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Radiopharmaceutical Administration Radiation Dose Reporting

Introduction

The following is a white paper comprised from a review of the DICOM, IHE, HL7 standards and
current Molecular Imaging industry. The goal of this document is to raise awareness, stimulate
discussion and help begin the process of finding solution to existing problems. We assume it is
best to follow IHE and DICOM approach for X-Ray and CT exposure and develop DICOM
structure report (SR) for radiopharmaceutical administration. There are other approaches to the
problem but DICOM SR offers the best alignment with existing standards, profiles and systems.
We will identify current parts of standards that refer to radiopharmaceuticals; define attributes of
the report, define the role of the creator of the report and propose a fDose Checkdin the
workflow.

There are many opportunities for the molecular image industry with adoption of a
standardization of dose report. A Radiopharmaceutical Administration Radiation Dose Structure
Report (RARD) would create a means for communication between the radiopharmaceutical
segment of the industry and the imaging segment. With communication established there are
numerous uses for the report which could solve existing problems in Molecular Imaging
industry.

1 The report would document radiopharmaceutical exposures and distribute them as
defined in the IHE Radiation Exposure Monitoring (REM) Profile.

1 The RARD contains radiopharmaceutical administration information required by PET
systems for accurate and consistent SUV calculations.

1 A standardized report and a time managed workflow is essential for the RSNA QIBA
PET SUV Biomarker.

1 A RARD report is a DICOM object so the information would flow with the images to
reading stations and archives.

1 The report could be de-identified and transferred from site to site or information could be
gathered from sampling of RARD reports. (e.g. dose amount, uptake times and other
patient characteristics) This information would be valuable for clinical research and
setting exposure benchmarks in the imaging department. A National registry could be
established to gather dose reports.

Developing a radiation dose report for Molecular Imaging is a complex problem. The
radiopharmaceutical product causes the radiation exposure to the patient, not the imaging
system itself unlike other modalities. Doses are often created in specialized pharmacies outside
of the imaging facilities. Doses are measured and recorded in systems (hot lab managers). The
doses are often administered to patients several minutes before the patient is imaged. Hot lab
managers currently have limited HL7 and DICOM Worklist capabilities. Currently, there is no
defined standard to digital communicate radiopharmaceutical administration information
in atime managed format to radiopharmaceutical imagers. For an accurate Radionuclide
Total Dose it is essential that time is managed (consistent) for, when the dose is assayed, when
the dose is administered and when the imager records the start of the acquisition.
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The RARD report needs to contain the information required to accurately compute exposure
from a radiopharmaceutical. These components are:

the radiopharmaceutical and radioisotope

the measured activity and the time it was measured

the time the product was administered

the residual activity measured and the time it was measured

the patient state (stress or rest) when the product was administered.

ERE I

Time is a reoccurring attribute in many of the exposure components. If the imaging modality is
going to relate these components to acquired images (like in PET SUV) then it needs to be
able relate the exposure component times to the imagers acquisition start time.

Another aspect of the radiopharmaceutical products that should be considered as is the
administered substances. There are many parts of the DICOM standard that pertain to
substances (e.g. Contrast Agent and Interventional drugs). The Interventional Drug Code
Sequence is now part of the Nuclear Medicine and PET I0OD. For hybrid PET/CT, SPECT/CT
and PET/MR scanners, the contrast agent information is part of the CT and MR 10D. Thou not
as critical as radiopharmaceutical information, contrast agents and intervention drugs have the
same problem, the technologist has to manually enter data about products administered several
minutes earlier at the modality console. Hot lab management systems can track the
administration substances other than radiopharmaceuticals. In this document we will review and
incorporate appropriate information into the RARD report. Contrast Agents and inferential drugs
should be handled in a different and separate Product Administration report. A product
administration report would share many of the same attributes and workflow as the RARD
report.

What we are proposing is a four item solution.

1. Radiopharmaceutical Administration Radiation Dose SR 10D template (RARD SR). The
report contains dose assay components and exposure components.

2. A RARD Creator Actor which defines the role and features of the RARD report creator.
The profile can then be integrated in to IHE REM profile.

3. A Dose Alert component for the RARD Creator. It could act much like the CT Dose
Check Initiative.

4. A Product Administration Report SR 10D template. It is used to communicate
Intervention drugs and contrast products to the imaging modalities. Radiopharmaceutical
Reports are differentiated from Product Administration reports so they can easily
identified by REM Dose information consumers. RARD should have a different SOP
Class UID from Product Administration Reports. A product administration report and a
RARD would share many of the same attributes, but a product administration report is
beyond the scope of this document.
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Who is this for?

There are many aspects to reporting exposure within the Ml department. Therefore, there are
many players who should be aware and involved in developing the report. The following is a list
of potential players.

Facilities exposing patient to radiation from radiopharmaceuticals.

MI Physician and Technologist

Modality Manufactures of Nuclear Medicine, PET and Hybrid systems.
Radiopharmaceutical manufactures

Radiopharmaceutical Pharmacies

Dose Management System Developers

Dose calibrator manufactures

Rubidium Generator manufactures

Infusion System manufactures

Non-Imaging Nuclear Medicine systems manufactures, Uptake Probe, Blood Volume.

E N I

Molecular Imaging Use Cases:

In the following list we will try to capture the use cases and other considerations we used for the
design of the RARD report. The RARD Report will:

1.) Record radiopharmaceutical exposure in an IHE REM compatible format.

2.) Record product information not entered/available to the scanner at time of the
acquisition or must e edited after the acquisition.

3.) Support multiple scans (and/or, multiple reconstructed images series) in a study, from 1
product administration.

4.) Support multiple product administration within a study (e.g. Cardiac Rest/Stress study)

5.) Create reports for non-imaging procedures. (e.g. Thyroid Uptakes probes, Blood volume
systems)

6.) Create reports for administered products even if patient cancels imaging step.

7.) Create reports for therapeutic doses that are not imagined.

8.) Record the Patient State when the radiopharmaceutical was administered. Patient
stateaffects radiopharmaceutical dose.

Considerations :
1.) Exposure Reporting
a. Effective Dose (as per product label)
b. Organ Exposure (as per product label)
2.) Model Injection/Administration as event, and include some mechanism of uniquely
identifying that administration event (anal ogou
3.) Accumulated Dose
4.) Dose Information is transferred and stored with images.
5.) Coded Radiopharmaceutical
6.) Coded Radioisotope
7.) Coded Route of Administration

RARD White Paper Page5



8.) PET SUV Components

a. Total dose

b. Administration date/time

c. Patient Weight

d. Patient Size (height)
9.) Radioisotope Assay Data

a. Observer Context
10.) Time Management (Consistent Time when recording the dose, and product

administration)

11.) Patient Uptake Location
12.) Patient Characteristics

a. Patient State Stress\Rest

b. Glucose level

c. GFR/eGFR

d. Allergies

e. Patient Medications
13.) Product characteristics

a. Product Package Identifier
Manufacturer
Product Type Code Sequence
Product Lot identifier
Product Expiration Date Time
Product QC data
Isotope characteristics
Reagent Kit characteristics
14.) Volume Administered
15.) Interventional Drugs (Stress Agents)
16.) Prescription Id
17.) Unit Dose or local compounded
18.) Clinical Trials integration
19.) Image report
20.) Product administration integration (Medicine Administration Report)
21.) Product approval
22.) Meaningful Use (MU) component requirements

S@ 00T

Review of IHE Radiation Exposure Monitoring (REM) technical framework
The following is a list of the use cases identified for REM. The use cases were identified for CT,
X-ray and fluoroscopy system but most these points are applicable to molecular imaging.

IHE REM Use cases:
1.) Department QA (Process Control)
2.) Patient Impact Evaluation
3.) Population Dose and Dose Indicators
4.) Dose Reference Levels
5.) Site Benchmarking
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6.) Population Epidemiology

7.) Clinical Trials

8.) Procedure Operational Awareness (Quasi-real time)
9.) Clinical Management

10.) Longitudinal Patient Dose Record
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Integrating Molecular Imaging workflow into REM workflow.

The following is a drawing that is identical to the Actor diagram in the IHE REM profile except for
the Acquisition modality actor has been replaced with a RARD Creator actor. Molecular Imaging
modalities, which only image, do not appear in the diagram because they do not expose
patients. For PET especially, the camera should perform the role of the Dose Information
consumer. The RARD report contains information essential for SUV calculations.

Dose Register

™ [RAD-63] Submit Dose Information

Dose Info
Reporter
J- [RAD-64] Query Dose Information
J [RAD-65] Retrieve Dose Information Dose
& [RAD-64] Query Dose Information
Image Image & [RAD-65] Retrieve Dose Information Dose Info
s
Archive Manager Consumer
™ [RAD-62] Store Dose Information
4~ [RAD-10] Storage Commitment
RARD
Creator

- [RAD-62] Store Dose Information

Figurel RARD Creator in IHE Actoadram

RARD Actor Transaction

RARD Creator

Maintain Time [IFL]

Query Modality Worklist [RAB]
Store Dose Information[RAER]
Storage Commitment [RATD]
Modality PS in Progress [R&D
Modality PS in Comple{®RAD7]

OO0OXTXXO

IHE IT Infrastructure Vol. 1 Section 7
IHERadiology Vol. 1l Section 4.5
IHEREM Vol. 4 Section 62

IHE REM Vol 4 Section 10
IHERadiology Vol. 1l Section 4.6
IHERadiology Vol. Il Section 4.7

RARD White Paper

Page8




Workflow diagrams

Real-World Molecular Imaging current workflow

The following figure is a diagram of the Atypical

represents RIS\HIS scheduling workflow. The orange represents radiopharmaceutical
management workflow. The green represents the patient workflow. The red is imaging modality
workflow. Some dose management systems are connected to the HIS/RIS for ordering. Note
there is no connection between the radiopharmaceutical management and the imaging
modality. Time is not managed between dose measurement and product administration and the
imaging scanner.

Patient

Radiopharmaceutical
Management

Patient Arrives

Pharmacy

Interview IV's
Admin Room

s}onpold

HIS\RIS
Products Product
— Administered

Patient / Order
Entry HIS

Uptake Room

Imaging

Procedure Order RIS

Patient Scanned

Image Manager
Image Archive

Figure2 Current Molecular Imaging Workflow
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RARD Workflow with hot lab manager implemented RARD Actor.

The following diagram demonstrates workflow where there is a RARD actor. It is recording the

dose measurements and the product administration measurements. In this instance the RARD

report is being sent directly to the imaging scanner. The scanner can read the report to populate

the radiopharmaceutical administrationinf or mati on it requires. The scan
reference the RARD report. The scanner images and the RARD report can be stored and read

from the image manager/archive (PACS).

Patient

Radiopharmaceutical
Management

Patient Arrives

Pharmacy

Interview IV’s
Admin Room

HIS\RIS

Products

Consistent
Patient / Order Time

Entry HIS

Uptake Room

Imaging

Procedure Order RIS Patient Scanned

Image Manager
Image Archive

Figure3 Dose Management system RARD Actor Waoil
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RARD Workflow administrated dose without imaging.

The following figure shows the workflow for non-imaging dose or procedure where the patient is
administered a radiopharmaceutical but is not imaged. A record of the administration is still
produced and stored. This action may prompt the billing system that the procedure step was
performed. Time is managed between the dose assay time and the product administration time.

Patient
Radiopharmaceutical
Management
Patient Arrives

Interview IV’s

Admin Room

Products

HIS\RIS

Consistent
Patient / Order Time
Entry HIS

Imaging

Image Manager

Procedure Order RIS
Image Archive

Figure4 RARD Workflow with no imaging step
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RARDWorkflow with an infusion system implementing the RARD Actor.

The following is the workflow if the RARD Actor is a infusion system or generator. The
consistent time triangle was removed from the drawing for simplifcation. Keeping consistent
time is simpler because infusion system is electronicly preforming dose assays and dose
administration. If time is managed between the infusion system and scanner then very accurate
dose reports can be achieved. Also, since the patient characteristics can be entered in to the
infusion system, patient specific dose reduction routines can be easily implemented. Dose
assys are recorded electronicly with out technologist fpush backa

Patient

Radiopharmaceutical
Management

Patient Arrives

Pharmacy

Interview IV’s
Admin Room

HIS\RIS Products

s | ——

Patient / Order
Entry HIS

Uptake Room

Procedure Order RIS Scanner

Patient Scanned

Image Manager
Image Archive

Figure5 Infusion System RARD Actor Workflow
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Radiopharmaceutical Dose Check

If the Ml industry implemented a dose check feature simular to CT industry, a logical place to
put the check dose feature is in the RARD creator. RARD creator would ensure the
radiopharmaceutical attributtes. The folloing is a list of attributes for the RARD dose check.

Radiopharmaceutical (Coded Value)

Radiopharmaceutical Assay Measurement

Assay Time (Time Managed)

Electronic setting of dose calibrator for radiopharmaceutical
Electronic reading of dose assay values.

Schedule Administration Time or current time in same managed time as assay.
Patient Age

Procedure

Configured Notification Value

Reason for Proceding

Person Participant

Allergies

Mediciations

Other QC data

=4 =f =4 =4 -4 4 -4 a8 -a a8 oa g
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Radiopharmaceutical Dose Check workflow

The following is a proposed workflow for a radiopharmaceutical i D o sheckdPatient age,
weight, scheduled start time and requested procedure are gathered from DICOM Worklist.
Products for the procedure are selected from inventory. The radiopharmaceutical is assayed in
the dose calibrator. The electronic connection to the dose calibrator is important. First the RARD
creator can ensure the dose calibrator is set to the correct isotope for the selected
radiopharmaceutical. Secondly it eliminates transcription errors. Third it ensures the dose is
assayed and the time. The patient is prepared for the administration of the radiopharmaceutical.
Then just before administration there is a check of patient id to product id. It would be possible
to check radiopharmaceutical dose using current time and last assay to ensure the dose is
being administered at the proper time. Product approval by local pharmacy, drug interaction and
patient interview results are not included in the workflow.

DICOM Worklist Step

(Age, Weight, Scheduled Product Selection
Start Time, Requested

Procedure)

Product Assayed
(electronic
verification isotope
& assay)

Dose
checked with
Age, Weight,

Procedure,
Scheduled
Start Time

Prepare Patient for
Product
Administration

Dose check in
Managed
Time with Product
assay, and Administered
Product Id

and Patient Id

Figure6 Dose Check Workflow
Problems
Technoligist GPush Backd

Electronic recording of Assay

There appears to be significant technologist opposition to electronic reading of dose assays. For
several years dose calibrators have had the ability to read assays electronically. Also hot lab
management systems have had the ability to read the dose calibrators. But today few
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departments have their dose calibrators and hot lab managers connected. There may be many
reasons for this. The industry should educate physicians and technologists that doses should be
read electronically. A study was performed for QIBA PET SUV Biomarker. 10% of the results
were rejected because of dose calibrator isotope setting errors. The following are reasons for
stressing electronic reading for dose assays.

9 Transcription errors

1 Dose calibrator isotope setting errors.

1 The reading computer can be configured to provide time that is consistent with the
cameras.

1 Department efficiency

1 Dose Reporting accuracy

1 Ensuring doses are assayed and validated before administered.

Assay of resdual dose

Many departments do not record the residual dose left in the syringe after administration of the
radiopharmaceutical. One reason is the time it takes to measure the residual dose and dose
calibrators take longer to assay a dose with lower activity. Also hot lab management system
may not provide a means to easily record residual doses.

DICOM Standard

91 Duplicate codes for the same radiopharmaceutical exist between Nuclear Medicine
Radiopharmaceutical and Nuclear Medicine Cardiology Radiopharmaceutical. The same
for PET and PET Cardiology.

1 Not all organs reported in the radiopharmaceutical product labels appear in the DICOM
standard. (CP 1127 Add fields for Organ Dose to Dose SR)

9 TID 15101 NM/PET Protocol Context. See Appendix

1 Supplement 107 Substance Administration Information Services. See Appendix

Product labels Radiation Dosimetry estimation

The radiation dose on product labels provides an estimated dose to organs. Much like CT

exposures these exposures are basremdayovary. model s. Pa
Radiopharmaceuticals expose the whole body. This report estimates the total effective dose and

the dose to each organ. If a better method of measuring dose is developed it would most likely

report information in the same categories.

Radiopharm aceutical Quality Control, Isotope and Reagent Kit attributes

This document attempts to identify some of the attributes for quality control and component
attributes but there may be other attributes that are needed. DICOM SRs are customizable so
local department or applications can add attributes as needed.

Intervention drugs and Contrast Agent characteristics report

Intervention drug and contrast agent were not added to the RARD report for compatibility with
REM. A SR report could be developed that would have the same workflow as RARD. It seems
that if a camera is parsing a SR file for radiopharmaceutical information. It could parse an SR
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document for intervention drugs and contrast agent. The cross-enterprise document (XDS)
would provide good solution to product administration reporting.

Product Administration Approval

Product Administration reporting. (Joint Commission Medication Management (MM) standards).
DICOM Substance Administration Services have a component to aid in integrating contrast
agent and intervention drugs with pharmacy system. See appendix

oDruguse controls in radiology present a difficult and challenging circumstance, one in which millions of
patients per year are routinely exposed to dangerous drugs without the protections onyfaffered
elsewhere in the hospital. Pharmacy must assume responsibility for thebeiell) of these patients and
ensure best medicatiorelated outcomes for patients referred for medical imaging. All patients should

be protected by the safeguards pharoyais uniquely positioned to provide.

http://www.pppmag.com/article/858/April 2011/Managing Radiopharmaceuticals/

Conculsion

It is possible to leverage existing standards and systems to provide a radiation dose report for
radiopharmaceuticals. The report provides a Win-Win situation. Dose reporting systems can

now gather more information to give a more compl e
Imaging wins by improved accuracy and efficiency in radiopharmaceutical administration. There

are a number of challenges to completing the RARD report, but defining the report is the first

step towards solving the problem.
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Appendix

RARD PETNCT Sequence Example

The folbwing shows a sequence diagram to moving a RARD from the creator/©0TPEddality. PETT
system stores the CT radiation exposure report. Both reports are available to a DOSE information
reporter. Reports are then submitted to a Dose Registry.

RARD Creatar PETVCT Acquisition Modality Image Mer/Archive Dose Information Reparter Dose Register

T I
| | |
L X |
> Administred Product |
. |
|

Store Dose Information {RARD)
i

'
Storage Commitment
|

|
|
' |
Cuery Waorklist

|__

Ouery Doze Information

Retrieve RARD

Perfarm Study

Gtore Dose Information (CT)

Storage Commitment

|.______________________________

| Query Dose Information > Init Report Task
Retrieve Reports
> Generate Reports

—

Query Dose Information

Retrieve Reports > Prepare Submission

De-identify Reports

Submit Doze Information

> Perfarm Analysis

L
|
|
|
|
|

Figure7 RARD PETT REM Sequence
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Review of Existing Standards

TID 15101 NM/PET Protocol Context
Defines Radiopharmaceutical information can be added to the Protocol CanteaMSchedule

Protocol Sequence or the Performed Procedure Step Protocol Sequence. It provides a standard method
to move information to the acquisition system via Modality WorldisMPPS

Figure8. NM/PET Protocol Context Workfie

Pros

1.) Coded Radiopharmaceutical

2.) Coded Radioisotope

3.) Total Dose measurement

4.) Radiopharmaceutical Start Time
5.) Route of Administration

Cons
1.) No defined communication between worklist provider and dose measurement.

2.) No Consistent Time with measurements

3.) No Irradiation Event Id easily confuse or duplicate dose information
4.) No Exposure Information

5.) Difficult to relate stress dose or rest dose.
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