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Abstract

Providers today face productivity challenges including increased patient loads, increased clerical burdens from new
government regulations and workflow impacts of electronic health records (EHR). Given these factors, methods to
study and improve clinical workflow continue to grow in importance. Despite the ubiquitous presence of trainees in
academic outpatient clinics, little is known about the impact of trainees on academic workflow. The purpose of this
study is to demonstrate that secondary EHR data can be used to quantify that impact, with potentially important
results for clinic efficiency and provider reimbursement models. Key findings from this study are that (1) Secondary
EHR data can be used to reflect in clinic trainee activity, (2) presence of trainees, particularly in high-volume clinic
sessions, is associated with longer session lengths, and (3) The timing of trainee appointments within clinic sessions
impacts the session length.

Introduction

Outpatient healthcare clinics face ongoing pressures to see more patients in less time due to concerns about the
accessibility and cost of healthcare.'? Significant challenges can impede outpatient clinic efficiency including
increased patient demand with limited clinic resources, ad-hoc scheduling methods, increased clerical burdens and
possible negative effects of the introduction of electronic health records (EHRs).>" Given these pressures and
challenges, methods to study and improve clinical workflow are becoming ever more significant. In previous
studies, we developed methods to improve clinic workflow through secondary use of EHR timestamps and discrete
event simulation.”® These results showed how EHR timestamps adequately approximated clinic workflow timings
for use in large scale simulations. In this study, we make use of EHR timestamps in order to address an important
unanswered question: the impact of trainee providers on academic outpatient clinic workflow.

In its Common Program Requirements, The Accreditation Council for Graduate Medical Education (ACGME)
states that “The specialty education of physicians to practice independently is experiential, and necessarily occurs
within the context of the health care delivery system”.? Despite this commitment to train within the health care
system, there are few studies on graduate medical education’s impact on outpatient clinics, and many have been
small in size and have had conflicting findings. For example, two studies found trainees improved workflow by
shortening patient wait times,'®!! while a different study found trainees lengthened appointment times.'> More
recently, we conducted a large scale investigation of the relationship between presence of trainees and outpatient
appointment length and found that appointments with trainees were significantly longer than appointments without
trainees (Goldstein, IH et al. IOVS 2017 58: ARVO E-Abstract 5060). Spurred on by the high demand for
emergency physicians and the association between emergency department crowding and adverse health outcomes, a
number of research groups have quantified and refined the impact trainee providers have on the workflow of
emergency departments.'*>~'> Some groups found trainees are associated with both length of stay and the number of
patients who leave without being seen, while others have found the association was negligible.'®!8

This sparse and conflicting literature leaves many unanswered questions about the relationship between trainees and
outpatient clinic workflow. This study utilizes EHR data to quantify the impact of residents and fellow trainees on
half-day clinic sessions in an outpatient ophthalmology clinic. Our results show that trainees can impact the overall
length of clinic sessions significantly, with implications for secondary use of EHR data, clinic efficiency, and
provider reimbursement models.
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Methods

This study was approved by the Institutional Review Board at Oregon Health & Science University (OHSU).

Study Environment

OHSU is a large academic medical center in Portland, Oregon. The department of ophthalmology includes over 50
faculty providers who perform more than 115,000 outpatient examinations annually. The department provides
primary eye care, and serves as a major tertiary referral center in the Pacific Northwest and nationally. Typically, the
department has 15 residents and 10 fellows per academic year.

EHR Dataset

For our study, we identified “stable faculty providers” who worked at OHSU for at least 6 months before and after
the study period. This minimized bias from providers with growing or shrinking clinical practices. Providers who
did not have a standard clinical practice, who did not use the EHR, who had a small number of appointments with
trainees (less than 3), or who had only appointments with trainees were excluded. Demographics for study providers
and trainees (gender, age, and ophthalmic sub-specialty) were gathered using publicly-available data. We queried
check in and check out times, as well as the primary billing code, from OHSU’s clinical data warehouse (EpicCare;
Epic Systems, Verona, WI).

Determining the involvement of a trainee in patient encounters is not straight forward given that there isn’t a
standard method for recording when trainees participated in encounters. For the purposes of this study, we
considered trainees to be involved in the appointment if there was a record in the EHR encounter. This record can
appear in several areas; we used audit log entries as markers for trainee activity. We measured the time that trainee
providers used the EHR during each patient appointment, while the patient was checked in. A trainee was
considered present for an appointment if they used the EHR for more than two minutes during the patient’s
appointment (sometimes called trainee appointments in this paper). Appointments were excluded if they were
missing either a check-in or checkout time, if there was a non-physician trainee present, or if there were two of the
same kind of trainee present. The final exclusion criteria eliminated 50 appointments and focused our data on
common workflows with physician trainees.

From this data set of appointments, we aggregated the encounter data into half-day clinic sessions. Session length,
the dependent variable in our models, was calculated as the first patient check-in time of the session subtracted from
the last patient checkout time of the session. A trainee session was defined as a half-day clinic session with more
than one patient appointment in which a trainee was present. Because volume is a big determinant of the length of a
clinic session we included patient volume as a factor in our model. To simplify analysis, we categorized clinic
sessions as low, medium, and high. A low patient volume session was defined as one with <6 patients, a medium
patient volume session was defined as one with 7-14 patients, and a high patient volume session was defined as one
with >14 patients.

Data Validation
To validate our method of using audit log entries to determine the presence of a trainee in an appointment, we (SRB)
conducted a thorough manual chart review of 50 appointments, and determined whether or not a trainee was present
for the appointment if one or more of four criteria were met:

1. Attestation: The provider specifically affirmed they reviewed the activity of a trainee provider.

2. Revision History: The chart’s revision history showed activity by a trainee provider during the exam.

3. Edited Exam Element: The chart showed a trainee provider edited exam elements.

4. Signature: A trainee provider signed the note following the exam.
We then compared the study’s method for determining the presence of trainees, as well as each of the four criteria
individually, to the results of this chart review. We further tested the robustness of our method of using 2 minutes of
audit log activity by creating new data sets with adjusted time cutoffs and comparing them to the original.

Exclusions

Because we are studying the effect of trainees on regularly scheduled clinic sessions, we excluded sessions whose
patient volume was in the bottom quartile for that session’s provider. These low volume sessions typically represent
limited clinic sessions (e.g. a few post-op appointments on a non-clinic day). Since some of our analysis involved
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dividing clinic session into quartiles, we excluded all sessions with fewer than four appointments. Finally, we
excluded one outlier session with a session length of 16 hours, which was due to an invalid checkout time.

Data Analysis
To analyze the impact of trainees on session length, we constructed multiple linear and linear mixed models with

interacting terms. Models were used to analyze the impact on session length of: (1) the presence of trainees in a
session (2) the percentage of trainee appointments in a session (3) the length of trainee appointments, and (4) the
timing of trainee appointments. For the linear mixed models without interacting terms, p-values were obtained
through type I Wald chisquare tests, for those with interacting terms, multiple comparisons and the Holm-
Bonferroni method were used. For all tests, significance was defined as p<.05. All data processing and statistical
calculations were conducted in R'°, models were constructed via Ime4?°, p-values were calculated via the Anova
function from the car package,?' and the glht function from the multcomp package.??

Results

Overview of providers and sessions

Providers Residents Fellows
Characteristic N=33) (N=20) (N=20)
Sex - no. (%)
Female 13(39.4) 9 (45.0) 8 (40.0)
Age-yr
Median 44.0 30.0 32.0
Interquartile range 39.0-53.0 29.0-31.0 30.0-33.0
Provider type - no. (%)
M.D. 29 (87.9) 20 (100.0) 18 (90.0)
O.D. 4 (12.1) 0(0.0) 2 (10.0)
Sub-specialty - no. (%)}
Glaucoma 4 (12.1) NA 3 (15.0)
Pediatrics 4(9.0) NA 2 (10.0)
Retina 4 (12.1) NA 4 (20.0)
Oculoplastics 3 (9.0) NA 1(5.0)
Optometry 3(9.0) NA 2(10.0)
Uveitis 3(9.0) NA 2 (10.0)
Comprehensive 3(9.0) NA 0 (0.0)
Cornea 3(9.0) NA 4 (20.0)
Genetics 2 (6.0) NA 2 (10.0)
Neuro-Ophthalmology 2 (6.0) NA 0 (0.0)
Oncology 2 (6.0) NA 0 (0.0)
Low Vision 1(3.0) NA 0(0.0)
Appointments - no. (% Trainee Appointments)§
Study Population 42690 (24.9) 4042 6422
Sessions - no. (%Trainee Sessions)ll
Study Population 3764 (41.4) 836 907
Low Patient Volume 1064 (25.8) 183 88
Medium Patient Volume 1632 (39.4) 375 322
High Patient Volume 1068 (59.8) 278 497

Table 1. Characteristics of faculty ophthalmology providers, residents and fellows.* Demographic information for the providers and trainee
providers, as well as summary statistics for the study appointments and sessions.

* Providers were identified based on having worked at the study institution for 6 months before and after the study period.

T Age and length of practice are calculated based on the beginning of the study period Jan 1, 2014.

1 Because of rounding, the percents do not add to 100

§ Trainee appointments have either residents, fellows, or both. Note the number of trainee appointments is not the sum of the resident appointments and

the fellow appointments, as some appointments have both. The total number of trainee appointments was 10635
Il Trainee Sessions have two or more resident or fellow appointments per session. Note the number of trainee sessions is not the sum of the resident
sessions and the fellow sessions, as some sessions have both. The total number of trainee sessions was 1557

The time period of this study was from January 1, 2014 to December 31, 2014. Data regarding attending faculty
providers are shown in Table 1. There were 33 faculty attending providers who met study inclusion criteria. These
faculty providers had 3,764 half-day clinic sessions which met study criteria, of which 1,557 were trainee sessions.
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In total 12,247 appointments and 2,197 sessions were excluded.

Low volume sessions had on average 5 appointments, medium volume sessions had on average 10 appointments,
high volume sessions had on average 19.8 appointments. Low volume trainee sessions had on average 3.4 trainee
appointments, medium volume trainee sessions had 5.2 trainee appointments, and high volume trainee sessions 9.8
trainee appointments. In this study, 39.4% of providers were female, and the median age was 44.0 years. Twelve
different ophthalmic sub-specialties were represented, with the largest numbers in glaucoma, pediatrics, and retina
(N=4 each).

During the calendar year, there were 10 Post Graduate Year (PGY) 2 and PGY-3 residents, 9 PGY-4 residents, and
23 fellows. As our data are from the calendar year 2014, these numbers represent two different classes of trainee
providers: the 2013-2014 year, and the 2014-2015 year.

Validation and robustness of trainee identification method

Table 2 shows the validation results of comparing

. i ; Classification Method Specificity Sensitivity
our methf)d of using audit log entries to magual Audit Log Entries 0.97 1.00
chart review. Of the methods tested, only this Attestation Only 1.00 0.33
study’s method based on audit log entries had a Re}’ision History Only 1.00 0.95
sensitivity score of 1, it also was the only method Edited Exam Elements Only 1.00 0.75
Signature Only 1.00 0.30

with a specificity score less than 1, with a score of
.97. In addition to validating our method, we also
wished to test its robustness. To this end we created
two additional data sets, one where a trainee was
present if for more than one minute a trainee used
the EHR during the exam (>1), and another where a
trainee was consider present if for more than three
minutes a trainee used the EHR during the exam
(>3), and compared the number of appointments

Table 2: Specificity and sensitivity of methods to identify the
presence of trainees. Specificity and sensitivity ratios were
calculated for five methods for identifying the presence of
trainees in a patient appointment. The bolded method,
documentation time, determined a trainee was present for an
appointment if for more than two minutes a trainee provider used
EHR during the exam and was used in our study. This method
had the second highest specificity and the highest sensitivity of
any method tested.

with trainees, number of sessions with trainees, and model impact of the presence of trainees on session length to
those of the study’s data set

(>2), shown in Table 3. As # Appts. w/ # Sessions w/ Model Impact
the definition was loosened or Minutes of EHR Trainees (Diff Trainees (Diff from on Session
restricted, the appointments Activity from Ref) Ref) Length*
and sessions with trainees >2 (Reference) 10635 (0%) 1557(0%) 10.3+2.4
increased and diminished >1 11457 (7.7%) 1589 (2%) 9.4+2.4
predictably, with >3 having >3 9717 (-8.6%) 1529 (-1.8%) 10.2+2.4

the largest difference in

trainee appointments with an
8.6% decrease compared to
>2. Notably, for all three data
sets, the model impact of the

Table 3: Comparisons of study population and results for different definitions of the
presence of trainees. Our study determined that a trainee was present in an appointment
if for more than two minutes they used the EHR during the appointment (>2). To test the
robustness of this definition we created new data sets and adjusted the definition to more
than one minute (>1) and more than three minutes (>3) and compared the % difference in

trainee appointments and trainee sessions to >2, the data used in our study. For each data
set, we also tested whether the presence of trainees in a session was associated with
session length.

*For all tests, p<.001

presence of trainees on
session length (discussed
below) was significant, and
the size of the impact was

similar.

Association of presence of trainees and session length

Figure 1 summarizes the session data regarding the association of presence of trainees with session length, and

shows the spread of session lengths for trainee vs. non-trainee sessions, grouped by patient volume to help eliminate
differences due to the number of patients seen at the clinic. For each category of patient volume, the median session
length for trainee sessions is larger than the median session length of non-trainee sessions. To see when the presence
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of trainees produced a significant difference in session length, we must also consider the effect of providers on this
difference. We constructed a linear mixed model where half-day clinic sessions were the input and session length
the output, the fixed effect was the presence of trainees, the random effect was providers. This model showed that
trainee sessions were associated with an increase of 10.34+2.4 minutes compared to non-trainee sessions (p<.001).
To further analyze this effect, we added patient volume as an interacting fixed effect along with the presence of

Medium Patient Volume
Low Patient Volume Sessions Sessions High Patient Volume Sessions

600

- 2 . H i

b i g 8 :I: I :':
400

“TIT
frrTtd
100 o Trainee Preseace

. Non-trainee session

e

Avg. Session Length

0 I Trainee session

Figure 1: Distribution of trainee and non-trainee session lengths. Boxplots of session length, grouped by
volume and presence of trainees. In all Categories, session length varies greatly, though the median session
length of sessions with trainees is larger than the median session length of sessions with no trainees.

trainees. This more detailed model showed that high volume sessions with trainees were associated with an increase

in session length of 21.04+3.9 minutes (p<.001), but the association was not significant for medium and low volume
sessions.

Association of percentage of trainee appointments and session length

Low Patient Volume Sessions Medium Patient Volume Sessions High Patient Volume Sessions

o

800

700

Session Length

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Percent Trainee Appointments Percent Trainee Appointments Percent Trainee Appointments

Figure 2: Percent trainees versus session length. We compared the percent of a session’s appointments which were
trainee appointments to session length. For all volume groups, as the percentage of trainee appointments increases, so too
does average session length. Trend lines are significant with p<.001. Thin lines are 95% confidence intervals.
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We next analyzed the association between the amount of trainee activity and clinic session length. Figure 2 displays
the session data regarding this association with sessions grouped by their volume label. All three trend lines were
significant, with low volume sessions seeing an increase of 3.5+.7 minutes per 10% increase, medium volume
sessions seeing an increase of 2.8+.5 minutes per 10% increase, and high volume sessions seeing an increase of
2.8+.8 minutes per 10% increase.

To test this further, we developed another linear mixed model with the percentage of trainee appointments as the
fixed effect, and the individual providers as the random effect. This model showed that the percentage of trainee
appointments was associated with an additional .86+.4 minutes per 10% increase (p<.03). When this model was
expanded to take patient volume per half-day clinic session into account, the impact of the percentage of trainee
appointments was significant for high patient volumes, with an impact of an additional 2.1+.6 minutes per 10%
increase (p<.004).

Trainee appointment length

Next, we investigated how the length of trainee appointments affected clinic length. To assess this, we used a ratio
of a sessions’ average trainee appointment length compared to the session’s provider’s average appointment length
for appointments from sessions with no trainees. Table 4 shows the results of our linear mixed models: the ratio and
patient volume are interacting fixed effects and the providers are the random effect. Overall, an increase in the ratio
was associated with a significant increase in session length of 7.1+.5 minutes per 10% increase, with the greatest
increase for high volume sessions. This association was significant for all patient volumes (p<0.001).

Trainee appointment timing
Finally, we analyzed the association of the timing of trainee appointments and session length. For these tests, we

divided each session into quartiles (roughly representing each hour of the session) and labeled each appointment
with the quartile when it occurred.

As described above, low volume trainee sessions had on average 3.4 trainee appointments, medium volume trainee
sessions had 5.2 trainee appointments, and high volume trainee sessions 9.8 trainee appointments. Keeping this in
mind, the first conditions we developed were based on patient volume, and tested whether it mattered when a
corresponding number of minimum trainee appointments occurred. For example, there were on average 5.2 trainee
appointments in each medium volume session, meaning at least one quartile had 2 trainee appointments. Thus one
condition tested was “two or more trainee appointments in the first quartile”.

Our only significant result from these tests was from testing the conditions “3 or more trainees in the nth quartile”
among high volume sessions (N=1068). To test these conditions we created a model where the fixed, independent
effects were the true/false conditions “3 or more trainees in the 1%, 2", 37 or 4" quartile” and the random effect was
providers. The only condition which proved to be significant was “3 or more trainees in the 1% quartile”, which was
associated with an increase in session length of 27.8+6.0 minutes (p<.001).

Moving from absolute numbers of V({lume NumberZ(;f5 Sessions Moge;iElfgect* P;V(;l(;llle
trainees, we examined a variety of ow N )
conditions concerning the perc}e/:ntage of Medium 643 538 oot

. . High 639 8.3+.8 <.001
overall trainee appointments Fhat Overall 1557 71+5 <001
ogcgned mna partlculailr. quartile of the *Reported as minutes per 10% increase in trainee appts.
clinic. For these conditions we used the Table 4: Association of the ratio of average trainee appointment time to
full data set and a model with a average provider non-trainee appointment time with session length. For
true/false rule interacting with patient trainee sessions we looked at the ratio between the session's average trainee
volume as the fixed effects, providers appointment length and the session's provider's average appointment time
again as the random effect. Our analysis from sessions with no trainees. As the ratio increases in size, session length
showed that for high volume sessions, also increases, both overall and for all patient volumes. P-values were

calculated via Wald type II chai squared tests and multiple comparisons and

o th tion th % of thel
meeting the condition that 60% of their the Holm-Bonferroni method.

trainee appointments were in the first

half of the session was associated with an increase in session length of 20.84+5.0 minutes, this effect was not
significant for medium and low volume sessions. Without considering volume, meeting this condition was
associated with an increase in session length of 10.4+3.2 minutes (p<.002).
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Lastly, we tested the condition “One or more trainees in the last quartile.” The model was constructed similarly to
the previous one, using the full data set and patient volume as an interactive term. For high volume sessions,
meeting this criteria was associated with an increase of 20.1£3.7 minutes (p<.001), for medium and low volume
clinic sessions there was no significant difference. When volume was not included in the model, meeting this criteria
was associated with an increase in session length of 12.142.4 minutes (p<.001).

Discussion

There were three key findings from this study: (1) Secondary EHR data can be used to reflect in-clinic trainee
activity, (2) presence of trainees, particularly in high-volume clinic sessions, can be associated with longer session
lengths, and (3) the timing of trainee appointments within clinic sessions is associated with session length.

The first key finding is that EHR data can be used to reflect in-clinic trainee activity. For this paper we determined
that a trainee was present for a patient appointment if for more than two minutes a trainee provider used the EHR
during the appointment. When we tested this method for sensitivity and specificity, both scores were extremely high
(Table 2). While manually reviewing a patient’s revision history proved to be nearly as sensitive and more specific,
our method is considerably faster. Though some form of automation could be developed to review revision history,
this would be somewhat cumbersome, and given the success of our method, we believe it to be a good choice for
this kind of analysis.

While numerous papers have been written using EHR data to answer clinical questions, and a robust literature of
time motion studies analyze clinic workflow, few studies have used big data repositories of EHR data to address
issues of clinic workflow.?3-27 It is possible that one of the reasons so few studies considering the relationship
between trainees and workflow in outpatient clinics exist because determining when trainees see patients by any
other means is a prohibitively resource intensive endeavor. Our study provides one way to address this issue.

The second key finding is that presence of trainees, particularly in high volume clinic sessions, can be associated
with longer session lengths. Overall, the presence of trainees in a half-day clinic session was associated with a ten
minute increase in session length. However, once volume was included into the model, this association was only
significant for high volume clinic sessions (sessions with more than 14 patients), which were about 20 minutes
longer. Additionally, our study found that, for high volume sessions, as the percentage of appointments seen by
trainees increases, so too does session length, suggesting that not only the involvement of trainees, but the degree of
the involvement can affect session length.

While we found on average that appointments with trainees are longer than appointments without trainees, this is
certainly not always the case. We were interested in how much the length of a trainee appointment was related to
session length, but wanted to account for the fact that trainee appointments are not always longer than non-trainee
appointments. Thus, we developed the ratio of a session’s average trainee appointment length to the session’s
provider’s average non-trainee appointment length, to focus in on what happened as the length of trainee
appointments became significantly longer than non-trainee appointments. Our results found that, for all patient
volumes, as this ratio increased so too did session length (Table 4).

To our knowledge, there has been little research on the relationship between trainees and session length. One paper
used simulations to predict that trainees would shorten both appointment time and session length, however the
simulation was never corroborated with collected data.!! We believe our large scale-retrospective study gives a more
accurate sense of the relationship between trainees and session length. Our results are also consistent with our
previous study concerning trainees and outpatient clinic efficiency, which found that appointments with trainees are
on average longer by 25 minutes, and that in some cases even appointments where no trainee was present from a
trainee session may have longer appointment times (Goldstein, IH et al. IOVS 2017 58: ARVO E-Abstract 5060).
We hypothesized this was because trainees were introduced as an additional step in the workflow of an appointment,
leading to lengthened times and sometimes resource bottlenecks, which would also contribute to longer session
lengths.

The third key finding is that timing of trainee appointments within clinic sessions is associated with session length.
One goal of this study was to investigate not only if it mattered whether trainees were present during a clinic session,
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but also if it mattered when they saw patients. In total we found three conditions concerning the timing of trainee
appointments that, when met in high volume clinic sessions, led to increases in session length of 20-30 minutes. Our
study found that concentrating trainee appointments in the first half of the session (in particular the first quarter) led
to longer session lengths, probably caused by workflow bottlenecks created due to longer appointment times
(Goldstein, IH et al. IOVS 2017 58: ARVO E-Abstract 5060).* Our study also found session length increased when
trainee appointments were concentrated in the last quarter of the session, this is probably because longer
appointment times at the end of the day push back the final checkout time, and thus lengthen the session.

Together, these key findings tell us that trainees can be associated with a significant negative impact on clinic
efficiency, and that this impact is affected by a variety of factors concerning trainee involvement, activity, and
timing. While it seems unlikely that clinics could change the way trainee providers are involved in appointments due
to educational factors, these findings at least help academic providers better understand how trainees affect their
clinic workflow.

With MACRA, the United States is continuing to transition toward “value-based”” models of provider
reimbursement, which are based on a combination of quality and cost of care.?®? Key findings 2 and 3 highlight a
structural characteristic of academic outpatient clinics that should perhaps be considered as reimbursement models
are refined, because presence of trainees is associated with increased time — and therefore lower efficiency.
Specifically, our results suggest that, due to the presence of trainees academic outpatient providers see fewer
patients in a given period of time than non-academic outpatient providers.

Limitations

There were several study limitations that should be highlighted. (1) There is a great deal of variance associated with
clinic session length that is not associated with trainees. This most likely is why so many of the rules we tested
failed, notable ones included: the percentage of trainee appointments in any given quartile of the clinic session, the
number of trainee appointments in quarter four, and the lack of trainee appointments in quarter four. The fact that we
could not establish significance for these factors does not speak to whether or not they are actually important factors
in determining session length, simply that we were unable to do so with our data set and models. Further research
seems warranted to help correct for this variance. (2) It is worth noting that we calculated session length using
appointment checkout times, which may not be correct due to staff delays. This may also contribute to some of the
variance in our models. (3) Finally, this study only considers appointments where trainees used the EHR as part of
their involvement, there are training activities that do not involve the EHR which our study fails to take into account.
Other research modalities would seem to be necessary to address limitations 2 and 3.

Conclusion

We have shown that secondary EHR timestamp data may be applied to arrive at important and timely conclusions
about the impact of trainees on clinic workflow. Findings from this study demonstrate that presence of trainees is

associated with longer clinic session lengths, and may have implications for clinical care, medical education, and

policymaking regarding provider reimbursement.
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