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Summary

Objectives: To understand the attitudes and perceptions of ophthalmologists toward an electronic
health record (EHR) system, before and after its clinical implementation.

Methods: Ophthalmologists at a single large academic ophthalmology department were surveyed
longitudinally before and after implementation of a new EHR system. The survey measured oph-
thalmologists’ attitudes toward implementation of a new EHR. Questions focused on satisfaction,
efficiency, and documentation. All attending physicians (between 56 and 61 at various time points)
in the University of Michigan Department of Ophthalmology and Visual Sciences were surveyed. We
plotted positive responses to survey questions and assessed whether perceptions followed a
J-curve with an initial decrease followed by an increase surpassing pre-implementation levels.
Results: Survey responses were received from 32 (52%) ophthalmologists pre-implementation, and
28 (46%) at 3 months, 35 (57%) at 7 months, 40 (71%) at 13 months and 39 (67%) at 24 months
post-implementation. After EHR implementation respondents were more likely to express concerns
about their ability to create high-quality documentation (p<0.01) and the impact of an electronic
health record on meaningful patient interaction (p<0.01). Physicians did not report a significant
change in the amount of time spent documenting outside of regular clinical work hours (p=0.54) or
on their clinic efficiency and workflow (p=0.97). There was no significant change in overall job sat-
isfaction during the study period (p=0.69). We did not observe a J-curve for any of the survey re-
sponses analyzed.

Conclusions: As ophthalmology practices continue to transition to EHRs, adapting them to their
specific culture and needs is important to maintain efficiency and user satisfaction. This study ident-
ifies areas of concern to ophthalmologists that may be addressed through education of physicians
and customization of software as other practices move forward with EHR implementation.
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1. Background and Significance

The use of electronic health records (EHRs) has increased dramatically in the US over the past fif-
teen years. In 2001, just 18.2% of office-based physicians reported having an EHR system, while by
2013 that number had increased to 78.4% [1]. The adoption of EHRs has been hastened in recent
years by federal legislation. In 2009, the Health Information Technology for Economic and Clinic
Health Act (HITECH) authorized incentive payments through government payers for physicians
and hospitals who adopted certified EHRs and demonstrated “meaningful use” [2, 3]. Meaningful
use requirements continue to evolve from an initial goal of data capture in Stage 1, to a focus on im-
proving processes in Stage 2, and ultimately improving patient outcomes in Stage 3 [4, 5].

In 2006 the American Academy of Ophthalmology conducted a survey on the adoption of EHRs
among its members [6]. At that time 12% of ophthalmologists reported having an EHR in place,
while 49% planned to have one in place within two years; however, a repeat survey in 2013 revealed
that only 32% of ophthalmology practices had completed implementation [7]. By comparison,
across all medical specialties more than 75% of office-based physicians in the United States had
adopted either a basic or complete EHR by 2013 [8]. Chiang and colleagues have suggested that the
relatively slow adoption of EHRs in ophthalmology may be related to the unique needs of the
specialty [9]. For example, many of the systems designed to satisfy meaningful use are large compre-
hensive EHRs not specifically tailored to the unique clinical needs of ophthalmology such as docu-
mentation of clinical drawings; review of images; and recording of ophthalmic vital signs such as vis-
ual acuity, intraocular pressure and visual field indices. Specifically, clinical drawings are essential in
ophthalmology where the details of corneal, retinal and optic nerve findings may be more effectively
documented with drawings than with textual descriptions.

Previous research on EHRs in ophthalmology has examined their impact on workflow [10, 11,
12], clinical documentation [10-14], billing [14, 15], and productivity [12, 15, 16, 17]. A prior cross-
sectional study investigated the attitudes of ophthalmologists at varied stages of EHR implemen-
tation and with different EHR systems [18]. However, our study addresses whether the perceptions
of ophthalmologists changed over time after EHR implementation. We tested the hypothesis that
during the course of EHR implementation, ophthalmologists’ perceptions would follow a J-curve’
pattern, in which measures would initially fall but then improve to exceed their pre-implementation
levels. This pattern, which has been described elsewhere [19], would denote successful EHR adop-
tion, even if perceptions suffered initially.

2. Objectives

We sought to understand and describe the perceptions of ophthalmologists over the course of EHR
implementation in an academic department of Ophthalmology.

3. Methods

3.1 Description of Study Institution and EHR System

The study described herein was similar to a study conducted at the same institution that included
only non-surgical specialties, reported elsewhere [20]. However, several characteristics distinguish
the current study from its counterpart. Such characteristics include: (1) surveying only ophthalmol-
ogists; (2) the unique documentation requirements of ophthalmology [9]; and (3) while other
specialties had prior experience with a homegrown EHR , ophthalmology transitioned to EHR from
paper documentation. These specific issues are described in further detail below.

The Department of Ophthalmology and Visual Sciences at the University of Michigan is a large
academic practice that in 2015 had more than 140,000 clinic visits and 7,000 operating room (OR)
cases. The Department used paper charts for documentation until the University-wide adoption of
the present EHR, EpicCare Ambulatory (Epic Systems Corporation; Verona, WI), in 2012. Prior to
2012, nearly all other departments in the University used an EHR developed in-house called Care-
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Web; however ophthalmologists did not create outpatient documentation using this system and only
used CareWeb to review labs, studies and documentation from other departments in the medical
center. In 2012, EpicCare Ambulatory, locally renamed MiChart, was implemented throughout the
University of Michigan Health System. Since adoption of MiChart, all ophthalmology patient docu-
mentation has been created using this EHR. With MiChart, ophthalmologists document patient vi-
sits using a computer (sometimes with the help of scribes) rather than using the previous system of
paper notes.

3.2 Survey of Ophthalmologists

Each of the attending ophthalmologists on the faculty at the University of Michigan received a
unique survey link to a 26 question Likert scale pre-implementation survey (P Supplementary Table
1) and a 30 question follow-up survey (»Supplementary Table 2) at each of the four follow-up time
points. Since some faculty left the department and others joined during the study, the number of fac-
ulty surveyed at each time point was variable. Physicians were surveyed one month prior to MiChart
implementation and again at three, seven, thirteen and twenty-four months after implementation of
the EHR. The survey focused on physician satisfaction, productivity, documentation and workflow.
A similar survey was also administered to physicians in the Departments of Family Medicine, Inter-
nal Medicine and Pediatrics at the University of Michigan and results of these surveys have been
published elsewhere [20]. The University of Michigan Institutional Review Board determined that
this study was exempt from further review. This research adhered to the tenets of the World Medical
Association Declaration of Helsinki on Ethical Principles for Medical Research Involving Human
Subjects.

3.2 Data Analysis

All statistical analyses were performed using SAS software, version 9.4 (SAS Institute; Cary, NC). All
identifying information was removed from data prior to analyses. Chi-square and Fisher exact tests
were used to compare response data over time. We used the two positive response categories for
each question as the numerator when calculating percentages of positive responses, and we plotted
these percentages over time. Missing data were not included in the calculation of percentages of
comparison tests. Between any two survey time points we were able to detect about a 0.65 point
change in the 5 point Likert scale. Curve shapes were illustrated and described in a previous publi-
cation [20]. To statistically determine curve shape we first performed an overall Chi-square test on
response data from all time points in a single contingency table. If p>0.05 the curve was determined
to be a flat line. We then examined questions for which the overall Chi-square test returned a
p-value <0.05. For each of these we performed pairwise Chi-squared tests comparing pre-imple-
mentation responses to post-implementation responses at each time point and adjusting for
multiple comparisons using the Bonferoni method. If some or all of the pairwise comparisons were
significant, we examined the trend in curve shape over time to determine if there was an increase
from baseline (“inverted L curve,” “hockey stick curve,” or “J curve”), a return to baseline (“inverted
U curve” or “U curve”) or a decrease from baseline (“inverted J curve,” “inverted hockey stick curve,’
or “L curve”). For all analyses, p<0.05 was considered statistically significant.

4. Results

> Table 1 summarizes demographics and response rates. The number of faculty surveyed varied at
each time point from 56 to 62 ophthalmologists; between 46% and 71% completed the survey at
each time point. There was no significant difference in the gender (p=0.93) or age (p=0.95) distribu-
tion of respondents at the various time points. Likewise, respondents and non-respondents did not
differ by gender (p=0.22) or age (p=0.93).

Key results from the surveys are summarized in »Table 2 (complete survey results are presented in
> Supplementary Table 3). Line graphs depicting the trend in positive responses over time are
shown in p>Table 3. The amount of time spent entering data into charts on workday evenings/nights
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did not significantly change over the course of the study (p=0.54; flat line), non-clinical/adminis-
trative days (p=0.40; flat line), or days off (p=0.51; flat line). After EHR implementation ophthal-
mologists did not report any significant change in their efficiency and workflow (p=0.97) and this
was illustrated by a flat line. There was not a statistically significant change in perceptions of patient
safety related to the health record system (p=0.43; flat line).

Ophthalmologists felt that quality of documentation changed throughout the implementation
period. Prior to implementation 29 (90.6%) ophthalmologists responded positively that the current
system allowed them to create high quality documentation compared to between 37.9% and 55.0%
(p<0.01) on all post-implementation surveys; this is illustrated by an L curve, indicating a significant
decrease over time. We also found that the proportion of ophthalmologists who felt that the current
system supported meaningful interaction with patients was depicted by an L curve, having de-
creased from 93.8% pre-implementation to 12.8% at 24 months post-implementation (p<0.01).

Prior to EHR implementation 15.6% ophthalmologists felt that the health record system had a
“negative” or “large negative” impact on their job satisfaction, while twenty-four months after imple-
mentation 59.0% felt this way (p=0.01; flat line). Nonetheless, following EHR implementation there
was a trend toward ophthalmologists preferring to keep their current health record system (p=0.11;
37.5% pre-implementation and 53.8% twenty-four months post-implementation) and there was no
statistically significant change in overall job satisfaction (p=0.69; flat line).

5. Discussion

In this longitudinal study of ophthalmologists’ perceptions of EHRs, we found that survey responses
were not illustrated by a J curve as we had hypothesized. Instead, many responses remained
relatively unchanged throughout the follow-up period. Only physicians” desire to keep the current
health record system trended toward improvement over time, though this finding was not statisti-
cally significant. The current study adds to the literature by describing the longitudinal impact of an
EHR implementation on job satisfaction and perceived changes to workflow, productivity and docu-
mentation in ophthalmology.

Our EHR implementation experience was similar to that reported in other specialties [21-23].
Another study was conducted at our institution in the departments of Family Medicine, Internal
Medicine and Pediatrics using the same survey as in the present study [20]. The authors found that
most measures decreased and remained below baseline after EHR implementation and that no
measures were illustrated by a J curve. Overall, ophthalmologists in the current study tended to be
concerned about the negative impact of EHRs on their ability to create quality documentation and
on their interactions with patients. These concerns were manifest as L curves in our data, indicating
a significant decrease in positive perceptions over time. Although our users also felt that the EHRs
had a negative impact on job satisfaction, at twenty-four months after implementation only 23.1%
favored returning to the old charting system, while 53.8% preferred to keep the new EHR system.

Little prior research has examined the attitudes and perceptions of ophthalmologists toward EHR
implementation. One study by Chiang and colleagues [18] surveyed a random sample of 592
members of the American Academy of Ophthalmology to determine their EHR implementation
status and to evaluate their experience. The authors reported that 69% of ophthalmologists were
“satisfied” or “extremely satisfied” with their EHR and that 76% would recommend their EHR to a
colleague. After 6 months of use, 34% reported that their productivity had increased, while 15% said
it had decreased [18]. Since this was a cross-sectional survey of ophthalmologists at different stages
of implementation, it was not possible to track responses over time as respondents gained familiarity
with their EHR. Moreover, ophthalmologists in this study had a variety of different EHRs. The sur-
vey did not assess whether respondents had a homegrown, ophthalmology-specific or general EHR,
though they note that this could have impacted survey responses. The current study builds on this
investigation by demonstrating how the attitudes and perceptions of ophthalmologist toward an
EHR changed over time following implementation in a single large academic practice that was inte-
grated with all other clinical specialties in the Health System.

Sanders and colleagues examined the impact of an EHR operating room (OR) management sys-
tem on OR workflow, documentation and volume. They found that documentation time increased
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significantly for shorter procedures [10]. A study by the same group examined changes in physician
productivity with EHR implementation [16]. The authors noted a significant 11% increase in the
amount of time spent completing charts, though there was no difference in the volume of patients
seen. Finally, the investigators noted that three years after implementation, 30% of charts were com-
pleted after-hours on weekdays and 14% during weekends, though they do not mention if this was a
change from baseline. In our study there was not a significant change in the perceived amount of
time spent completing charts on workday evenings, non-clinical days or days off. Future work
should look at whether ophthalmologists’ perceptions of time spent completing charts are accurate.
If in fact time to complete documentation has increased or if many charts are being completed out-
side of normal work hours, additional targeted EHR training to improve user efficiency may be
helpful to augment job satisfaction and mitigate burnout.

Sanders and co-workers also looked at quality of physician documentation and found that docu-
mentation was more complete when ophthalmologists used an EHR compared to paper charts and
that there was a shift from graphical to textual descriptions of findings when EHRs were used [13].
In our study, ophthalmologists were less confident in their ability to create quality clinical documen-
tation after the implementation of an EHR. However, past work has demonstrated that providers’ at-
titudes and perceptions of EHRs do not necessarily correlate with their ability to provide high
quality documentation [24]. Accordingly, future work should investigate the relationship between
quality of documentation and ophthalmologists’ perception of quality, comparing paper charts and
EHR.

Though not statistically significant, there was a trend in our data toward ophthalmologists believ-
ing that their health record system improved patient safety. The impact of EHRs on patient safety
has not been studied in ophthalmology. However, in other fields of medicine there are reports of
EHRs both decreasing [25] and improving patient safety [26]. Further work should explore this im-
portant area.

There were several limitations to our study. First, the survey response rate varied over time and a
relatively small number of ophthalmologists were included in this study since it was conducted at a
single institution and we may have therefore been underpowered to detect significant trends in the
data. Additionally, some ophthalmologists left between survey points, while others did not respond
to surveys. We do not have data on the number of ophthalmologists that left our institution at vari-
ous time points and we did not follow-up with faculty after their departure. Combined with the
relatively high-non-response rate in our study, this may have limited our power to assess change
over time. The patient perspective on the EHR was not examined, as this was outside the scope of
this study. Additionally, since this study was conducted in an academic ophthalmology department
using EpicCare Ambulatory, its results may not be generalizable to other practice models, other
EHRs, or other specialties with distinct needs and cultures. Finally, this study was based on survey
responses, so it is prone to response biases. For example, physicians who feel strongly about EHR
may have been more likely to respond to our survey. Though survey responses are inherently subjec-
tive, they are an important means for understanding the perceived impact of EHR since this can
have implications for job satisfaction and burnout, as well as providing insight into what further
training might be helpful.

6. Conclusions

This study provides insight into ophthalmologists’ experience of EHR implementation in a large aca-
demic medical center. Physicians expressed concerns about their ability to provide high-quality
documentation and about the EHR creating additional work. They felt that the EHR negatively im-
pacted their job satisfaction, though few ophthalmologists favored returning to paper charts. None
of the data followed a J curve as we had hypothesized.

Responses to these EHR implementation surveys could be useful in developing targeted ophthal-
mology-specific trainings and information sessions. As users become more familiar with the essen-
tial features of EHRs, trainings could present more advanced uses that might improve workflow,
documentation and efficiency. Future work might include randomized interventions to improve
user satisfaction. Additionally, it will be important to compare quantitative measurements and sub-
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jective perceptions of the EHR user experience. Those currently navigating EHR implementation or
planning future adoption of an EHR can benefit from this improved understanding of the percep-
tions of ophthalmologists as they navigate this process.

7. Clinical Relevance Statement

Ophthalmology has unique clinical documentation needs compared to other specialties. Under-
standing the evolving concerns and perceptions of ophthalmologists as they navigate EHR imple-
mentation is important for future efforts to improve user satisfaction. This study illustrates the key
areas of concern for ophthalmologists in a large academic practice.
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Table 1 MiChart implementation survey respondents. This table presents information on the gender and age
of survey respondents, as well as number (%) of surveys that were returned at each time point.

Number of Sur-
veys Completed

Gender Male
Female

Age 30-39
40-49
50-59
60-69
70-79

Survey Time
1 Month 3 Month
Pre-Imple- Post-Imple-
mentation mentation
32 (52) 28 (46)
20 (62.5) 17 (60.7)
12 (37.5) 1(39.3)
10 (31.3) 10 (35.7)
9(28.1) 6(21.4)
5 (15.6) 5(17.9)
5 (15.6) 5(17.9)
3(9.4) 2(7.1)

7 Month
Post-Imple-
mentation

35 (57)

21
14
10
12
7(
5(
@.

(60.0)
(40.0)
(28.6)
(34.3)
20.0)
14.3)

129

13 Month
Post-Imple-
mentation

40 (71)

2 Year p-value 2
Post-Imple-
mentation

39 (67)

21 (53.8) 0.93°
8 (46.2)

4 (35.9) 0.95°¢
2 (30.8)

9(23.1)

3(7.7)

1(2.6)

2 All comparison tests are performed on only the survey times where that question was asked
b Chi-square test
¢Fisher exact test

Table 2 MiChart implementation survey responses from a group of 58 ophthalmologists, N (column
%). Full survey response data to key questions are presented.

Question Responses
With what 1 — Never
frequency do
you enter
data into rec- 3
ord on work- 4
day evenings/ 5 _ All of the
nights? .
time
Non-Re-
sponse
With what 1 — Never
frequency do
you enter
data into rec- 3
ordonnon- 4
clinical/ad-
ministrative 5 ~Allof the
days?
Non-Re-
sponse
© Schattauer 2016

Survey
Time

1 Month 3 Month 7 Month
Post-Im- Post-Im-
plemen- plemen-

Pre-Im-
plemen-
tation

28.

o o

25.
28.

O o U1 O
T sl =

co U1 U1 o
= | =

—_ = = —

30

(40.6)
15.6)
25.0)
15.6)
3.1)

Ul o U
—_ o~~~ W

30

tation

7(25.9)
4(14.8)
7(25.9)
6 (22.2)
3(11.1)

34

tation

7 (20.0)
7(20.0)
8(22.9)
9(25.7)
4(11.4)

13 Month
Post-Im-
plemen-
tation

6 (15.0)
10 (25.0)
10 (25.0)
7(17.5)
7(17.5)

16

8 (20.5)
11 (28.2)
7(17.9)
7(17.9)
6 (15.4)

17

24 Months p-value @
Post-Im-

plemen-

tation

7(17.9) 0.54°
12 (30.8)

7(17.9)

4(10.3)

9(23.1)

19

9(23.1) 0.40°
6 (15.4)

10 (25.6)

7(17.9)

7(17.9)

19

JR Ehrlich et al.: Assessment of Ophthalmologists’ Perceptions after Implementing an

EHR System

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article

Table 2 Continued

With what 1 — Never

frequency do

you enter

data into rec- 3

ordondays 4

?

off? 5 — All of the
time
Non-Re-
sponse

The current 1 — Disagree

systemen-  strongly

ablesmeto

create high

quality docu- 3

mentation. 4
5—Agree
strongly
Non-Re-
sponse

The current 1 — Disagree

system sup-  strongly

ports mean- 2

ingful inter-

action with 3

patients. 4
5—Agree
strongly
Non-Re-
sponse

The current 1 — Disagree

system has  strongly

improved pa- 2

tient safety.
3
4
5—Agree
strongly
Non-Re-
sponse
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Survey
Time

18 (56.3)
5(15.6)

6(18.8)
2(6.3)

1(3.1)

30

30
13.1)

7(21.9)
14 (43.8)
6(18.8)
4(12.5)

30

10 (35.7)
5(17.9)
5(17.9)
7 (25.0)
1(3.6)

33

7 (25.0)

B R S o))}

9(32.1)

11 (39.3)
4(14.3)
3(10.7)
1(3.6)

33

=

9 (25.7)
10 (28.6)
9 (25.7)
5(14.3)
2(5.7)

26
10 (28.6)

5(14.3)
4(11.4)
10 (28.6)
6(17.1)

26

7 (20.0)

5(14.3)
11 (31.4)
7 (20.0)
5(14.3)

26

7(17.5)

4(10.0)
7(17.5)
16 (40.0)
6 (15.0)

16

11 (27.5)

18 (45.0)
7(17.5)
4(10.0)
0(0.0)

16

7(17.5)

4(10.0)
10 (25.0)
13 (32.5)
6 (15.0)

16

15 (38.5)
9(23.1)
10 (25.6)
3(7.7)

2 (5.1)

19

7(17.9)

5(12.8)
11(28.2)
10 (25.6)
6 (15.4)

19

15 (38.5)

11(28.2)
8(20.5)
4(10.3)
1(2.6)

19

6 (15.4)

6 (15.4)
11(28.2)
14 (35.9)
2(5.1)

19
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Table 2 Continued

Survey
Time
Rate the im- 1 —Much less 4 (14.3)
pact the cur-  efficient
rent system 8286
has had on (28.6)
your efficien- 3 8(28.6)
cy and work- 4 7 (25.0)
flow, com-
pared to the 5-Much — 1(36)
. more efficient
previous sys-
tem. Non-Re- 34
sponse
MiChart will 1 —Disagree 5 (15.6)
allowmeto  strongly
provide 2 4125
better care (12:5)
for my pa- 3 10 (31.3)
tients. 4 9(28.1)
5 —Agree 4 (12.5)
strongly
Non-Re- 30
sponse
Rate your cur- 1—Veryun-  0(0.0)
rent overall  satisfied
job satisfac- 2 2(63)
tion. :
3 3(9.4)
4 9 (28.1)
5 —Very satis- 18 (56.3)
fied
Non-Re- 30
sponse
Estimate the 1 - Large 13.1)
impact the negative im-
current sys-  pact
tem has_had 2 4(12.5)
on your job
satisfaction. 3 18 (56.3)
4 8 (25.0)
5 - Large 1(3.1)
positive im-
pact
Non-Re- 30
sponse
© Schattauer 2016

8 (28.6)

10 (35.7)
4(14.3)
5(17.9)
1(3.6)

33

4(14.3)

10 (35.7)
6 (21.4)
5(17.9)
3(10.7)

33

2(7.1)

10.7)
7.1)
32.1)
(42.9)

o N W
N~~~

1
33
5(17.9)
13 (46.4)
4(14.3)

4(14.3)
2(7.1)

33

11 (31.4)

13 (37.1)
6(17.1)
4(11.4)
1.9

26

7 (20.0)

7 (20.0)
11 (31.4)
8(22.9)
2(5.7)

26

4(11.4)

4(11.4)
3(8.6)
10 (28.6)
14 (40.0)

26

6(17.1)

13 (37.1)
12 (34.3)

1(2.9)

26

11 (27.5)

13 (32.5)
7(17.5)
7(17.5)
2 (5.0)

16

8 (20.0)

4(10.0)
17 (42.5)
9 (22.5)
2 (5.0)

16

16 (40.0)

16

7(17.5)

16

9(23.1)

11(28.2)
8 (20.5)
9(23.1)
2 (5.1)

19

9(23.1)

10 (25.6)
9(23.1)
10 (25.6)
1(2.6)

19

4(10.3)

7(17.9)
3(7.7)
11(28.2)
14 (35.9)

19
7(17.9)
16 (41.0)
9(23.1)

7(17.9)
0(0.0)

19
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0.97b

0.50°

0.69 ¢

0.01°¢
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Table 2 Continued

Would you 1 — Definitely
like to keep  keep
the current

system or

switch back 3

to the pre- 4

i ?

vious one: 5 — Definitely
switch
Non-Re-
sponse

Survey
Time
6(18.8)

6(18.8)
2(6.3)
13 (40.6)
5(15.6)

30

5(14.3)

16 (45.7)
3(8.6)
4(11.4)
7(20.0)

26

10 (25.0)

15 (37.5)
7(17.5)
4(10.0)
4(10.0)

16

Applied Clinical Informatics 940

10 (25.6) 0.11¢

11(28.2)
9(23.1)
6 (15.4)
3(7.7)

19

aAll comparison tests are performed on only the survey times where that question was asked

b Chi-square test
¢Fisher exact test
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