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Abstract

This paper proposes a web-based workflow scheme for the organization of medical images using FHIR and DICOM servers
equipped with standard RESTful APIs. In our integrated workflow, the client systems (including order placer, scheduler,
imaging modality, viewer, and report creator) use standard FHIR and DICOMweb APIs. The proposed scheme also facilitates
the creation of reports formatted as standard FHIR resources. This paper leverages W3C Scalable Vector Graphics (SVG)
to record the image graphic annotations, and encapsulates the SVG image annotation in FHIR observation. FHIR Diagnos-
ticReports and Observations are used to encapsulate reports, findings, and annotations, thereby facilitating the implementa-
tion and integration of the scheme within existing structures. The proposed scheme also provides the potential to make it
possible to convert results of Computer Aided Detection/Diagnosis from medical images into FHIR DiagnosticReports and
Observations to be stored on a FHIR server. The resulting web-based solution uses FHIR XML and/or JSON data to record
and exchange information related to imaging workflow. It can also be used to store imaging reports, findings, and annota-
tions linked to the images using the DICOM WADO-RS protocol. As a result, it is possible to integrate all information that
is created in medical imaging workflow. Finally, the proposed scheme is easily integrated with other FHIR systems.

Keywords FHIR - DICOMweb - RESTful - Scalable Vector Graphics (SVG)

Purpose

In Integrating the Healthcare Enterprise (IHE) Scheduled
Workflow (SWF) [1], medical imaging workflows must
follow HL7 V2 (Health Level 7 Version 2.x) and DICOM
(Digital Imaging and Communications in Medicine) pro-
tocols for the sharing of data. The SWF profile addresses
actors (information systems) that support HL7 V2 and
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DICOM protocols for workflow and medical image man-
agement. The XDS or XDS-I profile (IHE Cross-Enterprise
Document Sharing) is also used for the sharing of medical
images outside the hospital [1, 2]. The previous versions
of HL7 and DICOM standards are very large and complex.
It’s not easy to implement the imaging workflow handling
and imaging data sharing. Thankfully, DICOM and HL7
have issued web RESTful (REpresentational State Transfer)
specifications and proposals, which are respectively referred
to as DICOMweb (DICOM Web Services) and FHIR (Fast
Healthcare Interoperability Resources) [3, 4]. These efforts
have made it friendlier to develop an integrated imaging
workflow.

In this study, we developed a demonstration system in
which FHIR and DICOMweb specifications are used to
facilitate the integration of conventional HIS (Hospital
Information System) and PACS (Picture Archiving and
Communication System). Our workflow scheme proposes
that the HIS implements server-side support for several
FHIR resources and the PACS implements server-side
support for several DICOMweb services. The storage and
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handling of imaging workflow and report data is performed
on the FHIR server, whereas medical images are stored on
the DICOMweb server for distribution. Thus, it is possible to
use standard FHIR XML (eXtensible Markup Language) or
JSON-formatted (JavaScript Object Notation) data to record
information created during imaging workflows. Additionally,
we employed FHIR and DICOMweb RESTful APIs (Appli-
cation Programming Interface) to facilitate integration with
existing systems. The proposed web-based solution is easily
implemented, and the DICOMweb-based image sharing is
easily integrated with other workflows pertaining to clinical
diagnosis and treatment.

Methods
Conventional Imaging Workflows

Conventional medical imaging workflows require the inte-
gration of information systems. As shown in Fig. 1, stand-
ardized data is created in the HIS, RIS (Radiological Infor-
mation System), and PACS, and then shared across systems
based on IHE Integration Profiles.

Figure 1 lists the six fundamental systems that must
be integrated within a typical imaging workflow. The six
systems deal with ordering, scheduling, imaging, storing,
inspecting, and reporting. In accordance with the IHE Radi-
ology SWF and Reporting Workflow (RWF) profiles [5],
system integration requires support for the DICOM protocol
(modality work list, image storage, image query/retrieve)
as well as the HL7 V2 protocol (ordering and image avail-
ability notification). The system handles imaging reports
usually via PDF file, the HL7 Clinical Document Architec-
ture (CDA), or DICOM Structure Reporting (SR) for the
storage of reports in the report repository or PACS. It is

Fig. 1 Conventional medical
imaging workflow

also important to provide support for IHE XDS or XDS-I
profiles using ebXML (Electronic Business using eXtensible
Markup Language) web services for the sharing of images
and reports among hospitals.

FHIR and DICOMweb Imaging Workflows

In this study, we developed a novel web integration frame-
work based on recent medical informatics standards, HL7
FHIR and DICOMweb. As shown in Fig. 2, the proposed
framework allows straightforward implementation, man-
agement, and integration with existing systems used in the
healthcare environment.

The proposed framework includes two web servers (FHIR
and DICOMweb servers) and four clients (Order Placer,
Order Filler, Modality, and Viewer). All of the clients and
servers use the HL7 FHIR and DICOMweb protocols to
facilitate integration, and both servers utilize HTTP REST-
ful APIs for the sharing of data, which is formatted as XML
or JSON and stored on the FHIR server. Data sharing by
the DICOMweb server can be in XML, JSON format, or
binary data format. Our adoption of RESTful web solutions
makes it easy for most information technology (IT) devel-
opers to understand the system. In accordance with HL7
FHIR, DICOMweb, and IHE, the data creation and exchange
processes are as follows:

Step 1. The Order Placer (HIS) initiates an order for
imaging by creating a corresponding FHIR ServiceRe-
quest on the FHIR Server (HIS).

Step 2. The order is handled by the Order Filler (RIS)
as follows:

Step 2.1 The Order Filler periodically queries the
FHIR Server for new ServiceRequests
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Fig.2 Proposed medical imag-
ing workflow
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Step 2.2 RIS schedules an imaging appointment and
creates a new EncounterResource on the FHIR server.
Step 2.3 The FHIR server maps the information in
the ServiceRequest and Encounter Resources into a
client request to the DICOMweb Server to create the
UPS-RS worklist item. [6]

Step 3. Modality imaging procedure:

Step 3.1 Modality obtains a UPS-RS work list from
the DICOMweb server.

Step 3.2 Following completion of the imaging ses-
sion, the images are stored in the DICOMweb Server
via STOW (STore Over the Web). [7]

Step 3.3 Mapping from a DICOM Study to the FHIR
ImagingStudy Resource.

Step 3.4 Finally, modality uses QIDO-RS to ensure
that the images are stored on the server. Note that this
is similar to the DICOM storage commitment used
in PACS [8].

Step 4. Image retrieval and reporting

As shown in Fig. 2, radiologists can use the image view-
ing and reporting system to obtain images and create reports.
This process is described in the following:

Step 4.1 The radiology department queries the
FHIR encounter resources to prepare the prioritized
worklist for radiologists.

Step 4.2 Radiologist examines the images, and may
get additional FHIR ImagingStudies (current and pre-
vious image exam results) from FHIR server, which
might be pre-fetched.

Step 4.3 The viewing system retrieves the selected
images via WADO-RS basing on QIDO-RS. This
allows the radiologist to browse all of the medical
images available for a given patient. [9]
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Step 4.4 While the radiologist is inspecting the
images, they may make annotations on medical
images, describe the findings based on the annota-
tions, and create a report of the image exam. Accord-
ing to FHIR standard, each image finding can be rep-
resented as a FHIR observation resource. And FHIR
DiagnosticReport may reference to all the findings
of the image exam. This paper suggests that image
annotations also be represented as FHIR observa-
tion resource that can be referenced by FHIR finding
observations. Consequently, image annotations, image
findings, and report are correlated to each other.
Report is referenced to image findings, and image
finding may be referenced to image annotations. The
image annotation (FHIR observation), image finding
(FHIR observation), and report (FHIR DiagnosticRe-
port) all could be stored in FHIR Server.!

FHIR Solution for Interoperability

This paper outlines a novel FHIR solution aimed at facilitat-
ing the recording and archiving of data related to medical
imaging. As shown in Fig. 3, the reports, findings, anno-
tations, and DICOM images could be referenced together
based on standards specified in the FHIR resources.

FHIR DiagnosticReport.ImagingStudy refers to ImageS-
tudies associated with the report, DiagnosticReport.Result
refers to findings (observations), and Observation.Derived-
From (image findings) is derived from other observations

I All the above FHIR and DICOMweb standards are normative
(Maturity Level > 5) except for DiagnosticReport (Maturity Level 3),
ImagingStudy (Maturity Level 3), ServiceRequest (Maturity Level 2),
and Encounter (Maturity Level 2).
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Fig.3 Proposed FHIR solu-
tion for linking annotations,
findings, reports, and medical
images

FHIR Endpoint
address: http://DICOMWebServerRoot/

imagingStudy

Imaging Exam Report
(FHIR DiagnosticReport)

containing annotation data pertaining to a specific medical
image. The annotation Observation.Focus should reference
to a WADO-RS URL (Uniform Resource Locator) that rep-
resents the focus image. We will show the SVG benefits
in the following examples that package SVG graphics into
FHIR observation for medical image annotation. This solu-
tion is easier for developers to understand and implement
than DICOM GSPS for image annotation.

SVG Annotation

As described in Step 4.4 above, the radiologist can use the
viewer to inspect medical images related to a particular
patient and a report creator to make annotations pertaining
to the images. The annotations are represented in Scalable
Vector Graphics (SVG) format in accordance with W3C
(World Wide Web Consortium) standards. Note that SVG
annotations can be presented directly in a browser, and are
easily dealt with by developers. Adding SVG data to obser-
vations in FHIR XML or JSON format requires that the SVG

result.reference

endpoint
. generate DICOMWeb Server
FHIR ImagingStudy WADO-RS
identifier: URL
> study.uid ]
series.uid
instance.uid
partof component.valueString
(WADO-RS URL)
derivedFrom

Imaging Finding
(FHIR Observation)

Imaging Annotation
(FHIR Observation)

data be base64 encoded for storage in FHIR Observation, as
shown in Fig. 4.

Figure 4 presents an SVG rectangle on an MRI (Mag-
netic Resonance Imaging) image. Note that such images
are stored on a DICOMweb server and accessed in accord-
ance with the DICOM WADO-RS protocol. A web-based
viewer can use JavaScript to access DICOM images that
are stored in DICOMWeb server. However, the annotation
would not be stored into DICOMWeb server. According
to DICOM standard the annotation should be DICOM
Structure Reporting (SR) or Presentation State (PS) for-
matted for storing into DICOMWeb server. Unfortunately,
DICOM objects are too complex to be directly handled
by the general Web browser. And most system developers
are unfamiliar with DICOM standards. Thus, we suggest
storing image annotations in W3C SVG format, which
feature clearly defined geometric graphics, such as lines,
ellipses, rectangles, and polygons, and are familiar to most
IT developers. This would also make it possible to create
a simple SVG webpage with links to WADO-RS images

Fig.4 SVG annotations pertain-
ing to a medical image

SVG annotation example:

<svg width="512" height="512" ><rect
x="207" y="124" width="71" height="66"
style="stroke:rgb (255,255,0); stroke-
width:2; fill:none " /></svg>

Base64 conversion result:

PHN2ZyB3aWR0aDOiNTEyIiBoZW1lnaHQ9IjUxMi
IgPjxyZWNOIHg9IjIwNyIgeTO0iMTIOIiB3aWR0
aD0iNzEiIGhlaWdodDOiNjYiIHNOeWx1PSJzdH
Jva2U6cmdiKDI1INSwyNTUsMCk7IHNOcm9rZS13
aWROaDoyOyBmaWxsOm5vbmUiIC8+PCIzdmc+
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<html ><body>
<svg width="512" height="512" >

<image x="0" y="0" width="512" height="512" xlink:href="medicalImage.jpg" />
<rect x="207" y="124" width="71" height="66" style="stroke:rgb(255,255,0); stroke-width:2;

fill:none" />
</svg>

</body></html>

Example script 1: SVG web page contains a jpg image and rectangular graphic.

containing geometric graphic annotations, as shown in the
following script example:

Opening Example script 1 on a browser would render the
image presented on the left side of Fig. 4. Note that in this
example,<image x="0" y="0" width="512"
height="512" xlink:href="medicallImage.
jpg" />, where medicallmage.jpg refers to a background
jpg image converted from a DICOM image object, and < rect
x="207" y="124" width="71" height="66"
style="stroke:rgb(255,255,0); stroke-
width:2; fill:none"/ >refers to the rectangle with a
yellow border 2 pixels in width. For keeping the graphic annota-
tion correctly viewed in different zooming situation. The graphic
drawn on the viewer is transformed into original DICOM image
coordinate before the SVG annotation uploaded to FHIR server.
Note that the W3C SVG standard allows graphics that are sup-
ported by most existing browsers (e.g., Chrome or Firefox).
However, the SVG annotation and WADO-RS image might also
be presented in an application based viewer. The self-developed
viewer might not work as a browser that supports all SVG speci-
fications defined in W3C. Thus, a subset should be defined to
interoperate the W3C SVG specifications and medical image
annotation, which would be discussed in further investigation.

FHIR Observation Using SVG Annotation

We suggest that SVG annotations are contained within FHIR
Observation for storage on an FHIR server. The annotations

usually can be stored as three methods: (1) SVG format in a
FHIR Observation, e.g., retrieve annotations from a FHIR
DiagnosticReport resource and displaying them directly. (2)
SVG or DICOM-compatible formats as a reference stored
in ImagingStudy.Endpoint in an ImagingStudy resource.
(3) DICOM-compatible formats in the DICOMWeb server
by referring to the URL of WADO-RS/WADO-URI. Under
the (2) and the (3) methods, the annotations are retrieved
via WADO, a DICOM to SVG broker to convert DICOM-
based annotation into SVG coded as FHIR SVG observation,
which need an additional server for storing the SVG annota-
tion. As shown in Fig. 3, the annotation (FHIR Observation)
can be referred by the image finding (another FHIR Obser-
vation), and the FHIR Observation.valueString could be
used to store annotation information. Note that FHIR Obser-
vations should be in XML or JSON format, and W3C SVG
graphics should be in XML format. Note also that containing
SVG data directly to XML or JSON FHIR Observation.val-
ueString would cause an error when uploading annotations
to the FHIR server. Thus, we suggest that SVG data to be
encoded in base64 to allow the storing of SVG data into
FHIR Observations. The results could then be uploaded to
the FHIR server, as illustrated in Example script 2 below.
Example script 2 is a simple FHIR image annotation
encoded in base64 and stored in FHIR Observation.val-
ueString. The valueBase64binary formatted data could be
treated as a special type of string. Decoding the base64
string would restore the SVG annotation data to the form

{"resourceType": "Observation",

"status": "final",

"code": {"coding": [ {"system": "https://www.dicom.org.tw/SVG","code": "SVG.Annotation",
"display": "SVG Annotation"}]},

"focus": {"reference":

"https://DICOMwebServer.FHIR/ImagingStudy/imgSTDid4567 SOPInstanceUIOS5.6"}],

"valueString":

"PHN2ZyB3aWR0aDOiNTEYIiBoZWlnaHQ9IjUxMiIgPixyZWNOIHgOIjIwNyIgeTOiMTIOIiB3aWR0aD0iNzELiIGh
1aWdodD0iNjYiIHNOeWx1PSJzdHIva2U6cmdiKDIINSwyNTUsMCk7IHNOcm9rZS13aWR0aDoyOyBmaWxsOm5vbmU

1IC8+PC9zdmc+"
}

Example script 2. FHIR Observation in JSON format, where SVG annotation (base64)
is stored in FHIR Observation.valueString.

@ Springer
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Fig.5 FHIR and WADO-RS
viewer

DICOM PICTURE:

PICTURE 2:

shown in Fig. 4. This FHIR Observation has been uploaded
to an FHIR testing server, and can be accessed at the follow-
ing URL: https://hapi.thir.tw/fhir/Observation/4961

In Example script 2, Observation.Focus refers to a URL
pointing to a DICOMweb server. The URL was created in
accordance with the specifications for FHIR reference data,
allowing it to be stored on an FHIR server. As shown in
Fig. 3, the image annotation observation should be referred
by finding observation and could be referred by FHIR
DiagnosticReport.

When using a viewer to create FHIR annotations, the
observations should contain only SVG data (i.e., without
references to WADO-RS image), as shown in Fig. 4. The
URL of the target image is stored in Observation.Focus.
When deploying the image and annotation results outside
the original FHIR and DICOMweb environment, we sug-
gest using a standard front-end web solution compatible
with standard browsers. Example script 1 presents a very
simple solution showing one image and the correspond-
ing annotation. This scheme can be deployed using HTML
(Hyper Text Markup Language) and JavaScript to handle
DICOM data objects. This would make it possible to cre-
ate a portable viewer capable of showing DICOM images
and annotations without having to deal with DICOMweb
or FHIR servers.

Results

Viewer with Standard HTTP APIs

As outlined in Step 4 above, we developed a viewer capable
of querying and retrieving medical images as well as storing
annotations and reports (see Fig. 5).

The above viewer provides functionalities of panning,
zooming, window leveling, and annotating; however,

A —Zoum 1/0

—

SVG annotation of a circle

FHIR APIs can also be used to obtain additional infor-
mation pertaining to the patient (Step 4.1 above). After
identify a patient for inspection, we could query all
patient image studies use FHIR get image API (Step
4.2). Basing the query results, we can use WADO-RS
to retrieve current and previous exam images (Step 4.3).
Finally, the viewer can store annotations in the form
of FHIR Observations on the FHIR server (Step 4.4).
Conventional PACS viewers use DICOM query/retrieve
protocols to access images and the DICOM store proto-
col to store annotations (DICOM PS objects) or reports
(DICOM SR object), both of which are unfamiliar to
most developers. The viewer presented in this paper
uses FHIR specifications for querying and storing image
reports on an FHIR server. Most FHIR developers are
familiar with RESTful formatted APIs and XML or JSON
formatted resources. Note also that the FHIR-based view-
ing and reporting systems could be easily integrated with
other FHIR systems, such as medication, laboratory, and
care planning systems.

Converting DICOM SR into FHIR Resources

Computer-Aided Detection (CAD) systems can also be used in
the acquisition and manipulation of diagnostic images. CAD
systems may follow DICOM standard to convert the detection
results into DICOM SR objects for storage on a PACS server.
DICOM SR objects formulated under DICOM Part 16
specifications are very complex. Furthermore, CAD results
should include data pertaining to the devices, procedures,
measurements, subjects, and reference image information
within a single DICOM SR object. This inevitably leads to
the duplication of data stored in DICOM SR formatted CAD
result. In this paper, we proposed a simplifying method that
uses the FHIR resources, which would provide the potential
to store CAD results on an FHIR server. As shown in Fig. 3,

@ Springer


https://hapi.fhir.tw/fhir/Observation/4961

800

Journal of Digital Imaging (2023) 36:794-803

Fig.6 FHIR Observations and
corresponding jpg mammo-

@] D:\imgDir\Show2Mammo.html Y]
& D:\imgDir\Show2Mammo....

graphic images prrme

a FHIR imaging report contains FHIR DiagnosticReport,  can be referred by FHIR Observations. Consequently, do not
Observations (image finding and annotation), and related  require to create the duplicate information when CAD results
imaging studies. The CAD method and device information =~ were created.

(V]

2
6

—<!DOCTYPE html><html xmlns="http://www.w3.org/1999/xhtml">

<head> <title>Medical image and SVG annotation</title></head>
¢<body style="width:5130px;">
—l<div style="width:2560px;float:left; ">
FH<svg width="2560" height="3328" >

<image x="0" y="0" width="2560" height="3328" xlink:href="DCMRetl22.jpg" />

<circle cx="1094" cy="1389" r="18" fill="red" />

<polygon
points="1109,1331,1109,1337,1114,1337,1114,1349,1120,1349,1120,1371,1126,1371,1126,1377,1131,1377,1131,1389
,1137,1389,1137,1411,1131,1411,1131,1417,1126,1417,1126,1423,1114,1423,1114,1429,1097,1429,1097,1434,1091,1
434,1091,1440,1074,1440,1074,1434,1069,1434,1069,1429,1063,1429,1063,1423,1057,1423,1057,1417,1051,1417,105
1,1406,1057,1406,1057,1389,1063,1389,1063,1383,1057,1383,1057,1371,1063,1371,1063,1349,1069,1349,1069,1343,
1074,1343,1074,1337,1086,1337,1086,1331"

style="fill:none;stroke:red;stroke-width:9" />
-</svg>
-</div>
H<div style="width:2560px;float:right; "ﬂ
E<svg width="2560" height="3328" >

<image x="0" y="0" width="2560" height="3328" xlink:href="DCMRetl20.jpg" transform="translate (2560, 0)
scale(-1,1)" />

<circle cx="2026" cy="1900" r="18" fill="red" transform="translate (2560, 0) scale(-1,1)" />

<polygon transform="translate (2560, 0) scale(-1,1)"
points="2029,1789,2029,1794,2011,1794,2011,1800,2006,1800,2006,1806,1994,1806,1994,1811,1989,1811,1989,1817
,1971,1817,1971,1823,1954,1823,1954,1829,1949,1829,1949,1846,1943,1846,1943,1863,1937,1863,1937,1874,1931,1
874,1931,1891,1937,1891,1937,1897,1943,1897,1943,1903,1949,1903,1949,1909,1954,1909,1954,1914,1960,1914,196
0,1937,1954,1937,1954,1949,1949,1949,1949,1983,1954,1983,1954,2000,1960,2000,1960,2006,1966,2006,1966,2011,
1977,2011,1977,2017,1989,2017,1989,2023,1994,2023,1994,2029,2000,2029,2000,2034,2011,2034,2011,2029,2017,20
29,2017,2023,2023,2023,2023,2017,2029,2017,2029,2006,2034,2006,2034,1994,2040,1994,2040,1977,2046,1977,2046
,1966,2051,1966,2051,1960,2057,1960,2057,1954,2063,1954,2063,1949,2074,1949,2074,1943,2097,1943,2097,1937,2
109,1937,2109,1931,2114,1931,2114,1926,2120,1926,2120,1920,2126,1920,2126,1863,2120,1863,2120,1857,2114,185
7,2114,1840,2109,1840,2109,1829,2103,1829,2103,1817,2097,1817,2097,1811,2091,1811,2091,1806,2074,1806,2074,
1800,2063,1800,2063,1794,2057,1794,2057,1789"

style="fill:none;stroke:red;stroke-width:9" />
-</svg>
</div></body></html>

Example script 3. HTML web page using jpg medical mammography images with
SVG annotation, created from CAD based DICOM objects.
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Presenting CAD results in the form of FHIR Observations
would be far simpler than using DICOM SR, as illustrated by
the conversion of CDA DICOM SR data into FHIR Observa-
tions in Fig. 6. The illustration presents a HTML web page
contains two FHIR annotations corresponding to two mam-
mographic images. Note that the FHIR image annotation is
easily integrated with FHIR DiagnosticReports as well as
other (e.g., laboratory, pathology, and genomic) reports. In
other words, the proposed scheme makes it possible to use
a browser or client application to view any clinical results
stored as standard FHIR DiagnosticReports and Observa-
tions. The current implementation simplifies by just ren-
dering the contour. Future work would address migrating
more of the omitted DICOM SR CAD complexity into FHIR
Observations, e.g. CAD operating point, finding certainty,
verified yes/no, algorithm name, presentation required/
optional, size information, type of finding, summary of
detections, etc.

As outlined in Fig. 3, CAD DICOM SR objects can also
be converted into FHIR annotation Observations, finding
Observations, and DiagnosticReports. Following the conver-
sion, the CAD results are stored on an FHIR server. Accord-
ing the workflow in Fig. 2, the web solution described in
this paper makes it possible for the viewing the CAD results
and mammographic images on browser simultaneously. And
as that shown in Fig. 6 and Example script 3, we can use
pure web page to present CAD results and mammography
on browser. The procedures involved in querying previous
imaging results and presenting them in a pure web page are
described in the following.

1. The viewer queries previous imaging Diagnos-
ticReports for the patient of interest.

2. The viewer obtains the corresponding FHIR anno-
tation Observations by the references in finding
Observation and DiagnosticReport.

3. The viewer creates a WADO-RS URL using the
ImagingStudy.Endpoint and annotation Observa-
tion.Focus, as shown in Example script 2.

4. The viewer retrieves the WADO-RS images for
display.

5. The viewer draws annotations over the images.

6. The viewer exports a pure web page containing
the target image and corresponding annotation.

Note that the above Procedure 6 (exporting a web page
with images and SVG annotations) could be altered to
allow the export of the original FHIR DiagnosticReports,
Observations, and medical images in the form of web
page with JSON data and JavaScript accessible using any
browser. In other words, the results could be deployed to
any website that does not support FHIR or WADO-RS
protocols. The simple web page may be deployed across

hospitals that might not have FHIR and DICOMWeb
server for viewing medical image and annotation.

Conclusions

This paper introduces a novel workflow for the organiza-
tion of medical images, based on FHIR APIs and associated
resources in conjunction with a viewer using DICOMweb APIs
to facilitate integration with existing systems. Unlike conven-
tional imaging workflows, which require the complex HL7 V2,
DICOM, and HL7 CDA specifications, the proposed scheme
uses the common JSON (or XML) data and RESTful APIs of
FHIR and DICOMweb. This approach facilitates implementa-
tion and management, and can be integrated with web-based
HIS, the Laboratory Information System (LIS), the Pathology
Information System (PIS), and other existing systems.

The proposed schemes meant to overcome barriers to
system integration. With appropriate security protection,
the proposed web solution could be used for the sharing
of information throughout all departments inside hospital
as well as across hospitals. And the secure specifications
must further be addressed for cross hospital image work-
flows. The more detailed specifications and extensions that
might be investigated further are listed as follows:

e There are three coordinate systems on the viewer, the
DICOM pixel, 3D spatial coordinates and canvas coor-
dinates, all of which could be used in image annota-
tion. Note however that using the viewer to rotate, flip,
resize, or shift the DICOM image would alter the rela-
tionship between the coordinate systems. This would be
necessary to perform coordinate transformation when
storing annotations on the FHIR server or displaying
the annotations on the viewer. For a single image, we
suggest that the DICOM pixel coordinate could be used
as the reference for image annotation. However, for a
series images or different series images, patient coordi-
nate would be useful in image registry and lesion man-
agement. We are investigating the three coordinates
used in various clinical domains, such as radiotherapy,
surgery, etc., and would demonstrate in the future.

e It would be also worthy to note that the WADO-RS
rendering might be a potential solution, which could
apply to all kind of images (mammo, CT, MR, etc.)
and allow the DICOMweb server to handle all the
issues with 12-bit resolutions, technical factor annota-
tions, sigmoidal lookup tables, and monochrome image
interpretation, etc. [10]. Viewers usually require the
ability to parse the DICOM objects. If the format of
the image (e.g., row, column, bit allocation defined in
the DICOM image pixel module) were known prior
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to retrieval, then it would be possible for the viewer
to display of medical images. This would make it far
easier to develop a front end system to handle imag-
ing data by WADO-RS with rendered resources, which
would directly return JPEG images to the Viewer.

e This study did not focus on the terminology or coding sys-
tems used in imaging workflows; however, we acknowledge
the importance of these issues in putting together reports.
For example, images for the diagnosis of breast cancer would
include data pertaining to the shape, location, size, and mar-
gin of detected masses. The shape and margin must also be
further defined and coded in accordance with each type of
imaging modality (e.g., MRI, ultrasound, and mammaogra-
phy). The codes and terminology should be further investi-
gated and carefully defined.

e The proposed FHIR imaging workflow could be used in a
single facility or among multiple facilities; however, this
will require further mechanisms for security and the pro-
tection of privacy. FHIR currently leverages many of the
security protection mechanisms developed for the web,
such as SSL and OAuth for protecting FHIR APIs [11].
However, access control to the FHIR and DICOMweb
servers should also be regulated. Additionally mapping
the all possible details (referring physician, accession
number, visit number, admitting diagnosis, etc.) between
ServiceRequest/Encounter and UPS-RS is as well a sig-
nificant core items in our future work.

e We suggest using web solutions for retrieving and examining
all medical images. Because of the inconvenient for image
viewing in diverse systems (radiology images, biopsy video,
and microscopic Whole Slide Image (WSI). It is difficult
using conventional DICOM specifications to integrate an
enterprise viewer. It is a great challenge for developing a
viewer that can fulfill all the requirements from different
clinical departments. However, as demonstrated in the paper,
we can use pure web solution to present medical images
and annotations on the browser. The type of zero footprint
viewer do not require install any plug-in on the browser.
Based on the pure web solution, different developing teams
can focus on their domain and develop their own web
viewing and reporting system separately. And all the results
can be presented on a single browser simultaneously. It is
convenient for developers to adopt FHIR specifications and
create a system for clinical exam workflow. And DICOM
WADO-RS is also convenient for retrieval of medical images
(include video and WSI images). DICOM has addressed
rendering query parameters in Part 18 8.3.5. Following the
specification, we may use WADO-RS with parameters to
access radiology images and WSI images. And we could
also access SVG annotations from FHIR servers. The images
and annotation could be rendered and presented properly on
a pure web viewer. We hope to present more use cases based
on standard RESTful specifications in the future.

@ Springer

e RESTful solution with IoT, Al, and precision medicine
will bring a lot of new usages and opportunities. Medical
information standards should be very important to sup-
port the potential solutions for innovative applications.
However, this a huge task to define standards for the sys-
tem integrating solutions in healthcare. This paper pro-
poses an imaging integrating framework using simplified
DICOMWeb and FHIR resources. The simplified speci-
fication would be easy to be understood for people who
are not familiar with medical informatics standards. And
developers can follow the framework described in this
paper to develop the general imaging exam and report
systems which may quickly be adopted into real use.
There still is a lot of work for creating standard specifi-
cations for integrating Al or precision medicine system
with PACS. Especially, the security specifications for the
integration. It will bring lot of overhead for the security
specifications to be compatible both with conventional
HL7 and DICOM and with FHIR and DICOMWeb. This
would constitute a very difficult to implement specifica-
tions. For the new medical imaging application, such as
Al the integration of FHIR and DICOMWeb would be
the promising solution.
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