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Abstract

Digital Imaging and Communications in Medicine (DICOM) is the global standard for
managing electronic medical information regarding patients, medical images and dosimet-
ric data. However, DICOM is limited. It does not include information on radiation from ex-
aminations. Radiation Dose Structured Reports (RDSR) are needed, they are a complement
to the DICOM standard and contain a complete list and sum of all patient radiation expo-
sures, per examination, medical imaging, and interventional procedure. This thesis study
has the goal of creating a non-propietary software-based toolbox capable of analysing DI-
COM and RDSR data from SIEMENS angiography systems. The project objectives were
summarised into five parts: Data collection; Development of Python script to load DICOM-
RDSR files; Development of analytical toolbox to work on DICOM-RDSR files; Propose a
design for a standardised report template and discussion with clinical staff to verify that the
work is clinically reliable. Example data were collected over the last three years from an
angiography system, ARTIS Pheno, SIEMENS Healthineers, ANG45 interventional suit
located in the interventional radiology department in Huddinge. The data collected con-
tained 96 276 radiation exposures. A Python script to convert DICOM-RDSR files to .json
or .csv, for easier file management, was developed in unison with a Python script for anal-
ysis of converted data. A standardised report template was designed in Excel to visualise
and present the results of the analytical script to clinical staff. The developed toolbox was
then applied to several use cases. Among these; the first involved comparing the practices
of two interventional angiography departments in terms of how they collimated the radi-
ation field during procedures to minimise patient dose; the second use case was to map
the dose-area-product contribution per acquisition protocol for one angiography depart-
ment. The analytical toolbox, called RDSR-Analytic, proved to be both reliable and useful
in calculating the cumulative dose-area-product per acquisition protocol. For example, we
identified that during the 2021 - 2025 period the acquisition protocol called DCT Mjukvéav-
nad CARE 4s was used 122 times for the ANG45 laboratory and contributed with 38% of
the cumulative dose-area product of the laboratory. In conclusion, the developed software
has successfully met the project objectives and enhances the current state of analytics by
complementing existing analytical tools with a novel, modular software package.
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Sammanfattning

Digital Imaging and Communications in Medicine (DICOM) 4r den globala standarden for
hantering av elektronisk medicinsk information avseende patienter, medicinska bilder och
dosimetriska data. DICOM har emellertid begrinsningar, da standarden inte inkluderar in-
formation om straldoser fran en undersokning. For detta &ndamal anvdnds Radiation Dose
Structured Reports (RDSR), som ér ett tilldgg till DICOM-standarden och innehéller en
komplett lista samt summering av alla patienters stralningsexponeringar, per undersokn-
ing, medicinsk avbildning och interventionell procedur. Detta examensarbete har som mal
att utveckla en icke-proprietir mjukvarubaserad verktygsldda for analys av DICOM- och
RDSR-data fran SIEMENS angiografisystem. Projektmalen sammanfattades i fem delar:
Datainsamling; Utveckling av ett Python-skript for att 1asa in DICOM-RDSR-filer; Utveck-
ling av en analytisk verktygslada for bearbetning av DICOM-RDSR-filer; Forslag pa en
design for en standardiserad rapportmall samt genom diskussion med klinisk personal ver-
ifiera att arbetet dr kliniskt tillforlitligt. Exempeldata samlades in under de senaste tre
aren fran ett angiografisystem, ARTIS Pheno, SIEMENS Healthineers, ANG45 interven-
tionssal vid den interventionella radiologiavdelningen i Huddinge. Den insamlade datan
omfattade 96 276 stralningsexponeringar. Ett Python-skript for att konvertera DICOM-
RDSR-filer till .json eller .csv, for att underlitta filhantering, utvecklades parallellt med ett
analysverktyg for bearbetning av den konverterade datan. En standardiserad rapportmall
utformades i Excel for att visualisera och presentera resultaten fran det analytiska skriptet
for klinisk personal. Verktygsladan tillimpades direfter pa olika anvindningsfall. Bland
dessa var det forsta att jamfora hur tva olika interventionella angiografiavdelningar arbetar
med att anpassa stralfiltets storlek under en undersdkning i syfte att minimera patient-
dosen; Det andra for att kartligga dos-areaproduktens bidrag per insamlingsprotokoll for
en angiografiavdelning. Den analytiska verktygsladan, benimnd RDSR-Analytic, visade
sig vara bade tillforlitlig och anvidndbar for berdkning av kumulativ dos-areaprodukt per
insamlingsprotokoll. Exempelvis identifierades att under perioden 2021 - 2025 anvéndes
insamlingsprotokollet DCT Mjukvavnad CARE 4s 122 ganger i ANG45-labbet, vilket stod
for 38% av labbets kumulativa dos-areaprodukten. Sammanfattningsvis har den utvecklade
mjukvaran framgangsrikt uppfyllt projektmalen och stirker det aktuella analyslandskapet
genom att komplettera befintliga analytiska verktyg med ett nytt, moduldrt mjukvarupaket.
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1. Introduction

lonizing radiation is one of the deadliest natural forces known to man. Itis odourless, colourless
and has the capacity to cripple materials and kill a man. First discovered in 1895, it was quickly
recognized as a revolutionizing new type of medicine. During 1920 the usage of x-ray generated
enormous interest and became wide spread in several elds and further in the medical eld [2].

A deeper introduction to x-ray photons can be found in appendix A.1.

Today getting anX-ray"' is standard procedure while visiting the hospital. It has established
itself as a critical noninvasive tool for doctors to see inside a patient [3]. Figures 1.1 and 1.2
present two x-ray images of the thorax region, one taken during the 1970s and the other during
2025. They visualise that the process of x-ray imaging is essentially the same as today. What
has changed during this time is mainly the technique of capturing images to allow better con-
trast between tissues [2]. Fluoroscopy, most often refereed Ebuaso, is an x-ray imaging
technique that can render, in real-time, moving images of a patients interior. For example, organ
motion, like the pumping of the heart or muscle motion in the throat while swallowing [4].

Angiography is a technique that utilises both uoroscopy and x-ray images to visualise vessels
within a patient's body. The number and variety of which has increased considerably due to
advances in minimally invasive surgery and imaging technologies [5]. The functionality of x-
ray equipment can be optimized by methodically reviewing the systems usage and performance,
ideally employing a robust data-driven approach [5].

Figure 1.1: Chest x-ray of patient during Figure 1.2: Chest x-ray of patient during 2025,
1970s, sourced from Réntgenaufnahmetechnic sourced from Radiopedia.org [7].

[6].



CHAPTER1. INTRODUCTION

X-ray angiography systems record large amounts of data on technical parameters and store them
in a format governed by Digital Imaging and Communications in Medicine (DICOM), whilst
accessed and managed by a Dose Management System (DMS) [8, 9]. During recent years,
the number and variety of angiography procedures have increased considerably [5], as has the
number of possibilities for dose monitoring. However, the information in DICOM is limited
and does not include information on radiation or patient exposure. Radiation Dose Structured
Reports (RDSR) complement DICOM with data on radiation exposure. Essential for accurate
dose monitoring to protect patients and staff. As a result, more and more radiological equip-
ment manufacturers opted to use the RDSR standard [10], until it became mandatory in 2010
[11]. Hence DICOM-RDSR is an important part of clinical quality assurance (QA) since it sim-

pli es for hospitals to compare and evaluate examinations [10]. In an ideal world this format
would be consistent between manufacturers of radiological equipment and institutions. Unfor-
tunately, that is not true [10, 12], so this thesis work will be limited, for consistency, to only
include DICOM-RDSR data from SIEMENS-based angiography systems. More information
on DICOM and RDSR can be found in section 2.2 and 2.2.1.

A wide range of commercially available DMS applications exists today. One exampkeGs

TRA DoseTrackl3], illustrated in Fig 1.3. All DMS applications share the same fundamental
purpose: They load DICOM les, visualize data and perform basic analytical functions. How-
ever, these systems often only provide a limited set of prede ned analytical tools and restricts
user access to a predetermined assortment of DICOM-RDSR data. Such limitations results in
large inef ciencies, compelling clinics to to develop their own solutions [14].

All DICOM-RDSR information is of interest for the clinical ambition to follow-up on proce-
dures. With access to all data on a case-to-case basis comes simplicity and possibilities to
optimize procedures, re ne examination protocols and draw new conclusions, all to minimize
dose to patient and staff [8]. This creates a need for thorough and secure data management. In
short, data managementisy in modern medicine. Consequently, it has become more common

to use the commercially available applications primarily to extract data, followed by scripting
custom tools using MATLAB, Python, or other programming languages.

Figure 1.3: Front window of SECTRA DoseTrack interface



CHAPTER1. INTRODUCTION 1.1. GoALS AND PURPOSE

In this thesis the design, development and veri cation of a standardized method of accessing,
analyzing and presenting RDSR data is presented and proposed. The software is based on the
Python programming language due to its wide variety of available libraries. Enabling easy ac-
cess to information stored in RDSR and analytical functions. Development and veri cation was
done in unison with other professional groups at the hospital to guarantee that the software is
keept up to date with clinical demands and procedures. The idea of this software is to provide an
open-source platform for easier access to and analysis of DICOM les, to complement existing
DMS applications and help with optimization of angiography procedures. Such as: comparing
dose surveys against relevant standards, evaluating imaging protocols and reviewing perfor-
mance by physician and procedure, ultimately resulting in safer diagnostics and interventions
for patients and staff.

1.1 Goals and Purpose

This thesis study has the goal of creating a software based toolbox capable of analyzing DI-
COM and RDSR data from SIEMENS angiography systems (An introduction to the SIEMENS
system used at KS can be found in appendix A.2), to act as a foundation for developing a
standardized summary report. Utilizing Python as programming language and libraries like
rdsr-navigator[15], an open-source Python DICOM parser previously developed at KS. Devel-
opment of script and summary report should be in unison with other professional groups at the
hospital to guarantee that the software keeps up to date with clinical demands and procedures.

The purpose of this thesis work is to try to ful Il the idea at KS to develop a non-proprietary
software for managing and analyzing RDSR data (due to the challenges in dose monitoring
of angiography posed by the limitations in available DMS), resulting in a summary report on
current diagnostic and interventional angiography procedures. Designed for ease of use by
both medical physicists and physicians, and to act as a tool for optimization of angiography
procedures.

The concept of a standardized method for conducting analytical tests on RDSR data holds the
potential to provide new insights into dose monitoring practices. And if a standard is success-
fully established, it could make signi cant contribution to optimization and comparisons of
examinations and procedures across various clinics.

1.2 Research objectives

To achieve the goal of the project the following objectives needs to be achieved:

Construct a Python-based software capable of data-analysis utilizing provided indicators.
Load DICOM & RDSR data from SIEMENS angiography systems.
Verify software analytical capabilities.

Analyze and verify, formulate conclusions from tests.

o & w0 N oRE

Formulate a standardized result report template for easy presentation of data.

3



CHAPTER1. INTRODUCTION 1.3. KEYWORDS

1.3 Keywords

Angiography, DICOM, RDSR, Analysis, Toolbox, Python, Interventional Radiology

1.4 Delimitations

This thesis project is limited to verify a theory, and prove a concept. The resulting software
will not be part of any care plan or previously standardized work method. Instead, it will act
as a complement to currently established DMS tools. The software will provide a standardized
platform for clinical personnel to utilize for analytical and optimization purposes. And to easily
complement the platform with analytical tools as need be.

The software is built to work on SIEMENS angiography systems, de ned as XA per DICOM
standard. It may function on other SIEMENS systems and similar systems from other manu-
facturers, with modi cation to source-code, but this is not guaranteed.

1.5 Structure of the thesis

Chapter 2 presents relevant background information on DICOM, RDSR and currently available
analytical methods for analyzing DICOM-RDSR data. Chapter 3 presents the project method-
ology, i.e mapping of limitations in currently available analytical methods and connecting the
academic interest with the original problem. Chapter 4 presents methodology of the software
development and implementation. Chapter 5 presents project results. Examples of software
implementations and associated reliability and validity analysis for each presented implementa-
tion. Chapter 6 is discussion of results and the potential clinical impact of developed software.
Chapter 7 presents project conclusion, limitations that arose during the project and opportunities
for further studies.



2. Background

2.1 Angiography

The uoroscopy technique utilizes pulsed x-ray exposures (i.e taking several simple x-ray im-
ages during a short time-frame) to obtain real-time moving images. It is useful for both diag-
nosis and therapy, its primary application in medical imaging is to allow a physician to see the
internal structure and anatomical functions inside a patient [4]. It exists in: General radiology;
Interventional radiology; Image-guided surgery; and angiography procedures [4].

Interventional radiology consists of minimally invasive surgical procedures, ciltedven-

tions, where the surgeon (referred to as the Operator) performs treatment or acquires biopsy
samples. All while being guided by real-time radiological imaging. Computed tomography
(CT) can be used for some interventions, but the most common imaging modalities are uo-
roscopy and ultrasound [16, 17].

Angiography is a technique that uses uoroscopy to visualise vessels inside the body of the pa-
tient. These angiography interventions are varied and can use more than an hour of uoroscopy
and include high-dose elements such as cone-beam CT (3D images). Common angiographic
applications include cardiology, neurology and peripheral angiography. The latter includes ev-
erything from relatively simple visualisation of blood vessels to long and highly advanced treat-
ments of internal organs such as the liver and pancreas [18]. Like, e.g. arteriography (a type
of angiography for cardiograph procedures) that focusses on visualising blood vessels, arteries,
veins, and heart chambers [18], see Fig 2.1. Or cholangiography, used to visualise the bile duct
and named after the greek word for the bile duct, see Fig 2.2.

Angiographic interventions are unique in three main ways when it comes to radiation protection,
affecting the dose to patient and staff: Each intervention is uniquely adapted to patient anatomy,
which can vastly affect both time and radiation needed to complete a procedure; The technique
used by each operator (physician) is based on their experience, knowledge of the x-ray system
and radiation protection; Finally, angiography is essentially a form of "x-ray-assisted surgery".
So both the operator and the assisting staff are close to the patient and the radiation source at all
times and may receive substantial amounts of scattered radiation [17].

Radiation exposure represents a signi cant concern for both patients and medical staff, with
substantial variability arising from the practices of individual operators, as well as the inherent
physiological differences among patients. These factors make the identi cation of potential
optimisation areas essential and challenging. In this context, this thesis speci cally focusses
on angiographic equipment. For the readers reference, a list of commonly used parameters is
provided in appendix A.2.



CHAPTER 2. BACKGROUND 2.2. DICOM

Figure 2.1: Arteriography performed at KS, Figure 2.2: Cholangiogram reveals small II-

utilizing an opaque contrast-medium to visual- ing defects in the distal portion of the common

ize the coronary arteries. bile duct inferring stones. Case courtesy of
Mohammad Taghi Niknejad, Radiopaedia.org,
riD: 96610

2.2 DICOM

DICOM is the global standard for the management of electronic medical information related to
patients, medical images, and dosimetric data. It was implemented to simplify data extraction,
storage and analysis since previous data management methods lacked standardisation and were
prone to errors [5]. It is structured such that every DICOM object (e.g., an x-ray image) in-
cludes a corresponding header containing general parameters for the speci ¢c examination [10].
In table 2.1 a short list of tags commonly used in the DICOM header le for SIEMENS angiog-
raphy systems is presented. However, this information is limited and does not include details
on radiation dose or patient exposure. Since angoigraphy procedures can involve prolonged
uoroscopy times and multiple image acquisitions, it is essential to have accurate dose moni-
toring to protect patients and staff, as well as guide procedural optimisation. This is why RDSR
is needed. They are part of the DICOM standard and contain a comprehensive record of all
patient radiation exposures per examination, medical imaging, and procedure [10, 12]. Fig 2.4
presents an excerpt from the hierarchy of DICOM tags used per examination, and Fig 2.3 shows
how DICOM data ows from a modality (i.e x-ray device) to the storage server.

2.2.1 Radiation Dose Structured Reports

With the proliferation of dose-monitoring capabilities over the years, an increasing number
of manufacturers of radiological equipment adopted the DICOM standard, establishing it as a
crucial component of clinical quality assurance [10]. The early adoptions had unfortunately
signi cant challenges in data extraction, storage, and analysis since radiation dose information
was often embedded within the x-ray image headers or recorded as screen captures [5]. That
work ow was susceptible to errors and data loss but most important, it lacked standardiza-
tion, making effective monitoring and management of patient radiation exposure dif cult. The
introduction of RDSR format effectively addresses these challenges by providing a standard-
ized, machine-readable format for dose data per examination [12]. Which facilitates automated
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Figure 2.3: Flow of DICOM data between modality (i.e CT scanner) and archive server.

Table 2.1: List containing excerpt of DICOM tags common in SIEMENS angiography systems. A DICOM
header le typically contains hundreds of tags from a single examination

DICOM TAG | VR Name Data
(0008,0005) | CS Speci ¢ Character Set ISO_IR 100
(0008,0016) | UI SOP Class UID X-Ray Radiation Dose SR Storage
(0008,0018) | UI SOP Instance UID -
(0008,0020) | DA Study Date yyyy-mm-dd
(0008,0021) | DA Series Date yyyy-mm-dd
(0008,0023) | DA Content Date yyyy-mm-dd
(0008,0030) | T™M Study Time hh-mm-ss
(0008,0031) | T™M Series Time hh-mm-ss
(0008,0033) | T™M Content Time hh-mm-ss
(0008,0050) | SH Accession Number SEKFB12345678910
(0008,0060) | CS Modality SR
(0008,0070) | LO Manufacturer SIEMENS
(0008,0080) | LO Institution Name Karolinska Huddinge
(0008,0081) | ST Institution Adress Anatomivéagen 1
(0008,0090) | PN | Referring Physician Name Physician 1
(0008,1010) | SH Station Name C3R8XSB434
(0008,1030) | LO Study Description Al leverbiopsi

tracking, analysis, and integration with health information systems such as Picture Archiving
and Communication System (PACS).

RDSR are standardized DICOM objects speci cally designed to store comprehensive informa-
tion regarding radiation exposure, containing a complete list and sum of all exposures [19].
Fig 2.5 illustrates where RDSR belongs in the DICOM hierarchy. It was added to the DICOM
standard in 2005 [20] and with the release of the second edition of the International Electrotech-
nical Commission (IEC) technical standards for the safety and essential performance of medical
electrical equipmentEC 60601-2-43x-ray equipment is now required to support RDSR [11].
Making them vital in enhancing patient safety, ensuring regulatory compliance, and facilitat-
ing quality assurance in radiological practices. The captured data stored in RDSR relates to

7
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Figure 2.4: lllustration of DICOM hierarchy. In short, each DICOM le has three "types" of tags
of interest for optimizing angiographyRDSR contains exam speci ¢ tagsAccumulated x-ray dose
data contains summary information of dosages for all irradiation eventgadiation event contains
dosimetric data for each irradiation event. 8
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radiation dose metrics but also encompasses technical parameters such as tube voltage, current,
and exposure time, in addition to dosimetric quantities like dose-area-product (DAP)[10, 12].
Ideally, this format would be consistent across all manufacturers and institutions. However,
this is not currently the case; comparing DICOM-RDSR from different manufacturers can be
cumbersome.

Figure 2.5: Overview of DICOM - RDSR tag€ONTENT SEQUENCEgroups other tags.Accu-
mulated x-ray dose dataontains a summary of radiological information regarding the examination.
Irradiation event x-ray data stores all dosimetric and radiological data recorded per irradiation event.

2.2.2 Imaging protocols

X-ray angiography systems provide a range of imaging protocols tailored to different proce-
dures. These protocols vary in exposure settings such as frame rate and beam quality, as well as
in image processing parameters that affect the perceived image quality. Evaluating their use in
clinical practice is therefore essential for identifying which protocols should be prioritized for
optimization within the hospitals quality assurance program [5].

2.2.3 Operator parameters

The exposure geometry in x-ray angiography systems can vary considerably depending on the
type and complexity of the procedure. This variation arises in part due to the multiple degrees
of freedom inherent to angiography systems, including angulation from left- to right-anterior
obliqgue (LAO - RAO) and translational angulation from cranial to caudal positions (CRA -
CAU) of the C-arm relative to the patient (see Appendix A.2), as well as different eld-of-view
(FOV) settings.

Adjusting these parameters enables the operator to optimize visualization of the target anatomy
while simultaneously minimizing patient radiation exposure. Consequently, the analysis of
exposure geometries employed in clinical practice constitutes a key component of quality as-
surance [5].
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2.3 Data management in modern medicine

There exists an abundance of software capable of loading and analysing DICOM-RDSR data.
Numerous ongoing open-source projects, such as DoseUtility [21], challenge established com-
mercial software like SECTRA DoseTrack [13] as well as OsiriX [22] and RadiAnt [23].

The recorded RDSR data is mainly stored in an archive accessible by the DMS for easy analysis
and export for post-processing [8], The ow is illustrated in Fig 2.6. The process for recording
exposure data varies between clinics, but is in essence divided into a few steps: During a pro-
cedure, all exposures performed by physicians are stored locally, together with parameters that
identify the procedure [8]; Finally, after the procedure, the data is automatically exported to a
storage server and PACS.

Figure 2.6: lllustration of how DICOM data is managed from exam to storage and accessibility for end
user.

For further context, the use of radiation in healthcare is tightly regulated by Swedish law and
guidelines from several bodies, both national and global. First, the International Commission
on Radiological Protection (ICRP), an independent, scienti ¢, body that among mucteslse

nes the principles of radiation protection. E.g ICRP Publication 135 which states justi cation,
optimization and key tools for i.e DRLs [24]. ICRP is the primary source for science based
recommendations that end up becoming laws and regulations in the EU. But other scienti c or-
ganizations, such as the International Atomic Energy Agency (IAEA), also provide guidelines
and recommendations for radiation protection in medicine. IEEBA 112is a guideline for
monitoring patient exposure to radiation, and is important for consistency on application and
comparability of patient exposure data between clinics [20]. The EU then turn these principles
into law and legal requirements which member states must transpose into national laws and
regulations. Clinics in Sweden then adapts these regulations through regulations published by
the Swedish Radiation Safety Authority (SSM), which are in many ways an extension of the
ICRP publication, e. $SMFS 20185].

2.3.1 Software relevance in clinical environment

Numerical analysis on DICOM-RDSR data is common, especially among medical physicist and
technicians. Most common is comparative tests to compare Diagnostic Reference Levels (DRL)
between modalities, clinics etc. Swedish clinics are bound by law to estimate and report DRL
to national authorities, i.e SSM [25]. Other analysis are to validate exposure controls, patient
dose distribution or other form of quality assessment [20]. These types of analysis can offer
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dedicated evaluation for the individual patient, which is a powerful tool, but also to optimize
clinical procedures [10]. Since the goal of an analysis often to optimize and follow the As Low
As Reasonably Achievable (ALARA) method.

Trend analysis are also common, and important for verifying that any changes to clinical pro-
cedures has the correct outcome [10] and detect any drift in the performance of radiological
modalities. Dose monitoring is simple and widely used to set automatic dose alarm levels [26].

2.3.2 Limitations in current work ow

Modern DMS has a notable issue regarding the optimisation of angiography. They generally
limit the user access to data known to be present in the DICOM-RDSR le. Only a limited
amount is accessible, illustrated in Fig 2.6. In addition, they can only perform a limited range
of simple analyses (not all suitable for angiography). In the realm of medical physics, there
is often a need to analyse more than whatpetie ned' in commercially available software.
Hence, the available software is, unfortunately, frequently insuf cient for these needs. Leading
many clinics to develop their own solutions.

2.4 Related work

2.4.1 Evaluating the functionality of x-ray angiography systems based on
DICOM Structured reports

During 2025 Dr. Arthur Omar, medical physicist at KS, published a study titladluating

the functionality of x-ray angiography systems based on DICOM Structured réfoftsHe

and his colleagues investigated the feasibility of evaluating the functionality of x-ray angiogra-
phy systems based on detailed exposure data extracted from DICOM radiation dose structured
reports, what we now know as RDSR data.

They got positive results, quote from abstrd&valuating the technical functionality of x-ray
angiography systems based on structured reports is feasible. However, a considerable amount
of clinical data is required for some analyses due to certain limitations of the current DICOM
RDSR standard[5]. The limitation is that RDSR only includes a single set of parameters per
irradiation event, which fails to capture real-time modulation. To estimate integral values such
as Air-(kinetic energy released to air) requires statistical approach of median over many similar
irradiation events.

Thanks to this article we know it is feasible to evaluate angiography systems based on RDSR
data, but that it is limited and requires a large amount of clinical data. Their work relied on a
Python based parser for loading RDSR data nardednavigator Also developed at KS by a
medical physicist named Robert Vorbau previous to Dr. Omars work [15].

Consequently, it has become more common practice to use these commercially available soft-
ware applications primarily to extract data, followed by scripting custom analyses using MAT-
LAB, Python, or other programming languages. This process can be tedious, and frankly, physi-
cists often have other responsibilities and may not have the time to develop scripts.
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3. Methodology

To reach the project goal of answering the research objectives, in Section 1.2, will require: care-
ful planning; clear limitations and collaboration between different professional groups. This
will keep the complexity of real-time analysis low and provide the summary report, and soft-
ware, with user friendly presentation.

The purpose of this chapter is to provide an overview of the research method used in this thesis.
Section 3.1 describes initial project planning och mapping of knowledge gaps. Section 3.2
focuses on the software development. Finally, Section 3.3 describes how the report standard
was formulated.

3.1 Project planning

Thesis work was planned according to the Easy Interactive Project Management project model
(swe: Latt Interaktiv Projekt Styrning) or LIPS fro short. To guarantee continuous communica-
tion between student, supervisors and examiner. The project objectives, from Section 1.2, was
summarized into ve parts:

Data collection,

Development of Python Script to load DICOM-RDSR les,

Development of analytical toolbox to work on DICOM-RDSR les,

Propose a design for the standardized report template,

Conversation with clinical staff to verify that the work is clinically reliable,

Data collection represents project pre-study. Development was divided into two stages: Phase
one, development of script to load DICOM les, corresponding to project objectives 1 & 2.
Phase two, development of analytical toolbox, corresponding to project objectives 3 & 4. Fi-
nally was development of standardized report template utilizing the developed software, nr 5.
Fig 3.1 presents the work breakdown structure of thesis work, containing the three major parts
of the project.
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Figure 3.1: Work breakdown structure of thesis project

3.1.1 Data collection

Initial work was to perform a pre-study to gather knowledge on the current routines for data
management in medical context. A literature study was performed utilizing the search engines
at UmU Library [27], Google Schoolar [28] and Pub-Med [29] to look for articles and previ-
ous work within the same area. To summarize the current litterateur on DICOM, RDSR and
previous work. Google [30] and DuckDuckGo [31] was used as a complement to nd current
literature and publications from authorities e.g IAEA and SSM.

Main utilized keywords were:

Limitations in DMS

Python software for analysing DICOM-RDSR

Dose monitoring in radiology

Quality assurance with DMS applications

Applications of DMS in Sweden

The pre-study was important for several reasons, one of them being that it highlighted the
limitations of DICOM and RDSR standard. Which is important to be cautious and aware of
when interpreting the results. Also such that interpretation is done in a clinical context taking
into account uncertainties in dose measurements and individual variations in working methods
and patient characteristics.
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3.2 Software development

After completing the pre-study, it was time to develop the software for loading, reading and
analyzing DICOM-RDSR les. For convenience Python (version 3.13.3)[32] was chosen as
code language since it is open-source and have already implemented libraries for accessing
DICOM les and performing analytical tests and calculations. After a brief study and dialog
with supervisors, rdsr-navigator [15] and pydicom [33] was chosen as primary libraries for
loading and reading DICOM les. Pandas for calculations and management of dataframes,
Matplotlib and Seaborn for generation of graphs and gures.

| started by implementing pydicom to open any DICOM le. This was useful to get knowledge
on how the DICOM hierarchy is accessed. During initial development | quickly realized that
it will be simpler to divide the software into two separate parts, now called RDSR-Loader and
RDSR-Analytic. RDSR-Loader is essentially an process that Extracts, Transforms and Loads
(ETL) [34] DICOM les to .json [35] for easier le management. | choose .json as le format
due to its user intuitive design when accessed, which simpli ed troubleshooting RDSR-Loader.
Despite its drawbacks like loading relatively slow compared to other formats. Fig 3.2 visualizes,
conceptually, how RDSR-Loader and RDSR-Analytic works in unison to go from DICOM les

to nished analytical results.

Figure 3.2: The concept on how RDSR-Loader and RDSR-Analytic will work in unison to load and
analyse DICOM-RDSR data.

RDSR-Analytic is a modular toolbox for analyzing DICOM-RDSR data. It consist of two parts:

A jupyter notebook [36] containing a wide variety of possible analytical tests to verify loaded
data and tests DICOM-RDSR data on system level, procedure level, acquisition level and op-
erator level; A Python script that generates a report in form of an excel sheet. Containing
information on the loaded data, some conclusions regarding operators and gurbeamy:

ing department; Image acquistion Internventional study and Operator level, as furthur
described in section 4.2.

The last mentioned excel sheet is the standardized report template. | decided to separate it from
the modular part of RDSR-Analytic to get more consistency in report generation. Whilst the
Jupyter notebook is modular and easy to adjust as needs change.
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3.3 Design of standardized report template

With initial results from RDSR-Analytic in place | formulated a simple outline of a report,
based on what my supervisors thought was clinically relevant, see appendix B.2. This was then
presented for clinical personal from various elds. With the goal of learning what they thought
relevant and would like easier access to, more about the conversations with clinical staff is
presented in section 3.3.1.

3.3.1 Discussion with clinical staff

With a beta-version of the report template in place, it was presented together with an excerpt of
analytical results from the analytical toolbox to clinical staff. It was rst presented to medical
physicists through online meetings using Microsoft Teams. Who had contributed to either the
papperEvaluating the functionality of x-ray angiography systems based on DICOM Structured
report45] or the Python librarydsr-navigator[15], both which has been used extensively in
this project. Their point-of-views and feedback on the thesis work were of high interest.

The same data was presented to experienced consultants in interventional radiology at the an-
giography department. Keen candidates to learn more about this project. Their input was es-
sential in identifying which types of analysis and corresponding data are clinically relevant for
optimising the physicians day-to-day work. Conducting research within the medical eld re-
quires consultation with clinicians to ensure that the outcomes are both practically applicable
and clinically meaningful.
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The idea was to create a software with user intuitive design, back-end and front-end, such
that other medical physicists can with relative ease understand and modify the code. Dividing
the software into two components was not part of the original design; however, this decision
was made partly because testing revealed that the conversion from DICOM to .json required
approximately one second per le. While such processing time is acceptable when working
with a single or a small number of DICOM les, it becomes prohibitive when scaling to larger
datasets. By separating the loader, it became possible to create a dedicated database of DICOM-
RDSR les in .json format. Since .json les can be opened in well under one second, analytical
tests performed with RDSR-Analytic can be executed rapidly, thereby facilitating ef cient and
straightforward data manipulation for analytical purposes.

All code is published open source on GITHUB [37].

4.1 RDSR - Loader

4.1.1 Software design

The rst script to be completed was RDSR-Loader, which is based on the Extract Transform
Load (ETL) process [34]. Its primary function is to access, process, and prepare data for subse-
quent analysis. As illustrated in Fig 2.6, DICOM data is traditionally accessed through DMS;
however, RDSR-Loader allows the user to bypass the DMS, thereby overcoming any potential
restrictions on data access. The revised data ow is shown in Fig 4.1. Conceptually, the soft-
ware employs pydicom and rdsr-navigator to load a DICOM le, extract the relevant DICOM
tags, temporarily store them in Python dictionaries, and nally export the data to .json or .csv
format, as depicted in Fig 4.2.

4.1.2 UX design

To maintain a user-friendly software, it was ideal to develop a graphical user interface (GUI).
A GUI streamlines software operation, which is particularly important in clinical environments
where reliance on code-based interfaces is impractical. The GUI for RDSR-Loader, shown in
Fig 4.3, is designed around a terminal-style window that allows users to monitor the loading
and transformation of DICOM les in real time. The interface also provides user instructions,
warnings regarding software limitations, and toggle buttons for selecting both the loading and
export formats.
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Figure 4.1: lllustration of DICOM data ow, now complemented by RDSR-Loader to simplify accessi-
bility by end user.

Figure 4.2: Diagram visualizing the ETL process of RDSR-Loader software. It utilizes pydicom and rdsr-
navigator to extract information from DICOM les. To identify DICOM tags of interest which are sorted,
arranged, temporarily stored as Python dictionaries and nally exported as .json le. While retaining

the DICOM tag hierarchy.

Figure 4.3: Graphical user interface (GUI) for RDSR-Loader software. It's designed around a code-
terminal such that users can easily follow as the software loads DICOM les (the white square).
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4.2 RDSR - Analytic

4.2.1 Software & UX design

Second script to be completed was RDSR-Analytic. During development | decided to create two
versions, tailored for medical physicists and clinical staff respectively. Both scripts essentially
do the same thing, providing the user with results from analytical tests of DICOM-RDSR data
based on the different levels of analytical perspectivesiging department; Image acquisi-

tion; Interventional study andOperator, the common workings of the scripts is presented in
Fig 4.4.

As mentioned, RDSR-Analytic is implemented in two distinct forms: RDSR-Analytic-Physicist,

a Jupyter Notebook designed to facilitate exible code modi cation and the integration of addi-
tional analytical tools. It provides a Python based platform that can be executed in parts, no need
to run the entire script; In contrast, clinical staff require a more streamlined solution. RDSR-
Analytic-Operator is an executable GUI, Fig 4.5, incorporating a set of prede ned analytical
functions with results speci cally tailored to meet the practical needs of clinical staff.

The work ow with both RDSR-Analytic scripts is currently manually intensive and requires
users to specify folder locations for the .json les. While this approach is suboptimal for routine
analysis, it offers advantages for medical physicists by facilitating easy code modi cation and
the addition of new tools.

Imaging department

Analytical tests provide general overviews of loaded data. Such that the user can, in general
terms, estimate how dose (in reference point (rp) and/or DAP) is distributed between patient
and clinical staff during a procedure for a certain department.

Image acquisition

Primarily follows the tagAcquisition protocal Provides comparisons between the three types
of acquisitions: uoroscopy; stationary and rotary.

E.g Case 1 in results section 5.2.1, an analysis on image acquisition level that compares how
well two departments are att adjusting eld size of x-ray beam.

Interventional study

Follows tag;Study Description Aimed for comparison between angiography procedures. For
example the tabulars presented in section 5.1.2.
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Operator

Last level is to evaluate performance of each operator.

Figure 4.4: Diagram visualizing how RDSR-analtyc load .json les and performs four different levels of
analysis. Containing various tests, resulting in some graphs and tabulars per level. The results stay in
the jupyter notebook unless exported to excel.

Figure 4.5: Graphical user interface (GUI) for RDSR-Analytic- software. It's designed around a code-
terminal (the white square) and user inputs. So that a user can specify what tests it would like to perform
and then easily follow as the software performs each test.
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4.2.2 Code example

Example code on how an analysis regarding dose contribution to DAP is performed on depart-
ment level. The resulting image is presented in the results section 5.2.1 and illustrates using a
pie chart how much each acquisition protocol contributes to the labs cumulated DAP to patients.

The Python syntax below starts by arranging all available data per type of acquisition protocol,
utilizing pandas function .groupby(). Later the percentual contribution to the total DAP of each

acquisition protocol is calculated. This is important since all protocols with a contributing factor

lower than 4% will be grouped to simplify the image. Lastly the pie chart is plotted and saved
locally.

# Pie shart of commulated DAP. Only presenting protocol with contribution
higher than 4 %
grouped = combined_data_total.groupby( acquisition_protocol ).sum()

# Create folder if it doesnt exist
fig_folder = "Figures"
os.makedirs(fig_folder, exist_ok=True)

# Calculate total and percentage contribution
total = grouped| dose_area_product [Gy.m2] ].sum()
grouped| percentage | = grouped| dose_area_product [Gy.m2]] / total * 100

# Separate data into major and minor contributors
major = grouped[grouped| percentage | >= 4]
minor = grouped[grouped| percentage | < 4]

# Combine minor contributors into Other
other_sum = minor|[ dose_area_product [Gy.m2] ].sum()
major = major.copy()
if other_sum > 0:
major.loc[ Other, dose_area_product [Gy.m2]] = other_sum
major.loc[ Other, percentage] = other_sum / total * 100

# Plot pie chart

sns.set_style("whitegrid")

plt.figure(figsize=(6, 6))

plt.pie(major| dose_area_product [Gy.m2]], labels=major.index, autopct= ol
Af %% startangle=140)

plt.title( Proportion of DAP [Gy.m2] per study protocol)

plt.axis( equal )

plt.tight_layout()

plt.savefig(os.path.join(fig_folder, "DAP_pie.png"))

plt.savefig(os.path.join(fig_folder, "DAP_pie.pdf"))

plt.show()

# Write pie chart to the Figures worksheet
prot_figures_worksheet.write("A1", "Analytical figures for study protocols:

prot_figures_worksheet.insert_image("B3", os.path.join(fig_folder, "DAP_pie
-png"))
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5. Results

Results section has focus on the following:

The analytical tools developed to gain insight and optimize a angiography unit,

Excerpts of graphs from analysis of interventional lab using SIEMENS equipment,

The standardized report template. Simplifying access to analytical results for clinical
staff,

Discussion with clinical staff regarding analytical tools and results,

5.1 Analytical perspectives

The data loaded into RDSR-Analytic is sorted in to a larger dataframe, where DICOM-RDSR
tags of interest are choosen. The dataframe is formulated such that each row corresponds to an
exposure i.e irradiation event (press of button). This allows us to sort and arrange the data for
different perspectives as previously described. RDSR-Analytic currently loads the following
tags per exposure:

Table 5.1: List containg an excerpt of tags which RDSR-Analytic loads from .json les, per exposure, to
perform analytical tests.

Device observer name Irradiation event type Collimated eld height pnm]
Equipment software Irradiation duration ] Collimated eld width [mm)]
Accession number Exposure timers] Dose to rp 5y]

Performing physician name DAP [Gy m?] Table heightijnm]
Study description Pulse ratep=9 kVp
Acquisition protocol Collimated eld area n?] x-ray tube currentrpA]
Positioner primary angledeg | x-ray Iter minimum thicknessiinm] Patient length
Positioner secondary angledd Patient birth year Patient weight
Time of irradiation Patient sex Examination dateyyyymmdd]

5.1.1 Imaging department

This level of analytical tests are aimed at a wide perspective. Useful for comparing different
departments and interventional labs in general terms, as well to get an overview of current
operations.
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The rsttestis statistical calculations on all tags with irradiation event info. It follows the format
of tab 5.2 as per below. It is for example suited for analysis of tagadiation duratiory and

DAP. When wanting an easy overlook how a lab currently operates in terms of irradiation time
and induced risk to patients.

Table 5.2: Example tabular of statistical calculations performed per loaded variables on department
level perspective. This data is from lab ANG45 for 2021 to 2025

Name Irradiation duration [s]
Nr of datapoints 96276

Mean 10

STD 20

Min 0.008

25% 1

50% 5

75% 10

Max 600

The remaining analysis on this perspective are focused on drawing graphs. For example viol-
plots for DAP, Dose to rp and irradiation duration sorted per procedure. For example the DAP
analysis in Fig 5.1. These types of graphs also provide a good oversight on loaded data and
visualizes procedures that deviates from the rest with abnormally high values.

Other graphs drawn are piesharts of commulated DAP, Fig 5.6, frequency diagrams of kVp
values and boxplots of Iter thicknesses plotted against DAP.

5.1.2 Interventional study

This level follows the tagtudy DescriptionRemember that all interventional procedures are
unique due to the operator. But, they follow some form of previously de ned study proto-

col. From this perspective we can analyses and draw conclusions based on parameters such as
exposure geometry to compare studies.

One test is statistical calculations and estimations. Similar to those presented in tab 5.2 but per
study description instead of per lab / department. See example presented intab 5.3 - 5.6, as how
a user could use statistics to compare two different studies. These tables could be compared to
tab 5.2 for how performance of one type of study affects the entire lab.
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Study Description: PTC / NEFRO Study Description: Liver
Table 5.3: Example of added statistics on irra- Table 5.5: Example of added statistics on irra-
diation duration for all PTC / NEFRO studies diation duration for all Liver studies
Name Irradiatioyn duration [s] Name Irradiation duration [s]
Nr of datapoints 680 Nr of datapoints| 201
Mean 401.1 Mean 1365.3
STD 635.5 STD 1114.8
Min 2.208 Min 30.067
25% 112.2 25% 426.09
50% 216.4 50% 1112.0
75% 426.4 75% 2055.2
Max 600.0 Max 5025.6
Table 5.4: Example of added statistics on dose- Table 5.6: Example of added statistics on dose-
area-product for all PTC / NEFRO studies area-product for all Liver studies
Name DAP [Gy.cm2] Name DAP [Gy.m2]
Nr of datapoints 680 Nr of datapoints 201
Mean 6.2 Mean 20
STD 12.0 STD 20
Min 0.0055 Min 0.02
25% 0.87 25% 0.000001
50% 2.2 50% 3
75% 6.0 75% 20
Max 120.0 Max 100

Operator parameters

Analysis of exposure geometry is of interest and can easily be done from this analytical perspec-
tive. As it in uences the dose to patient and staff present during interventional procedure. One
object of intrest is to visualize the rotational angle of the c-arm x-ray equipment. It can provide
a foundation for physicists to estimate how the radiation has spread inside the room. Primary
angle in Fig 5.2 shows right anterior oblique to left anterior oblique position. Secondary angle
in Fig 5.3 shows angulation from caudal to cranial position.

5.1.3 Image acquisition

All x-ray exposures performed with the angiography equipment adhere to one of three imag-
ing protocols:Fluoroscopy, Stationary Acquisition, or Rotary Acquisition. Each protocol
encompasses a range of variations. At this level of analysis, the tests are based onrthe tag
radiation event typewhich enables, for example, estimation of how effectively the operators
collimate (swe: inblAd'ndar) the x-ray beam. This approach also allows identi cation of the
most frequently used exposure types and imaging protocols, as illustrated in CASE 1 and in Fig
5.4 and Fig 5.5.
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5.1.4 Operator

At operator level we can analyze the performance of each angiography operator, i.e radiologist.
We opted to do this by analyzing all forms of studies procedures performed by each operator,
and creating a dose category with a relative scale. Weighting their DAP to patient relative each
other. Dose category is de ned based on the operator's median value in relation to the total
distribution: Lower < 1st quartile, 1st quartile < medium < 3rd quatrtile, higher > 3rd quartile.
Example presented in tab 5.7.

Table 5.7: Analytical Table 1. This table presents each operators performance relative to the total. For
each operator, the various intervention types are listed along with the number of procedures performed,
the median dose for each type, and the corresponding dose category. The dose category is de ned based
on the operators median dose in relation to the overall distribution.

Operator 1 Nr of examinations
Study description 1 Nr of exams per study 1 Median DoseGy m?] | Dose category
Study description 2 Nr of exams per study 2 Median Dose Gy m?] | Dose category

Operator 2 Nr of examinations
Study description 1 Nr of exams per study 1 Median DoseGy m?] | Dose category
Study description 2 Nr of exams per study 2 Median DoseGy m?] | Dose category

A more detailed, operator-speci ¢ analysis was also conducted to provide a general overview
of individual performance, tab 5.8. This level of assessment is of particular interest to medi-
cal physicists, as it includes key metrics such as DAP, uoroscopy time, eld size, and patient
information-fundamental parameters for estimating the radiation doses received by both oper-
ator and patient. In this analysis, dose levels are not weighted by study description but instead
re ect the overall performance across all operators.

Table 5.8: Analytical Table 2. This table provides a more detailed performance analysis for each op-
erator. It is primarily of interest to medical physicists, as it extends Table 5.7 by including additional
technical parameters such as radiation eld characteristics, uoroscopy time, and selected patient infor-
mation.

Dose (DAP) Flouro Time Field Size Patient Size
Performing Physician | Nbr of procedures | Dose Level§ Median Dose Mean Dosd Median Flouro Mean Flouro | Weighted mearf Pooled CV | Mean Weight Mean Height
[L.H]

5.2 Excerpt of graphs

Figure 5.1 presents a violin plot, a method for visualizing the distribution and variability of
data. In this case, it illustrates how DAP from all interventions (examinations) compares across
the dataset. This type of plot is particularly useful for identifying statistical outliers and is
especially effective when comparing results between different laboratories.
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Figure 5.1: Violin plot of DAP per procedure for ANG45. lllustrating the distribution of cumulated
DAP values across examination, indicating that some procedures have abnormally high DAP to patient
compared to the typical range. Y-axis presents DAP values, measured as product of gray and square
meter, re ecting the risk of radiation dose delivered. X-axis corresponds to the examination group,
visualizing the distribution of DAP across all examinations.

The gures Fig 5.2 and Fig 5.3 are polar plots with percentage along its radii and angle in
degrees along its other edge. They presents the most commonly used rotational angles for LAO
- RAO rotation and CRA - CAU translation respectively. More information about rotation and
translation can be found in appendix A.2.

Figure 5.2: Polar plot of primary angles, as per- Figure 5.3: Polar plot of secondary angles, as
centage, used during Pelvic Angio Interventionpercentage, used during Pelvic Angio Intervention
procedures procedures
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5.2.1 Use cases

Case 1l

One use case is to investigate how well operators work collimation of x-ray eld during an in-
tervention to minimize dose to patients. This can be estimated by mapping dose in the reference
point vs collimated eld area, per exposure, essentially creating a 2D map of DAP. Fig 5.4 and
Fig 5.5 presents mapping of dose in reference point per exposure vs its corresponding eld-size
for modalities ANG45 and PACEMAKER.

Figure 5.4: Dose in reference point vs Field area per exposure. ANG45 modality for jan - july 2025

Figure 5.5: Dose in reference point vs Field area per exposure. PACEMAKER modality for may 2023 -
may 2025

From these gures, it can be inferred that the operators at ANG45 demonstrate better colli-
mation practices, as evidenced by the more widely scattered data points in Fig 5.4, which are
concentrated toward the lower left corner. Corresponding to lower doses and smaller eld sizes,
and thus a lower DAP and reduced patient radiation risk. In contrast, the pronounced verti-
cal lines in Fig 5.5 indicate the use of a limited number of predetermined eld sizes, resulting
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in higher DAP values. This observation raises concerns regarding the effectiveness of dose-
reduction practices among operators in the PACEMAKER laboratory.

Case 2

With access to all DICOM-RDSR information we can calculate the cumulative dose contribu-
tion for each acquisition protocol. For example: lab ANGA45 in Huddinge utilized 54 different
acquisition protocols during the period 2021/09 to 2025/08, see tab 5.9 for an extract of most
common protocols. When comparing cumulative doses on a system level, it is good to compare
DAP. Adding the DAP doses for all examinations for each acquisition protocol and visualiz-
ing using pie charts provides a good overview for what protocol is most dose intensive for the
patient, see Fig 5.6.

Table 5.9: Acquisition protocols used at lab ANG45 between 2021/09, 2025/08.

Acq.prot Nr of examinations

FL lag 1255

Alt Singel Lag Ny 369
DSA Léag 4/1/0.5 338
FL lag buk 321
Singel Normal 158
DCT Mjukvavnad CARE 4s 122
Singel lag 64
DSA Arm lag 2/1/0.5 61
FL medel 51
Singel lag (Singel) 38
FL (-) Angio classic 35
Singel lag 28
DSA hog 4/1/0.5 25
DSA lag 22
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Figure 5.6: Pie chart of DAP. Presenting the acquisition protocols with highest contribution to the cu-
mulative DAP of that lab.

As shown in Fig 5.6, the protocol DCT Mjukvavnad CARE 4s accounts for the largest share
of total dose contribution38%). In comparison, the second-highest contributor, FL Iag, repre-
sents31:5% of the total dose but is associated with 1,255 examinations, as presented in Table
5.9. By contrast, DCT Mjukvavnad CARE 4s achieves its higher contribution from only 122
examinations, indicating that it is more dose-intensive. This makes DCT Mjukvavnad CARE
4s an ideal candidate for targeted protocol optimization.

Case 3

A third use is to map pulse rates per acquisition protocol. Fig 5.7 presents the mapping of all
pulse rates used, per uoroscopy acquisition protocol, at lab ANG45 during 2021 to 2025. This
provides insight and a hunch to what protocol is most commonly used, and what protocol might
be part of more advanced procedures that require variation in pulse rate.
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Figure 5.7: Cumulative irradiation time for each uoroscopy protocol per pulse rate. ANG45 for period
2021 to 2025.
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5.3 Discussion with clinical staff

More detailed notes from each conversation and the material that the conversations revolved
around is presented in appendix B.

Take away from conversation with medical physicists was that this type of software will help
physicist to analyses data that previously is left in a pile. A modular toolbox were one can
easily change the parameters of the analysis is what is considered when handling edge cases, i.e
procedures that resulted in too high dose to either patient or staff. Further take aways was that
all statistical calculations and graphs generated by the software needs a clear clinical purpose
(what is the need that each result Ils) and nally the need to keep graphs relatively simple when
presenting for clinical personnel to avoid unnecessary confusion. They proposed a new method
of estimating how operators collimate the x-ray eld (utilizing the nominal eld-size based

on similar tests on PHILIPS angiography systems) and additional tests for RDSR-Analytic on
operator level to estimate a percentage using the quotient between uoroscopy and acquisition
protocols for each operator, to identify any operators that has mistaken the usage of uoroscopy
for acquisition protocol [38, 39].

Take take away from conversation with consultants in interventional radiology was in short to
not rely too much on the values that are reported in DICOM. But to also always keep the "soft
values" in mind when analyzing and drawing conclusions. E.g rotation of patient is not reported

in the tags but can be noted in the tagter-value They also highlighted the importance too

keep track of software version of angiography system. Since acquisition protocols are "always
called the same" but can vary a lot between updates in terms of dose, pulse rates, beam energy
etc. These are values which are not recorded in DICOM. According to them, one can not simply
analyze all protocol without taking software version into account [40].

5.4 Report template

Based on thesis work and conversation with clinical staff the report template will be adjusted
to containing the following excel sheets: gures of the summary sheet and operator tab 5.7 are
shown in Fig 5.8 and Fig 5.9.

* Summary sheet, general information on loaded les. Frequency of study description,
image protocol and operator.

» Data sheet, all loaded data used to generate results.

* Analytical sheet, containing tab 5.7 with performance information for each operator.

* Viol gure sheet, containing viol gures providing information on department/lab level
perspective.

» Acquisition protocol sheet, containing gures on info per type of acquisition protocol.

» Other gures sheet, containing other gures that may be of interest. Example gures on
kVp and lters used.
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Figure 5.8: Summary sheet in report template. Containing summary information on: loaded data;
Acquisition protocols; Study Descriptions and Operators.

Figure 5.9: Analytical sheet containing analytical table of operator performance per tab 5.7.
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6. Discussion

In this work the development of the analytical toolbox RDSR-SUMMARY is described. It
consists of two scriptsRDSR-LoadeandRDSR-Analytical The latter is in two partsRDSR-
Analytic-Physicistor custom analysis andDSR-Analytic-Clinicianfor standardized analysis.
When combined RDSR-Loader and RDSR-Analytical creates a proposed method for simpli ed
and standardized work ow for accessing and analysis of DICOM-RDSR data for angiogra-
phy systems. Their development was mapped to the DICOM structure used by SIEMENS
angiography systems, and works for SIEMENS equipment software versions: VE10B.210303;
VE10B.220627; VE10B.220923; and VE30B.240913. Note that certain DICOM-RDSR tags
does not exists in the earlier software versions. This does not affect RDSR-Loader but limits
the amount of analysis possible with RDSR-Analytic, since some of the tools | built utilized the
earliest introduced DICOM-RDSR tags. This issue was unfortunately discovered late during
the project and is a subject for future work.

The hardest part was to deduce what analytical tests and calculations to include. With guidance
from my supervisors | got a rst draft of what was thought to be clinically relevant, after pre-
senting this to both clinical personnel and other medical physicists the analytical capabilities
grew past the expectations of my supervisors.

It should be emphasized tHRDSR-Summairg not integrated to any treatment plan and should

be considered as a prototype software tool. Itis intended to act as a non-proprietary complement
to commercial DMS systems, providing medical physicist with an accessible platform for data
exploration through visualization of DICOM-RDSR les of interest. Therefore, the software
should be regarded primarily as a proof of concept demonstrating the feasibility of such an
approach.

The software does not provide any indication wether the calculations are statistically correct.
Instead, it provides relevant indicators, summaries and data needed for a user to perform their
own reasonableness and accuracy assessment. This is by design and re ects the intended sup-
portive role ofRDSR-Summary assist, rather then replace, in data interpretation.

The software requires further technical re nement and validation studies before potential inte-
gration into clinical work ows. Work should focus on extending functionality, by addition of
statistical tests, and performing systematic validation against established DMS solutions. Such
efforts would ensure the tools reliability and compliance with the quality assurance standards
expected in medical physics practice.

In summary, it should be emphasized that the developed software provides full access to all
DICOM-RDSR data, thereby enabling virtually any type of analysis. The analyses presented
in this report represent only a subset of what is technically feasible using this approach to
DICOM-RDSR data analysis.
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6.1 DICOM-RDSR aws and limitations

During the initial work of the project, while mapping the SIEMENS DICOM-RDSR structure
(as exerpt in Fig 2.4), we quickly realized how insuf cient the corresponding documentation
was. The hierarchy may follow the DICOM standard but the standard contains several manda-
tory and non-mandatory tags as-well as private tags. The reason why we choose SIEMENS
systems above other manufactures, i.e PHILIPS, was that SIEMENS is somewhat consistent
with naming and structuring their DICOM tags between software updates. Hence, after suc-
cessful development dRDSR-Loadeland easy access to the DICOM data we assumed the
structure would be identical for all les. This was unfortunately not the case. After discus-
sions with Dr. Artur Omar [38] we aimed at testing his proposed method of utilizing the tag
for estimated water thickness for evaluating study protocols. What we instead discovered was
that this tag has had a major aw during the last couple of years, with the value either being
0, negative, very very large or a mixture of the above. This aw has apparently been corrected
after the introduction of software version VE30B.240913. But it halted our attempts at trying
his proposed method. This detective work also lead us to discover that certain tags, which our
analytical tests utilize, did not exists prior to this same software version e.g thediggated

eld width andcollimated eld heightwere introduced in update VE10B.220923. The question

to ask is if these tags existed previously and was simply "moved" within the DICOM hieracry
or was now introduced?

We assume that these discoveries went undetected for so long in the project due to development
of RDSR-SUMMARY primarily utilizing data from procedures during 2025. We consulted
SIEMENS manual on DICOM-RDSR for angiography systems but it did not provide any clarity
since the tags in question are marked as "private”, hence SIEMENS is not obligated to provide
further documentation on how the presented value is de ned.

We did discover some limitations in DICOM-RDSR when mapping what analytical tools to test.
Among other things we discovered that it is dif cult to visualize data on x-ray tube Iters. Since
SIEMENS has implemented dynamic Itering on their systems in the RDSR tags, we have one
tag for minimum Iter thickness and maximum thickness per exposure event. l.e we know the
thickness as the button was pressed (minimum) and thickness when released (maximum). This
is hard to utilize and interpret from the data.

Another hurdle was to understand how SIEMENS have de Ineliation duration expressed

in secondsExposure timgexpressed in milliseconds, awdllimated eld area Again the
documentation from SIEMENS was insuf cient to answer this, but after visiting several online
forums we concluded thatradiation durationis de ned as how long the operator presses the
button, whilstExposure times the time that the x-ray tube actually produces x-ray radiation.
Forcollimated eld areawe could not nd anything online or in the documentation, so instead
we utilized the tagsollimated eld widthandcollimated eld heightto calculate the eld area

and then utilize the inverse-square-law to estimate where the eld size was de ned. In the end
the eld size is de ned at the radiation detector.
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6.2 Implementation in clinical work ow

These software's developed in this projdRDSR-SUMMARYare an improvement from previ-

ously existing tools and work ows in use at KS. According to medical physicists at KS it has
become common practice that each physicists has his own developed scripts. The reason behind
this is that the commercially available tools (e.g SECTRA DoseTrack) are only suf cient for
day-to-day operations but lack necessary adaptability for analysis of deviating exposures in an-
giography. l.e the analytical tools are limited to a few prede ned cases. Which force physicists
and clinics to develop their own tools, to analyse each deviation as they come.

Using RDSR-Loader allows for a standardized method, utilizing existing methods for access-
ing DICOM-RDSR data like the Python packagsalicomandrdsr-navigator DICOM les

are transformed into alternative formats, such as .json or .csv, to facilitate more ef cient le
management. More importantly, this transformation provides easier access to the information
contained within the les, as both .json and .csv formats are widely supported and can be read-
ily visualized or processed using a variety of software tools or custom scripts. The transfor-
mation process needs only be performed once per DICOM le. RDSR-Loader has been tested
on DICOM-RDSR data from SIEMENS angiography equipment from different departments at
KS, no dependencies on data origin have been detected. However it may exists edge cases we
have not tried. It may seem convenient to use RDSR-Loader to create your own local database
of converted les, easily and quickly accessible for analysis. But it poses a problem regarding
storage of patient sensitive information, for instance quasi-identi ers. This issue was rst noted
at the end of the project thanks to Dr. Artur Omar and is also a subject for future work.

RDSR-Analytic for physicists is a modular toolbox which proposes a simpli ed way of per-
forming more in depth analysis on DICOM-RDSR data on deviating dose cases. | choose to
keep it as a jupyter notebook (after recommendation from supervisors) since it makes it very
easy for medical physicists to add analytical tests and operations as needs arise. It ful lls the
idea of bringing custom made analytical tools closer to a medical physicists day-to-day work.
Hence the structure based on analytical perspectiveaging department; Image acquis-

tion; Internventional study andOperator. Then a medical physicist, with knowledge of pro-
gramming, can expand opon each category within the jupyter notebook structure. However for
clinical staff this is not an option. RDSR-Analytic for clinicians will be an executable program
which performs a series of predetermined analysis of DICOM-RDSR and exports the results to
excel. For consistency, easy access och simple management of data.

6.3 Discussions with clinical staff

During discussions with clinical staff, they highlighted that RDSR-Analytic must account for
multiple versions of the SIEMENS equipment and other changes of the exposure programme.
Due to a limitation in DICOM-RDSR, it does not register any changes done to an exposure
programme. Only records if it has been used or not. From this feedback | tested discriminating
per software version. In Fig 6.1 we can see that this is an interesting idea. Some exposure
protocols are clearly only used during certain software versions, indicating that they have been
upgraded or exchanged over time for something better. They also noted that the data previously
presented in tab 5.3 - 5.6 cannot be considered fully reliable due to the manner in which the
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