. It has been estimated that approximately one-third of all CT scans in the US are not medically necessary. To achieve the best interests of our patients, we must be led by our heads, not by our technology.”
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890 AJR:192, April 2009



imaged cohort, accrue small cumulative ra-
diation doses and associated cancer risks. 
However, a small group of patients receive 
high levels of cumulative dose and estimated 
lifetime attributable risk from recurrent im-
aging. The BEIR VII risk model suggests the 
same marginal risk for an individual study 
regardless of a patient’s imaging history. 
Nonetheless, for some frequently imaged pa-
tients, cumulative radiation risks may out-
weigh the aggregate historical benefits of the 
previous imaging. For subsequent presenta-
tions, the risk-to-benefit profile for some of 
these patients may justify the potential risks 
of no imaging or of imaging with a potential-
ly less accurate alternate technique that de-
livers less or no ionizing radiation. Practical 
identification of these patients is best in-



formed by inspection of an individual pa-
tient’s comprehensive imaging history re-
gardless of the practice setting. However, this 
patient history is not always readily available 
or easily retrievable in a usable format.



High-risk patients can be particularly 
challenging when presenting repeatedly to 
the emergency department with troubling 
complaints that have been repeatedly evalu-
ated with no new findings but perhaps with 
previously confirmed disease that affects the 
decision to image yet again. Along with the 
occasional positive finding, this practice is 
also reinforced by the prevailing medicole-
gal environment.



Table 3 contains summary data for two ex-
ample cohort patients. These vignettes high-
light some of the complexities leading to re-



peat imaging and the challenges of reducing 
cumulative radiation exposure, potentially at 
the expense of diagnostic accuracy or physi-
cian confidence.



In the case of the frequent unchanged ure-
ter CT studies in patient 1, a modified im-
aging approach is warranted using renal 
sonography as the first-line examination. 
Although sonography is more likely to pro-
vide false-normal findings in the setting of 
a small ureteral stone or a short time inter-
val since symptom onset, both of these sit-
uations can arguably be managed conserva-
tively in the absence of clinical concern for 
superimposed renal infection. When needed 
to guide management, hydronephrosis found 
at sonography may be followed by low-dose 
ureter CT to clarify the size and location of 
the offending stone. This and other proposed 
imaging algorithms for obstructive uropathy 
[6, 7] warrant more formal study. However, 
it seems reasonable that there will not be one 
single best imaging strategy for all patients 
but rather that stratification by cumulative 
radiation risk can play a role in adjusting the 
threshold for CT.



Patient 2 poses a different challenge in 
light of the potential morbidity of pulmo-
nary embolus and the patient’s history of ve-
nous thromboembolic disease. In particular, 
cumulative breast irradiation is the primary 
concern [31] and must be balanced against 
the patient’s current clinical presentation. 
Parker et al. [31] have suggested that ven-
tilation–perfusion imaging may be consid-
ered as a lower-dose alternative in a patient 
with normal findings on chest radiography, 
and in certain situations MR angiography 
may be considered to assess central embo-
li, although its accuracy remains limited for 
small emboli.



As in many areas of medicine, one size 
does not fit all, and diagnostic as well as 
therapeutic decisions should consider as 
much as possible the individual risk and ben-
efit profiles for the patient at hand in context 
with the severity of the clinical presentation. 
Therefore, imaging decisions should consid-
er not only a patient’s pretest probability of 
disease but also the risks of the imaging it-
self, a task that has previously been difficult 
to assess on a patient-by-patient level.



Our study focused on cumulative CT expo-
sures and associated radiation risks at a single 
urban academic emergency department, and 
generalization of results to other institutions 
would require similar CT availability and or-
dering practices.
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Fig. 2—Graph shows distribution of study types (all locations [black bars] vs ED only [gray bars]) during the 
7.7-year study period. Fifty-five percent of studies were performed in ED. 
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Fig. 3—Graph shows distribution of repeat study types per patient, plotting percentage (left y-axis) and number 
(right y-axis) of patients for whom more than n % of studies were of same type. Total curve shows that repeat 
imaging accounts for more than half of our patients’ imaging in 72% of the cohort, and all imaging performed 
in 12% of the cohort. This is then subdivided into the three most common study types, with general abdomen–
pelvis accounting for the majority of repeats. Each data point represents the proportion of each patient’s study 
count originating from the most common study type, with the remainder including CT of other types.
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