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Introduction Go to:

Fluoroscopically- and computed tomography (CT)-guided diagnostic and interventional procedures
are being performed with increasing frequency worldwide. From 1980 to 2007, annual
performance of CT in the U.S. increased from 3 million! to 80 million. With this rapid increase in
the use of imaging techniques, there has been a concurrent increase in patient exposure to ionizing
radiation.

Effects associated with radiation can be categorized as either deterministic or stochastic.
Deterministic effects manifest themselves in a relatively short time after a high-intensity exposure to
radiation (e.g., 1 or more sieverts).2 In 1994, approximately 50 radiation-induced burns were
reported to the U.S. Food and Drug Administration (FDA). In 2000, a review of 73 reports of
radiation-induced skin injuries* identified fluoroscopically-guided procedures as the cause of 38
severe skin injuries (e.g., chronic ulceration); 18 requiring skin grafts.2-® Radiation-induced burns

have also been reported after extended radiation exposure during CT brain perfusion scans.”

Stochastic effects are increased risks of various conditions (e.g,, cancer, heart disease) that manifest
themselves over a longer time period. Recent estimates indicate that CT scans performed in the
U.S. in 2007 will be related to approximately 29,000 future cancers; killing nearly 15,000. Almost
one half of the projected cancers will be due to scans of the abdomen and pelvis. Experts indicate
that more than 400 patients (across eight U.S. hospitals) who recently received higher-than-
expected” radiation doses while undergoing CT brain perfusion scans may now face long-termrisks
of cancer and brain damage.?

What Are the Practices for Reducing lonizing Radiation Exposure? Go to:

The core principle governing the use of ionizing radiation is ALARA (As Low As Reasonably
Achievable). The goal of ALARA is to reduce both patient and technician exposure to ionizing
radiation without compromising diagnostic or therapeutic efficacy. Several measures recommended
by national organizations to reduce patient's exposure to ionizing radiation are discussed below.

Technical measures. The American College of Radiology (ACR), the Radiological Society of
North America (RSNA), the American Association of Physicists in Medicine (AAPM), and the
American Society of Radiologic Technologists (ASRT) are primary participating members in the
Image Wisely canpaig,nm On its Web site (imagewisely.org), a list of technical mechanisis for
dose reduction during CT include x-ray beam filtration, x-ray beam collimation, tube current
modulation, peak kilovoltage optimization, improved detector efficiency, and noise-reduction
a]gorithtrs.u’l—2 In 2010, task force members of the U.S.-based Conference of Radiation Control
Program Directors (CRCPD)3 recommended technical methods during fluoroscopy:

e Minimize X-ray beam time
e Vary the site of the entrance port on the patient as clinically possible

¢ Optimize collimation
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e Use the least amount of machine magnification possible

¢ Position the x-ray source and image receptor optimally

¢ Apply machine dose reduction features (e.g,, last image hold feature, pulsed fluoroscopy)
¢ Maintain equipment in good repair and calibration

Appropriate utilization. Steps to improve use of diagnostic imaging by referring physicians include
reexamining the need for more dose-intensive diagnostic imaging, which may affect the number of
self-referrals 1. As one of several U.S. physician groups participating in the Choosing Wisely
Campaign, the ACR recently identified imaging exans that, although commonly used, might be
unnecessary.H To reduce unnecessary imaging, ACR recommended further physician-patient
discussion before scheduling five specific imaging examnrs. The list includes imaging for
uncomplicated headache absent specific risk factors for structural disease or injury and imaging for
suspected pulmonary embolism without moderate or high pre-test probability of pulmonary
embolism2 The ACR recommendations were based on a review of professional guidelines and
published evidence.

The ACR also suggests that regularly posting individual physician ordering patterns, whether
appropriate or inappropriate, may positively influence physician ordering behavior through peer
pressure. This practice may be especially helpfil for non-physicians (e.g., physician assistants, nurse
practitioners) who may be ordering imaging studies, and whose ordering patterns are likely to
reflect the behavior of their supervising physicians.E The ACR also sponsors registries (e.g., Dose
Index Registry), which provide participating facilities with feedback on their radiation-exposure
levels in comparison with nationwide levels and those from other institutions.Z Prior and recent

successes have been reported in providing physician feedback and the psychology underlying
+ 18-20
t—==

Education and training. Referring physicians must be thoroughly educated on radiation safety in
order to routinely consider this factor when ordering imaging examinations. Technologists should be
trained to ensure that proper procedures and techniques are followed to prevent the need for
repeated imaging due to suboptimal image quality. Technologists can also notify a radiologist when
a duplicate questionable examination is ordered. Substituting less dose-intensive modalities (e.g.,
MR, ultrasound and radiography i lieu of CT) should also be considered 10 According to the
CRCPD, training of fluoroscopist and staff on the biological effects of ionizing radiation is one of
three components of a comprehensive radiation dose management program. Two remaining
components are monitoring and tracking of fluoroscopic dose and patient follow-up.

Algorithms and protocols. CT-related strategies targeted to Imaging Physicians by the Image
Wisely campaign include use of adaptive iterative reconstruction and development of protocols that
maximize diagnostic yield while minimizing dose. A few preliminary studies have suggested for
example that more limited CT of'the lower abdomen and pelvis (versus standard practice to
perform CT of the entire abdomen and pelvis) should be performed to evaluate conditions such as
suspected appendicitis. 2123 Adjustment of CT protocols to reduce radiation exposure according
to factors such as body mass is also a recommended strategy.2*

How Have These Practices Been Implemented? Go to:

Studies focusing on radiation exposure reduction measures during fluoroscopy and CT were mostly
conducted at single institutions at a university hospital setting, The largest study examined efforts
among 15 imaging centers nvolved in a Mid-west consortium

Fluoroscopy. Lee et al. evaluated the effectiveness of a quality assurance (QA) protocol to reduce
radiation exposure during fluoro urodyna.mics.2—5 Prior to implementation, this institution identified
many unnecessary images that did not contribute to the diagnostic value of a patient's study. In this
study, fluoroscopic imaging helped to visualize the anatomy of the lower urinary tract in 97 patients
diagnosed with urinary incontinence, urinary retention, and other conditions. The QA protocol,
limiting fluoroscopy to 4-5 static images, was distributed to all physicians, nurses, and radiology
technicians nvolved n the procedure. The importance of radiation safety was emphasized to all stafl
mnvolved in the procedure. This QA protocol was limited to anteroposterior views in the sitting
position so generalizability of this protocol may be limited.

Ngo et al 20 evaluated cases of unilateral ureteroscopy for stone disease. First steps to
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implementation included working with operating room (OR) personnel to track fluoroscopy time as
an additional step in their post-procedural documentation. This process was not widely publicized
and “required minimal changes to existing OR staff workflow.”

The multicomponent QA protocol evaluated in Greene et al 2 started with a detailed review of
prior imaging, which was later placed i front of the scrubbed surgeon on a high-definition monitor
during the entire case. In addition, while previous radiation-reducing measures were performed
without regard for respiratory motion, the fluoroscopy-reducing protocol included C-arm activation
timed with the patient's respiration. Key to implementation was participation of a designated
fluoroscopy technician “acquainted with the protocol goals and completely familiarized with the
fluoroscopy machine usage and relevant urological anatomy.”

Lakkireddy2Z reported use of four high-dose lithium fluoride thermoluminescent dosimeters, a
direct method to measure patient exposure. As a relatively new technique, atrial fibrillation (AF)
catheter ablation involves a steep learning curve. Staff physicians, the primary operators during the
procedure, were described as having experience performing more than 400 AF ablations. Three of
the four studies described above stated adherence to the ALARA principle as an external
nfluencer.

Computed tomography. Implementation tools used in one study2® included the use of “real” and
“distractor”” stickers to blind study radiologists to the location of the region of tenderness. Staff
participating in the study was also blinded to clinical mformation, including the patient's original
radiology reports. Broder et al. indicated that targeted CT strategies that focus on scan length
optimization may be mappropriate under certain conditions such as the need to visualize an entire
structure (e.g., aorta) or “when diffuse abdominal processes are strongly considered” (e.g., bowel
obstruction). Changes in clinical practice in one study! included the integration of computed
tomography angiography (CTA) as part of routine imaging in monitoring patients for development of
vasospasm

The first step in implementing an imaging algorithm in another study was providing an imaging
protocol to the ED staff22 A collaborative approach between imaging services (including radiology
and nuclear medicine) and the ED staff followed soon after. If ED staffrequested a CTPA
[computed tomographic pulmonary angiography] for a patient with a normal chest radiograph, an
action that violated the protocol, a radiologist would followup with the ED by phone or email to
discuss the request. Implementing this patient safety practice has encouraged the ED at this
mstitution to implement additional radiation reduction measures for other diagnoses (e.g., renal
colic).

Use of prospective gating was a core element of radiation reduction measures in two studies 3%-3L
Other measures used in one study@ included limiting scan length, minimizing tube current or voltage
according to body physique, use of small bowtie filters, and tube current modulation during cardiac
cycle. A collaborative effort amongst three sites was involved in protocol development in one
study3L LaBounty states that two measures (prospective ECG gating and 100-kV tube voltage
imaging) were only used in 92% and 67% of patients, suggesting that additional radiation reductions
would have been possible if protocol compliance had been higher. Lack of awareness, uncertainty
regarding appropriate implementation, and concern about the quality of studies that assessed
reduction techniques were also described as barriers to implementing multiple radiation reduction
techniques in everyday practice. The generalizability of implementing a similar mitiative at less
experienced sites may be limited because the patient population involved in this study underwent
cardiac computed tomography angiography (CCTA) at three large-volume, experienced centers.

One large urban medical center benefitted from adding a decision support (DS) system to its
existing radiology order entry (ROE) systemﬁ Before DS integration, referring physicians
completed a ROE form to mitiate a CT exam After introduction of the DS component, a second
form was populated providing physician feedback on appropriateness of the exam (1-9
appropriateness score), alternate procedures to consider, and options to proceed or cancel the
request. Appropriateness scores, based on ACR Appropriateness Criteria scores and “locally
developed indication and procedure pairs,” are continuously reviewed and modified.

Locally derived evidence-based imaging guidelines were the basis for a DS tool at another
multispecialty integrated health care network 33 Rapid implementation of the DS tool was attributed
to pressure from local commercial payers and an institutional culture already vested in evidence-
based medicine (including evidence-based imaging protocols) and lean health care management
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methodology.3% An audit of imaging requests to determine outcome for orders initially denied by the
DS system was described as a potential screening method to determine whether providers had
“gamed” (developed ways to order inappropriate studies) the system.

Lastly, Raffet al. described implementation efforts at 15 hospital imaging centers participating in the
Advanced Cardiovascular Imaging Consortium in Michigan. Hospital imaging centers were located
in both small community hospitals and large academic medical centers (1,000+ beds). Best practice
recommendations were developed based on data (including radiation dose and image quality
metrics) from CCTA scanning of 620 patients acquired during a 13-month control period. During
an 8-month intervention period, recommendations created by a team consisting of a physician
program director, a consulting radiologic technician, and a licensed medical physicist were
distributed to participating sites at scheduled consortium meetings, during on-site visits by
coordinating center staff and through personal commumication.

This Best-Practice Model for Scan Acquisition includes directives on topics such as medical
history, administration of beta blockers and nitroglycerin, and protocol parameters (e.g,, field of
view, tube current modulation). Scanner manufacturers were nvolved in training on scanner-specific
techniques. Responsibility for on-site implementation was designated to a physician and radiology
technologist. Raffet al. reported that the greatest reduction in dose occurred at low-volume sites
(<30 scans per month).

What Have We Learned About These Practices? Go to:

We limited our research to studies implementing nitiatives to reduce patient's radiation exposure
from fluoroscopy and computed tomography in the United States from 2005 to the present. Study
designs of the 12 included studies were randomized controlled, non-randomized comparison,
prospective double-blind observational, retrospective cohort, pre-post observational, and a time-
series analysis.

Fluoroscopy. Two studies evaluated the effectiveness of single component initiatives to reduce
radiation exposure during diagnosis of urologic conditions. Several benefits were reported from
implementation of a QA protocol to limit fluoroscopy to 4-5 static images (unless clinically
warranted).2> Significant decreases at the 0.001 level were reported post-implementation for mean
fluoroscopy time (40.9 to 11.7 seconds per procedure), mean dose area product (energy absorbed
across the entire x-ray beam)(518.90 to 150.28 mGy), and mean air kerma (the energy absorbed
by ionizing radiation in a unit mass of air)(15.48 to 4.25 mGy). Increased physician and staff
awareness of radiation safety were also listed as benefits. Lee (2011) indicated that significant
reductions in outcomes did not change the treatment or diagnosis in 100% of the fluoro

urodynarmics.

Ngo et al. reported a statistically significant reduction in mean fluoroscopy time (2.74-2.08, p =
0.002) for unilateral ureteroscopy after physician feedback 22 Baseline data were collected over a
9-month period. A continuous downward trend in mean fluoroscopy time was reported over three
consecutive years (263 cases) after surgeons received quarterly reports that showed their mean
fluoroscopy time and mean times of their peers. Multivariate analysis indicated that a surgeon's
receiving feedback was an independent factor predicting decreased fluoroscopy time (p = 0.0004).

Two studies evaluated the effectiveness of comprehensive radiation safety prograns. In 2010,
Greene et al. compared 30 ureteroscopy cases pre- and post-implementation of a QA protocol.
This multicomponent protocol consisted of use of a laser-guided C-arm, use of a designated
fluoroscopy technician, and substitution of visual for fluoroscopic cues during ureteroscopy. Results
included a significant reduction in mean fluoroscopy exposure from 86.1 seconds to 15.5 seconds
(p<0.001).2% Greene et al. stated “this represents an 82% reduction in fluoroscopy time and
consequently a proportional reduction in radiation exposure.”

A comprehensive radiation-reducing program examined by Lakkireddy et al. included (1) verbal
reinforcement of previous fluoroscopy times; (2) effective collimation; (3) minimizing source-
intensifier distance; and (4) effective lead shield use.2Z These techniques were implemented during
catheter ablation of atrial fibrillation, a procedure that requires extensive fluoroscopy time with 15-
20% of patients needing a second procedure. Patients were randomized to either Group I
(unexposed to program) or Group II (exposed to program). Significant improvements were
reported in Group II for lower dose area product (234+120 vs. 548+363 Gy cn?, p = 0.03) and
mean patient peak skin dose (0.4020.08 vs. 0.12+0.03 Gy, p<0.001). Using five cancer
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deaths/mSv [millisievert] for assessing excess cancer risk, additional lifetime cancer risk was
reported as significantly lower in Group 11 patients (0.08 vs. 0.2%, p<0.001).

Computed tomography. Broder et al. examined 93 emergency department (ED) patients who had
abdominal tenderness; 51 (55%) patients had abnormal CT results. Implementation of two
hypothetical z-axis restricted CT-reduced strategies, based on the region of tenderness, resulted in
reductions in mean radiation exposure by 70% (Strategy 1; 95% confidence interval [CI] 60% to
78%) and 38% (Strategy 2: 95% CI 29% to 48%). The primary endpoint was the frequency of
complete inclusion of the acute pathologic region (detected on the complete CT scan) within the
scope of the two hypothetical z axis-restricted CT scans. Current standard practice indicates a CT
scan of the entire abdomen and pelvis. Abdominal pathology was completely included in limited
CTs n 17% to 36% of patients; conmpletely or partially included in 84% to 92% of patients.
However, in 12 cases (eight from Strategy 1), the pathology detected at CT lay completely outside
the marked region of tenderness (see harms below).

Two studies examined use of algorithims to reduce radiation exposure from CT. Loftus et al.
examined use of an imaging algorithm to reduce radiation exposure in 60 patients with aneurysmal
subarachnoid hemorrhage (435 CT examinations). This imaging algorithm describes the most
appropriate time points at which to detect vasospasm with CTA and CT perfision imaging, Post-
implementation results included a 12.1% decrease in cumulative radiation exposure (p>0.05), a
25.6% reduction in mean number of CT examinations performed per patient, and a 32.1%
decrease in the number of CT perfusion examinations per patient. Stein et al2? implemented an
imaging algorithm in which stable ED patients with a clinical suspicion of pulmonary embolism
underwent chest radiography followed by V/Q scanning (negative chest radiograph) or CTPA
(positive). Data indicates that when comparing CTPA to V/Q scanning, the total effective dose
from CTPA is almost five times greater; the dose to the female breast 20 to 40 times greater.3—5’E
After one year, results included a statistically significant 20% reduction in mean effective dose (8.0
mSv to 6.4 mSv; p<0.0001); a 32% reduction in mean effective dose in women younger than 40
years. From 2006 to 2007, no significant difference i the false-negative rate (range, 0.8-1.2%)
between CTPA and V/Q scanning occurred and CTPA usage in ED patients with suspected PE
declined from 64.6% to 39.4%.

Two studies evaluated the effectiveness of clinical DS systens to reduce unnecessary CT
lrmgmgﬁﬁ Sistrom et al 32 reported results after integrating a new DS component to a
computerized ROE systemat a large, integrated, multispecialty group practice. Significant
decreases were demonstrated in absolute growth (311 vs. 37; p<0.001) and growth rate (3% vs.
0.25%; p<0.001) of CT exans per quarter from 2004 to 2007. The authors reported that the
number of CT exams was “essentially flat” despite an increase in outpatient visits by almost 70,000
over the same period. One retrospective cohort study evaluated use of an evidence-based clinical
DS tool to reduce outpatient imaging use rates for several high-volume imaging procedures.ﬁ Two
years after implementation, Blackmore et al. reported data from a single commercial payer
idicating a clinically and statistically significant decrease (-26%) in use of sinus CT for suspected
sinusitis (relative risk [RR], 0.73; 95% CI 0.65 to 0.82; p<0.001). Secondary analysis indicated
that use of the DS tool was also associated with a decrease in overall volume of sinus CT studies,
regardless of diagnosis.

The three remaining studies implemented several radiation reduction measures in cardiac computed
tomography angiography (CCTA);2%:3L.37 prospective gating was implemented in two studies.
Prospective gating was a core element in initiatives implemented in one study (n = 623) by Choi et
al 30 Results included a statistically significant difference in radiation dose between the prospective
(n=384) and retrospective (n = 239) gating groups (2.0 vs. 9.6 mSv; p<0.0001). In addition,
median radiation doses per month decreased from 6.2 to 2.1 mSv over time due to increased usage
of prospective gating, One multisite study (n = 449) examined effectiveness of a standardized BMI
[body mass index]-based and heart rate-based protocol. Post-implementation, LaBounty (2010)
reported median radiation dose had decreased from 2.6 mSy (interquartile range 2.0 to 4.2) to 1.3
mSv (interquartile range 0.8 to 1.9) due to use of the standardized protocol (p<0.001). Statistically
significant reductions (p<0.001 level) were also reported for prospective (versus retrospective)
electrocardiographic gating (-82%), reducing tube voltage (-41% for 100 vs. 120 kV [kilovolts]),
lowering tube current (-25% per -100 mA), and reducing overall scan length (-6% per -1 cm).
LaBounty also reported no differences between groups in the frequency of interpretable studies on
a per patient (96.4% vs. 95.5%; p = 0.66) or per artery (99.1% vs. 98.5%; p = 0.26) basis.31
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Lastly, Raffet al. (2009)38 reported improvements from dose reduction strategies froma
consortium of 15 imaging centers (n = 4,862). Radiation reduction measures involved
implementation of a best-practice model including techniques to minimize scan range, heart rate
reduction, electrocardiographic-gated tube current modulation, and reducing tube voltage in suitable
patients. Compared with the control period, patients' estimated median radiation dose in the follow-
up period was reduced by 53.3% (dose-length product decreased from 1493 mGy x cm [IQR
855-1823 mGy x cm] to 697 mGy x cm [IQR, 407-1163 mGy x cm]; p<0.001. A statistically
significant reduction in effective dose was also reported (21 mSv (IQR, 12-26 mSv) to 10 mSv
(IQR, 6-16 mSv) (P<0.001)). No significant changes were reported in median image quality
assessment (control vs. follow-up period) or proportion of diagnostic-quality scans.

Harms. Harms froma PSP were reported in one study when implementation of CT-reduced
strategies resulted in erroneous findings of no pathology in 12 patients.28 Three patients required
emergency treatment resulting in a laparoscopic appendectomy, stent placement, and admittance for
pyelonephritis.

Conclusions and Comment Go to:

A range of radiation-reduction measures have been successfully implemented by U.S. institutions to
lower risk of deterministic and stochastic mjuries. Significant improvements were reported for
imaging time, number of images, and radiation dose (mostly measured by indirect methods)—
measures that hypothetically correspond to reduction in patient exposure. Benefits also included
increased physician and staff awareness of radiation safety and no impact on diagnostic
interpretability.

Several studies provided moderately detailed descriptions of implementation but minimal
mformation on the nfluence of context on outcomes. Two studies included a discussion of
generalizability. One study described the expansion of radiation reduction measures for other
diagnoses. Two studies described reliance on national and local evidence-based guidelines to assist
in developing decision support systems.

Direct costs were not reported in these studies. However, initiatives were described as inexpensive,
easy to implement, and requiring minimal changes to current workflow. One study described
implementation of a comprehensive QA protocol with simple radiation-reducing techniques as
adding no technical difficulty. A summary table is following (Table 1).

Table 1, Chapter 29

Summary table.

References Go to:

1. Loftus ML, Minkowitz S, Tsiouris AJ, et al. Utilization guidelines for reducing radiation
exposure in the evaluation of aneurysmal subarachnoid hemorrhage: A practice quality
improvement project. AJR AmJ Roentgenol. 2010 Jul;195(1):176-80. [PMC fiee article]
[PubMed]

2. Boone JM, Strauss KJ, Cody DD, et al. Size-specific dose estimates (SSDE) in pediatric and
adult body CT examinations. College Park (MD): American Association of Physicists in
Medicine (AAPM); 2011. 28 p. (AAPM report; no. 204). www
.aapmorg/pubs/reports/RPT 204.pdf.

3. Committee on Radiation Source Use and Replacement; National Research Council. Radiation
source use and replacement: abbreviated version. Washington (DC): National Academies
Press; 2008. 200 p. www.nap.edw/catalog.php?record id=11976.

4. Koenig TR, Mettler FA, Wagner LK. Skin injuries from fluoroscopically guided procedures:
part 2, review of 73 cases and recommendations for minimizing dose delivered to patient. AJR
AmJ Roentgenol. 2001 Jul;177(1):13-20. www.ajronline.org/content/177/1/13.full. pdf
[PubMed]

5. Wagner LK, McNeese MD, Marx MV, et al. Severe skin reactions from interventional
fluoroscopy: case report and review of the literature. Radiology. 1999 Dec;213(3):773-6.
https/radiology.rsna.org/content/213/3/773 full pdf. [PubMed]

6. Nahass GT, Cornelius L. Fluoroscopy-induced radiodermatitis after transjugular intrahepatic
portosystemic shunt. Am J Gastroenterol. 1998 Sep;93(9):1546-9. [PubMed]

7. Domino D. Two-second CT scan turns into 65-minute ordeal for toddler. [internet] San

Web2

converted by Web2PDFConvert.com



http://www.ncbi.nlm.nih.gov/books/NBK133384/table/ch29.t1/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK133384/table/ch29.t1/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK133384/table/ch29.t1/?report=objectonly
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130505/
http://www.ncbi.nlm.nih.gov/pubmed/20566813
http://www.aapm.org/pubs/reports/RPT_204.pdf
http://www.nap.edu/catalog.php?record_id=11976
http://www.ajronline.org/content/177/1/13.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11418390
http://radiology.rsna.org/content/213/3/773.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10580952
http://www.ncbi.nlm.nih.gov/pubmed/9732942
http://www.web2pdfconvert.com?ref=PDF
http://www.web2pdfconvert.com?ref=PDF

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Francisco (CA): Diagnostic Imaging; Nov 10, 2008. [2012 Feb 2]. [2 p]. www
.diagnosticimaging.comyprint/article/113619/13488 13 ?printable=true.
Berrington de Gonzalez A, Mahesh M, Kim KP, et al. Projected cancer risks from computed
tomographic scans performed in the United States in 2007. Arch Intern Med. 2009 Dec
14;169(22)2071-7. [PubMed]
Bogdanich W. After stroke scans, patients face serious health risks. [internet] New York (NY):
New York Times; Jul 31, 2010. [2012 Feb 2]. [7 p]. www.nytimes.conv2010
/08/01/health/01radiation.html?ref=radiation boom&pagewanted=print.
Brink JA, Amis ES Jr. Image wisely: a campaign to increase awareness about adult radiation
protection. Radiology. 2010 Dec;257(3):601-2. [PubMed]

Imaging physicians for radiation safety in adult medical imaging; image wisely. [internet] Reston
WA) Am:ncan College of Radlology", 2010. [2012 Feb 2]. [3 p]. www

CSRT 10896925032530525091

McCollough CH, Bruesewitz MR, Kofler JM Jr. CT dose reduction and dose management
tools: overview of available options. Radiographics. 2006 Mar-Apr;26(2):503—-12. http:
//radiographics.rsna.org/content/26/2/503.full. pdf. [PubMed]

H-31 Task Force. Technical white paper: monitoring and tracking of fluoroscopic dose.
Frankfort (K'Y): Conference of Radiation Control Directors, Inc. (CRCPD); Dec, 2010. 15
p. (CRCPD publication; no. E-10-7). www.crcpd.org/Pubs/WhitePaper-

MonitoringAnd TrackingFluoroDose-PubE-10-7.pdf.

US physician groups identify commonly used tests or procedures they say are often not
necessary. [internet] Washington (DC): ABIM Foundation; Apr 4, 2012. [2012 Jul 10]. [3
pl. hitpz//choosingwisely.org/wp-content/uploads/2012/03/033012_Choosing- Wisely-
National-Press-RIs-FINAL.pdf.

ACR identifies list of commonly used - but not always necessary - imaging exams as part of
Choosing Wisely campaign. [internet] Reston (VA): American College of Radiology (ACR);
Apr4,2012. [2012 Jul 10]. [3 p]. www.acr.or About UsﬂVIedla-Center/Press—Release

as-Part-of- Choosing- Wisely-Campaign.
Amiis ES Jr, Butler PF, Applegate KE, et al. American College of Radiology white paper on
radiation dose in medicine. J Am Coll Radiol. 2007 May;4(5):2272—84. [PubMed]
DIR (dose index registry). [internet] Reston (VA): American College of Radiology; [2012 Jan
17]. 112 pl. httpsv/nrdr.acr.org/Portal/ DIR/Mai/page.aspx.
Francis JJ, Stockton C, Eccles MP, et al. Evidence-based selection of theories for designing
behaviour change interventions: using methods based on theoretical construct domains to
understand clinicians' blood transfusion behaviour. Br J Health Psychol. 2009 Nov;14(Pt
4):625-46. [PubMed]
Wilson K, MacDougall L, Fergusson D, et al. The effectiveness of interventions to reduce
physician's levels of mappropriate transfusion: what can be learned from a systematic review of
the literature. Transfusion. 2002 Sep;42(9):1224-9. [PubMed]
Ngo TC, Macleod LC, Rosenstein DI, et al. Tracking intraoperative fluoroscopy utilization
reduces radiation exposure during ureteroscopy. J Endourol. 2011 May;25(5):763-7.
[PubMed]
Fefferman NR, Roche KJ, Pinkney LP, et al. Suspected appendicitis in children: focused CT
technique for evaluation. Radiology. 2001 Sep;220(3):691-5. http:/radiology.rsna
.org/content/220/3/691 full.pdf. [PubMed]
Gamanagatti S, Vashisht S, Kapoor A, et al. Comparison of graded compression
ultrasonography and unenhanced spiral computed tomography in the diagnosis of acute
appendicitis. Singapore Med J. 2007 Jan;48(1):80—7. www
.sma.org.sg/smj/4801/4801a12.pdf. [PubMed]
Rao PM, Rhea JT, Novelline RA, et al. Helical CT technique for the diagnosis of appendicitis:
prospective evaluation of a focused appendix CT examination. Radiology. 1997
Jan;202(1):139-44. [PubMed]
Gupta AK, Nelson RC, Johnson GA, et al. Optimization of eight-element multi-detector row
helical CT technology for evaluation of the abdomen. Radiology. 2003 Jun;227(3):739-45.
https/radiology.rsna.org/content/227/3/739 full pdf. [PubMed]
Lee CL, Wunderle K, Vasavada SP, et al. Reduction of radiation during fluoroscopic
urodynamics: analysis of quality assurance protocol limiting fluoroscopic images during

Web2

converted by Web2PDFConvert.com



http://www.diagnosticimaging.com/print/article/113619/1348813?printable=true
http://www.ncbi.nlm.nih.gov/pubmed/20008689
http://www.nytimes.com/2010/08/01/health/01radiation.html?ref=radiation_boom&pagewanted=print
http://www.ncbi.nlm.nih.gov/pubmed/21084410
http://www.imagewisely.org/Imaging-Professionals/Imaging-Physicians.aspx?CSRT=10896925032530525091
http://radiographics.rsna.org/content/26/2/503.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16549613
http://www.crcpd.org/Pubs/WhitePaper-MonitoringAndTrackingFluoroDose-PubE-10-7.pdf
http://choosingwisely.org/wp-content/uploads/2012/03/033012_Choosing-Wisely-National-Press-Rls-FINAL.pdf
http://www.acr.org/About-Us/Media-Center/Press-Releases/2012-Press-Releases/20120404-ACR-Identifies-List-of-Commonly-Used-Imaging-Exams-as-Part-of-Choosing-Wisely-Campaign
http://www.ncbi.nlm.nih.gov/pubmed/17467608
https://nrdr.acr.org/Portal/DIR/Main/page.aspx
http://www.ncbi.nlm.nih.gov/pubmed/19159506
http://www.ncbi.nlm.nih.gov/pubmed/12430683
http://www.ncbi.nlm.nih.gov/pubmed/21388241
http://radiology.rsna.org/content/220/3/691.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11526268
http://www.sma.org.sg/smj/4801/4801a12.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17245521
http://www.ncbi.nlm.nih.gov/pubmed/8988203
http://radiology.rsna.org/content/227/3/739.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12702826
http://www.web2pdfconvert.com?ref=PDF
http://www.web2pdfconvert.com?ref=PDF

fluoroscopic urodynamic studies. Urology. 2011 Sep;78(3):540-3. [PubMed]

26. Greene DJ, Tenggadjaja CF, Bowman RJ, et al. Comparison of a reduced radiation
fluoroscopy protocol to conventional fluoroscopy during uncomplicated ureteroscopy.
Urology. 2011 Aug;78(2):286-90. [PubMed]

27. Lakkireddy D, Nadzam G, Verma A, et al. Impact of a comprehensive safety program on
radiation exposure during catheter ablation of atrial fibrillation: a prospective study. J Interv
Card Electrophysiol. 2009 Mar;24(2):105—12. [PubMed]

28. Broder JS, Hollingsworth CL, Miller CM, et al. Prospective double-blinded study of
abdominal-pelvic computed tomography guided by the region of tenderness: estimation of
detection of acute pathology and radiation exposure reduction. Ann Emerg Med. 2010
Aug;56(2):126-34. [PubMed]

29. Stein EG, Haramati LB, Chamarthy M, et al. Success of a safe and simple algorithm to reduce
use of CT pulmonary angiography in the emergency department. AJR AmJ Roentgenol. 2010
Feb;194(2):392-7. [PubMed]

30. Choi TY, Malpeso J, Li D, et al. Radiation dose reduction with increasing utilization of
prospective gating in 64-multidetector cardiac computed tomography angiography. J
Cardiovasc Comput Tomogr. 2011 Jul- Aug;5(4)2264—70. [PubMed]

31. LaBounty TM, Earls JP, Leipsic J, et al. Effect of a standardized quality-improvement
protocol on radiation dose in coronary computed tomographic angiography. AmJ Cardiol
2010 Dec 1;106(11):1663—7. [PubMed]

32. Sistrom CL, Dang PA, Weilburg JB, et al. Effect of computerized order entry with integrated
decision support on the growth of outpatient procedure volumes: seven-year time series
analysis. Radiology. 2009 Apr;251(1):147-55. [PubMed]

33. Blackmore CC, Mecklenburg RS, Kaplan GS. Effectiveness of clinical decision support in
controlling nappropriate imaging. J Am Coll Radiol. 2011 Jan;8(1):19-25. [PubMed]

34. Bush RW. Reducing waste in US health care systerms. JAMA. 2007 Feb 28;297(8):871-4.
[PubMed]

35. Enstein AJ, Henzlova MJ, Rajagopalan S. Estimating risk of cancer associated with radiation
exposure from 64-slice computed tomography coronary angiography. JAMA. 2007 Jul
18;298(3):317-23. [PubMed]

36. Mettler FA Jr, Huda W, Yoshizumi TT, et al. Effective doses in radiology and diagnostic
nuclear medicine: a catalog, Radiology. 2008 Jul;248(1)2254-63. httpv/radiology.rsna
.org/content/248/1/254 full pdf. [PubMed]

37. RaffGL, Chinnaiyan KM, Share DA, et al. Radiation dose from cardiac computed
tomography before and after implementation of radiation dose-reduction techniques. JAMA.
2009 Jun 10;301(22):22340-8. [PubMed]

38. ICS urodynamics course recognition guidelines. Bristol (UK): International Continence
Society (ICS); Jun 1, 2003. 4 p.

Copyright Notice
Bookshelf ID: NBK133384

Contents <Pev Next >

ConyrightidincRimetetftieaspbBromesers | Accessibility | Contact o N Wite to the Help Desk
== Ngtional Center for Biotechnology Information, U.S. National Library of Medicine = - g e B _1/ . -

8600 Rockville Fike, Bethesda VD, 20894 USA e @’ \ﬁ USA.gov

Web2

converted by Web2PDFConvert.com



http://www.ncbi.nlm.nih.gov/pubmed/21762969
http://www.ncbi.nlm.nih.gov/pubmed/21256553
http://www.ncbi.nlm.nih.gov/pubmed/18987964
http://www.ncbi.nlm.nih.gov/pubmed/20074835
http://www.ncbi.nlm.nih.gov/pubmed/20093601
http://www.ncbi.nlm.nih.gov/pubmed/21723518
http://www.ncbi.nlm.nih.gov/pubmed/21094371
http://www.ncbi.nlm.nih.gov/pubmed/19221058
http://www.ncbi.nlm.nih.gov/pubmed/21211760
http://www.ncbi.nlm.nih.gov/pubmed/17327529
http://www.ncbi.nlm.nih.gov/pubmed/17635892
http://radiology.rsna.org/content/248/1/254.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18566177
http://www.ncbi.nlm.nih.gov/pubmed/19509381
http://www.ncbi.nlm.nih.gov/books/about/copyright/
http://www.ncbi.nlm.nih.gov/books/n/erta211/
http://www.ncbi.nlm.nih.gov/books/n/erta211/ch28/
http://www.ncbi.nlm.nih.gov/books/n/erta211/ch30/
http://www.ncbi.nlm.nih.gov/guide/
http://www.ncbi.nlm.nih.gov/guide/literature/
http://www.ncbi.nlm.nih.gov/books
http://www.ncbi.nlm.nih.gov/sites/ehelp?&Ncbi_App=bookshelf&Db=books&Page=literature&Snapshot=/projects/books/PBooks@5.12&Time=2016-04-12T10:17:21-04:00&Host=portal101&key=16149IHyRDGQ0W4R0Y_TVM_5Q
http://www.nlm.nih.gov/privacy.html
http://www.nlm.nih.gov
http://www.nih.gov
http://www.dhhs.gov
http://www.usa.gov
http://www.ncbi.nlm.nih.gov/About/disclaimer.html
http://www.ncbi.nlm.nih.gov/About/disclaimer.html#disclaimer
http://www.nlm.nih.gov/privacy.html
http://www.ncbi.nlm.nih.gov/guide/browsers/
http://www.nlm.nih.gov/accessibility.html
http://www.ncbi.nlm.nih.gov/About/glance/contact_info.html
http://www.ncbi.nlm.nih.gov
http://www.nlm.nih.gov/
http://www.web2pdfconvert.com?ref=PDF
http://www.web2pdfconvert.com?ref=PDF

