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Abbreviations & Glossary

Electronic Health Record (EHR) - a digital version of a patient’s chart that is real-time, patient-
centered, and makes information available instantly and securely to authorized users.

Operating Room (OR) — this study took place in an operating suite containing several
ophthalmic operating rooms at Casey Eye Institute of Oregon Health & Science University

Percentage of Operating Time Documenting (POTD, %) - the absolute intraoperative nursing
documentation time divided by the total procedure time (defined as the time elapsed between
first surgical incision [or beginning examination under anesthesia] and completion of the
procedure).

Percent of Procedure Time Documenting (PPTD, %) - the total intraoperative documentation
time divided by the “total procedure time”, which was defined as the total time a patient spent
in the operating room (from entering to exiting the operating room).

Full-time equivalent (FTE) - units of work performed by OR nurses and technicians. One
individual working full-time is equivalent to 1.0 FTE. “Productive” FTEs refer to net hours on-
duty including clinical responsibilities, education time, and meetings (i.e. excluding paid vacation
or sick leave).

Analysis of variance (ANOVA) — a group of statistical models used to detect differences between
group means in more than two groups


http://en.wikipedia.org/wiki/Statistical_model
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Abstract

Importance: Although electronic health record (EHR) systems have potential benefits such as
improved safety and quality of care, the majority of ophthalmology practices in the United
States have not adopted these systems. Concerns persist regarding potential negative impacts
on clinical workflow. In particular, the impact of EHR operating room management systems on
clinical efficiency in the ophthalmic surgery setting is unknown.

Objective: To determine the impact of an EHR operating room management system on
intraoperative nursing documentation time, surgical volume and staffing requirements.
Design: For documentation time and circulating nurses per procedure, a prospective cohort
design was employed between 2012 and 2013. For surgical volume, overall staffing
requirements, and documentation elements, case series designs were employed.

Setting: Ophthalmic operating rooms at an academic medical center.

Participants: All ophthalmic operating room nurses and surgeons.

Exposure: EHR operating room management system implementation.

Main Outcome Measures: 1) Documentation time (absolute documentation time [minutes],
percentage of operating time documenting [POTD]), 2) Surgical volume (procedures/time), 3)
Staffing requirements (full-time equivalents [FTEs], circulating nurses/procedure), 4) Operating
room turnover times (minutes). Outcomes were measured during paper baseline, and during
the early (first 3 months) and late (4-12 months) periods after implementation.

Results: There was a worsening in total POTD in the early EHR period (83%) vs. paper baseline
(41%) (P<.001). This improved to baseline levels by late EHR (46%, P=0.28), although POTD in
the “cataract” group remained worse than baseline (64%, P<.001). There was a worsening in
absolute mean documentation time in the early EHR period (16.7 minutes) vs. paper baseline
(7.5 minutes) (P<.001). This improved in late EHR (9.2 minutes), but remained worse than
baseline (P<.001). There was significant differences in documentation times among nurses in
the early EHR period (P=.03). Two-way ANOVA analysis revealed significant main effects of
nurses (P=.005), time period (P<.0001), and the interaction between these variables (P=.008).
While cataract procedures required more circulating nurses in early EHR (mean 1.9
nurses/procedure) and late EHR (mean 1.5 nurses/procedure) than paper (mean 1.0
nurses/procedure) (P<.001), overall staffing requirements, operating room turnover time and
surgical volume were not significantly different between time periods.

Conclusions: EHR operating room management system implementation was associated with
worsening of intraoperative nursing documentation time, especially in shorter procedures.
However, it is possible to implement an EHR operating room management system without
serious negative impacts on surgical volume, operating room turnover times, and staffing
requirement.
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INTRODUCTION

Electronic health record (EHR) systems have been identified as an essential technology
for improving the safety, quality, and efficiency of medical care.! The federal government
instituted an aggressive program to promote EHR adoption through the Health Information
Technology for Economic and Clinical Health (HITECH) act, which provides financial incentives to
physicians and hospitals for “meaningful use” of these systems.* In response, EHR adoption in
ophthalmology has steadily increased. An American Academy of Ophthalmology survey
performed in 2012 found that 32% of ophthalmology practices had implemented an EHR,
compared to a similar survey in 2007 which found 12% adoption.>®

Despite this increase in adoption, there are persistent concerns regarding unique
challenges of EHRs in specialized fields such as ophthalmology.”® Many EHRs used by
ophthalmologists are institution-wide systems that were originally designed for primary care
practices. They were not designed for the unique workflow and documentation requirements of
ophthalmology, in which paper charting methods have traditionally relied on drawings and
annotations using examination templates.” Clinicians have voiced concerns that EHRs may be
associated with increasing time requirements, workflow disruption, and negative impact on

61012 Eyrthermore, the steep learning curve associated with

clinical volume and patient care.
EHRs may create particular difficulty in high-volume specialties such as ophthalmology, and in
fast-paced, time-sensitive areas such as operating rooms (ORs).

There are few published studies on how EHR systems affect overall clinical efficiency
and documentation speed.™"” Due to fundamental differences among clinical settings, research
findings from studies performed in other specialties may not extrapolate to ophthalmology.

Furthermore, studies performed in ambulatory office settings may not extrapolate to other

settings such as ORs. In particular, EHR OR management systems are used by enterprise-wide



EHRs for surgical nursing documentation, anesthesia documentation, surgical materials
management, and scheduling. These are critical tasks that have been associated with the

1821 additionally, operating room procedures and

quality, cost, and efficiency of surgical care.
associated stays have been estimated to account for 47% of U.S. hospitals’ costs, totalling $161
billion in 2007.> We are not aware of any published research examining the impact of EHR OR
management system implementation in ophthalmology or other surgical specialties. This is an
important gap in knowledge because ORs require high quality and efficiency of care, with low
tolerance for error.

In this thesis, | aim to evaluate effects of implementing an EHR OR management system
on intraoperative nursing documentation time, surgical volume, staffing requirements and

operating room turnover time. Comparison is made to baseline levels with paper

documentation before EHR implementation.

METHODS
This study was reviewed by the Institutional Review Board at Oregon Health & Science
University (OHSU), and was granted an exemption because data were collected in a manner in

which patients could not be identified.

Description of study institution and pre-existing electronic health record system

Casey Eye Institute (CEl) is the ophthalmology department at OHSU, a large academic
medical center in Portland, Oregon. There are over 50 faculty providers who perform over
4,000 surgical procedures annually in 4 ophthalmic ORs. Every procedure is staffed by an
ophthalmologist; an anesthesiologist or certified registered nurse anesthetist; a scrub nurse or
technician; and a circulating nurse who manages surgical inventory, performs direct patient

care, and completes documentation. A fellow or resident physician assists with most



procedures. In 2006, an institution-wide EHR system (EpicCare; Epic Systems, Madison, WI) was
implemented at OHSU. This vendor develops software for mid-size and large medical practices,
is a market share leader among large hospitals, and has implemented its EHR systems at over
200 hospital systems in the United States. Since 2006, all tasks involving clinical documentation,
ambulatory practice management, and billing have been performed using components of this

institution-wide EHR.

EHR OR management system

The EHR OR management system (OpTime; Epic Systems, Madison, WI) was
implemented and integrated into the existing institution-wide EHR in January 2012, replacing
the paper-based nursing documentation system in ORs. Previously, anesthesia providers had
used a different anesthesia-specific EHR (Centricity; GE Healthcare, Buckinghamshire, United

Kingdom) in the ORs.

The institution-wide planning related to the OpTime operating room management
system began one year earlier (January 2011). Within the ophthalmology department, this
involved an institution-wide nurse champion, a departmental nurse champion, a physician
champion, the director of peri-operative services, the materials coordinator, and the senior
quality assurance manager. Preparations included attending validation and planning meetings
with the vendor, work flow analysis, pre-populating the software with relevant information,

supply chain management, and end-user education.

In December 2011 (1 month prior to implementation), seven nurse “super-users” were
selected based on their job roles and perceived computer skills. Super-users received an early

8-hour system training session, were given an extensive preview of the software, and were



taught to act as peer instructors.  All other nurses received 8 hours of system training prior to
implementation.

In January 2012, the system implementation occurred. Anticipating difficulties with EHR
adoption during the first 2 weeks, the department increased nurse staffing (from 1 to 2
circulating nurses) in rooms with short procedures. Additionally, 2 information technology
consultants and 2 nurse super-users were present each day during the first 2 weeks after
implementation.

The EHR OR management system contains tools for surgical processes such as
scheduling, staffing, and materials management. It also includes anesthesiology, intraoperative,

and perioperative nursing documentation capabilities.

Time-motion analysis of nursing documentation time

Precise documentation times were captured by observation of nurses using a time-
motion method.'*** Data were collected by an observer (SRB) who monitored actions of
circulating nurses using a paper log sheet and a handheld computer with time-stamping
software (Emerald Timestamp; Emerald Sequoia, Los Gatos, CA). This data collection method
underwent 3 cycles of pilot testing and modification prior to beginning the study. Data were
gathered on type of procedure, intraoperative documentation times, procedure start and stop
times, and number of staff in the OR.

Using these methods, baseline paper documentation data were collected during the 3
weeks prior to implementation, and post-EHR data were collected for 12 months after
implementation. Data were gathered for different surgical procedures, in different ORs and
following different nurses each day, with the goal of obtaining the most representative data

possible.

Surgical Volume




Surgical volume was assessed by querying the enterprise-wide data warehouse to
identify all OR procedures performed from one year before to one year after implementation of
the EHR OR management system. To control for changes in the number of surgeons over time, a
group of 21 “stable surgeons” was identified as those who operated continuously throughout
the study period (i.e. gap of <1 month in procedures performed) (Table 1). Surgeon

24-26

characteristics were obtained using publicly-available data sources. Surgical volumes

(procedures/time) were compared before vs. after EHR implementation.

Staffing Requirements

OR staffing requirements were determined by querying the payroll system from one
year before to one year after EHR implementation. Results were measured in monthly
productive full-time equivalent (FTE) units worked by all OR nurses and technicians. One
individual working full-time is equivalent to 1.0 FTE,*” and “productive” FTEs refer to net hours
on-duty including clinical responsibilities, education time, and meetings (i.e. excluding paid
vacation or sick leave). The number of circulating nurses (responsible for documentation) was
also recorded for each procedure.

Operating Room Turnover Time

Turnover times for each room were determined by marking the time elapsed between
one patient leaving the operating room and the subsequent patient entering the operating
room. Turnover times were excluded if the previous case ended early or if there was a

scheduled gap between procedures.

Quantity and Type of Documentation

To examine the amount of documentation performed in paper vs. EHR systems, discrete

“documentation elements” (e.g., free text, checkboxes) in both systems were counted for two



representative procedure types: cataract extraction and blepharoplasty (1 procedure each in
paper and EHR). Two authors (DSS, SRB) independently counted and categorized elements
according to portions of the surgery they corresponded to. Discrepancies were resolved

through verbal discussion.

Data Analysis

The absolute intraoperative nursing documentation time was calculated for each
procedure based on time-motion data collected. Due to variability in the duration of each
surgery and distribution of procedure types across different time periods of the study, the
“Percent Procedure Time Documenting” (PPTD, %) and the “percentage of operating time
documenting (POTD, %) were also calculated for each procedure. The PPTD was calculated by
dividing the total intraoperative documentation time by the total procedure time, which was
defined as the total time a patient spent in the operating room. POTD was calculated by
dividing the absolute intraoperative nursing documentation time by the total procedure time
(defined as the time elapsed between first surgical incision [or beginning examination under
anesthesia] and completion of the procedure).

Surgical procedures were clustered into 4 broad categories to facilitate data analysis and
display: (1) Cataract (isolated cataract extraction with intraocular lens implantation); (2) Cornea
& glaucoma (anterior segment procedures other than cataract extraction, and incisional
glaucoma procedures); (3) Vitreoretinal (scleral buckle, vitrectomy); and (4) Extraocular
(procedures involving the eyelids, lacrimal system, orbit, extraocular muscles, and examinations
under anesthesia).

Operating room “turnover times” were defined as the time elapsed between one

patient leaving the operating room and the subsequent patient entering the operating room for



another procedure. Turnover times were excluded from analysis if the previous case ended
early or if there was a scheduled gap between procedures.

Data were compared over three time periods: (1) Paper baseline. For documentation
time, this was defined as three weeks before EHR implementation. For surgical volume and
staffing requirements, this was defined as one year before implementation. (2) Early EHR
period, defined as the first three months after implementation of the OR management system.
(3) Late EHR period, defined as months 4-12 after implementation.

Descriptive statistics, Wilcoxon rank-sum tests, independent sample t tests and paired t
tests and one-way and two-way ANOVA models were performed as appropriate, for comparison
of absolute intraoperative documentation times, PPTD, POTD, surgical volume, staffing
requirements, and operating room turnover times. Analyses were performed using statistical

software (Stata v12; StataCorp, College Station, TX).

RESULTS

General characteristics of the ORs and surgical procedures

Throughout the study period (one year prior to and one year after EHR
implementation), there were 9,331 surgical procedures performed by 54 different surgeons,
involving 13 nurses. Overall, 259 surgical procedures were observed for this study on 52
different days, yielding complete data on 236 procedures (58 procedures on 10 days with paper
system before EHR implementation, 178 procedures on 42 days after EHR implementation),
performed by 25 ophthalmologists and involving 13 nurses.

There were 6 different ophthalmologic sub-specialties represented (comprehensive,

cornea, glaucoma, oculoplastics, pediatric, vitreoretinal). The 236 procedures were clustered



into 4 broad groups: 107 (45%) cataract, 34 (14%) cornea & glaucoma, 37 (16%) vitreoretinal,

and 58 (25%) extraocular.

Intraoperative Documentation Time

Table 2 summarizes findings involving intraoperative documentation time as percentage
of operating time documenting (POTD). During the early EHR period, there was significant
overall worsening of POTD in all procedure types except the cornea & glaucoma category, with
subsequent improvement to baseline in the vitreoretinal and extraocular procedure categories.

Table 3 summarizes absolute intraoperative documentation time (minutes). During the
early EHR period, there was significant overall worsening in absolute intraoperative
documentation time in all 4 procedure categories, with subsequent improvement to baseline in
the cornea & glaucoma category during the late EHR period. All other categories improved, but
remained significantly worse than paper baseline.

Among the 8 nurses who documented in both paper and early EHR implementation
periods (Table 2), all had worsening in documentation time during the early EHR period. A
separate analysis including 6 nurses with the most observations showed that 4 of 6 had
statistically significant worsening (P<.05). During the early EHR implementation period, the
fastest nurse had documentation time of 10.6 + 3.8 minutes/procedure, compared to 34.5
27.4 minutes/procedure in the slowest nurse. During the late EHR period, the fastest nurse had
documentation time of 7.5 + 2.7 minutes/procedure, compared to 10.8 + 2.5
minutes/procedure in the slowest nurse. By one-way ANOVA analysis, there was no significant
difference in documentation time among individual nurses during paper (P=.08) or late EHR
periods (P=.14), but there were statistically significant differences among nurses during the early
EHR period (P=.03). The variation in documentation time among nurses decreased significantly

from early EHR to late EHR (P=.004, by two-sample variance comparison test). Two-way ANOVA



analysis revealed significant main effects of nurses (P=.005), time period (P<.0001), and the

interaction between these variables (P=.008).

Surgical Volume

Figure 2 displays the surgical volume before vs. after implementation of the EHR OR
management system. The 21 stable providers performed a total of 3,581 surgical procedures
(mean t standard deviation [SD] 14.2 + 8.3 procedures/month) during the 12 months before
implementation, compared with 3,765 surgical procedures (mean £ SD 14.9 £ 9.5
procedures/month) during the 12 months after implementation. There were no significant
differences in surgical volume between paper vs. early EHR (mean + SD 15.6 + 9.7
procedures/month) periods (P=.11), or between paper vs. late EHR (mean + SD 14.7 +9.7

procedures/month) periods (P=.55), by paired t test.

OR Staffing Requirements

Figure 2 also displays the OR staffing requirements before vs. after implementation.
There were a total of 190.1 FTEs (mean + SD 15.8 + 2.1 FTEs/month) during the 12 months
before implementation, compared with 191.6 FTEs (mean £ SD 16.0 + 1.8 FTEs/month) during
the 12 months after implementation. Table 5 displays the number of circulating nurses required
per procedure before vs. after EHR implementation. Cataract procedures were most affected,
requiring more circulating nurses in both early and late EHR periods vs. paper.

Turnover Time and unintended consequences

Table 6 summarizes operating room turnover times before vs. after EHR
implementation. There were no statistically significant differences in the mean operating room
turnover times between paper vs. early EHR, early EHR vs. late EHR, or paper vs. late EHR
periods (P >.18 by Wilcoxon rank-sum test). After implementation, a change in the

documentation style among circulating nurses was observed. This was characterized by an



increased tendency to document aspects of the following procedure in between procedures or
during the downtime of the ongoing procedure. In the paper baseline period, we observed a
single nurse document in this style in 1.7% (1/58) of procedures. This increased significantly
after implementation, in the early EHR period 7 nurses documented 25.9% (22/85) of
procedures in the new style (P<.001), and 5 nurses documented 16.5% (17/103) of procedures

this way in the late EHR period.

Quantity and Type of Documentation

Table 7 displays the total number of possible documentation elements and those
documented in 2 paper cases and 2 EHR cases. Documentation categories with the highest
number of manually entered documentation elements in paper and EHR are displayed in Table 8

and Table 9, respectively.

DISCUSSION

To our knowledge, this is the first study to analyze the impact of an EHR OR
management system in ophthalmology, or any other surgical field. The key findings were: (1)
There was overall worsening in intraoperative documentation time following implementation of
an EHR OR management system, which eventually improved to near-paper baseline levels for
most procedure categories; (2) There were significant differences among nurses with regard to
mean documentation time during the early EHR period; (3) Surgical volume and overall OR
staffing requirements did not change significantly after implementation, although an increase in
circulating nurses persisted through the study period in cataract procedures; and (4) Operating
room turnover times were not affected by implementation.

The first key study finding was that overall intraoperative documentation time

worsened significantly after EHR implementation. When expressed as percentage of operating
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time documenting (POTD), this worsened during the early EHR period in all procedural
categories except cornea & glaucoma (Table 3), but improved to baseline levels during the late
EHR period in all procedural categories except cataract. When expressed as absolute
intraoperative documentation time, this worsened in all 4 procedure categories during the early
EHR period (Table 4) and remained significantly worse than paper baseline in the late EHR
period in all categories except cornea & glaucoma.

We believe the worsening in documentation time after EHR implementation may be
primarily attributed to several factors. First, documentation using point-and-click EHR interfaces
may be slower than paper-based forms that were optimized for efficiency over many years. For
example, the study EHR requires users to navigate checkboxes to select route of medication
administration (e.g. intraocular vs. topical), site of administration (e.g. left eye), and name of
prescribing surgeon for every medication. Previously, we have found that ophthalmology
documentation time in the outpatient setting is slower with EHR than paper forms for these
reasons.** Second, overall documentation volume required by the EHR system was greater
than with the baseline paper system (Tables 7-9). We have also demonstrated this in the
ophthalmology outpatient clinic setting.”® It is not surprising that these factors have less relative
effect on longer surgical procedures, and that the overall impact is worse when expressed as
absolute time than POTD.

There was a significant variation among nurses regarding EHR documentation time.
During the early EHR period, all nurses had worsened documentation time, with large variation
among nurses ranging from 10.6-34.5 minutes/procedure (Table 2). This variation decreased
over time. It is encouraging that documentation time improved in all nurses between the early
and late EHR periods, and that variation among nurses also decreased. Previous research on

17,29

EHRs and nursing documentation has reported varying conclusions. A study of nursing

11



documentation in psychiatry reported an increase in the time required for computer-based
documentation.®® Several studies have reported that after the introduction of EHRs, the
proportion of time nurses spent documenting was unchanged.***? Additional qualitative
research studies may help elucidate the factors related to early differences in nursing
documentation time. This may have implications for operation and training for EHR systems,
and for future research involving the design and usability of surgical EHR documentation
systems.”*?

With regard to the overall improvement in documentation times during the late EHR
period, we believe this may be attributed to natural learning curves, as well as several actions
performed by OR staff. First, the department prepared for the transition by providing
substantial EHR training (8 hours per nurse). Second, optimization of the EHR by nurses was
initiated following implementation. For example, nurses initially had difficulty adjusting to
terms used for supplies and medications imposed by the EHR. The supply lists were optimized
by adding more intuitive titles and customized to each surgeon and procedure type. We feel
these continuous optimizations will be required to improve documentation speed and overall
efficiency.

More generally, previous studies regarding the quantitative impacts of EHR

12-1416173435 A review on the

implementation on clinical efficiency have reported mixed results.
impact of EHRs on efficiency of physicians and nurses found overall worsening of documentation
times with EHR." A study in primary care internal medicine practices found that
documentation times initially worsened but returned to near-baseline after an adjustment
period, while another study found significant improvements in documentation time 6 months

16,17

after implementation in an intensive care unit. In ophthalmology, Pandit et al found

worsening of physician documentation times with a concurrent increase in time spent

12



examining and talking with patients following EHR implementation in a glaucoma practice.* In a
separate study at our institution, outpatient providers spent significantly more time
documenting outside of work hours, and each patient encounter took longer using an EHR vs. a
paper-based system.'* Overall, large knowledge gaps remain regarding the impact of EHRs on
care delivery, particularly in surgical settings.

A third key finding was that surgical volume and total OR staffing did not change
significantly throughout the EHR implementation period. From a practice management
perspective, it is reassuring that no negative impact was observed. Within ophthalmology,
research on impact of EHR systems on clinical volume has been limited.>**® Pandit et al found
that annual clinical volumes before vs. after EHR implementation in a glaucoma practice were
not significantly different.*® In contrast, a study at our institution found that compared with the
3 months of paper baseline, outpatient clinical volume worsened 3-7% during the first three
years after EHR implementation.’ Outside ophthalmology, findings have also been mixed. A
pediatric surgery practice found a 35% increase in surgical volume following EHR and operations
management implementation.** A separate study conducted in ambulatory clinics at an
academic medical center found no obvious impact on clinical efficiency following EHR
implementation.?” Two studies conducted in primary care settings reported a trend of initial
worsening in clinical volume after EHR implementation, with subsequent recovery.*®*** With
regard to OR staffing in our study, one additional circulating nurse (approximately 0.6 FTE) was
required during the early EHR period. This was attributed to the higher relative increase in
documentation burden in cataract and other shorter procedures (Table 3). Staff members were
requested to work additional hours during the early EHR period following the observation during
the pre-implementation training period that documentation took longer. These additional staff

members helped provide patient care while other staff members learned to utilize the EHR.
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While remaining significantly worse than paper baseline for cataract, staffing requirements
improved to baseline in all other procedure types in the late EHR period (Table 5). We feel that
EHR optimization may have contributed to this improvement. Further details regarding this
optimization (and findings of the Optime project that have contributed to this thesis) are

041 1t should be noted that this study was not designed to explain

described elsewhere.
changes in surgical volume or evaluate the cost-effectiveness of implementing EHR systems.
Yet, taken together, these findings highlight the importance of developing systems and user
interfaces that will ultimately improve the quality and efficiency of patient care.

There are several additional potential study limitations: (1) The complexity of surgical
procedures and the quality or completeness of intraoperative documentation were not fully
accounted for. These factors may have affected documentation times. There are few agreed-
upon methods to assess case complexity, or quality and amount of documentation. However,
we attempted to characterize the documentation burden by quantifying documentation
elements in example surgical cases (Tables 7-9). (2) Different procedure types and individual
nurses were not evenly represented across all time periods. This may have created bias, due to
differences in distribution among surgical procedures or nurses and differences in
documentation speed among nurses. It was difficult to capture standard data sets from nurses
and procedures across all time periods, due to the pattern of nurses working in different
procedure types during different time periods. We adjusted for some of this variability by
analyzing the percentage of operating time documenting (POTD) metric. Additionally, we note
that documentation time trends were generally consistent across procedure types in this study.

(3) Our study was limited to ophthalmic ORs in an academic medical center. Ophthalmic

procedures are commonly shorter than many other procedures, and documentation amount

14



may not increase linearly with procedure time. Findings may not be generalizable to practices
with differing patient, nurse, physician, or specialty characteristics.
Conclusions

Overall, this study found that intraoperative documentation times worsened after EHR
implementation, whereas surgical volumes, operating room turnover times and staffing
requirements remained stable, although there was a persistent increase in the number of
circulating nurses required for cataract procedures. These findings have implications for
clinicians and institutions planning to implement EHRs in surgical settings, and for those

interested in the impact of EHRs on quality and efficiency of clinical care.
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Figure 1. Monthly (A) intraoperative nursing documentation time and (B) percent of procedure time
documenting after EHR implementation. Data are shown using boxplots* over three time periods: paper
baseline, early EHR (months 1-3), and late EHR (months 4-12). Vertical dashed lines indicate transitions
between time periods.
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* Median documentation time is indicated by the central horizontal line of each box, while the ends of each
box represent the first and third quartiles (25" and 75'" percentile). Upper and lower whiskers represent the
most extreme values within 1.5 times the interquartile range from these quartiles. Dots represent potential
outlier values.
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Figure 2. Surgical volume and staffing requirements in ophthalmic operating rooms during electronic
health record (EHR) implementation. Monthly totals for volume (number of procedures) and full-time
equivalents (FTE]) were collected the year before and the year after implementation. Differences
between time periods were not found to be statistically significant.
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Figure 3. Example of documentation challenges using an EHR operating room
management system compared to paper. (A) Displays multiple steps involved
in documenting administration of medications in the EHR. (B) Shows the paper
form used to document medication administration.
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Table 1. Characteristics of 21 stable ophthalmic surgeons who
operated throughout study period *

Male gender, n (%) 15 (71%)
Surgeon age, mean + SD (range) b 46.5 £10.2 (31-65)

. . b
Years in Practice

Mean + SD (range) 15.9+8.5(3-30)
<10 years, n (%) 6 (29%)
10-19 years, n (%) 8 (38%)
>19 years, n (%) 7 (33%)

Sub-specialty, n (%)

Comprehensive 1 (5%)
Cornea 3 (14%)
Glaucoma 3 (14%)
Oculoplastics 3 (14%)
Pediatric ophthalmology 5 (24%)
Vitreoretinal 6 (29%)

a "Stable ophthalmic surgeons" were identified as those who operated
continuously one year prior to and one year following implementation of
the EHR (<1 month gap in operating out of the 24 months)

b “Surgeon age” and “years in practice” refer to the beginning of the
study period (2011)




Table 2. Intraoperative nursing documentation time (in minutes) by individual nurse over three time
periods: paper baseline, early EHR (months 1-3), and late EHR (months 4-12). Data are displayed by
individual nurse for the number of procedures recorded, mean documentation time, and percent of procedure time
documenting (PPTD).

Paper Early EHR Late EHR
Nurse Documentation Documentation Documentation
Time (mean £SD) PPTD n Time (mean £SD) PPTD n Time (mean £SD) PPTD
A 15 76120 23% 6 19.4+128 39% 9 99+20 19%
B 3 48+14 8% 9 10.6 £ 3.8 30% 4 76+18 27%
C 7 81+56 21% 9 21.7+10.0 39% 16 9.0+25 17%
D 4 10.3+2.7 21% 3 345+ 274 43% 13 75+27 18%
E 7 87+23 19% 4 20.1+5.9 27% 1 8.7 37%
F 15 6.4+0.8 23% 1 15.7 16% 13 91+22 22%
G 3 82+23 13% 7 139+74 35% 1 10.8 15%
H 1 7.9 14% 8 17.1+47 34% 7 85+16 30%
| - - - 2 13.8+0.7 47% - - -
J 3 6.2+0.8 11% - - - 5 81+12 25%
K - - - 21 13.4+3.2 48% 17 104+4.1 20%
L - - - 6 153+44 57% 3 10.0+2.1 23%
M — — — 9 18.4+5.2 49% 14 108+ 25 22%

Total 58 7.5+2.7 20% 85 16.5+8.6 41% 103 9.3+2.8 21%




Table 3. Mean percentage of operating time documenting (POTD, %) before and after electronic health record (EHR) implementation in the
operating rooms. 45 The three time periods studied included paper (baseline before EHR implementation), early EHR (months 1-3), and late EHR
(months 4-12).

Paper Early EHR (months 1-3) Late EHR (months 4-12)
Procedure type n POTD + SD (%) n POTD = SD (%) pP? n POTD + SD (%) pP?
Cataract 25 48 + 12 47 102 + 39 <.001 35 64+ 18 <.001
Cornea & Glaucoma 10 47 £45 6 32+11 .59 18 42 £41 47
Vitreoretinal 10 22+ 13 18 52+£50 .01 9 26+8 1
Extraocular ° 13 37+33 12 82+ 67 .04 33 35+29 57
Total 58 41 £27 83 83+ 51 <.001 95 46 £30 28

Abbreviation: SD, standard deviation

a Comparison of percentage of operating time documenting (POTD) in paper vs. early EHR & paper vs. late EHR. Two sample ¢ tests with unequal
variance were performed in "cataract" group. Wilcoxon rank-sum tests were employed in all other groups.

b “Extraocular” category includes procedures of the eyelid, lacrimal system, orbit, extraocular muscles, and examinations under anesthesia.
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Table 4. Mean absolute intraoperative documentation time (minutes) before and after electronic health record (EHR) implementation in the
operating rooms. The three time periods studied included paper (baseline before EHR implementation), early EHR (months 1-3), and late EHR (months 4-

12).
Paper Early EHR (months 1-3) Late EHR (months 4-12)

P d ¢ n Documentation n Documentation pe n Documentation pa
rocedure type time + SD time + SD time £ SD
Cataract 25 6.6+0.9 47 146 £44 <.001 35 8.1=+1.5 <.001
Cornea & 10 9.5+2.6 6 15.949.0 02 18 10243.0 56
Glaucoma
Vitreoretinal 10 7.6+25 18 243+ 12.7 <.001 9 10.1£2.2 .03
Extraocular ® 13 7.6+4.2 12 13.6 8.6 .04 33 95+3.3 .03
Total 58 75+2.7 83 16.7 £ 8.7 <.001 95 92427 <.001

Abbreviation: SD, standard deviation

a Comparison of absolute intraoperative documentation time (minutes) in paper vs. early EHR or paper vs. late EHR. Two sample ¢ tests with unequal

variances were performed in "cataract" group. Wilcoxon rank-sum tests were employed in all other groups.

b “Extraocular” category includes procedures of the eyelid, lacrimal system, orbit, extraocular muscles, and examinations under anesthesia.
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Table 5. Circulating nurses per procedure before and after electronic health record (EHR) implementation in the operating rooms. The
three time periods studied included paper (baseline before EHR implementation), early EHR (months 1-3), and late EHR (months 4-12).

Paper Early EHR (months 1-3) Late EHR (months 4-12)
Procedure type n Nurses + SD n Nurses = SD pP? n Nurses = SD P°
Cataract 25 1.0+ 0.0 47 1.9+0.5 <.001 35 1.5+0.5 <.001
Cornea & Glaucoma 10 1.0+£0.0 6 1.2+04 .20 18 1.0£0.0
Vitreoretinal 10 1.0+£0.0 18 1.6+£0.8 .03 9 1.0+£0.0
Extraocular ° 13 1.0+ 0.0 12 1.2+04 13 33 1.0+ 0.0
Mean total 58 1.0+0 83 1.6+ 0.6 <.001 95 1.2+04 <.001

Abbreviation: SD, standard deviation

a Comparison of circulating nurses per procedure in paper vs. early EHR & paper. Two sample ¢ tests with unequal variance were performed
within the "cataract” group. Wilcoxon rank-sum tests were performed in all other groups.

b Comparison of circulating nurses per procedure in paper vs. late EHR in cataract group. The number of nurses in paper vs. late EHR was
identical in all procedure groups except cataract. Therefore, no testing for statistical significance of a difference was performed in these groups.
¢ “Extraocular” category includes procedures of the eyelid, lacrimal system, orbit, extraocular muscles, and examinations under anesthesia.
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Table 6. Operating room turnover time* between surgical procedures over three
time periods: paper baseline, early EHR (months 1-3), and late EHR (months 4-12).

Paper Early EHR Late EHR
Surgical procedures 41 64 78
Turnower time (minutes)
Mean + SD* 17.3+6.5 162+ 82 156+ 4.8
Minimum 8.8 74 45
Maximum 375 56.2 3L3

Table 7. Total number of documentation elements in paper and electronic health record (EHR) forms *

Paper (n)
Cataract Blepharoplasty Cataract Blepharoplasty
Manually entered 101 90 195 152
Pre-populated 17 11 88 63
Not utilized 160 168 129 25
Total documented ° 118 101 283 215
Total possible 278 269 412 240

a Documentation elements were counted in 4 total cases of two procedure types: cataract (1 paper and 1 EHR),

blepharoplasty (1 paper and 1 EHR)

b "Total documented" is equal to the sum of all elements that were manually entered and those that were pre-populated
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Table 8. Paper documentation categories with the most manually
entered elements *

Cataract n (%) Blepharoplasty n (%)

(N=101) (N=90)
Staff members 8 (8%) 11 (12%)
Patient position 12 (12%) 12 (13%)
Team pause 15 (15%) 14 (16%)
Procedure 7 (7%) 8 (9%)
Medications 31 (31%) 15 (17%)
Patient outcome 7 (7%) 7 (8%)

a Elements were counted in two total cases: 1 cataract and 1
blepharoplasty. Elements were recorded as a percentage of the total
number of manually entered elements (N).

Table 9. Electronic health record (EHR) documentation categories
with the most manually entered elements *

Cataract n (%) Blepharoplasty n (%)

(N=195) (N=152)
Surgical counts 20 (10%) 20 (13%)
Team pause 18 (9%) 18 (12%)
Supplies 14 (7%) 12 (8%)
Medications 49 (25%) 35(23%)
Implants 16 (8%) 1 (1%)
Patient outcome 10 (5%) 10 (7%)
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APPENDIX I: Variables under study

Variable Name Type of Variable Measurement Additional information
Absolute intraoperative Outcome, Minutes The sum of all documentation time by all
documentation time Continuous involved nurses that takes place while the
patient is in the operating room.
Total intraoperative nursing Outcome, Percentage
documentation time (as % of total | Continuous
procedure time)
Surgical volume Outcome, Number of cases per
continuous month and per year
Operating room turnover time Outcome, Minutes The total time between one patient leaving
Continuous the operating room and the subsequent
patient entering the operating room
Nurse performing documentation Predictor, Numeric identifier, 1-7
Categorical
Procedure type Predictor, Procedure group numeric | 5 procedure type groups: (1) cataract (2)
Categorical identifier 1-5 cornea/glaucoma (3) retina/vitreous (4)

Extraocular (eyelid, muscle, orbit/Exam under
anesthesia)

Time since EHR implementation

Predictor, Ordinal

Paper baseline: -3 weeks
to 0 weeks, Early EHR: 1-3
months, Late EHR: 4-12
months

Data was gathered during the following
weeks: -3,-2,-1, 2, 5, 10, 13, 17, 22, 27, 33, 38,
42,50. Grouped into paper baseline, early
and late EHR.

Documentation elements

Outcome,
continuous

Count of discrete
documentation elements

Discrete “documentation elements” (e.g., free
text, checkboxes) in both systems were
counted for two representative procedure
types: cataract extraction and blepharoplasty
(1 procedure each in paper and EHR)
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APPENDIX II: Select statistical output — ANOVA model for intraoperative nursing documentation time and time period

. anova intraop_proc docum_nurse wksgroups docum_nurse#wksgroups

Number of obs = 138 R-squared = 0.4324

Root MSE = .094016 Adj R-squared = 0.3354

Source Partial SS df MS F Prob > F

Model .787796656 20 .039389833 4.46 0.0000

docum_nurse .091728541 6 .01528809 1.73 0.1201

wksgroups .29485678 2 .14742839 16.68 0.0000

docum_nurse#wksgroups .242109436 12 .020175786 2.28 0.0121
Residual 1.03416349 117 .008839004
Total 1.82196015 137 .013298979




