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INTRODUCTION
Burn-out, a state of mental exhaustion caused
by one’s profession, is particularly acute
among clinicians, especially in the USA.1–3
Oncology clinicians seem to be particularly
affected.4–8 It is now acknowledged that use
of electronic health record systems (EHRs),
contributes to clinicians’ dissatisfaction and
burn-out9–13 predominantly via the excessive
requirements posed on clinicians for data
entry.14 A recent special issue in the Journal
of the American Medical Informatics Association
included a number of papers that focused
on quantitative measures of time spent on
data entry and numbers of entries,15–18 all
demonstrating that quantity of work is a key
contributor to burn-out. In this perspective
piece, we highlight and explain how there
are additional mechanisms for EHRs to
induce burn-out, such as the organisation of
information on screen, and poor support for
cognitive tasks.19 20 Specifically, EHR interface designs tend to fragment information,21
making it difficult to ‘get the full picture’ of
a patient case, thus increasing the cognitive
burden for tasks associated with clinical decision making.22 The lack of an effective display
of a patient’s treatment as a whole may thus
be one of the contributing factors of clinician burn-out.4 In our view, it is not only the
quantity of EHR related work that leads to
burn-out, but the quality of the work—the
cognitive burden.
An exemplar case of the phenomenon of
fragmentation of information about a patient
treatment and the consequences for clinicians’
cognitive burden is provided by the design
of EHR systems for cancer care, and more
specifically the design of electronic oncology
treatment regimens. These are linked, multidisciplinary, longitudinal records, not too dissimilar to electronic clinical pathways, linking
preset tasks or orders over time.23–25 Systems of
this kind are also used, for example, in stroke

care.26 Electronic pathway functionalities are
implemented across healthcare settings to
standardise care and thus improve quality and
safety, and are intended to support not only
single clinical tasks, but a series of linked tasks by
teams of clinicians managing a patient illness.23
Major integrated EHR systems such as EPIC27
or Cerner Millennium28 include functionalities
of this kind, giving hospitals the possibility of
linking orders along clinical guidelines. Given
the longitudinal, interdependent and multidisciplinary aspect of the information involved,
electronic pathways and electronic regimens
pose challenges to the organisation of information and the design of information displays.

CLINICAL PROTOCOLS AND DECISION MAKING IN
CANCER CARE
Treatment regimens for most patients with
cancer, especially in paediatrics, are complex.
Medications are administered to patients
over cycles, over months or years. At each
cycle or dose, clinicians (re)assess the patient
response to treatment and make decisions
on whether and how to continue with the
regimen. Medications are potentially toxic
and clinical decisions involve high risk for
the patient. The toxic effects of some medications manifest over a patient life-time, and
result from the cumulation of multiple doses
over time.
In travelling from the time of diagnosis
to the end of treatment, clinical protocols
provide a path, or a thread, for clinicians to
follow (or deviate from). At each step, an
assessment is made of both ‘where the patient
is at’29 in the treatment journey—for example,
how the patient is responding to treatment,
how far along in the treatment they are—and
how close or distant the patient treatment
and trajectory are to the initial protocol
path. As an oncologist in a children hospital
explained to us, ‘…to synthesise a journey…
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Figure 1 Example of a chemotherapy protocol roadmap,
simplified.

at least two years, sometimes ten. … we need to maintain
a thread of continuity, … not continuous together, but
joined, so you can follow that particular thread… I want
to see … what is the treatment the patient is getting today
… in terms of where does it fall within the narrative of this
patient’s treatment’.29
Traditionally, paper-based oncology protocols provide
‘roadmaps’ that summarise graphically the treatment
over a period of time—tests, drugs and doses, distributed
over a number of cycles (figure 1).
These paper-
based versions of the roadmap can be
printed and easily annotated with a patient’s actual treatment. Annotations show both what the protocol requires
and any variations needed to address a patient response.
For example, dose modifications, delayed doses or cycles.
FROM PAPER TO ELECTRONIC, FROM PATTERN RECOGNITION
TO COMPUTATION
EHRs have been increasingly implemented and used in
cancer care in the USA and other parts of the world. Their
functionalities for linking orders, allow reproducing clinical protocols in electronic order sets. As human factors
experts, we studied a recent implementation of an EHR
for cancer care in Australia. We evaluated the implementation of one of these systems (a Cerner system) in
a paediatric hospital,29 30 and carried out a (confidential) expert human factors review of a number of chemotherapy management systems for a commissioning body.
In our research, we noticed how clinicians experienced
difficulties with the electronic regimens’ information
display, and in making sense of the patient treatment in
relation to the relevant protocol. An oncologist told us,
for example, how with the electronic record, ‘… it’s very
hard to [see] that they haven’t got an extra dose at day 15
or they’ve missed a dose at day seven’.29 A junior physician made explicit the burn-out effect of the effort to
recombine fragmented information of a patient’s history
of treatment: ‘… to try and find a patient’s cumulative
anthracyclines dose [in the electronic record]… [was]
more exhausting than night shifts exhausting’.29
Electronic versions of the protocols ‘translate’ a
treatment plan into a series of orders (events or tasks),
arranged as lines of text, nested (partly visible) into cycles
(aggregating lines of text). This creates a fragmentation
of the regimen as a whole. Intended variations to the
protocol are to be annotated in digital notes, only available when clicking on each cycle, and superseding other
notes which the EHR automatically archives in the patient
record. As we learnt in our research, the problem with
2

this design is that since the notes ‘supersede each other’,
any changes made to the treatment are difficult to identify
and explain: ‘…someone would make a change 6 months
ago to a particular dose of something, and you’d have
no idea why and no idea when it happened’ (oncologist,
paediatrics).29
To make sense of the information retrieved from each
record, the clinician has to keep each data piece in
memory and assemble a mental map of how they relate as
a whole. This is a cognitive task known as ‘computation’.31
Paper-
based roadmaps in oncology make immediately visible to clinicians ‘where the patient is at’ in the
protocol as a whole and any deviations, easing navigation
of a patient treatment. In this respect, the use of this tool
is not unlike navigational tasks performed by operators in
non health-related disciplines. It can be said of oncology
roadmaps what has been said of US Navy ship charts32
that in roadmaps, every element of treatment (eg, a
chemotherapy dose), has a specifiable ‘address’, and the
relationships of all elements of treatment to the others
‘are implicitly represented’; they ‘introduce a perspective’ on the whole and on the position and ‘motion’ of the
patient across the whole; ‘standing over a chart, one has a
‘bird’s eye’ view …’. Thus, ‘Having the chart […] makes
this [navigation] task much easier. For example, […],
displacement […] [off] track can be measured directly.
The information regarding the next course is ready at
hand and need only be read off the chart after the position has been plotted. […] the number of yards to the
next turn [or the next dose] need not be measured; it is
available by simple inspection’.32
Paper-
based roadmaps support decision making
through pattern recognition, while electronic protocols
transform the task into computation. That is, with an EHR
system, clinicians are required to compute the patient’s
position on a treatment journey based on information
visible across rows and screens, a cognitively demanding
task, in a high-risk environment. This is the opposite of
what human factors traditionally recommend for safe
engineering of sociotechnical systems. For example, it is
the opposite of what was reported in aeroplane cockpit
design in the 1990s31 —instruments for landing were
designed to transform pilots’ mental computation into
pattern recognition, easing the landing task and reducing
potential for errors.
While some have attempted the implementation of
computerised roadmaps reproducing and enhancing
the traditional paper versions,33 in our experience, EHR
systems rarely provide a diagrammatic representation
of encoded protocols akin to a roadmap. They provide
detailed information about each cycle and dose, but this
information is often fragmented; they document what has
been ordered and administered to the patient, but not
how close or distant from the protocol this was.
Here, we argue that the lack of effective displays of a
complex treatment as a whole, in support of high risk
decisions, may be one of the contributing factors of clinician burn-out in oncology.4 It is interesting to note that
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interventions targeting burn-out, even those targeted at
the organisational rather than individual level, typically
aim to enhance clinicians’ resilience—their capacity to
sustain stress—through training, wellness monitoring or a
reduction in working hours.2 3 6 Interventions rarely focus
on improving EHR design. When EHR redesign is advocated for, it is usually in relation to alleviating the burden
of clerical tasks,19 34 not improving system usability, nor
converting mental computation into pattern recognition.
Greater usability and less cognitive burden may be generated by incorporating functions into EHR which work on
pattern recognition, rather than computation, resulting
in reduced complexity, faster and less error-prone tasks,
ultimately benefiting patient safety and reducing clinician
burn-out. One recent example of this was an attempt to
design a medication timeline for chronic disease patients,
which resulted in improved physician performance on
medication-related tasks when piloted.22 We recommend
future work targeting clinician burn-
out in oncology
follow this path and focus on redesigning EHRs, using
a human factors approach,35 to support complex navigation work. There is a need for research on how to design,
and automatically generate, digital oncology roadmaps
of a patient treatment in EHR. These roadmaps must be
easy to navigate and must support pattern recognition.
Research can also show whether and how lessons learnt
from oncology are applicable to EHRs in other clinical
contexts, where an overview of a patient’s trajectory,
pathway or treatment journey is required.
Twitter Valentina Lichtner @VLichtner
Acknowledgements We thank Bethany Van Dort (University of Sydney) for her
assistance with figure 1.

5
6
7
8
9
10
11
12

13
14
15

16
17

18
19

Contributors Both authors have contributed equally to this work.
Funding VL received funding from the European Union’s Horizon 2020 research
and innovation programme under the Marie-Skłodowska Curie grant agreement
number 740 131.

20

Competing interests None declared.
Patient consent for publication Not required.

21

Provenance and peer review Not commissioned; internally peer reviewed.

22

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iD
Valentina Lichtner http://orcid.org/0 000-0003-3956-3743

23

24
25
26

REFERENCES

1 National Academies of Sciences Engineering and Medicine. Taking
action against clinician burnout: a systems approach to professional
well-being. Washington, DC: The National Academies Press, 2019.
2 West CP, Dyrbye LN, Erwin PJ, et al. Interventions to prevent and
reduce physician burnout: a systematic review and meta-analysis.
Lancet 2016;388:2272–81.
3 Lacy BE, Chan JL. Physician burnout: the hidden health care crisis.
Clin Gastroenterol Hepatol 2018;16:311–7.
4 Hlubocky FJ, Back AL, Shanafelt TD. Addressing burnout in
oncology: why cancer care clinicians are at risk, what individuals can

27
28
29

30

do, and how organizations can respond. Am Soc Clin Oncol Educ
Book 2016;35:271–9.
Murali K, Banerjee S. Let's address burnout in oncologists and
reimagine the way we work. Nat Rev Clin Oncol 2019;16:1–2.
Murali K, Banerjee S. Burnout in oncologists is a serious issue: what
can we do about it? Cancer Treat Rev 2018;68:55–61.
Gajra A, Bapat B, Jeune-Smith Y, et al. Frequency and causes of
burnout in US community oncologists in the era of electronic health
records. JCO Oncol Pract 2020;16:e357–65.
Burki TK. Oncologists burnout in the spotlight. Lancet Oncol
2018;19:e238.
Melnick ER, Dyrbye LN, Sinsky CA, et al. The association between
perceived electronic health record usability and professional burnout
among US physicians. Mayo Clinic Proceedings 2020;95:476–87.
Gardner RL, Cooper E, Haskell J, et al. Physician stress and burnout:
the impact of health information technology. J Am Med Inform Assoc
2019;26:106–14.
Khairat S, Coleman C, Ottmar P, et al. Association of electronic
health record use with physician fatigue and efficiency. JAMA Netw
Open 2020;3:e207385–e85.
Bakken S. Building the evidence base on health information
technology-related clinician burnout: a response to impact of health
information technology on burnout remains unknown-for now. J Am
Med Inform Assoc 2019;26:1158–58.
Bakken S. Can informatics innovation help mitigate clinician
burnout? J Am Med Inform Assoc 2019;26:93–4.
Kroth PJ, Morioka-Douglas N, Veres S, et al. Association of
electronic health record design and use factors with clinician stress
and burnout. JAMA Netw Open 2019;2:e199609.
Lourie EM, Utidjian LH, Ricci MF, et al. Reducing electronic health
record-related burnout in providers through a personalized efficiency
improvement program. J Am Med Inform Assoc 2020. doi:10.1093/
jamia/ocaa248. [Epub ahead of print: 09 Nov 2020].
Hron JD, Lourie E. Have you got the time? challenges using vendor
electronic health record metrics of provider efficiency. J Am Med
Inform Assoc 2020;27:644–6.
Adler-Milstein J, Zhao W, Willard-Grace R, et al. Electronic health
records and burnout: time spent on the electronic health record after
hours and message volume associated with exhaustion but not with
cynicism among primary care clinicians. J Am Med Inform Assoc
2020;27:531–8.
Hilliard RW, Haskell J, Gardner RL. Are specific elements of
electronic health record use associated with clinician burnout more
than others? J Am Med Inform Assoc 2020;27:1401–10.
Sutton JM, Ash SR, Al Makki A, et al. A daily Hospital progress note
that increases physician usability of the electronic health record by
facilitating a problem-oriented approach to the patient and reducing
physician clerical burden. Perm J 2019;23. doi:10.7812/TPP/18-221.
[Epub ahead of print: 14 Jun 2019].
Johnson C, Johnston D, Crowle P. EHR usability toolkit: A
background report on usability and electronic health records [AHRQ
Publication No. 11-0084-EF]. Rockville, MD: Agency for Healthcare
Research Quality, 2011.
Coiera E, Ash J, Berg M. The unintended consequences of health
information technology revisited. Yearb Med Inform 2016;1:163–9.
Belden JL, Wegier P, Patel J, et al. Designing a medication
timeline for patients and physicians. J Am Med Inform Assoc
2019;26:95–105.
Gooch P, Roudsari A. Computerization of workflows, guidelines, and
care pathways: a review of implementation challenges for process-
oriented health information systems. J Am Med Inform Assoc
2011;18:738–48.
Peleg M. Computer-interpretable clinical guidelines: a
methodological review. J Biomed Inform 2013;46:744–63.
Dong W, Huang Z. A method to evaluate critical factors for
successful implementation of clinical pathways. Appl Clin Inform
2015;6:650–68.
Ballard DW, Kim AS, Huang J, et al. Implementation of computerized
physician order entry is associated with increased thrombolytic
administration for emergency department patients with acute
ischemic stroke. Ann Emerg Med 2015;66:601–10.
Epic Systems Corporation. Available: https://www.epic.com/
Cerner Corporation. Available: https://www.cerner.com/
Lichtner V, Franklin BD, Dalla-Pozza L, et al. Electronic ordering
and the management of treatment interdependencies: a qualitative
study of paediatric chemotherapy. BMC Med Inform Decis Mak
2020;20:193.
Baysari MT, van Dort BA, Prgomet M, et al. The efficiency-
thoroughness trade-off after implementation of electronic medication
management: a qualitative study in paediatric oncology. Int J Qual
Health Care 2020;32:511–6.

Lichtner V, Baysari M. BMJ Health Care Inform 2021;28:e100281. doi:10.1136/bmjhci-2020-100281

3

BMJ Health Care Inform: first published as 10.1136/bmjhci-2020-100281 on 14 April 2021. Downloaded from http://informatics.bmj.com/ on May 19, 2021 at Macquarie University. Protected
by copyright.

Open access

31 Hutchins E. How a Cockpit Remembers its speeds. Cogn Sci
1995;19:265–88.
32 Hutchins E. Cognition in the wild. Cambridge, Mass.: MIT Press,
1995.
33 Allen SW, Hayashi RJ, Jones SJ, et al. Development of electronic
chemotherapy Roadmaps for pediatric oncology patients. J Pediatr
Oncol Nurs 2018;35:314–9.

4

34 Shanafelt TD, Dyrbye LN, Sinsky C, et al. Relationship between
clerical burden and characteristics of the electronic environment
with physician burnout and professional satisfaction. Mayo Clin Proc
2016;91:836–48.
35 Carayon P, Hoonakker P. Human factors and usability for health
information technology: old and new challenges. Yearb Med Inform
2019;28:71–7.

Lichtner V, Baysari M. BMJ Health Care Inform 2021;28:e100281. doi:10.1136/bmjhci-2020-100281

BMJ Health Care Inform: first published as 10.1136/bmjhci-2020-100281 on 14 April 2021. Downloaded from http://informatics.bmj.com/ on May 19, 2021 at Macquarie University. Protected
by copyright.

Open access

