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ABSTRACT

Rationale and Objectives: Communication with and within the Radiology Department is typically initiated over phone, face-to-face or general-purpose chat,
causing frequent interruptions, additional mental workload, workflow inefficiencies and diagnostic errors. We developed and evaluated a new communication
solution that aims to reduce avoidable interruptions caused by technologist-radiologist communication.

Materials and Methods: Following an iterative design process with future end users, a scalable web-based software solution, RadConnect, was developed
enabling a chat-based communication workflow between a technologist and a radiologist. As a first experimental implementation, technologists can send cate-
gorized tickets to a radiology section account. Radiologists receive the tickets in a worklist that is prioritized by urgency. Consented radiologists and technolo-
gists performed scripted tasks in 2 hr sessions and completed a structured questionnaire on perceived value and comparison to standard communication modes.
Results: Of 17 participants from three academic European institutes, 65% (11/17) believed they would use RadConnect frequently; 53% (9/17) believed that it
reduces phone calls >80%; and 88% (15/17) believed it adds value compared to general-purpose enterprise chat applications.

Discussion: Participants recognized the value of RadConnect especially its categorized tickets, prioritized worklist and role-based interaction model. Inter-insti-
tute differences in perceived value of RadConnect may have been caused by technologist-radiologist proximity and communication alternatives in the
institutions.

Conclusion: Chat-based role-based communication might be a viable mode of communication between technologists and radiologists to reduce avoidable inter-
ruptions. Tailoring the chat solution to the needs of and tightly integrated with the radiology workflow is valued by future end users after exposure to the tool

in a simulated environment.

© 2023 Elsevier Inc. All rights reserved.

Introduction

Radiologists play a critical role in the imaging value chain by
interpreting medical images in the context of patient information,
but they also support stakeholders, such as referring physicians
and technologists. These stakeholders often expect prompt and
well-informed responses when they reach out to the Radiology
Department.! To meet these expectations, radiologists must bal-
ance their primary medical responsibilities with stakeholder
consultations.”>

At many institutions, communication with and within the Radiol-
ogy Department is done through personal conversations, which are
typically initiated by phone call or by physically walking over to the
radiologist. These synchronous conversations cause interruptions
that require radiologists to pause their current activities and shift
their attention to the question at hand® These interruptions are
frequent,>” cause additional mental workload and have been associ-
ated with decreased efficiency® and diagnostic accuracy.”!%!!

*Corresponding author.
E-mail address: merlijn.sevenster@philips.com (M. Sevenster).
# Authors contributed equally to the work.

https://doi.org/10.1067/j.cpradiol.2023.10.008
0363-0188/© 2023 Elsevier Inc. All rights reserved.

General-purpose chat applications are also used, even though they
are not optimized for use in healthcare, let alone radiology, poten-
tially leading to unsafe situations caused by patient identity mix-
up.”

In this study, we develop a new and safe communication solution
that aims to reduce avoidable interruptions caused by technologist-
radiologist communication, by involving them in the iterative soft-
ware design process. We report on the design and perceived value of
the developed solution by means of a scripted usability study and
questionnaire. The study was conducted with participants from three
academic hospitals in Europe.

Methods

The study was performed under a study protocol (ICBE-S-000556)
that was approved by the Internal Committee for Biomedical Experi-
ments of Royal Philips (Amsterdam, The Netherlands).

Design and Development

Communication challenges were discussed with radiologists
and technologists from Institution 1, an academic single-site
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hospital in Leiden, The Netherlands. The aim was to develop a
“minimally viable prototype”, a software prototype that contains
just enough features so that it can be tested safely in clinical
practice. A clickable demonstrator was created and exposed to
the radiologists and technologists to gather their feedback.
Advantages and risks associated with the use of the clickable
demonstrator in clinical practice were discussed. A next version
of the clickable demonstrator was then created to improve the
user interface and address potential risks.

A web-based software solution was developed based on the final
clickable demonstrator, RadConnect. The solution enables an end-
to-end communication workflow between a technologist and a
radiologist.

Usability Study and Questionnaire

Participating radiologists and technologists signed an informed
consent form. Participants were instructed to perform tasks in
RadConnect that are typical for their professional profile according to
a script that was prepared before the usability study. For instance,
technologist participants were asked to request radiologist support
for inspection of a suspicious finding in a scan while the patient
occupies the scanner. Radiologist participants were asked to
accept an incoming consultation request and respond to it. One
researcher (S.V.) facilitated each session following the script,
while another (D.N., V.W.) acted as the participant’s communica-
tion counterpart. Both researchers observed the session and made
notes. Afterwards, participants completed a questionnaire on the
perceived value of RadConnect with responses on a five-point
Likert scale. A semi-structured interview was conducted that was

New Consult

Section

'Y ®
Medication/contrast related question

Patient MRN (optional)

123456789 John Doe

Question

Incidental finding Pre-release check

Patient Name (optional)

Quality check

recorded and analyzed (S.V.). Feedback on usability and perceived
value were transcribed and tabulated.

The interviews were conducted at and with participants
employed by three urban academic hospitals in Western Europe:
Institution 1 in Leiden, The Netherlands; Institution 2 in Lyon, France;
and Institution 3 in London, UK. Employees of Institution 1, a single-
site hospital, that were involved in the design and development of
RadConnect, were not involved in the usability study. Institutions 2
and 3 are multi-site hospitals. Interviews with participants from
Institution 1 were held in Dutch, while interviews with participants
from Institutions 2 and 3 were held in English. A French native
speaker was present during the sessions in France to provide transla-
tion when necessary. Quotations from Dutch and French speaking
participants are presented in English.

Results
Radconnect

RadConnect is a web-based software solution that allows a
technologist to request a consultation with a radiologist by filling
out a form (“ticket”) with pre-determined question categories
and associated pre-written editable question statements, see
Fig. 1. The technologist can indicate the urgency of the request
and provide context by indicating if the question pertains to a
patient currently in the acquisition room. They can also select the
recipient subspecialty section, such as neuro or thorax, and there
is no need to enter a specific recipient radiologist. A presence
indicator reflects if at least one radiologist from the targeted sec-
tion is active in RadConnect. The radiologists that are active in

Patient date of birth (optional)
01/01/1980

Confirm protocol Protocol missing

Could you please check the potential incidental finding: There seems to be a strange knob in the right upper front lobe.

Patient on table
Urgency and Time

A <5min | @ <15min

<30min <Thour <24hours

FIG. 1. Ticket interface in which the technologist can capture a consultation request for a radiologist. In this example, the technologist prepares a request for the thorax section
(“TX”) that has a green presence circle, indicating that a thorax radiologist is using RadConnect. The technologist has a question about a potential incidental finding and requests a

response within 5 min. The patient is on the table.
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Philips RadConnect  Consults

Research prototype. Do not use for communicating urgent clinical conditions. @ o

CarolChan ~

Consults Cardiothoracic Active consults ¥ Today v
Scanner Question Section MRN Status Situat
Incidental finding Cardiothoracic 123456789 A 2min -
. o Do In progress by
you
Quality check Cardiothoracic mmmmm O 13min
° Max Mustermann Hew
Confirm protocol Cardiothoracic 98765431 29 min
° Jane Smith New
Protocol missing Cardiothoracic 4455667788 < Thour
° Steffen Schmidt New
Entries per page ¥ Showing 1-4 of 4

Incidental finding ] Q

K31. MRN 123456789 DOB 1-Jan-1980 ..

Name John Doe

Return consult  Complete consult

@ Messages you send in this chat and calls are secured with end-to-end encryption.

co" For medication/contrast related questions, please confirm patient details via MRN, patient

name and date of birth.

uT lumctest tech, Technologist
(] Incidental finding from CT - Kamer 31

05:28 pm

Name: John Doe
MRN: 123456789
DOB: 01/01/1980

Could you please check the potential incidental finding: There seems to
be a strange knob in the right upper front lobe.

Carol Chan opened this consult request 12/01/2023, 17:29:59

05:30 pm
I will have a look

FIG. 2. The radiologist worklist is shown on the left, filtered by thorax tickets. The worklist has one ticket in progress and three pending tickets. The exclamation marks
indicate the urgency as determined by the technologist. The time indicators are set at the requested response time and count down as time passes. The right side shows
a chat channel where the radiologist can send and receive chat messages. Multiple chat channels can be active at the same time. Patient and user information in this

illustration is synthetic.

RadConnect play the role of on-call radiologist for their section,
hence “role-based”.

The ticket has fields for entering patient identifying information,
which are optional but mandatory when the questions are related to
medication or contrast use to reduce the risk of patient identity mix-
up.

Every radiologist user has a personal account that contains the
radiologist’s subspecialty section(s). Submitted tickets appear on the
radiologist worklist, which can be filtered by section, see Fig. 2. By
default, the radiologist worklist is filtered so that only tickets are
shown that were sent to the radiologist’s section, but the filter can be
adapted to show all tickets.

The radiologist worklist is prioritized by ticket urgency. Time to
requested response time counts down in the worklist user interface,
visually marking tickets that are overdue.

The radiologist clicks a ticket to open it, creating a chat channel
between the radiologist and the technologist in which they can send
text messages back and forth. When the question has been answered
satisfactorily, either user can complete the ticket. Completed tickets
disappear from the worklist but remain accessible. Chat content (of
in-progress or completed tickets) is accessible to users that did not
engage in the chat themselves, as the contents might be relevant for
other staff.

Usability Study and Questionnaire

A total of 17 participants agreed to take part in the study, of which
8 radiologists and 9 technologists (called radiographers in the UK).
Eight participants were employed by Institution 1, five by Institution
2 and four by Institution 3. All participants were able to complete the

usability script, questionnaire and structured interview within the
allotted time slot.

Out of the participants, 65% (11/17) indicated that they would like
to use RadConnect frequently and the same percentage believed it
would help them in their daily workflow, see Table 1. A small major-
ity of participants (53%, 9/17) agreed that RadConnect reduces phone
traffic >80%. A majority would prefer to use RadConnect for protocol-
ling questions (94%, 16/17) and image quality review questions (65%,
11/17) instead of the phone.

Participants (88%, 15/17) believed RadConnect has added value
compared to general-purpose chat solutions. Only one participant
(6%, 1/16) was concerned that RadConnect would be a new source of
interruptions.

Participants from Institution 1 more strongly agreed that they
would use RadConnect often compared to the other Institutions: 4.5
versus 2.8 (Institution 2) and 3.5 (Institution 3). Participants from
Institution 1 also believed more strongly that it would reduce phone
calls >80%.

Discussion
Radconnect

RadConnect has three features that differentiates it from gen-
eral-purpose enterprise chat solutions, like Zoom (Zoom Video
Communications, San Jose, US), Teams and Skype (both Microsoft,
Seattle, US). First, the radiologist worklist prioritizes tickets by
urgency level to differentiate between questions that need imme-
diate versus those that do not. Many questions, e.g., missing pro-
tocols, do not require an instant response. In the questionnaire,
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TABLE 1

99

Distribution of responses to the questionnaire by the 17 participants, and average responses for all participants and by Institution. Average scores were computed using 1 = Strongly
disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree. One participant did not respond to two questions.

Strongly  Disagree  Neutral Agree  Strongly Average Average Average Average
disagree agree all Institution 1 Institution2  Institution 3
I think that I would like to use RadConnect frequently 6% 12% 18% 29% 35% 3.8 4.5 2.8 35
(1/17) (2/17) (3/17) (5/17)  (6/17)
I expect that RadConnect will support me in my daily 0% 6% 29% 47% 18% 3.8 43 34 33
work (0/17) (1/17) (5/17) (8/17) (3/17)
I expect that by implementing RadConnect more than 80% 0% 29% 18% 29% 24% 3.5 43 2.6 3.0
of phone calls will be avoided (0/17) (5/17) (3/17) (5/17)  (4)17)
I would prefer asking questions and/or being consulted 0% 0% 6% 41% 53% 4.5 49 4.4 3.8
via RadConnect than via the phone for questions (0/17) (0/17) (1/17) (7)17)  (9/17)
related to protocolling
I would prefer asking questions and/or being consulted 12% 8% 12% 44% 25% 3.6 38 3.2 4.0
via RadConnect than via the phone for questions (2/16) (1/16) (2/16) (7/16)  (4/16)
related to image quality review
I expect that RadConnect will help me to answer 0% 12% 47% 24% 18% 35 35 34 3.5
questions faster than over the phone/get an answer to (0/17) (2/17) (8/17) (4/17) (3/17)
my questions faster
I believe that RadConnect has added value compared to 0% 0% 12% 47% 41% 43 41 4.8 4.0
communication platforms (0/17) (0/17) (2/17) (8/17) (7)17)
I expect that technologists will choose the appropriate 6% 6% 12% 29% 47% 4.1 4.1 44 35
urgency level (1/17) (1/17) (2/17) (5/17)  (8/17)
[ am concerned that incoming consults via RadConnect 12% 56% 25% 0% 6% 23 1.7 2.8 2.8
will interrupt my workflow (2/16) (9/16) (4/16) (0/17) (1/17)

94% (16/17) of participants responded that they would rather use
RadConnect for protocoling questions than the phone. For image
quality review questions, which may be more time sensitive
when a patient is waiting to be released, 65% (11/17) of partici-
pants indicated they would rather use RadConnect than the
phone. Second, tickets are role-based and can be sent to a section
account, instead of an individual radiologist. This way, the tech-
nologist does not need to know who the active contact person
for a radiology section is. This contact person may change
throughout the day and it is therefore challenging to identify the
right person. Third, communication is initiated through tickets
with pre-determined categories and built-in questions tailored to
the radiology workflow.

Usability Study and Questionnaire Response

Perceived value

Technologist participants recognized the value of the worklist
as a means to keep track of open consult requests. They also
appreciated the section role-based model as it obviates the need
to “track down” a radiologist. They found the urgency prioritiza-
tion to be particularly useful: “It looks like a 911 call list, where
the question is ranked with an urgency, which creates a priori-
tized list. This is the future.” Radiologist participants recognized
the value of the ticket categories in the worklist. Possibly because
it helps radiologists to estimate the time and effort that is
required to answer a ticket, without engaging with the sender
and tacitly committing to a timely response. Overall, they found
the worklist feature to be “handy” and “much more efficient than
the telephone” and appreciated the urgency prioritization.

Technologist participants expressed concern that RadConnect
only works if radiologists actively monitor the worklist and
respond within the requested response time. They also remarked
that they would resort to calling or walking over if the recipient
account does not respond. Radiologist participants expressed con-
cern that RadConnect could increase the number of consultations,
if technologists experience that RadConnect is an efficient mecha-
nism for answering their questions. They indicated that this side
effect of RadConnect should be studied in clinical practice and

that it could be remedied by changing standard operating proce-
dures.

Local Workflow Factors

Participants shared their thoughts on how RadConnect fits in with
their local workflow. In Institutions 1 and 3, one radiologist answered
all questions for one section. In Institutions 1 and 3, radiologists
worked in reading rooms that are physically separated from the
acquisition rooms. Institution 2 utilized a different approach
where radiologists work with the technologists at the modality or
at another modality in the same physical workspace. These radi-
ologist(s) were solely responsible for supervising the acquisition
process and were not involved in image interpretation. The prox-
imity of radiologists and technologists in Institution 2 may
explain why participants from this Institution were least likely to
believe that they would use RadConnect frequently, compared to
participants from Institutions 1 and 3.

Communication Alternatives

All three institutions used chat solutions for communication
between technologists and radiologists, but the specific solutions var-
ied. Institution 1 utilized phone and the chat functionality of a gen-
eral-purpose communication platform (not its audio and video
capabilities). A radiologist from Institution 1 compared RadConnect
to phone-based communication: “[RadConnect] will save a lot of
phone calls that you don’t have to answer immediately but can
answer at a time when you think you have to. Over the phone it must
be handled directly or you will forget it”. The vast majority of partici-
pants preferred RadConnect over general-purpose communication
solutions.

In Institution 2, where technologists and radiologists were co-
located at a scanner, face-to-face was the primary mode of com-
munication. When face-to-face was not possible, Institution 2
used phone and the chat functionality of a general-purpose com-
munication platform (not its audio and video capabilities). Tech-
nologist participants from Institution 2 recognized the issue of
non-responding radiologists and believed that RadConnect would
be useful in that respect.

Institution 3 utilized phone and chat functionality in their Radiol-
ogy Information System (RIS) for communication between
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technologists and radiologists. In this application, a chat conversation
could be started from the context of a study order, presenting rele-
vant information to sender and receiver. This might explain why par-
ticipants from Institution 3 believed that RadConnect has added
value compared to a general-purpose chat application and would
rather use RadConnect than using the phone for protocolling and
image quality review questions, but were neutral if RadConnect
would support them in their daily work. A radiologist from Institu-
tion 3 stated: “As a standalone messaging system, I would not want
to use it. What you want to have is a seamless workflow. It is a good
system, but you need it to be integrated.”

Extensions

RadConnect was developed as a minimal viable product for com-
munication between technologists and radiologists for use during
regular working hours. The version of RadConnect evaluated in this
paper can be extended technically. It can also be used in different set-
tings than normal working hours and by other users than were in the
scope of this study.

Participants emphasized the importance of integration in work-
flow solutions, such as the Radiology Information System (RIS),
modality console, Electronic Medical Record (EMR) and Picture
Archiving and Communication System (PACS). This has the dual ben-
efit of reducing the number of software applications that technolo-
gists and radiologists need to navigate and of sharing relevant
workflow information that is managed by the solution to pre-fill
ticket forms with state information.'® Tight integration in existing
workflow solutions requires that the chat functionality be embedded
in the solutions’ user interface and that state information be accessi-
ble, for instance, through an application programming interface
(API). Third-party workflow solutions may not necessarily meet both
requirements.

RadConnect facilitates communication from technologists to radi-
ologists. It does not allow radiologists to contact technologists, but
this would be a plausible extension of the solution.

During the design phase with technologists and radiologists from
Institution 1, it was discovered that coordinating technologists from
this institution would also benefit from RadConnect. These technolo-
gists handle the day-to-day operations. Participants also saw value in
expanding the user base to include referring physicians, especially
from the Emergency Department who typically rely on the radiology
assessments for expedited care decisions.

During the usability study, some participants indicated that Rad-
Connect’s functionality would also be useful outside normal working
hours, when fewer radiologists are available for answering imaging
questions and the proportion of urgent questions is typically higher.
This leads to hectic situations and RadConnect could help to organize
open questions and rank them by urgency.

Comparison to Other Tools and Approaches

Ticket-based communication tools have been described in the lit-
erature to report image quality issues. Ong et al.'® describe a system
that allows radiologists provide image quality feedback to technolo-
gists. One of the user needs addressed by their system was tight inte-
gration with PACS to capture relevant context information in the
ticket, to minimize the data entry burden for the radiologist. A similar
approach was taken in,'* describing a PACS-integrated communica-
tion tool.

In the literature various other approaches have been reported to
improve the communication experience, such as a telephone triaging
system,'” implementing organizational changes'®® and streamlined
imaging request pathways.!”

Limitations

Our study was conducted at three academic institutions in Europe
with a limited number of participants that were willing and able to
participate, potentially causing self-selection bias. Participants inter-
acted with a functional solution, but in an artificial setting, not in the
clinical workflow. The perceived value of and attitudes towards Rad-
Connect may have been different if used for an extended period in
combination with alternative communication methods. The added
value of RadConnect and its ability to reduce interruptions will be
investigated in a clinical evaluation.

Conclusion

Involving future end users, an asynchronous software solution
was developed for communication between technologists and
radiologists that is ticket and role based. The solution was evalu-
ated by 17 technologists and radiologists from three academic
hospitals in Europe, with varying workflow settings. The majority
of participants (65%) would like to use it frequently in their work-
flow and the vast majority of participants (88%) believed it adds
value compared to general-purpose enterprise chat solutions.
Technologist-radiologist proximity, the number of scanners over-
seen by a single radiologist and communication alternatives were
factors that may have influenced the perceived value of RadCon-
nect. Participants recommended tight integration in existing
workflow solutions.

Chat-based asynchronous communication might be a viable mode
of communication between technologists and radiologists to reduce
avoidable interruptions. Tailoring the chat solution to the needs of
and tightly integrated with the radiology workflow is valued by
future end users after exposure to the tool in a simulated environ-
ment.
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