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Typical questions about software for dose 
registry are: 
§ Am I legaly oblighted to have one? 
§ What does it actually do? 

What is not included in my talk:
• The answer if you should or not buy a software (there are free 

options)
• Or even which software to get



Swiss Legislation
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Radiation Protection Ordinance (StSV/ORaP)

1 

Strahlenschutzverordnung 
(StSV) 

vom 26. April 2017 (Stand am 1. Januar 2021) 

 
Der Schweizerische Bundesrat, 
gestützt auf das Strahlenschutzgesetz vom 22. März 19911 (StSG)  
und auf Artikel 83 des Bundesgesetzes vom 20. März 19812 über die 
Unfallversicherung, 
verordnet: 

1. Titel: Allgemeine Bestimmungen 
1. Kapitel: Gegenstand, Geltungsbereich und Begriffe 

Art. 1 Gegenstand und Geltungsbereich 
1 Diese Verordnung regelt zum Schutz des Menschen und der Umwelt vor ionisie-
render Strahlung: 

a. für geplante Expositionssituationen: 
1. die Bewilligungen, 
2. die Exposition der Bevölkerung, 
3. nicht gerechtfertigte Tätigkeiten, 
4. die medizinische Exposition, 
5. die berufliche Exposition, 
6. den Umgang mit Strahlungsquellen, 
7. den Umgang mit radioaktiven Abfällen, 
8. die Vorsorge für und die Bewältigung von Störfällen; 

b. für Notfall-Expositionssituationen: die Vorsorge und die Bewältigung; 
c. für bestehende Expositionssituationen: den Umgang mit radiologischen Alt-

lasten, mit Radon, mit natürlich vorkommenden radioaktiven Materialien 
sowie mit der langfristigen Kontamination nach einem Notfall; 

d. die Aus- und Fortbildung von Personen, die mit ionisierender Strahlung oder 
Radioaktivität umgehen; 

e. die Aufsicht und den Vollzug; 
f. die Beratung durch die Eidgenössische Kommission für Strahlenschutz 

(KSR). 

  

 AS 2017 4261 
1 SR 814.50 
2 SR 832.20 

814.501
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Justification Optimisation Limitation
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Justification Optimisation Limitation

RPO Art 5 Dose limits: 
For planned exposure situations, limits 
shall be specified which must not be 
exceeded by the sum of all radiation 
doses accumulated by a person in a 

calendar year (dose limit). For medical 
exposures, no such limits shall be 

specified.
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Justification Optimisation Limitation
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Justification Optimisation Limitation

Section 3 Medical Optimisation
Art. 32 Optimisation of medical exposures
1 In diagnostic, interventional radiology and nuclear 
medicine examinations, the licence holder must keep all 
radiation doses as low as achievable consistent with 
obtaining the required imaging information.
2 For all therapeutic exposures, the licence holder must 
carry out individual dosimetric planning. The doses for risk 
organs must be kept as low as is achievable and consistent 
with the intended radiotherapeutic purpose.

https://www.fedlex.admin.ch/eli/cc/2017/502/en
https://www.fedlex.admin.ch/eli/cc/2017/502/en
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Justification Optimisation Limitation

3 For the protection of patients, the optimisation process 
involves in particular:
a.selection of suitable equipment, including software;
b.consistent production of adequate diagnostic information or 
therapeutic outcomes;
c.the practical aspects of procedures;
d.quality assurance;
e.assessment and evaluation of the patient dose or the 
administered activity;
f.use of appropriate set-up parameters or appropriate 
radionuclides;
g.use of sensitive detectors;
h.for every medical installation, use of the elements required 
for the protection of patients.

4 The dose received by personnel must be taken into 
account in the optimisation process.
5 The FDHA may issue technical optimisation provisions for the 
protection of patients.



Bases of Radiation Protection
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Justification Optimisation Limitation

Art. 33 Documentation obligation
The licence holder must document all therapeutic and 
diagnostic exposures in the medium-dose or high-dose range 
and in mammography in such a way that the radiation dose 
received by the patient can be determined at a later date.

Art. 35 Diagnostic reference levels
1 The FOPH shall publish recommendations on radiation 
doses for diagnostic, interventional or nuclear medicine 
examinations in the form of diagnostic reference levels.
2 To this end, it shall conduct national surveys based on the 
data specified in Article 34 paragraph 2, take international 
recommendations into account and publish the results.
3 License holders must regularly review their own 
practices and account for any deviations from diagnostic 
reference levels.

https://www.fedlex.admin.ch/eli/cc/2017/502/en
https://www.fedlex.admin.ch/eli/cc/2017/502/en
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Justification Optimisation Limitation

Art. 33 Documentation obligation
The licence holder must document all therapeutic and 
diagnostic exposures in the medium-dose or high-dose range 
and in mammography in such a way that the radiation dose 
received by the patient can be determined at a later date.

Art. 35 Diagnostic reference levels
1 The FOPH shall publish recommendations on radiation 
doses for diagnostic, interventional or nuclear medicine 
examinations in the form of diagnostic reference levels.
2 To this end, it shall conduct national surveys based on the 
data specified in Article 34 paragraph 2, take international 
recommendations into account and publish the results.
3 Licence holders must regularly review their own 
practices and account for any deviations from diagnostic 
reference levels.

In summary, having such registry software IS 
NOT legaly required.

https://www.fedlex.admin.ch/eli/cc/2017/502/en
https://www.fedlex.admin.ch/eli/cc/2017/502/en
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Can you do it without the software? Yes!



You can even do very fancy stuff
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Lima, Thiago; Schindera, 
Sebastian; Scheidegger, Stephan ; Lutters, 
Gerd, 2018. Connecting the missing piece: a 
retrospective evaluation of image quality and 
dose in respect to the parameters variability for 
a clinical CT protocol ECR 2018, EuroSafe
Imaging, Vienna, 28 February - 4 March 2018.

https://www.zhaw.ch/en/about-us/person/scst/
https://digitalcollection.zhaw.ch/handle/11475/19596


…but…,
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Individual dose information is stored in a PACS, 
systematic and comprehensive analysis usually 
requires high manual effort. But such an analysis of 
ionising radiation is inevitable for improvements in 
radiological processes. 

§ Medical Physicist, Radiologist/Nuclear Medicine 
Physician and Radiographer (MTRA/TRM) 
resources are limited

§ And by using software registries, the local teams 
are able to streamline/ optimise their workflow  

Disclaimer: There are different dose registry software, some are comercial tools others are freely 
available. During this presentation I will mention the name and features of different solutions, but 
neither myself nor my employer is finantially supported by these solutions.



Radiation Dose Management System – requirements and 
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Abstract
The European Directive 2013/59/Euratom requires member states of the European Union to ensure justification and optimisation
of radiological procedures and store information on patient exposure for analysis and quality assurance. The EuroSafe Imaging
campaign of the European Society of Radiology created a working group (WG) on “Dose Management”with the aim to provide
European recommendations on the implementation of dose management systems (DMS) in clinical practice. The WG follows
Action 4: “Promote dose management systems to establish local, national, and European diagnostic reference levels (DRL)” of
the EuroSafe Imaging Call for Action 2018. DMS are designed for medical practitioners, radiographers, medical physics experts
(MPE) and other health professionals involved in imaging to support their tasks and duties of radiation protection in accordance
with local and national requirements. TheWG analysed requirements and critical points when installing a DMS and classified the
individual functions at different performance levels.
Key Points
• DMS are very helpful software tools for monitoring patient exposure, optimisation, compliance with DRLs and quality
assurance.

• DMS can help to fulfil dosimetric aspects of the European Directive 2013/59/Euratom.
• The EuroSafe WG analyses DMS requirements and gives recommendations for users.

Keywords Dosemanagement systems . Radiation protection . Optimisation . Quality assurance
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ALARA As low as reasonably achievable

CR Computed radiography
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§ Dose management systems (DMS) are 
recommended but not mandatory for X-ray 
equipment users, to comply with new radiation 
protection requirements like the EU-BSS. 

§ DMS are designed for medical practitioners, 
radiographers, medical physics experts (MPE) 
and other health professionals involved in imaging 
to support their tasks and duties of radiation 
protection in accordance with local and national 
requirements. 

§ In particular, the requirement according to the 
ALARA principle is to perform X-ray examinations 
with the aim to achieve a minimum dose level but 
maintaining a sufficient image quality or diagnostic 
accuracy, for the clinical indication. 

+ my personal 
findings



Clinical Radiation Protection tasks supported by the DMS
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DMS

Collecting 
dosimetric data 

to establish 
local or national 

DRLs
Checking 

compliance 
with DRLs

Prevention, 
detection and 
reporting of 
unintended 
exposures

Optimisation
of patient 
exposures

Structure 
consolidation of 

dose 
documentation, 
reporting and 

tracking

Notification if 
local or 

national alert 
levels are 
exceeded

Local, regional 
or national 

benchmark of 
patient 

exposure



Typical set-up of the DMS within IT infrastructure
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defined events or abnormal patient exposures. However, the
MPE is dependent on the collaboration with physicians,
radiographers and IT staff.

Integration into the IT infrastructure

The basic tasks of a DMS include optimisation, QA, mon-
itoring of national and local DRLs, detection of signifi-
cant events or exposures and dose documentation of pa-
tients. In order to ensure this, it is essential to integrate the
system into a central IT structure. This integration in-
cludes different levels of administrative data structures.
Here, the level of patient data must be mentioned, to en-
sure that a patient has a unique ID, name, date of birth,
sex, etc. in all systems in order to guarantee unique iden-
tification. Since normally all patient data are managed/
changed in a super ordinated master system (HIS or
RIS), the DMS must track any changes. Otherwise, the
dataset in the systems will diverge and reliable dose doc-
umentation will no longer be possible. Manual mainte-
nance of such changes is only conceivable in very small
institutions and is not recommended even there. This data
reconciliation is generally performed by an HL7-ADT in-
terface, which communicates all changes of patient data
and patient merges to the subsystems. Another level is the
examination level. In daily routine, there may be manual
entries of patient data at the modalities. This can happen
for various reasons, such as an emergency examination,
the failure of an IT system or impatience of the staff. A
classic example is a polytrauma patient, who is often en-
tered with unspecific patient data such as “Motorbike,

accident 18:10”. Therefore, every PACS must have ad-
ministration functions to assign image data to the correct
patient and examination. Similarly, it must be possible to
assign the dose data in the DMS accordingly. In order to
detect incorrect dose data, it is necessary to transfer the
order and examination data from the superordinate system
to the DMS. Existing dose data can be checked against
the orders. If there are no dose data, a manual correction
is necessary, and the causes must be determined.
Furthermore, the medical conditions and questions docu-
mented in the HIS can also be transferred via the order-
entry interface. This allows a better classification of the
procedures and a valid assignment to DRLs. Such an
order-entry interface should be implemented using an
HL7-ORM interface. As a DMS also stores patient data,
compliance with national or federal data protection regu-
lations must be ensured. This may be difficult to achieve
with cloud solutions offered by some vendors.

Device interfaces and data flow

It was agreed in both WGs (“dose management” and “do-
simetry for imaging in clinical practice”) that dosimetric
input data for DMS should be only the dose descriptors
provided by the different modalities, properly validated
by a MPE in close cooperation with the physician and the
radiographer. Depending on the workflow, these data may
either come directly from the modalities or with only one
source via the PACS. Here, the WG will follow recommen-
dations of the WG “dosimetry for imaging in clinical prac-
tice”. In principle, all connections are possible and can be

Fig. 1 Workflow of dose
management (DMS) in an envi-
ronment of HIS, RIS, PACS and
modalities (B. Renger, Munich,
2019)

Eur Radiol
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RDSR Image 
Data

Dose 
ReportMPPS

Prefered method as it 
contains most 

information that is 
needed for a full 

analysis



Basic Requirements
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These systems 
should use physical 
device–related 
DICOM dose 
parameters

Store dose data in a 
database

Local procedure names 
should be translated into 
standardised procedure 
names

Set alert trigger levels 
(local and national). 

Export dose data for 
optimisation, QA, reporting 
(e.g. to national authority) 
and post processing 



Typical features
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§ Analysis of different dosimetric
parameters (CTDIvol, DLP, DAP, 
…) and/versus device.

Philips - DoseWise



Typical features
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§ Analysis of different dosimetric
parameters (CTDIvol, DLP, DAP, 
…) and/versus protocol.

OpenREM



Typical features
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§ Peak skin-dose map

Qaelum - Dose



Typical features
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§ Trend analysis

Qaelum - Dose



Typical features
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§ Contrast media

Qaelum - Dose



Typical features
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§ CT Organ dosimetry (including uterus doses RPO, art 40)

Bayer - Radimetrics



Vendor specific features
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§ GE Dosewatch

Patient dosimetry based on 
phantom alignmend by 
scout/topo analysis.



Vendor specific features
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§ Siemens Teamplay

No local server instalation and protocol 
mapping tool



Vendor specific features
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§ Qaelum Dose

Quantitative image quality scoring (Global 
Noise Level)



Vendor specific features
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§ Philips DoseWise (plus DoseAware)

Integration with staff doses 



This was just at the local level
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National Dose Registry
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The purpose of the National Dose Registry is to 
serve as a central platform to collect, analyse and 
publish dose information from different radiology 
institutes. Its main goals are:

§ Reduce the effort of participating institutes by 
offering a semi-automatic process.

§ Build a larger and more up-to-date dataset 
to improve the quality of the evaluation results.

§ Allow institute benchmarks, leading 
to harmonisation of radiation doses.

§ More frequent publication of diagnostic reference 
levels.

At least 
255 

radiological
institutes

One or
more
CT 

devices

Over a 
million CT 

examinations 
per year



ACR – National Radiology Data Registry
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§ The primary purpose of 
NRDR is to aid facilities 
with their quality 
improvement programs 
and efforts to improve 
patient care by comparing 
facility data to that of their 
region and the nation. A 
practice or facility may 
choose to participate in any 
or all registries as 
appropriate for their 
practice. 

NRDR

CDSR

CTC

DIR

GRID

LCSR

MIPS

NMD

Clinical Decision Support Registry

CT Colonography 

Dose Index Registry (DIR) 

General Radiology Improvement Database 

Lung Cancer Screening Registry

Merit-Based Incentive Payment System 

National Mammography Database 



A success history – DIR (Dose Index Registry) from ACR
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Total 2433 facilities submitted data for 2020Q1Q2 (indicated by black dots)

DIR Facilities
Jan-Jun 2020

Total 2433 facilities submitted data for 2020Q1Q2 (indicated by black dots)

DIR Facilities
Jan-Jun 2020

DIR Facility Characteristics - Jan-Jun 2020

Facility Type
PUBLIC FACILITY: Freestanding Center

Number of
Facilities

191

1320

135

629

47

86

DIR sites

Other

Children's Hospital

Freestanding Center

Multi-Specialty Clinic

Community Hospital

Academic

FREQUENCY

0 500 1000 1500

Location
PUBLIC FACILITY: Metropolitan

Number of
Facilities

1080

884

444

DIR sites

Rural

Suburban

Metropolitan

FREQUENCY

0 200 400 600 800 1000 1200

Census Division
PUBLIC FACILITY: South Atlantic

Number of
Facilities

149
394
355

214
546
206
171
184

189

DIR sites

Pacific

Mountain
West South Central
East South Central

South Atlantic

West North Central
East North Central

Middle Atlantic
New England

FREQUENCY

0 100 200 300 400 500 600

2433 Facilities connected!!!



Outcomes – DRL based on 10 most used procedures
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Fundamentals of Radiation Dose       
CT Dose Index (CTDIvol) approximates the average radiation dose to a cross section of the phantom. Dose Length Product (DLP), based
on CTDIvol factors in the length of the scan.

Radiation Units in Computed Tomography
Term Description Unit
CT Dose Index
(CTDIvol)

Radiation energy absorbed per
unit mass; for CT, determined for
a standard phantom and not a
patient

gray (Gy) or
milligray
(mGy)

Dose Length Product
(DLP)

Absorbed dose multiplied by the
length of exposure; for CT,
determined for a standard
phantom and not a patient

milligray-cm
(mGy-cm)

Size Specific Dose
Estimate

A patient dose estimate which
takes into consideration
corrections based on the size of
the patient

milligray
(mGy)

In modern CT scanners, CTDIvol and/or DLP are reported for each CT scan. Although these parameters are tagged to individual patient
exams, they do not represent the patient's dose but rather the radiation dose to one of two standard phantoms. CTDIvol is primarily used as
a quality assurance tool to compare the dose from techniques using the same size phantom and to compare CT scanner output from
different manufacturers' equipment. It has been used to modify technical parameters in an attempt to lower radiation dose in general.

More recently, the American Association of Physicists in Medicine (AAPM) developed a new CT parameter, the size-specific dose estimate
(SSDE) to more accurately estimate average cross-sectional dose to an individual patient by factoring in the size of the patient. This value
is determined by applying a conversion factor, based on cross-sectional dimensions of the patient, to the CTDIvol.

For more information about SSDE please refer tohttp://www.aapm.org/pubs/reports/RPT_204.pdf. Several  online educational programs on
this topic are available that offer free continuing education. See the 'Image Wisely Radiation Safety Cases' on CT Dose and Size-Specific
Dose Estimate (SSDE) (https://shop.acr.org/Default.aspx?TabID=55&ProductId=12363982) and Child-sizing CT Dose: Optimizing Patient
Care through Quality Improvement  (http://www.acr.org/Education/Education-Catalog/Products/12056133).

Facility ID=100853    Page 6    Jan-Jun 2020

U.S. Diagnostic Reference Levels and Achievable Doses for 10 Adult CT Examinations        

Using data from the American College of Radiology’s Dose Index Registry, the world’s largest registry of dose information, Kanal et al have
established U.S. national dose levels for the 10 most common adult CT examinations based on patient size. The study establishes
patient-size based diagnostic reference levels (DRLs) and achievable doses (ADs) for the 10 most common CT head, neck and body
examinations. A summary table of ADs and DRLs for median size patients is presented below. Except for head and brain without contrast, all
exams used water-equivalent diameter as an indicator of patient size. For head and brain without contrast, lateral thickness was used:

CTDIvol
(mGy)

SSDE
(mGy)

DLP
(mGy-cm)

Exam Name Median
Patient
Size

DRL AD DRL AD DRL AD

Head and brain without contrast 14-16 56 49 . . 962 811

Neck with contrast 18-22 19 15 . . 563 429

Cervical spine without contrast 18-22 28 20 . . 562 421

Chest without contrast 29-33 12 9 15 11 443 334

Chest with contrast 29-33 13 10 15 11 469 353

Chest pulmonary arteries with contrast 29-33 14 11 17 13 445 357

Abdomen and pelvis without contrast 29-33 16 13 19 15 781 639

Abdomen and pelvis with contrast 29-33 15 12 18 15 755 608

Abdomen, pelvis and kidney without contrast 29-33 15 12 19 14 705 576

Chest, abdomen and pelvis with contrast 29-33 15 12 18 14 947 779

Healthcare facilities can use this information to effectively compare their patientdoses to national benchmarks, optimize their exam protocols so
that dose is commensurate with the size of the patient, and helpavoid unnecessary radiation exposure.

References
1. Kanal KM, Butler PF, Sengupta D, et al. U.S. Diagnostic Reference Levels andAchievable Doses for 10 Adult CT Examinations, Radiology
2017, ahead of print. (http://pubs.rsna.org/doi/abs/10.1148/radiol.2017161911?journalCode=radiology)

Facility ID=100853    Page 7    Jan-Jun 2020

1. Kanal KM, Butler PF, Sengupta D, et al. U.S. Diagnostic Reference Levels and 
Achievable Doses for 10 Adult CT Examinations, Radiology 2017, ahead of print. 
(http://pubs.rsna.org/doi/abs/10.1148/radiol.2017161911?journalCode=radiology) 
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§ Current efforts to expand DIR to other 
modalities CLINICAL STUDY

The American College of Radiology
Fluoroscopy Dose Index Registry

Pilot: Technical Considerations and
Dosimetric Performance of the

Interventional Fluoroscopes
Kevin A. Wunderle, PhD, A. Kyle Jones, PhD,

Shalmali Dharmadhikari, PhD, Xinhui Duan, PhD, Don-Soo Kim, PhD,
Usman Mahmood, MS, Steve D. Mann, PhD, Jeffery M. Moirano, MS,

Rebecca A. Neill, MS, and Alan H. Schoenfeld, MS

ABSTRACT

Purpose: To characterize the accuracy and consistency of fluoroscope dose index reporting and report rates of occupational radiation
safety hardware availability and use, trainee participation in procedures, and optional hardware availability at pilot sites for the American
College of Radiology (ACR) Fluoroscopy Dose Index Registry (DIR).

Materials and Methods: Nine institutions participated in the registry pilot, providing fluoroscopic technical and clinical practice data
from 38 angiographic C-arm–type fluoroscopes. These data included measurements of the procedure table and mattress transmission
factors and accuracy measurements of the reference-point air kerma (Ka,r) and air kerma–area product (PKA). The accuracy of the ra-
diation dose indices were analyzed for variation over time by 1-way analysis of variance (ANOVA). Sites also self-reported information
on availability and use of radiation safety hardware, hardware configuration of fluoroscopes, and trainee participation in procedures.

Results: All Ka,r and PKA measurements were within the ±35% regulatory limit on accuracy. The mean absolute difference between
correction factors for a given system in fluoroscopic and acquisition mode was 0.03 (95% confidence interval, 0.03–0.03). For the 28
fluoroscopic imaging planes that provided data for 3 time points, ANOVA yielded an F value of 0.134 with an F-critical value of 3.109
(P ¼ .875).

Conclusions: This publication provides the technical and clinical framework pertaining to the ACR Fluoroscopy DIR pilot and offers
necessary context for future analysis of the clinical procedure radiation-dose data collected.

ABBREVIATIONS

ACR ¼ American College of Radiology, ANOVA ¼ analysis of variance, CI ¼ confidence interval, DIR ¼ Dose Index Registry,
Ka,r ¼ reference point air kerma, PKA ¼ air kerma–area product, PSD ¼ peak skin dose, RAD-IR ¼ Radiation Dose in Interventional
Radiology [study], XRII ¼ X-ray image intensifier
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statewide state-of-emergency declaration, 12 days after
each statewide stay-at-home order), daily CT volume
had been reduced by 53%. All states and practice types
were severely affected; although states with greater
population density and more unemployment experi-
enced more of a decline in CT volume than states with
less population density or less unemployment. Incom-
plete CT volume recovery followed, slower than the
initial decline, and remained steady across the country
despite an increase in the number of positive COVID-
19 tests and increased deaths after the initial wave. By
September 30, 2020, CT volume was 84% of predicted
based on 2019 normative data and was in plateau. The
reason for the incomplete recovery is unclear and not
explainable by our results but probably relates to the
ongoing pandemic and fear about safe re-engagement of
routine care. These data are potentially important
because CT is a common diagnostic tool for many
clinical indications and has a substantial effect on
clinical decision making [24,25]. It is probable that the
prevalence of non-COVID-19 disease that would be
detected by CT did not meaningfully change during the
reduction in services, indicating that diagnoses were
likely delayed or misdirected during the period of

suppression. The fact that CT volume never recovered
to predicted levels suggests that a substantial proportion
of reduced care likely was not just deferred but was not
provided at all.

Large reductions in diagnostic and interventional radi-
ology volumes have been reported elsewhere in community
and academic sites [8,26-29]. Naidich et al [27] reported
imaging volumes within a large New York health system
during a 16-week period from January 1, 2020, to April
18, 2020, and found a 12.29% decline in overall imaging
weeks 1 to 16 and an 88% decline in outpatient imaging
during week 16. These data were corroborated by Duszak
et al [8], who assessed imaging metadata from nine US
community hospitals from January 2019 to May 2020
and found that overall imaging volume was 52% less than
predicted during the volume nadir. Kansagra et al [28]
analyzed data on 231,753 patients from 856 US hospitals
July 1, 2019, to April 27, 2020, and found that imaging
for stroke declined by 39% (1.18 patients per day per
hospital to 0.72 patients per day per hospital) in the early
pandemic epoch, indicating that urgent care likely was
being affected in addition to routine care during the first
wave of the pandemic. Each of these studies [8,27-28]
showed the initial decline we observed but did not include
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Fig 1. Nationwide relationship between CT imaging volume (blue lines; 7-day moving averages) and coronavirus disease 2019
(COVID-19)-attributed deaths (top, gray bars, normalized per 100,000 people), COVID-19 positive tests (middle, orange bars,
normalized per 100,000 people), and state government executive orders (bottom). Data are from January 1, 2020, to
September 30, 2020. The “notches” in CT volume during the months of May, July, and September correspond to 3-day
Memorial Day, July 4th, and Labor Day weekends, and also occurred in 2019 (Fig. 2).
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CT Volumes from 2,398 Radiology Practices
in the United States: A Real-Time Indicator
of the Effect of COVID-19 on Routine Care,
January to September 2020
Matthew S. Davenport, MDa, Tom Fruscello, MBAb, Mythreyi Chatfield, PhDb,
Stefanie Weinstein, MDc, William F. Sensakovic, PhDd, David B. Larson, MD, MBAe

Abstract

Purpose: To determine the effect of coronavirus disease 2019 (COVID-19) on CT volumes in the United States during and after the
first wave of the pandemic.

Methods: CT volumes from 2,398 US radiology practices participating in the ACR Dose Index Registry from January 1, 2020, to
September 30, 2020, were analyzed. Data were compared to projected CT volumes using 2019 normative data and analyzed with respect
to time since government orders, population-normalized positive COVID-19 tests, and attributed deaths. Data were stratified by state
population density, unemployment status, and race.

Results: There were 16,198,830 CT examinations (2,398 practices). Volume nadir occurred an average of 32 days after each state-of-
emergency declaration and 12 days after each stay-at-home order. At nadir, the projected volume loss was 38,043 CTs per day (of
71,626 CTs per day; 53% reduction). Over the entire study period, there were 3,689,874 fewer CT examinations performed than
predicted (of 18,947,969; 19% reduction). There was less reduction in states with smaller population density (15% [169,378 of
1,142,247; quartile 1] versus 21% [1,894,152 of 9,140,689; quartile 4]) and less reduction in states with a lower insured unemployed
proportion (13% [279,331 of 2,071,251; quartile 1] versus 23% [1,753,521 of 7,496,443; quartile 4]). By September 30, CT volume
had returned to 84% (59,856 of 71,321) of predicted; recovery of CT volume occurred as positive COVID-19 tests rose and deaths
were in decline.

Conclusion: COVID-19 substantially reduced US CT volume, reflecting delayed and deferred care, especially in states with greater
unemployment. Partial volume recovery occurred despite rising positive COVID-19 tests.

Key Words: COVID-19, pandemic, resource utilization, socioeconomic
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INTRODUCTION
In early 2020, the coronavirus disease 2019 (COVID-19)
pandemic spread rapidly across the United States, causing
death; critical illness; shortages in personal protective
equipment; capacity constraints in hospitals, intensive care

units, and ventilators; and widespread financial and societal
disruption [1-5]. Health care systems and governments
responded by restricting access to routine (ie, nonurgent)
medical care [5-9]. The belief was that performing routine
care could consume resources and leave facilities unable to

aAssociate Chair of Operations, Service Chief of Adult Radiology, De-
partments of Radiology and Urology, Michigan Medicine, Ann Arbor,
Michigan.
bAmerican College of Radiology, Reston, Virginia.
cDepartment of Radiology, University of California San Francisco, San
Francisco, California.
dDepartment of Radiology, Mayo Clinic Scottsdale, Phoenix, Arizona.
eVice Chair of Education and Clinical Operations, Department of Radi-
ology, Stanford University School of Medicine, Stanford, California.

Corresponding author and reprints: Matthew S. Davenport, MD, Michigan
Medicine, Department of Radiology B2-A209A, 1500 E Medical Center
Dr, Ann Arbor, MI 48109; e-mail: matdaven@med.umich.edu.
Dr Davenport receives unrelated royalties from Wolters Kluwer. The other
authors state that they have no conflict of interest related to the material
discussed in this article. Dr Davenport, Mr Fuscello, Dr Chatfield, Dr
Weinstein, Dr Sensakovic, and Dr Larson are nonpartner, non–partner
track employees. Mr Fuscello is a subcontractor to FCG LLC. Dr Sensa-
kovic is founder and owner of Telerad Physics Teaching LLC.

Copyrightª 2020 American College of Radiology
1546-1440/20/$36.00 n https://doi.org/10.1016/j.jacr.2020.10.010 1

FLA 5.6.0 DTD ! JACR5415_proof ! 17 December 2020 ! 6:13 pm ! ce



The Swiss National CT Dose Registry – proof of concept project
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§ Proof-of-concept 
project run by 
Kantonsspital
Aarau (Prof 
Schindera, Dr.
Lima and Mr 
Sigrist) and funded 
by Federal Office 
of Public Health

§ 37

National Dose Registry

Data 
Submissio
n Interface

Cleansing 
and 

Aggregatio
n

Analysis 
and 

Reporting

Storage

Radiological Institute 
1

DMS

Radiological Institute 
2

DMS

Radiological Institute 
3

DMS

§ Aimed to evaluate the viability of such project including 
implementation and running cost, technical aspects and 
development of a prototype. 



Proof of Concept Stage - Platform

§ Implementation of core functionalities
§ Data submission (Interface for 

connecting institutes) and DMS
§ Providing tailored reports
§ Data cleansing process
§ Basis for data protection 

(Discussions, procedure 
mechanisms)

§ Focus on view
§ Data analysis for participating 

institutes: 
Radiologists/Technologist/Med. Phy.

§ Incorporating state-of-the-art web 
technologies
§ Goal: Using the PoC as foundation 

for the realisation
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Data analysis
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15 Protocols
(as per 
DRLs)

DLP and
CTDivol



Highlight own data
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Own data



By Vendors
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Different 
Vendors



Filtering just same vendors
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Same 
Vendors as

local
devices



Conclusion

• There is a legal requirement to optimise patient exposures. 
• Dose Management Systems, or Software Registries, are one of 

the possible tools to help teams to implement optimisation 
strategies in their workflow.

• Most solutions present similar features (connectivity, analysis, 
reporting) but other features are specific to some vendors. 

• Hospitals are not required to have a commercial software but 
normally in-house or opensource option require extra (human) 
resources.

• Lastly, but not least, the analysis of these dose registry 
software will be/is as good as the data it has inside –
having such solutions is only the begging of the work
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Thank you for listening.
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