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Summary

Background: Two years ago, the Diabetic Retinopathy (DRP) and Traumatology clinic of the
Department of Ophthalmology and Optometrics at the Medical University of Vienna, Austria
switched from paper-based to electronic health records. A customized electronic health record
system (EHR-S) was implemented.

Objectives: To assess the completeness of information documented electronically compared with
manually during patient visits.

Methods: The Preferred Practice Pattern for Diabetic Retinopathy published by the American
Academy of Ophthalmology was distilled into a list of medical features grouped into categories to

be assessed and documented during the management of patients with DRP. The last seventy paper-

based records and all electronic records generated since the switch were analyzed and graded for
the presence of features on the list and the resulting scores compared.

Results: In all categories, clinical documentation was more complete in the EHR group.
Conclusions: In our setting, the implementation of an EHR-S showed a statistically significant
positive impact on documentation completeness.
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1. Introduction

The change from paper to electronic health record systems (EHRs) is driven by the increasing vol-
ume of data, the need for it to be easily transferable, and demands for transparency and accountabil-
ity in the handling of patient information [1]. EHRs not only satisfy these requirements but they
have been specified as an essential technology for improving the safety, quality, and efficacy of
healthcare [2]. Nevertheless, despite widespread adoption of EHR systems, policies to support ex-
change of health information and patient engagement still require promotion and ongoing attention
[3].

In 2011, Grabenbauer et al. published a qualitative study which identified the factors that in-
fluenced the acceptance of two different EHR systems: frequent concerns involved medical work-
flow and communication [4]. Hoerbst and Ammenwerth systematically reviewed non-functional
and functional quality requirements of EHR systems [5]. Aside from high technical quality, sus-
tained completeness of medical documentation before and after the transition to EHRs represents
an obvious demand. As an example, Katzer et al. observed an increase in medical documentation
after implementing an electronic patient care record in an Emergency Medical Services organization
[6].

Various research papers have considered the impact of EHRs on the quality of clinical documen-
tation generated during ophthalmological patient visits. They highlighted significant quantitative
and qualitative differences between paper and EHR documentation of ophthalmic findings in the
context of the ophthalmological management of age-related macular degeneration (AMD), glauco-
ma, and pigmented choroidal lesions (PCLs), with EHRs capturing more examination elements than
paper records [7]. Pandit et al. reported a positive impact on wait time, an increase in the duration of
the clinical examination, and the lack of any change in the patients” perceptions of their visit after an
EHR was adopted in a glaucoma subspecialty practice [8]. Another study analyzed the impact of im-
plementing an EHR on ophthalmology operating room management and showed that the system
could be adopted without serious negative effects on surgical volume and staffing requirements [9].
However, to our knowledge, no research has been published about the documentation quality using
an EHR in a diabetic retinopathy setting.

The outpatient clinic for diabetic retinopathy (DRP) and traumatology at the Medical University
of Vienna’s Department of Ophthalmology and Optometrics adopted a customized EHR in July
2012. Two years later we compared the quantitative quality of the new system with that of the former
paper-based system.

1.1 Paper-based documentation of diabetic retinopathy consultations
at the Department for Ophthalmology and Optometrics

Clinically relevant details gathered during diabetic retinopathy examinations have traditionally been
documented on paper by hand. The resulting medical documentation was then bundled and
archived with other documents such as printouts of medical examination devices and administrative
forms.

1.2 The customized electronic health record system implemented for
diabetic retinopathy consultations at the Department for Ophthalmol-
ogy and Optometrics

A customized EHR for DRP consultations was developed in collaboration with the Center for Medi-
cal Statistics, Informatics, and Intelligent Systems (CEMSIIS). Their software suite “research data
and analysis” (RDA) (called ArchiMed in earlier versions) was developed by the CEMSIIS and is
currently used in various clinical and research settings at the Medical University of Vienna and its
clinical departments at the General Hospital of Vienna (Allgemeines Krankenhaus der Stadt Wien).
The system provides a robust framework for building, providing, and analyzing customized forms,
documents, and data generated during medical consultations [10].
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The forms feeding the EHR were developed based on input from ophthalmologists from the dia-
betic retinopathy department through a series of working group meetings. The resulting forms offer
selection lists for most of the categorical variables, such as the presence or severity of pathomorpho-
logical findings or diagnoses along with text fields for morphometric and functional attributes. Vali-
dation of the form is limited to automated checking of the type of data entered in each field (for
example, the system registers an error if a field expects a date and text is entered).

2. Methods

This study was performed at the Department of Ophthalmology and Optometrics of the Medical
University of Vienna, Austria. The research and measurement methods adhered to the tenets of the
Declaration of Helsinki. The study was approved by the local ethics committee and all the patients
gave their informed consent to participate in a diabetic retinopathy registry after a detailed dis-
cussion with a clinician about the nature and possible consequences of the study procedures.

2.1 Identification of Cases

Paper-based clinical documentation was examined by chart review. Administrative hospital data-
bases were inspected to identify individual patient visits for diabetic retinopathy consultations be-
fore the implementation of the EHR system. The last 70 paper-based clinical documentations were
manually reviewed. All electronic clinical documents produced since the implementation of the
EHR system up to the point of our analysis (representing a time span of 24 months) were automati-
cally reviewed and included in our analysis. The discrepancy between the sample sizes stems from a
convenience choice due to the increased effort required to examine the paper-based records.

2.2 Analysis of Cases

The American Academy of Ophthalmology (AAO) Preferred Practice Pattern (PPP) for the man-
agement of diabetic retinopathy [11] was chosen as a reference. A list of required medical features
for a thorough ophthalmological exploration of patients with DRP was distilled from the PPP. Fur-
thermore, we categorized the elements to increase their interpretability. See »-Table 1 for a list of the
medical features and the group categories. Based on this list, we manually analyzed the selected
paper-based examination documentations of patient visits created during DRP consultations at the
Department of Ophthalmology and Optometrics of the General Hospital of Vienna prior to the im-
plementation of the EHR.

In parallel, all EHRs generated during patient consultations at the department since the imple-
mentation of the EHR were analyzed for the presence or absence of each of the elements of the PPP-
derived list using Microsoft Excel. Elements that represent a systemic property such as a HbAlc re-
sult (percent of glycosylated hemoglobin Al in the patient’s blood and a marker for chronically elev-
ated blood sugar levels) could be present once or missing. Thus, these elements could have a maxi-
mum score of one point. By contrast, properties of the eyes could be present for one or both eyes or
be missing and could therefore have a maximum score of two points.

After the evaluation described above, scores were analyzed using a statistical software package (R
version 3.0.1). For comparison, the 2-tailed unpaired Student’s t test was performed which is appro-
priate for different sample sizes. The Pearson’s product-moment correlation coefticient was calcu-
lated for the mean scores.

3. Results

2,351 EHR documents created between July 2012 and July 2014 and 70 paper notes created during
May and June 2012 were examined. The overall mean score for documentation completeness in the
paper and the EHR group was 5.43 and 21.25 (p<0.001, the possible maximum score was 32), re-
spectively. See »-Figurel for a graphical representation of the mean scores.
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> Figure 2 depicts the scores counted in the different categories, and »Table 1 the maximum
score, the mean score for both documentation types, and the t-test results. Documentation scores
were higher in the EHR than in the paper group in all categories. The differences between paper-
based and EHR documentation scores were statistically significant for all the elements documented
except visual acuity.

Pearson’s product-moment coeffient of correlation of the mean scores was 0.9. See »Figure 3 for
a scatter plot depicting the mean scores of all the documentation elements evaluated: Examination
results that were documented more frequently on paper were also documented more often in EHR
notes.

4. Discussion

We analyzed and graded medical information elements specific for DRP management in paper-
based notes and EHR generated documentation during patient visits at the DRP clinic of the De-
partment of Ophthalmology and Optometrics at the Medical University of Vienna, Austria. The
completeness of documentation in EHRs was markedly and statistically higher than that of paper
notes. Medical documentation generated in this department has been more complete after the
switch to the EHR. Additionally, Pearson’s product-moment coefficient of the mean scores showed a
strong correlation (p=0.9) for each of the elements in the paper notes and EHRs. This proves that the
relative differences in completeness among the categories were not influenced by introduction of the
EHR: The importance of documentation of different medical findings does not depend on the docu-
mentation media used, but is influenced rather by medical necessities. For example, in cases where
only a longitudinal evaluation of disease features leads to an accurate diagnosis or where diagnosis is
still ongoing and symptoms need to be assessed to eliminate possible alternative diagnoses, pro-
viders will document more extensively. Medical documentation in this study remains primarily
driven and guided by medical judgment: Moreover, in the present hospital information system, the
detailed medical services record used for billing purposes is maintained in a separated database.

The implementation of an EHR in a clinical setting signifies much more for the physicians than a
transition from pencil-and-paper to keyboard, mouse, and screen. While paper-based documen-
tation is frequently unstructured (mostly similar to the body of Clinical Document Architecture
(CDA) Level 1), the degree of granularity of the information structure of most modern EHRs tends
to be markedly higher and, at best, allows CDA Level 3 documents to be generated automatically
based on the documented data. This data processing functionality, which most healthcare systems
seek to implement, apparently has important consequences for the way physicians document data
and possibly also for the way in which they work, earlier in the process. This may be because an
EHR usually prompts providers by offering a more structured template (covering distinct entities)
than blank sheets of paper without guidance on elements that need to be documented or paper
forms (providing defined blocks of narrative text). Electronic forms may include check algorithms
whereby unfinished or formally flawed form contents cannot be ‘saved. We deliberately precluded
this kind of potentially effective control in our EHR, but it’s not an inconceivable future upgrade if
planned and implemented in close collaboration with all the clinicians who use the system. The
EHR used in the DRP clinic allows documentation of elements that are “not assessed” (not
measured or examined at the documented visit), “not assessable” (could not be measured or exam-
ined, for example details of fundoscopy when a haemorrhage impedes examination of the retina)
and the input of an observed biological property. This changes the interpretability of missing infor-
mation: A paper-based clinical note, which does not contain any comment about a critical feature,
for example retinal hemorrhage in DRP, leaves room for ambiguity and thus does not provide robust
information about the pathology. The explicit documentation of the absence of a pathological fea-
ture strengthens the interpretability of the whole note. It may be time-consuming to document non-
pathological properties and to read through a medical patient visit summary containing a high pro-
portion of normal values. A possibility to copy and adapt the values of earlier visits may abridge this
process. To speed up comprehension of the resulting greater amount of data, present pathological
features can be highlighted in the visual representation of past notes.
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Clinical documentation was more complete in all categories when recorded electronically than
on paper. Consequently, the medical information available to the same or another clinician at the
next visit will be more comprehensive and continuity of management thus becomes easier and po-
tentially more effective. A more complete documentation of past examinations may mean that the
exam does not have to be repeated resulting in economic benefits. Initially some ophthalmologists at
the DRP department, who were used to creating notes on paper, resisted the introduction of an EHR
but most have since unreservedly acknowledged the system’s advantages. Other features such as the
ability to immediately print and hand out a well-formatted patient visit summary and the instant
transmission of all documents to the hospital information system for convenient access, also con-
tributed to its general acceptance. Furthermore, retrospective analyses based on these data will pro-
vide further medical insight into the efficacy and safety of the treatment modalities at the DRP
clinic.

5. Conclusion

The effect of electronic clinical documentation on completeness of information was positive in our
DRP clinic.Our data would support a decision to switch to this modality in departments and offices
where the transition has not yet be made.

Clinical Relevance Statement
Our study suggests that the transition from paper-based documentation to EHRs has a positive im-
pact on the completeness of medical documentation.
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Fig. 1 Box-and-whisker plot of the overall mean documentation score in paper-based and EHR clinical notes
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Fig. 2 Box-and-whisker plot of the mean completeness grouped by categories and displayed by documentation
type. BCVA: Best-corrected visual acuity, OCT: Optical coherence tomography
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Fig. 3 Scatter plot of the mean scores on EHR and paper notes. BCVA: Best-corrected visual acuity, HbA1c:
Hemoglobin A1c; percentage of glycosylated hemoglobin in blood, IRMA: intraretinal microvascular abnormalities,

MA: microaneurysms,
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Table 1 Results

Category max. mean score p
Paper EHR

Medical History 6 0.929 2.997 < 0.001
Diabetes duration 1 0.143 1.000 < 0.001
HbA1c 1 0.400 0.862 < 0.001
History of injections 2 0.214 0.730 < 0.001
Ocular surgical history 2 0.171 0.405 < 0.001
BCVA 4 2.343 3.235 < 0.001
Refraction 2 1.143 1.901 < 0.001
Visual acuity 2 1.200 1334 =0.247
Anterior Segment and Tension 4 0.700 3.75 < 0.001
Anterior chamber 2 0.429 1.770 < 0.001
Intraocular tension 2 0.271 1.981 < 0.001
Fundoscopy 14 0.971 8.931 < 0.001
Macular edema 2 0.400 1.849 < 0.001
Proliferative disease 2 0.157 1.661 < 0.001
Retinal hemorrhage 2 0.243 1.532 < 0.001
Venous tortuosity 2 0.086 1.541 < 0.001
Microaneurysms 2 0.214 1.691 < 0.001
IRMA 2 0.000 0.912 < 0.001
Vitreous or preretinal hemorrhage 2 0.086 1.436 < 0.001
ocT 4 0.486 2.334 < 0.001
Macular edema 2 0.400 1.232 < 0.001
Vitreoretinal traction 2 0.086 1.102 < 0.001
SUM 32 5.429 21.248 < 0.001

BCVA: Best-corrected visual acuity, OCT: Optical coherence tomography, HbA1c: Hemoglobin A1c, percentage of
glycosylated hemoglobin in blood, IRMA: Intra-retinal microvascular abnormalities
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