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ABSTRACT
Introduction: Despite many innovations in
information technology, many clinics still rely on
paper-based medical records. Critics, however, claim
that they are hard to read, because of illegible
handwriting, and uncomfortable to use. Moreover, a
chronological overview is not always easily possible,
content can be destroyed or get lost. There is an
overall opinion that electronic medical records (EMRs)
should solve these problems and improve physicians’
efficiency, patients’ safety and reduce the overall costs
in practice. However, to date, the evidence supporting
this view is sparse.
Methods and analysis: In this protocol, we describe
a study exploring differences in speed and accuracy
when searching clinical information using the paper-
based patient record or the Elektronische
DateneRfassung (EDeR). Designed as a randomised
vignette study, we hypothesise that the EDeR increases
efficiency, that is, reduces time on reading the patient
history and looking for relevant examination results,
helps finding mistakes and missing information quicker
and more reliably. In exploratory analyses, we aim at
exploring factors associated with a higher performance.
Ethics and dissemination: The ethics committee of
the Canton Lucerne, Switzerland, approved this study.
We presume that the implementation of the EMR
software EDeR will have a positive impact on the
efficiency of the doctors, which will result in an increase
of consultations per day. We believe that the results of
our study will provide a valid basis to quantify the added
value of an EMR system in an ophthalmological
environment.

BACKGROUND
Despite substantial effort to promote elec-
tronic data management in patient care, a
large proportion of healthcare providers still
rely on paper-based patient records. The
American Academy of Ophthalmology per-
formed a survey concerning the adoption
rate of EMRs within their members and
found an adoption rate of only 12%.1

The main problem with paper-based
patient records is the handwriting and the

missing overview of treatment and patient
history. The handwriting is sometimes hard
to read for the physician in charge and the
missing overview could potentially lead to
needless examinations and errors in diagno-
sis, prescription and treatment,2 because of
the absence of consistent information on
changes in the state of health, treatment
and the parameters measured. As a solution
of these problems, there was an idea to
support clinical daily routine with the help
of computers, as it is reality in many fields of
service.
In the last decade, there was enormous

development and investment in the field of
electronically supported medical records. It
seems to be a key strategy to improve health-
care in the different specialties.3 Electronic
medical records are supposed to improve
physicians’ workflow and to offer a better
overview on patient’s history. Today, many
authors believe that this innovation should
improve safety and reduce costs.4 ‘A better
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understanding of the impact of the EMRs on workflows
is vital to understand what the technology really does
offer, which is new and unique’.5 6 However, a systematic
review published in 2008 and covering the evidence
until 2005 concluded that none of the 20 studies pro-
vided a formal cost effectiveness analysis of electronic
patient record systems in general.7

The cantonal hospital of Lucerne has developed new
software addressing the special needs of the ophthalmo-
logical clinic. The idea was to create a tool, which offers
a complete overview on the patient history once a
patient has been referred by another ophthalmologist or
a general practitioner. The software includes physician’s
drawings, imaging, measurement data (eg, visual field
testing and electroretinography), numerical data (eg,
autorefraction, keratometry and biometry) and ophthal-
mic image data (eg, fundus photography and optical
coherence tomography). These data are essential to
support clinical diagnosis to track disease progression
and to plan treatment.8

In order to explore the impact on productivity of physi-
cians using electronic health records, it has been shown
that there is a statistically significant increase in the
average monthly patient visit volume of nine visits per
examined provider per month,3 or the reduction of time
spent on administration by the nursing staff.9 The col-
lected data also could be used for clinical research and
clinical studies.10 In general, there is an existing hypoth-
esis that EMRs should improve patient’s safety, but there
are neither data nor suggestions available as to how this
should be measured. Overall, however, there are only a
few studies, which show evidence that the implementation
of EMRs has a major impact on the efficiency,4 11 espe-
cially in the field of ophthalmology. There seems to be
also the demand for more studies with prospective and
randomised experimental designs, instead of surveys.11

Possible barriers for a successful use of EMRs are costs
and time loss for implementation, issues concerning the
security and privacy of the patient’s data, lack in training
and support of the staff using the EMR software.4 11 The
main objective should be the elimination of obstacles for
a successful implementation.
In this protocol, we describe a study exploring differ-

ences in speed and accuracy when searching clinical
information using the paper-based patient record or the
Elektronische DateneRfassung (EDeR). Designed as a
randomised vignette study, we hypothesise that the
EDeR increases efficiency, that is, reduces time on
reading the patient history and looking for relevant
examination results, helps finding mistakes and missing
information quicker and more reliably. In exploratory
analyses, we aim at exploring factors associated with a
higher performance.

METHODS/DESIGN
Study design
The study is planned as a prospective simulated study.

Study location
The study is planned to take place at the cantonal
hospital of Lucerne in the clinic of ophthalmology.
The eye clinic is run by six consultant ophthalmologists,
12 senior physicians and 14 junior doctors.

Study population
The study population will be divided into two groups.
One group will consist of senior physicians of the oph-
thalmological clinic of the cantonal hospital in Lucerne,
Switzerland. The other group will be formed by junior
doctors, who are usually younger and more computer
adepts, but have less clinical experience.

Inclusion criteria
The ophthalmologist of the cantonal hospital Lucerne
eye clinic who voluntarily agreed to participate in the
study will be included. Each participant will receive a
general introduction on the usage of the EDeR of half
an hour prior to the assessment. The training will cover
aspects of data collection and saving very briefly. The
training will be such that the basic functions of EDeR
are known.

Primary outcome
Gain in speed when performing the task using the
EDeR system.

Secondary outcome
Accuracy of replies given using the EDeR system versus
the paper record.

Experimental design
The study is planned as a prospective, randomised study
using patient vignettes. The aim is to measure the time
needed to solve a given task and the accuracy of the
result. For each out of five different ophthalmological
subspecialties (neuroophthalmology, corneal, glaucoma,
uveitis and orthoptics), we will create five tasks based on
a patient sample. Thus, we will create 25 pairs of cases
either represented in paper or electronic form. The
tasks are chosen on the basis of the relevance in clinical
practice.

Types of tasks
We defined the following five task types: (1) to detect
the medication dose 3 months after the onset of treat-
ment, (2) decision about the adjustment of a treatment
based on the impairment or persistent state of data
monitored, (3) question about the acquisition of under-
lying diseases, (4) question about the detection of
implausible data, which could be important for the
further treatment and (5) question about the complete-
ness of additional information. Table 1 provides exam-
ples of tasks used for neuroophthalmology.
The patient model will come from original paper

forms to assure that cases are comparable to the real-life
situation. The full patient record, containing a slight
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modification for the contrast examined in a specific
task, will be transferred from the paper into the elec-
tronic patient record system. During the experiment, a
research assistant will monitor physicians and measure
the time required to complete each task. Each physician
from each division has to solve all of the tasks. The
evaluation will take place at two time points; immediately
after implementation of EDeR and 1 year after.

Design matrix summary
This is a two group (EDeR vs paper-based) cross-over
(randomly assigning the sequence electronic vs paper-
based per task) study. Time (primary endpoint) and
accuracy (secondary endpoint) are the two outcome
variables. Intervention is the EDeR that is compared

with the paper-based patient record. We assess tasks
within five clinical subgroups (without examining sub-
group effects) and perform the experiment in two
groups with different ophthalmological expertise
( junior doctors vs senior doctors). Each assessor will
complete 50 tasks (ie, 25 tasks based on the electronic
patient record and 25 based on the paper patient
record). The electronic records are exact representa-
tions of an existing paper-based record. Patient records
differ only in respect to one contrast that is changed for
a specific task. Thus, besides that task-specific detail, the
remaining content of each pair of patient records is
identical. But, if an assessor checks the same vignette
second time (eg, in the electronic version), he or she
must read the content of the paper-based record again,

Table 1 Description of the context, task and contrast examined for the example of neuroophthalmology

Task 1

Context Regular control visit

Task To detect the medication dose after a certain amount of time after the onset of treatment

Contrast EdER: 6× daily 3 dragées à 60 mg Mestinon

Paper record: 15× daily 3 dragées à 60 mg Mestinon

Task 2

Context Regular control visit

Task Decision about the adjustment of a treatment based on the impairment or persistent state of

data monitored—‘in case of myasthenia gravis, the decision to adjust the steroid dose is made

4 weeks after starting therapy. If there has been a significant improvement in the eye position,

recorded with the coordimetry of Hess Weiss, the steroids can be tapered off. Is the eye position

unchanged, or even worse, the steroid dose should be increased or an additional medication

should be introduced. In the present case: would you increase or decrease the dose of the

steroids 4 weeks after the onset of the therapy?’

Contrast EdER: There has been a significant improvement in the eye position; therefore the steroids can

be tapered off.

Paper record: the eye position is unchanged; the steroid dose should be increased.

Task 3

Context Postoperative medication

Task Question about the detection acquisition of underlying diseases.

Question: ‘in case of an allergic reaction to Bactrim the administration of Diamox often also

produces allergic signs due to a cross-reaction. Diamox should be avoided in such a situation. Is

there a contraindication to administer Diamox after a cataract surgery in the present case?’

Contrast EdER: the section with the patient history, containing information about allergies and underlying

diseases, is blank. Although the patient has a sulfonamide allergy.

Paper record: there is a short note about an allergic reaction to Bactrim.

Task 4

Context Error in documentation

Task ‘Do you find any implausible data regarding visual field recordings during the last 3 years of

documentation in the present case of a patient with a pituitary adenoma?’

Contrast EdER: the series of visual fields will show a constant bitemporal field

Paper record: the series of visual fields will show one hemianopic visual field within the series of

bitemporal fields. This change in just one visual field within an otherwise stable series is

implausible and indicates an error of documentation.

Task 5

Context Completeness of clinical information.

Task In a patient with an idiopathic intracranial hypertension the diagnosis is made by the fact of

(bilateral) papilloedema without visual afferent defects and raised intracranial opening pressure

measured by lumbar puncture. Is it correct to make the diagnosis of an idiopathic intracranial

hypertension in the present case?’

Contrast EdER: the necessary information to diagnose idiopathic intracranial hypertension is present.

Paper record: no lumbar puncture, diagnosis not possible, because of missing information.
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because the correct answer, that is, a specific lab value, is
different. The tasks were selected based on clinical rele-
vance. For summary, see figure 1.

Detailed research plan
Creating the patient vignettes
Of each specialisation, we will collect five typical patient
records on paper.

Checking for plausibility and technical feasibility
After creation of the vignettes, two to three individuals
will be selected to evaluate the tasks. They will solve the
tasks and afterwards fill out a questionnaire, which con-
sists of questions about the difficulty, comprehensibility
and technical feasibility of the task.

Design matrix
We will generate random sequence coding whether the
task is started with the paper or the electronic version of
the patient record. A second random sequence will be
generated to code for the sequence with which tasks will
be presented to the participants. These two measures
will eliminate order effects.

At the assessment
The participant will be sitting in a consultation room
and the assessor will be seated next to him or her to
avoid distractions.
We will design a reply form into which each partici-

pant enters his or her response to the task. This reply

form will be handed over to the assessor after comple-
tion. Time will be taken by the assessor after completing
each entry into this form. In total, each participant will
go through 25 pairs of tasks. In case of a technical
problem with the electronic system, the assessment will
be suspended and the remaining tasks will be completed
after restoration of the system.
There will be no communication between the partici-

pant and the assessor.

Role of the assessor
1. The assessor will measure the time the participant

needs to complete the reply form for each task and
each mode (paper based, electronic).

2. The assessor will take care of a protocol-based
procedure.

3. If any inconveniences of technical or administrative
manner occur, the assessor will solve them.

End of the assessment
All forms will be collected and the data will be entered
in an anonymised fashion into a spreadsheet for further
statistical analysis.

Sample size calculation
By implementing a novel electronic health record
system, it is possible to observe a productivity gain of the
physician.3 We hypothesise that our productivity gain
should be one additional consultation per day assuming
that one consultation lasts about 20 min and a physician

Figure 1 Study flow and design features.
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sees 25 patients daily. Comparing the two methods,
paper and EMRs, the overall gain in time should be 60 s
on an average when using the EMR software EDeR.
Therefore, we are planning a study of the continuous

response variable time from matched pairs of study indi-
viduals. We presume that the difference in the response
of matched pairs is normally distributed with standard
deviation 45. If the true difference in the mean time of
matched pairs is 60 s, we will need to study seven pairs
of individuals to be able to reject the null hypothesis
that this response difference is zero with probability
(power) 0.8. The type I error probability associated with
this test of this null hypothesis is 0.05.
At the time of writing this protocol, 10 senior physi-

cians and 9 junior doctors were willing to participate in
the study.

DATA COLLECTION
Point of time of data collection
The first data acquisition will take place shortly after the
implementation of EDeR. The defined tasks will be avail-
able in the paper form and the physicians will fill them
out with the help of a medical record, either the paper
form or the electronic form.
Additionally, there will be someone from the study

personnel, who sits with the physicians in the same
room and measure the time they need to complete each
task.

Baseline data
Prior to the examination, baseline data will be collected
of each participant. Baseline data consist of information
about the physicians’ age, extent of previous training in
ophthalmology, degree of specialisation and self-reported
level of general computing skills.

Follow-up data
At the second time point, 1 year after the first assess-
ment, the experiment will be repeated using the same
protocol. In the interval between the two measurements,
all physicians will be mainly working with the EDeR
system.

DISCUSSION
This paper describes the rationale, methodology and
design of a randomised, prospective simulation study
using patient vignettes based on real patients. This study
will compare the paper-based medical records with EMR
software EDeR in terms of efficiency, safety and cost
reduction in the daily routine of an ophthalmological

clinic. The experiment consists of 25 tasks, which will be
solved by two groups of participants: senior and junior
doctors.
We presume that the implementation of the EMR soft-

ware EDeR will have a positive impact on the efficiency
of the doctors, which will result in an increase of consul-
tations per day. It can be argued that choosing volun-
teers for this study could lead to exaggerated results.
Nevertheless, we believe that the results of our study will
provide a rational basis to quantify the added value of
an EMR system in an ophthalmological environment.

Contributors LMB was involved in the conception and design of the study,
drafted the protocol, supervised the revisions and approved the final
manuscript. OJ was involved in the conception and design of this study,
revised the draft critically for intellectual content and approved the final
revised manuscript. MKS and MAT were involved in the conception of the
study, revised the draft critically for intellectual content and approved the final
manuscript. SI was involved in the conception and design of the study,
drafted the protocol and approved the final manuscript.

Funding Cantonal hospital of Lucerne, 6000 Lucerne 16, Switzerland.

Competing interests None.

Ethics approval Cantonal Ethics Committee Lucerne.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Chiang MF, Boland MV, Margolis JW, et al. Adoption and

perceptions of electronic health record systems by ophthalmologists:
an American academy of ophthalmology survey. Ophthalmology
2008;115:1591–7. quiz 1597 e1–5.

2. Bates DW, Gawande AA. Improving safety with information
technology. N Engl J Med 2003;348:2526–34.

3. Cheriff AD, Kapur AG, Qiu M, et al. Physician productivity and the
ambulatory EHR in a large academic multi-specialty physician group.
Int J Med Inform 2010;79:492–500.

4. Black AD, Car J, Pagliari C, et al. The impact of eHealth on the
quality and safety of health care: a systematic overview. PLoS Med
2011;8:e1000387.

5. Vishwanath A, Singh SR, Winkelstein P. The impact of electronic
medical record systems on outpatient workflows: a longitudinal
evaluation of its workflow effects. Int J Med Inform 2010;79:778–91.

6. Vishwanath A, Winkelstein P, Singh SR. The impact of electronic
health records on outpatient flow: an evaluation of pre- and
post-implementation expectations. AMIA Annu Symp Proc
2006:1130.

7. Uslu AM, Stausberg J. Value of the electronic patient record: an
analysis of the literature. J Biomed Inform 2008;41:675–82.

8. Chiang MF, Boland MV, Brewer A, et al. Special requirements for
electronic health record systems in ophthalmology. Ophthalmology
2011;118:1681–7.

9. Poissant L, Pereira J, Tamblyn R, et al. The impact of electronic
health records on time efficiency of physicians and nurses: a
systematic review. J Am Med Inform Assoc 2005;12:505–16.

10. Murphy EC, Ferris FL 3rd, O’Donnell WR. An electronic medical
records system for clinical research and the EMR EDC interface.
Invest Ophthalmol Vis Sci 2007;48:4383–9.

11. Fontaine P, Ross SE, Zink T, et al. Systematic review of health
information exchange in primary care practices. J Am Board Fam
Med 2010;23:655–70.

Job O, Bachmann LM, Schmid MK, et al. BMJ Open 2013;3:e002478. doi:10.1136/bmjopen-2012-002478 5

Efficacy of the electronic patient record system EDeR


