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Purpose: The goal of the study was to determine if and how the National Electrical Manufacturers
Association CT Dose Check standard has been implemented in clinical practice.

Methods: A survey was conducted of all sites participating in the ACR Dose Index Registry, using a web-
based survey instrument, to determine whether respondents were aware of the CT Dose Check standard and
the American Association of Physicists in Medicine (AAPM) recommendations for Dose Alert values, and if
clinical sites had implemented it.

Results: A total of 170 responses were received, representing 37% (170/460) of surveys sent and 23%
(170/734) of facilities participating in the ACR Dose Index Registry. Of responding facilities, 57.1%
(96/168) were aware of the CT Dose Check standard, and 51.2% (86/168) were aware of the AAPM rec-
ommendations. At 44% (73/165) of responding facilities, at least 1 CT scanner with Dose Check capability
was present. Of sites responding that they had at least 1 CT scanner with this capability, 57% (42/74) had
implemented Dose Alerts, and 71% (30/42) had implemented Dose Notifications on CT scanners with the
capability. Most responding sites were located in community hospitals (55.8%; 86/154).

Conclusions: Although the National Electrical Manufacturers Association CT Dose Check standard and
the AAPM recommendations for its use had been available for at least 2 years at the time of the survey, nearly
half of the participating sites were not familiar with them. Education and outreach are needed if this tool is to
be used effectively.
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INTRODUCTION
In 2010, the National Electrical Manufacturers Associ-
ation (NEMA) published the NEMA CT Dose Check
standard (XR 25) [1], and manufacturers of CT scanners
began to implement this feature on their products. CT
scanners that are compliant with this standard notify
and alert the operator before a scan whenever the esti-
mated dose index is above 1 or more of 2 defined values.
The first, the “Notification Value,” is a facility-defined
value for volume CT dose index (CTDIvol) or dose-
length product (DLP) for a specific scan protocol.
Either metric may be chosen by the facility.
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If the Notification Value is exceeded, a pop-up war-
ning appears on the operator’s console that prompts the
technologist to review the scan settings before proceed-
ing with the examination, and to either verify that they
are correct or change them. The second value, the “Alert
Value,” is higher. It is associated with a complete ex-
amination protocol, not with individual scan sequences.
It is a warning that the radiation dose index for all of the
completed scans, plus the estimated radiation dose index
for the planned scan, exceeds a previously set value and
warrants more stringent review before proceeding [2].
The purpose of the Alert Value is to avoid acute tissue
reactions, such as erythema or epilation.

The NEMA CT Dose Check standard does not
provide specific numbers for the Notification Value or
the Alert Value. Although new CT scanners that con-
form to the standard provide the capability to imple-
ment these two types of values, the standard does not
require, and manufacturers do not provide, specific
numbers for either value. The US FDA has suggested an
1
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Alert Value for CTDIvol of 1 Gy [3]. This CTDIvol
could deliver approximately half the dose associated with
the conventionally accepted threshold for radiation-
induced skin injury [4].
In 2011, the American Association of Physicists in

Medicine (AAPM) published its recommendations for
use of the NEMA standard [2]. These recommendations
include Notification Values for certain adult and pedi-
atric CT examinations, including head, brain perfusion,
chest, and cardiac examinations. AAPM suggested that
these values could be used as default values, but that
they “do not correspond to optimal or ‘target’ settings,
are not considered acceptable ‘upper limits’ of dose, and
do not represent diagnostic reference levels” [2].
In some states, the operator is required to review the

displayed Dose Check values. In Michigan, for example,
these values, if available, must be reviewed before and
after performing a CT scan [5]. The Michigan regula-
tions do not provide specific numbers for either Noti-
fication Values or Alert Values, although there is a
pointer to the AAPM recommendations. According to
the Michigan Department of Licensing and Regulatory
Affairs, “Determination of what the expected values
should be for each protocol is left to the experience,
knowledge, and professional judgment of both the
interpreting physician and medical physicist” [6].
To evaluate the extent to which facilities are aware of

and use this new radiation safety feature, a survey was
given to sites that participate in the ACR Dose Index
Registry� (DIR) [7]. Because participation is voluntary,
and requires some financial outlay and initial effort to
establish, participating sites were considered more likely
to be committed to quality assurance and dose optimi-
zation than nonparticipating sites and therefore more
likely to have implemented the NEMA standard. Thus,
implementation of the NEMA standard at participating
sites could be considered the best current effort at
implementation.
METHODS

Dose Index Registry
The ACR opened the CT DIR for general participation
by all facilities in May 2011 [7]. Just over 2 years after
launch, the registry had >750 registered facilities, of
which 465 were contributing data actively at the end
of August 2013. As of that date, the registry had dose
index information on 5.5 million CT exams, comprising
9.4 million irradiation events. Participating facilities
receive semi-annual reports that provide comparisons of
dose indices for each procedure relative to all other fa-
cilities in the registry and to facilities in the registry that
are similar in type and location. The purpose of the
registry is to provide facilities with a tool to compare
their dose indices with those at peer facilities, so that
they can evaluate their performance and make im-
provements where necessary and feasible.
After records were made anonymous at the facility,
dose index data for all CT exams were collected and
transmitted automatically to the DIR. For each exam,
dose indices were compared using CTDIvol, DLP, and,
for body exams, size-specific dose estimates [8].

Survey
The survey was conducted from May 21, 2013 to June
20, 2013. One week before launching the survey, it was
sent to 10 facilities to identify early problems. A web-
based survey tool was used (Survey Monkey: https://
www.surveymonkey.com/). Facilities were sent 1 re-
minder halfway through the data collection period.

The DIR includes a number of practices with facilities
at multiple locations, and in some cases, a single indi-
vidual is the point of contact. A separate survey was
requested for each facility. Also, for some facilities, a
number of individuals were listed in the DIR as points
of contact; the survey was sent to all of them. They were
asked to submit only 1 survey for the facility. A total
of 460 e-mails were sent to a potential total of 734
facilities.

Statistical Analysis
The data presented here are primarily descriptive and
were generated automatically by the survey tool. Statis-
tical significance of the association of Dose Check im-
plementation and facility characteristics were measured
using chi-squared tests. These analyses were performed
using SAS software, version 9.2 (www.sas.com).

RESULTS
A total of 170 responses to the survey were received,
representing 37% (170/460) of surveys sent and 23%
(170/734) of facilities. Many surveys were incomplete,
so the denominators reported here differ for the various
questions. Facility demographic data are shown in
Figure 1.

The numbers of respondents who were aware of the
NEMA CT Dose Check standard or the AAPM rec-
ommendations are shown in Table 1. The mean number
of CT scanners at each respondent’s facility was 4.5,
and the median was 3 (range: 1-60). A minority of re-
spondents (44%; 73/165) indicated that their facility
had at least 1 CT scanner with Dose Check capability;
30% reported that their facility had no CT scanners
with this capability, and 26% of respondents (43/165)
were unsure of the answer to this question. The mean
number of CT scanners with Dose Check capability
at each respondent’s facility was 3.2, and the median was
2 (range: 1-45).

For respondents whose facilities had at least 1 CT
scanner with Dose Check capability, data related to
implementation of the NEMA standard are shown in
Table 1. Seventy-three respondents reported that at least
1 CT scanner had this capability, but 74 respondents
answered the question regarding implementation of
Alert Values, and 43 respondents answered the question
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Fig 1. Survey responses for practice
type, practice location, number of beds,
number of CT scans/year, number of
radiologists, and presence of an on-site
medical physicist. N/A¼ not applicable;
VA ¼ Veteran’s Affairs.

Miller et al/CT Dose Check Standard 3
regarding implementation of Notification Values. For the
74 responses related to implementation of the NEMA
standard, there is a statistically significant association be-
tween having a medical physicist on site and imple-
menting the Dose Check standard (P ¼ .03), and a
weakly significant association between the number of ra-
diologists and implementation of the standard (P ¼ .08).
As a Dose Alert value, 12 respondents used CTDIvol

as the metric; 3 respondents reported using both DLP
and CTDIvol as the metric; and 158 respondents did not
provide a metric or a value. Respondents were asked
how the Dose Alert and Dose Notification values were
determined; responses are shown in Table 2. Note that the
“Other” responses included “ACR,” “CRCPD” (Confer-
ence of Radiation Control Program Directors), and “Im-
age Gently�,” but none of these organizations provides
recommended values for Dose Alerts or Dose Notifica-
tions. Only 1 facility reported that these values were based
on typical dose range values collected at their facility.
Respondents were asked to give their opinion as to

the percentage of cases in routine practice for which an
Alert Value indication or Notification Value indication
Table 1. Implementation of the NEMA Dose Check standard
Question

Aware of the NEMA Dose Check standard?
Aware of the AAPM recommendations?
At least 1 CT scanner with Dose Check capability?
Implemented Alert Values on scanners with this capability?
Same Alert Value for all CT scanners, body regions, and patient siz
Implemented Notification Values on scanners with this capability?
Policies and procedures in place for cases where an Alert Value is
Policies and procedures in place for cases where a Notification Val
Staff received specific training on the Dose Check feature?

Note: N ¼ number of responses to that question; AAPM ¼ American Associa
Association.
should appear. Only 20% of respondents (34/170)
answered these questions. For Alert Values, 22/34 re-
spondents (65%) provided a percentage, and 12/34
respondents (35%) were not sure. For Notification
Values, 20/34 respondents (59%) provided a percent-
age, and 14/34 respondents (41%) were not sure. The
numerical values provided for the percentage of cases in
which a dose indication should appear varied from 0 to
100 for both Alert Values and Notification Values,
suggesting that this question was not understood.

The survey asked who provided training and who
received training on the use of the Dose Check features.
Few responses were given to these questions. In 15/27
responses (56%), the manufacturer’s application spe-
cialist provided the training, and in 12/27 responses
(44%), an individual at the facility provided the
training. Table 3 provides data showing which in-
dividuals received training.

DISCUSSION
The NEMA CT Dose Check standard was an outgrowth
of the lessons learned during the FDA’s investigation of
at survey respondents’ sites
N Yes (%) No (%) Not sure (%)
168 96 (57) 56 (33) 13 (8)
168 86 (51) 65 (39) 17 (10)
165 73 (44) 49 (30) 43 (26)
74 42 (57) 27 (36) 5 (7)

es/ages? 43 20 (47) 20 (47) 3 (7)
42 30 (71) 6 (14) 6 (14)

exceeded? 42 19 (45) 16 (38) 7 (17)
ue is exceeded? 42 16 (38) 20 (48) 6 (14)

41 28 (68) 13 (32)

tion of Physicists in Medicine; NEMA ¼ National Electrical Manufacturers



Table 2. Methods for determination of Alert Values and
Notification Values at survey respondents’ sites

Method*
Alert
Value†

Notification
Valuez

Provided by the manufacturer 7 12
American Association of Physicists in

Medicine recommendation
4 9

Other published recommendation 1 1
Consensus of review committee

(ie, lead technologist, radiologists,
physicists, radiation safety officer)

6 7

Consensus of radiologists at the
facility

2 5

Consensus of medical physicists at
the facility

2 6

Consensus of radiologic technologists
at the facility

2 4

Other 4 5

*These methods were provided as options on the survey
instrument.
†There were 17 respondents, of whom 8 provided multiple
responses.
zThere were 30 respondents, of whom 15 provided multiple
responses.
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the anomalously high radiation exposures during certain
CT brain perfusion studies that were first reported in
September 2009 [9]. In a November 2010 letter to the
Medical Imaging Technology Alliance (MITA), an in-
dustry trade group, the FDA proposed several ideas to
decrease the possibility of unintended high exposure [3];
one of these was a “pop-up notification at threshold for
deterministic injury.” MITA, a division of NEMA,
responded rapidly and issued the CT Dose Check
standard in 2010 [1]. The pop-up notification suggested
by the FDA became the Dose Alert. The NEMA stan-
dard also defined a separate, lower Dose Notification
standard. Although compliance with the standard is
voluntary, all of the major manufacturers of CT scanners
now include Dose Check on their new CT scanners
and provide software upgrades for many of their older
CT scanners.
The NEMA CT Dose Check standard states that

manufacturers “shall provide a means for users to enter,
save, and modify” Notification Values and Alert Values.
However, the NEMA standard does not provide nu-
merical values. Instead, the standard states that numer-
ical values are to be “defined and set by the operating
Table 3. Staff who received specific training on use of the D

Staff Category N*
All at

the Sit
Radiologic technologists who operate

CT scanners
28 17

Physicians 14 4
Medical physicists 13 6
Other 0

*There were 28 responses; each response could include more than
group, practice, or organization” [1]. As a result,
AAPM’s Working Group on Standardization of CT
Nomenclature and Protocols issued recommendations in
April 2011 for implementation of the standard in clin-
ical practice. This Working Group includes academic
and consulting medical physicists specializing in CT
imaging, representatives of each of the major CT scan-
ner manufacturers, and liaisons from the ACR, the
American Society of Radiologic Technologists and the
FDA. The recommendations include a set of default
values for Notification Alerts, based partially on the
distribution of CTDIvol values obtained from early ACR
DIR data (Table 4), and a reiteration of the FDA’s
recommendation of a CTDIvol value of 1000 mGy as
the Alert Value (Table 4) [2].

It was hoped that Dose Alerts and Dose Notifications
would be adopted widely. As of the June 2013 survey
date, 2 years after the AAPM recommendations were
published, this does not appear to have occurred, partly
owing to a lack of awareness of the NEMA standard and
AAPM recommendations. Only 57% of respondents
were aware of the NEMA standard, and only 51% of
respondents were aware of the AAPM recommendations
for Notification Values and Alert Values, even among
facilities actively committed to dose optimization and
quality assurance. According to respondents, only 44%
of facilities had at least 1 CT scanner with Dose Check
capability.

The lack of use of the standards is also, in part, a
result of the real or perceived inability of installed CT
scanners to implement Dose Alerts and Dose Notifica-
tions (Table 1). In this regard, it is useful to note that
new CT scanners with Dose Check capability began to
be shipped in early 2011. Manufacturers of CT scanners
have committed to retrofitting this capability on CT
scanners manufactured as early as 2008, as long as the
system’s technology permits it; at least 1 model of
CT scanner manufactured in 2002 was able to be ret-
rofitted with this capability (G. Rodriguez, PhD, written
communication, February 2014). We have not been
able to determine what proportion of the installed base
of CT scanners was retrofitted with this capability.

Another impediment to adoption may be the confu-
sion regarding the details of Dose Check and the rec-
ommendations for numerical values. For example, 3
respondents reported using both DLP and CTDIvol as
ose Check features

e
Some at
the Site

Lead Individual
Only None

8 3 0

4 1 5
4 1 2

1 staff category.



Table 4. Notification Values recommended by the AAPM
Working Group on Standardization of CT Nomenclature
and Protocols

CT Scan Region (of each individual
scan in an examination)

CTDIvol
Notification
Value (mGy)

Adult head 80
Pediatric head 50
Age <2 years
Age 2-5 years

Pediatric torso
Age <10 years (16-cm phantom)* 25
Age <10 years (32-cm phantom)† 10

Brain Perfusionz 600
Cardiac
Retrospectively gated (spiral) 150
Prospectively gated (sequential) 50

Note: Table reproduced from [4], with permission from AAPM. AAPM ¼
American Association of Physicists in Medicine. CTDI ¼ volume CT dose
index.
*As of January 2011, GE, Hitachi, and Toshiba scanners use the
16-cm-diameter CTDI phantom as the basis for evaluating dose
indices (CTDIvol and DLP) displayed and reported for pediatric
body examinations.
†As of January 2011, Siemens and Philips scanners use the
32-cm-diameter CTDI phantom as the basis for evaluating
dose.
zExamination that repeatedly scans the same anatomic level to
measure the flow of contrast media through the anatomy.
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the metric for Dose Alerts, but the two cannot be used
simultaneously. Five respondents stated a source for the
values they used for Dose Alerts and Dose Notifications
that does not in fact provide these values. This confusion
demonstrates a need for more education on how to
implement the new standard in clinical practice.
As described earlier, the largest challenges to imple-

menting the NEMA CT Dose Check standard are
awareness and education. The AAPM made an impor-
tant first step by developing recommendations on
Notification Values for adult and pediatric CT exami-
nations [2]. Application specialists employed by CT
manufacturers can be an effective means to train facility
staff about both their scanner’s CT Dose Check capa-
bility and the AAPM recommendations. Slightly more
than half (56%) of survey respondents reported that
their staff had been trained by application specialists.
Facilities proficient in the use of the standard could
submit articles to journals regarding their data, experi-
ence, and recommendations, and professional organiza-
tions could consider developing continuing education
modules on this topic to further raise awareness.
Another difficulty may be the time and cost inherent

in establishing Notification Values. As the AAPM rec-
ommendations note, their Notification Values are only
starting points: “As facilities gain more experience
using the NEMA “CT Dose Check” standard, they are
encouraged to work with a medical physicist to adjust
the values to better suit their individual practice” [2].
Although accredited CT facilities are required to have
access to a medical physicist, either consulting or on site
[10,11], almost two-thirds (63%; 96/153) of re-
spondents did not have an on-site medical physicist. The
survey responses provide evidence of a significant asso-
ciation between having a medical physicist on site and
implementation of the Dose Check standard. Also,
larger practices (with more radiologists) seemed more
likely to implement the standard; although the reasons
were not investigated in the current study, a reasonable
possibility is that larger practices have more resources
and are able to commit more time and money to
implementation. Until implementation of this standard
is simplified or streamlined, so that busy physicians,
technologists, and consulting medical physicists can
manage the work, smaller practices and those without
on-site medical physicists will remain challenged. CT
equipment manufacturers may find it helpful to use
customer focus groups (physicians, technologists, and
medical physicists) to discuss ways to overcome the
barriers to adoption of the Dose Check standard on their
equipment.

One way to establish Notification Values at a local
level is to combine available data on radiation dose from
both internal and external sources, ie, CTDIvol and DLP
data from the facility, similar current data for other fa-
cilities provided to participating sites by the ACR DIR,
and the AAPM recommendations [12]. This process is
similar to that required for optimizing CT protocols at a
facility, but somewhat simpler. Optimizing CT pro-
tocols can involve substantial time and expense [13]. It
is therefore not surprising that only 1 respondent re-
ported that the Notification Values they used were based
on typical dose range values collected at their facility.

The survey results have limitations. First, only sites
participating in the ACR DIR were surveyed. These sites
have demonstrated a commitment to quality improve-
ment by completing the legal documents necessary for
DIR participation, performing the necessary work to
translate local protocol names using the DIR naming
conventions, and paying the fees necessary for DIR
participation. They are therefore more likely to be
committed to quality improvement, including the use of
Dose Check, than facilities that do not participate in the
ACR DIR. Also, participating facilities receive a detailed
analysis of dose index data for their facility, which can
help in determining appropriate Notification Values.
The likely effect of including only DIR participating
sites in the survey is to bias the results in favor of Dose
Check implementation.

The other major limitation is the small sample size,
which is due to both the limited number of facilities that
participate in the DIR and the low response rate to some
of the survey questions. The low response rate to some
of these questions is due in part to the respondents’
belief that their CT scanners do not have Dose Check
capability.
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Since the publication of the NEMA CT Dose Check
standard and the AAPM recommendations, considerable
effort has been made to publicize these resources. In
addition to efforts by the FDA, radiology organizations
have made this information available on their websites
and incorporated it into educational material [14]. The
NEMA CT Dose Check standard has been discussed in
the scientific literature [15]. The 2013 AAPM Medical
Physics Practice Guideline recommends that “Radiation
dose management tools that identify when potentially
high-radiation dose scans are being prescribed should
be implemented when available. This includes dose
reporting and tracking software, participation in dose
registries, and methods as described in the MITA XR25
standard (’Dose Check’)” [16].

CONCLUSIONS
Almost half of a sample of motivated, radiation safety-
conscious imaging facilities were not aware of the
NEMA CT Dose Check standard, and many do not
know if their CT scanners have this capability. Industry
representatives, the FDA, professional organizations,
and individuals should escalate their efforts to inform
physicians, medical physicists, radiologic technologists,
and hospital and imaging center management of this
new capability. Facilities should be encouraged to
incorporate Dose Check into daily practice.

TAKE-HOME POINTS

� The NEMA CT Dose Check standard provides the
capability for Dose Notifications and Dose Alerts.

� A survey of ACR DIR sites in mid-2013 indicates that
fewer than half of responding sites reported having
CT scanners with Dose Check capability.

� Only 57% of respondents were aware of the NEMA
standard, and only 51% of respondents were aware of
the 2011 AAPM recommendations for Notification
Values and the Alert Value.

� There is a statistically significant association (P ¼ .03)
between having an on-site medical physicist and
implementing the Dose Check standard.

� Only 1 respondent reported that the Notification Values
they used were based on typical dose range values
collected at their facility, as recommended by AAPM.

� Two years after the AAPM recommendations for
Notification Values were published, there is a clear
need for additional education and outreach to
encourage use of CT Dose Check in daily practice.
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