1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Int J Med Inform. Author manuscript; available in PMC 2016 August 01.

-, HHS Public Access
«

Published in final edited form as:
Int J Med Inform. 2015 August ; 84(8): 578-594. doi:10.1016/j.ijmedinf.2015.04.002.

Impact of electronic health record technology on the work and
workflow of physicians in the intensive care unit

Pascale Carayon2P”, Tosha B. Wetterneck®Pd, Bashar Alyousef2, Roger L. Brown®d, Randi
S. Cartmill?, Kerry McGuire?, Peter L.T. Hoonakker?, Jason Slagle®, Kara S. Van Roy?3,
James M. Walker9, Matthew B. Weinger®f, Anping Xie", and Kenneth E. Wood'!

Pascale Carayon: carayon@engr.wisc.edu; Tosha B. Wetterneck: tbw@medicine.wisc.edu; Bashar Alyousef:
bashar.m.alyousef@gmail.com; Roger L. Brown: rlbrown3@wisc.edu; Randi S. Cartmill: rcartmill@cqpi.engr.wisc.edu;
Kerry McGuire: kerrymcguire@gmail.com; Peter L.T. Hoonakker: phoonakker@cqpi.engr.wisc.edu; Jason Slagle:
Jason.slagle@vanderbilt.edu; Kara S. Van Roy: kkvanroy@gmail.com; James M. Walker:
James.M.Walker@siemens.com; Matthew B. Weinger: Matt.weinger@vanderbilt.edu; Anping Xie: axiel@jhmi.edu;
Kenneth E. Wood: kewood@geisinger.edu

aCenter for Quality and Productivity Improvement, University of Wisconsin-Madison, 3130
Engineering Centers Building, 1550 Engineering Drive, Madison, WI 53706, United States

bDepartment of Industrial and Systems Engineering, University of Wisconsin-Madison, 3270
Mechanical Engineering Building, 1513 University Avenue, Madison, WI 53706, United States

¢School of Nursing, University of Wisconsin-Madison, 600 Highland Avenue, Madison, WI 53792,
United States

dSchool of Medicine and Public Health, University of Wisconsin-Madison, 600 Highland Avenue,
Madison, WI 53792, United States

€Center for Research and Innovation in Systems Safety, Vanderbilt University School of
Medicine, 1211 21st Avenue South, Medical Arts Building, Suite 732, Nashville, TN 37211, United
States

Geriatric Research, Education and Clinical Center, VA Tennessee Valley Healthcare System,
1310 24th Avenue South, Nashville, TN 37212-2637, United States

9Siemens Healthcare, 415 15th Street, New Cumberland, PA 17070, United States

hArmstrong Institute for Patient Safety and Quality, Johns Hopkins University, 750 East Pratt
Street, Baltimore, MD 21202, United States

iGeisinger Health System, 100 North Academy Avenue, Danville, PA 17822, United States

Abstract

“Corresponding author at: Department of Industrial and Systems Engineering, Center for Quality and Productivity Improvement,
University of Wisconsin-Madison, 3130 Engineering Centers Building, 1550 Engineering Drive, Madison, W1 53706, United States.
Tel.: +1 608 265 0503/263 2520; fax: +1 608 263 1425.

Conflict of interest
None of the authors have any conflicts of interest related to this research.

Authors’ contributions

PC, TBW, PLTH, JS, IMW, MBW and KEW made substantial contributions to the study conception and design. KM and KSVR
contributed significantly to the acquisition of data. PC, BA, RB, RSC, PLTH and AX completed the initial data analysis. All other
authors made significant contributions to the data interpretation. PC drafted the manuscript and all authors contributed content and
provided feedback. All authors approved the final version of the manuscript. PC accepts direct responsibility for the manuscript.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carayon et al. Page 2

Objective—To assess the impact of EHR technology on the work and workflow of ICU
physicians and compare time spent by ICU resident and attending physicians on various tasks
before and after EHR implementation.

Design—EHR technology with electronic order management (CPOE, medication administration
and pharmacy system) and physician documentation was implemented in October 2007.

Measurement—We collected a total of 289 h of observation pre- and post-EHR implementation.
We directly observed the work of residents in three ICUs (adult medical/surgical ICU, pediatric
ICU and neonatal ICU) and attending physicians in one ICU (adult medical/surgical ICU).

Results—EHR implementation had an impact on the time distribution of tasks as well as the
temporal patterns of tasks. After EHR implementation, both residents and attending physicians
spent more of their time on clinical review and documentation (40% and 55% increases,
respectively). EHR implementation also affected the frequency of switching between tasks, which
increased for residents (from 117 to 154 tasks per hour) but decreased for attendings (from 138 to
106 tasks per hour), and the temporal flow of tasks, in particular around what tasks occurred
before and after clinical review and documentation. No changes in the time spent in conversational
tasks or the physical care of the patient were observed.

Conclusions—The use of EHR technology has a major impact on ICU physician work (e.g.,
increased time spent on clinical review and documentation) and workflow (e.g., clinical review
and documentation becoming the focal point of many other tasks). Further studies should evaluate
the impact of changes in physician work on the quality of care provided.

Keywords
Critical care; Electronic health record; Time study; Physician work; Human factors engineering

1. Introduction

The impact of electronic health record (EHR) technology on physician work can influence
their acceptance and use of the technology [1-6]. In particular, physicians have expressed
concerns regarding changes in how they spend their time after EHR implementation. EHR
technology may create more or new work for physicians [7] such as increased time spent on
documentation. This occurs in a context where residents are reporting spending significant
time on documentation. For instance, according to a 2006 survey of internal medicine
residents [8], about 68% of residents reported spending in excess of 4 h daily on
documentation. A recent survey confirms the extensive time spent by hospital physicians in
documentation-related activities [9]. Limited research has assessed changes in physician
work after EHR implementation [10-12]; the focus of that research has been limited to
specific physician tasks (e.g., documentation) [13], and studies are plagued with
methodological problems (e.g., small sample size; additional information on time and
motion study and sampling can be found in a review of time studies in healthcare [14], or in
books by Salvendy [15] and Barnes [10,16]). Additionally, sparse research has assessed the
impact of EHR technology on intensive care unit (ICU) physician work [13,17,18]. Caring
for complex critically ill patients requires communication and coordination of multiple
healthcare team members, and changes in physician work routines could affect their ability
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to provide safe, high-quality care. Therefore, we postulated a need to better understand the
impact of EHR technology on how ICU physicians spend their time on various tasks. Our

study systematically examines the impact of EHR technology on the work of resident and

attending physicians in the ICU.

1.1. Background

Studies have assessed the impact of various forms of EHR technology on specific physician
tasks, such as documentation [13]. This research demonstrates the need to clearly define the
EHR technology and its functionalities as these can have varying impact on clinician work,
and the need for more comprehensive studies that record data on all tasks performed by
physicians. For instance, Overhage and colleagues [19] examined a total of 81 tasks in 11
major categories performed by 34 physicians at 11 primary care internal medicine practices
before and after the implementation of a homegrown computerized provider order entry
(CPOE) system. Physicians spent slightly more time per patient overall and less time writing
orders. In a study of 20 primary care physicians [20] using an adapted task list from that of
Overhage and colleagues [19], physicians were found to spend more time on indirect patient
care after EHR implementation, such as looking for patient-related information, and reading
charts, data or email.

A few studies have examined EHR implementations in hospitals and their impact on
physician work. The implementation of an electronic medication management system in an
Australian hospital did not lead to any changes in time spent on direct care or medication-
related tasks [12]. However, this study was unable to examine the impact of CPOE as it was
already implemented at baseline. After the CPOE implementation at Massachusetts General
Hospital, interns’ time spent writing orders went from 2.1% to 9% of their total work time
and was associated with less time talking and reading [21]. Other studies have documented
additional time spent by physicians on the computer after implementation of CPOE in a
pediatric emergency department [22], CPOE and electronic nursing documentation in an
emergency department [23], and electronic medical records (EMR) in a hospital [24]. A
systematic review of research on the impact of EHR on physician work time confirmed that
EHR technology tends to increase documentation time [10]. However, little research focuses
on ICU physicians [25]. One study examined the time spent by physicians documenting
during rounds in a pediatric ICU and an adult ICU, finding that documentation time
decreased significantly [26]. This study included residents, attendings and sub-specialty
fellows, but did not compare results by type of physician, and focused on documentation-
related tasks as opposed to understanding the impact of the technology on all tasks
performed by physicians. A second study collected data from five pediatric ICU attending
physicians before and after the implementation of an electronic clinical information system,
and also focused on documentation time [13]. Whereas time spent on handwritten and
electronic documentation was similar, electronic documentation was more detailed,
primarily because of the structured data entry process. Whereas the first two studies focus on
documentation activities, the third study used a generic list of tasks and evaluated the impact
of CPOE implementation among second-and third-year resident physicians rotating in one
pediatric ICU with 67 h of observation conducted pre-CPOE and 87 h of observation
conducted post-CPOE implementation [17]. Results showed more time spent by physicians
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interacting with patients, a higher frequency of task switching and more frequent waiting or
idle time after CPOE implementation. Our research makes significant contributions to
existing research by collecting data from several ICUs at all times and during both weekdays
and week-end. In addition, comprehensive information (i.e., not just on documentation
tasks) is needed to assess the potentially variable impact of EHR technology on the work of
residents compared with attending physicians in the ICU.

While studies have documented the impact of EHR technology on physician work time in
various care settings (i.e., primary care, ED, ICU), most studies have methodological
weaknesses [10,14]. Many studies rely on subjective assessments of work time [8] or work
sampling [13,21]. Continuous data collection on work activities such as time studies or task
analysis are more precise methods for measuring time spent on various tasks [10,14,27].
Very few studies capture simultaneous work activities [28-30], which is particularly
relevant for assessing the work of ICU physicians who often perform multiple work
activities in rapid sequences. Another limitation of existing research is the lack of focus on
the distribution of work time across various activities. To more fully understand the impact
of EHR implementation on physician work, it is imperative to examine sequential and
temporal patterns of work activities in addition to percentages of time spent on activities
[17]. In a study of CPOE implementation in a pediatric ICU at the University of Michigan
Health System [17], researchers not only examined changes in time utilization (e.g., time
spent writing orders on the computer), but also workflow patterns (e.g., task switching and
task transition). This promising research method enables us to understand the dynamic
changes that occur with EHR implementations. For example, physicians may spend their
time differently, but they may also work differently as varied patterns and sequences of
activities emerge post-EHR implementation. When conducting this type of research in ICUs,
a list of tasks that is representative of the unique work of caring for critical care patients
[28,30], instead of generic tasks [17], is necessary; this is what we do in this study.

In this paper, we present data reflective of the impact of EHR technology on how resident
and attending physicians spend their time in the ICU on multiple tasks. Our study addresses
several conceptual and methodological issues of previous research, in particular assessment
of all tasks performed by ICU physicians, and examination of the temporal flow of tasks.

2. Methods
2.1. Study design

This observational study used a prospective pre-post design around EHR implementation.
Pre-implementation data were collected from August to November 2006, while post-
implementation data were collected from January to March 2008. An EHR technology that
included electronic order management (i.e., CPOE, electronic medication administration and
a pharmacy system) and physician documentation was implemented hospital-wide in
October 2007 (EpicCare Inpatient Clinical System, spring 2006 version). Electronic nursing
documentation was implemented in June 2005, i.e., before the pre-EHR data were collected.
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The study was conducted in three ICUs of a rural 400-bed tertiary-care medical center in the
eastern United States. The ICUs were a 24-bed adult medical/surgical ICU, a 38-bed
neonatal ICU and an 11-bed pediatric ICU. The medical/surgical ICU was a hybrid model
primarily, with medical patients cared for by dedicated intensivists, and surgical patients
who were the responsibility of surgeons with consultative input from the intensivists. The
PICU and NICU had dedicated pediatric intensivists and neonatologists, respectively.

Data collection focused on work done by residents and attending physicians while in the
ICU. Therefore, tasks completed outside of the ICU, such as participating in meetings or
attending Grand Rounds, were not captured. Physicians did not participate on ‘road trips’ or
transport of ICU patients for diagnostic or therapeutic management. Residents, specifically
interns and second- and third-year residents who were on rotation in one of the ICUs, were
observed in all three units. The number of residents rotating in the ICUs every month was as
follows: 8 residents in the adult medical/surgical ICU, 4 residents in the PICU and 4
residents in the NICU. Attendings (intensivists) were observed in the adult medical/surgical
ICU only because of resource constraints. In addition, we chose to observe attendings only
in the adult medical/surgical ICU because the number of attendings working in the NICU
and PICU was very small; at the time of the study, nine intensivists worked in the adult
medical/surgical ICU.

2.4, Study procedures

Participants were recruited through informational meetings, printed materials, and
communications from leadership. Before commencing an observation period, physicians
were approached directly by the researcher, provided additional information about the
project, and asked to participate. An effort was made to observe a variety of physicians,
including residents in their first, second and third years. We used a purposeful sampling
strategy to collect data at varied times of day and night, both on weekdays and weekends,
and on all days of the week.

Participation in the study was voluntary. This research received institutional review board
approval with a waiver of written informed consent at both the research university and
participating hospital. No identifying data were collected for the participating physicians
except their resident or attending status. Participating physicians were given information
sheets that explained the purpose of the study and described the risks and benefits associated
with participation. When patient family members were present during the observation or if
the patient was awake and alert, the physician was asked to give the patient/family a brief
explanation of the study. The patient or family could refuse to have their physician
observed. Observation periods were suspended when physicians were behind closed curtains
with their patients or taking personal time (e.g., eating, restroom breaks).

2.5. Data collection

Two trained human factors engineers “shadowed” each physician participant over a
continuous period of up to 3 h. The researchers followed a participant at a distance that
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allowed them to observe the physician’s activities without interfering with natural
movement, patient care, and workflow. Conversations with participants were minimized.

2.6. Data collection instrument

Data were collected using a computerized data collection tool developed by Weinger and
colleagues [31,32] and adapted for observing ICU physician work [33]. The observers
recorded the task or tasks being performed in real time, and these tasks were automatically
time-stamped and logged into a data file [30-32]. Observers were able to select multiple
tasks occurring at one time, allowing for data collection on simultaneous tasks. Data
collection was facilitated by using a stylus on the touch screen of a tablet computer, which
permitted observers to enter data while standing or walking. Through software design, task
categories could be rapidly, accurately, and reliably selected.

A taxonomy of physician tasks was adapted from the list developed by Overhage and
colleagues [19] and revised iteratively through ICU pilot observations and input from
physicians and researchers for the ICU setting (see Table 1 for the list of tasks and task
categories). The final list of 18 tasks was classified into four categories by a human factors
engineer and a critical care physician (PC and KEW), in consultation with another physician
(JMW). These categories are (1) direct patient care, (2) care coordination, (3) indirect
patient care and (4) non-patient care.

In the pilot phase, tandem observations with two observers were used as a training tool and
were also a means for making further revisions to the software’s user interface, task
taxonomy, and observation procedures. Standardized data collection procedures were
detailed in a training manual, including where the observers should stand, how to avoid
disrupting patient care, and proper use of the job task analysis software. Inter-observer
reliability was assessed between pairs of observers, including a human factors engineer and
a physician and the two trained human factors engineers on the observation team [33].
Observers began collecting data independently after inter-observer reliability reached the
desired goal of at least 80% agreement. Inter-observer reliability was reassessed periodically
and found to be stable over time.

2.7. Data analysis

Descriptive data analyses provided the amount of time spent by residents and attendings on
the 18 tasks and 4 categories of tasks (Table 1). Data from each of the 77 resident
observation periods and 24 attending observation periods were aggregated and the
percentage of time spent on each task or category was calculated for each observation
period. When multi-tasking occurred during an observation period, the durations of all tasks
(including those performed simultaneously) were summed to create a total duration, which
was used as the denominator when calculating the percentage of the observation period
spent on each task or category. About 12% of the total observation time involved multi-
tasking. Comparisons of the pre- and post-implementation means were performed using t-
tests for independent samples (our data satisfied the assumptions of the t-test). Please note
that means are calculated across observation periods for a particular group (i.e., resident
versus attending) for pre-EHR and post-EHR implementation separately. Because of the
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large number of comparisons and the high likelihood of type I errors, eta squared (77) was
calculated to estimate the proportion of the variability associated with the implementation of
EHR technology. A large 77 can be interpreted as indicating that the effect of EHR
technology implementation was large [34]. The SPSS® statistical analysis software, version
19, was used to perform the descriptive analyses.

We defined an occurrence as the smallest level of data collection (i.e., the specific time
during which a task is observed) and task switching as any change in task type at the
occurrence level. To further evaluate the occurrence and frequency of task switching, the
transition probability of pairs of tasks occurring in sequence was calculated for each
observation period. Due to constraints of this analysis technique, multitasking data were
excluded when performing the sequential analyses. When capturing multitasking data, the
data collection software required the observer to indicate a “primary” task being performed
and a “secondary” task that was simultaneously being performed. The sequential analysis
excludes all secondary tasks. In most cases, the primary task was one that was initiated first.
The transition probability from one task (predecessor) to another task (successor) was
defined as the frequency of this transition divided by the total number of transitions
originating from the predecessor [17]. Data were then analyzed by physician groups
(resident and attending physicians) and data collection periods (pre- and post-EHR
implementation). Mean transition probabilities of pairs of tasks and differences of mean
transition probabilities between pre- and post-EHR implementation were calculated for both
resident and attending physicians. The mean transition probabilities show the frequency of
two tasks being paired together in sequence. For example, a mean transition probability of
0.24 for a specific sequence, such as conversation with team physician to clinical review and
documentation, indicates that, in 24% of the times that conversation with a team physician
occurs, it is followed by clinical review and documentation. Sequential task analysis was
performed using the Generalized Sequential Querier (GSEQ) software, version 4.

3.1. Descriptive statistics

A total of 77 observation periods of residents (217 h) and 24 observation periods of
attendings (72 h) were completed in the ICUs. Most observation periods were completed on
weekdays (68% for residents and 75% for attendings) and during the day (5am—4pm) shift
(74% and 62%). About 40% of the observation periods incorporated daily morning or
afternoon patient rounds. Resident physicians spent about 15% of their time performing
multiple tasks simultaneously; for attending physicians the corresponding percentage was
11%. See Table 2 for additional information on the observation periods.

3.2. Distribution of time before and after EHR implementation

As shown in Fig. 1, the time distribution across major task categories changed for both
resident and attending physicians when comparing the pre- and post-EHR implementation
data.

Before EHR implementation, residents spent 31% of their time on direct patient care, 40%
on care coordination, 13% on indirect patient care and 17% on non-patient care; see Table
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3. After EHR implementation, the distribution of time changed as follows: 44% on direct
patient care (p < 0.001 for pre-post comparison), 35% on care coordination, 6% on indirect
patient care (p < 0.001) and 15% on non-patient care. More specifically, residents’ time on
clinical review and documentation, considered direct patient care, significantly increased
after EHR implementation (18-31%), whereas time spent on administrative review and
documentation (12-4%) and in-between tasks (6—4%), considered indirect patient care,
decreased. Analysis of the 77 statistics indicated that for residents EHR technology
implementation had a relatively large effect on direct patient care, particularly clinical
review and documentation; indirect patient care, particularly administrative review and
documentation; and in-between tasks. Interestingly, the effect on non-patient careas a
category was relatively small.

Similar to the findings for residents, an increase in time spent on clinical review and
documentation was observed for attendings (14-27%) (see Table 4). Time spent by
attendings on order management significantly increased after EHR implementation (0.37—
3%), but did not significantly change for residents. Analysis of the 77 statistics indicates that
for attendings, EHR technology implementation had a relatively large effect on direct
patient care, particularly order management, clinical review and documentation and
physical care of the patient; moderate effects on care coordination and indirect patient care;
and a relatively small effect on non-patient care.

3.3. Task switching before and after EHR implementation

Notably, the average number of activities that residents performed each hour significantly
increased after EHR implementation, from 117 (SD = 35) activities per hour to 154 (SD =
60) activities per hour (p < 0.01) (see Table 3). This was equivalent to 1.95 activities per
minute pre-EHR and 2.56 activities per minute post-EHR, or a 31% increase. An opposite
trend was found for attending physicians; after EHR implementation the number of task
occurrences per hour dropped significantly from 138 (SD = 27) to 106 (SD = 25) (p < 0.01)
(see Table 4, Section 4.2). This was equivalent to 2.30 activities per minute pre-EHR and
1.76 activities per minute post-EHR, or a 23% decrease.

3.4. Sequential task analysis before and after EHR implementation

To understand the impact of EHR implementation on the work of ICU physicians, it is
important not only to examine the percentages of time spent on the different activities, but
also to examine the sequential and temporal patterns of work activities (workflow). The
EHR implementation had a major impact on the task of clinical review and documentation
for all physicians. Therefore, we focused the sequential task analysis on this specific task.
Figs. 2 and 3 show the network of tasks performed by residents and attendings in relation to
clinical review and documentation; we then compared the pattern of task sequences before
and after EHR implementation.

In each network, the arrows between the clinical review and documentation task and other
tasks indicate the relative probability of sequence between two tasks; the direction of the
arrow indicates the specific temporal sequence. For example, before EHR implementation,
the probability of the sequence conversation with team physician — clinical review and
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documentation for residents was 0.24, whereas the probability of the reversed sequence was
0.14. Note that the probability of transitions from a specific task sum to 1; thus, in Fig. 2 for
residents in the pre-implementation period, the recursive arrow for clinical review and
documentation indicates that in 47% of the times that this task occurred, it was followed by
another occurrence of clinical review and documentation. Probabilities below 0.1 are
omitted from the figures and can be found in the complete transition matrices (see
Appendix).

Both before and after EHR implementation, the majority of arrows pointed toward clinical
review and documentation: the majority of sequences began with other tasks and ended with
clinical review and documentation. A qualitative comparison of the pre-implementation and
post-implementation networks for residents showed higher transition probabilities for
numerous sequences post-implementation. For example, the transition probability for the
sequence order management — clinical review and documentation increased from 0.18 to
0.53. In general, the transition probabilities for the clinical review and documentation task
were higher post-EHR implementation; this is partly due to the significant increase in the
percentage of time spent on this task. Similar results were found for attendings (see Fig. 3).

4. Discussion

As a form of “member checking’, we presented the results of our analysis to groups of (1)
medical residents, (2) critical care attendings and physician assistants, (3) nurse managers
and medical directors of the ICUs, and (4) the executive team of the participating medical
center. Their feedback on the results is incorporated in our discussion of the results.

EHR implementation had a major impact on how residents and attendings spent their time
while in the ICU. Both groups of physicians spent more time reviewing and documenting
clinical information in the EHR than with paper charts: from 31% to 44% of time for
residents (40% increase) and from 22% to 34% of time for attendings (55% increase). Our
results confirm that EHR technology has a major impact on physician work [10]; we
demonstrated this effect in the ICU. The executive team confirmed receiving numerous
reports from physicians indicating an increase in amount of time spent on documentation;
medical residents also confirmed this finding during presentation of our study results.

According to the analysis of the 77 statistics, EHR technology implementation had a
relatively large effect on direct patient care for both resident and attending physicians. Our
data quantified the increased proportion of time spent on clinical review and documentation
(one of the tasks in the direct patient care category) on the EHR, which was accompanied
by less time on administrative review and documentation and on ‘in-between tasks’. Review
and documentation of administrative documents include schedules and educational and
research materials, and “in-between tasks’ include time spent idle, waiting, in transit or
searching for something (see Table 1). Decreased proportion of time spent on administrative
review and documentation and on in-between tasks may represent efficiency gains from the
use of EHR technology. Electronic information may be more easily available or retrieved;
therefore, reducing time needed for administrative review and document. Based on the
design and ease of use of the EHR compared to the paper chart and the availability of
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computers, especially computers on wheels, time spent on ‘in-between tasks’ may also be
reduced. EHRs easily allow more than one team member to simultaneously review and
document clinical information at the same time on different computer terminals or review
around the same terminal versus the paper chart. It is possible that the burden of
administrative review and documentation may have been shifted to nurses or unit desk
clerks; however, during presentations of our results to ICU physicians and nurses, they did
not bring up this issue. Future research should go beyond one particular professional group,
and examine the impact of health information technology on team work [35].

The EHR technology did not have the same impact on residents and attendings.
Interestingly, we found that attendings spent more time on order management after EHR
implementation compared to when there were paper charts but the residents experienced no
change. Being a teaching hospital, resident physicians were the major order writers for
patient care and there were not any systematic changes in this practice after EHR
implementation. However, it is likely that the ability to review previous orders and
medication administration records improved with EHR implementation and the increase in
time spent on order management by attendings may reflect their oversight of these processes
done electronically rather than asking about it in conversation with team members. In a
presentation of our results to critical care attendings, they indicated spending more time on
the computer and spending less time talking with various people coordinating patient care
(see Table 4).

EHR implementation changes not only the time distribution of tasks, but also the temporal
patterns of tasks; this was true for both resident and attending physicians but in different
ways. Building on the methodology of Zheng and colleagues [17], we examined task
switching and task sequences, and we presented new data visualizations to highlight the
impact of the EHR technology on ICU physician workflow (see Figs. 2 and 3). After EHR
implementation, residents tended to switch tasks more frequently, whereas the reverse was
found for attendings. Residents may use the EHR to do work as it comes up. For example, as
they have the computer in front of them, they may be able to write orders and review clinical
data with more frequent back-and-forth between tasks; this explains the increased
probability between order management and clinical review and documentation (see Fig. 2
and Section 3.4). In a presentation to the executive team of the medical center, this process
was described as “high-speed multi-tasking’ that is likely to occur during rounds. The
network analysis shows that many tasks, in particular care coordination tasks (e.g.,
conversation with team physician), were more likely to occur before clinical review and
documentation after EHR implementation. This occurs in a highly interruptive environment
where conversations with other physicians, nurses and other people occur frequently; these
residents’ care coordination activities occurred 40% of the time pre-EHR and 35% of the
time post-EHR. On the other hand, the decrease in task switching for attendings may be
related to increased concentration of tasks performed by attendings. Before EHR
implementation, attendings may have had more opportunities to be interrupted because of
the location of the charts close to the nursing station. After EHR implementation, attendings
may have been able to do more work all at once on the same computer without needing to
search for charts and in a location away from other team members. We did not collect data

Int 3 Med Inform. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carayon et al.

Page 11

on location of tasks; therefore, this explanation is speculative and would require further
testing in future research.

Our analysis of task sequences (see Figs. 2 and 3) focused on clinical review and
documentation as this is the task most influenced by the EHR technology (see Tables 3 and
4). Not only did ICU physicians spend more time on this task after EHR implementation, it
was also the one task where they spent most of their time (30% for residents and 27% for
attendings). After EHR implementation, this task also seems to have become the center or
focal point around which many other tasks occurred. Numerous tasks were found to
frequently precede clinical review and documentation. For instance, conversations between
residents and team physicians, or between residents and non-team physicians were often
followed by clinical review and documentation; after talking with other physicians, residents
were likely to look for information, to place an order, or to document an activity in the EHR.
The network analyses (see Figs. 2 and 3) provide useful data visualizations to better
understand the impact of EHR technology on ICU physician workflow.

Comparisons between pre- and post-EHR implementation did not show any changes in time
spent on conversational tasks, such as communication with nurses and families. Several
studies have highlighted communication challenges associated with the use of EHR
technology [36,37]; but our study does not show any changes in amount of communication,
although the quality of the communication could not be assessed with the observation
methodology. Other methods such as questionnaires or conversation analysis are necessary
to evaluate the content and quality of communication among ICU clinicians. In another part
of our larger study on EHR implementation in ICUs, we conducted a survey of ICU
physicians and nurses and found no long-term negative impact of EHR technology on
quality of communication such as perceived timeliness and adequacy [6].

4.1. Study limitations

Because data were collected in a single hospital, these findings may not generalize to
physician work in other ICUs and hospitals and to other changes in work with other EHR
technologies or the same technology given the differences in context. However, our results
are important as they show that the technology impacts different groups of physicians
(resident versus attending) in different ways and that the technology not only changes the
time distribution of tasks, but also the temporal flow of tasks. One limitation of the study
design is that many of the same attending physicians were observed in both the pre- and
post-implementation periods, but the residents that were observed were far more
heterogenous and different in the pre- and post-implementation periods. Because we did not
record any identifying data about the participating physicians (see Section 2.4), we were not
able to compare the physicians who participated in the pre- and post-EHR implementation
periods.

Because data were collected in 2006-2008, it is possible that a similar analysis conducted in
a hospital with updated EHR technology could potentially find different results. However,
because of the increasing diffusion of EHR technology, it is becoming more difficult to
compare physician work with a paper chart to physician work with an EHR. We cannot rule
out the possible impact of observer bias. Because the observations were focused on one
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individual at a time, we are not able to comment on changes in teamwork per se. The lack of
a control group in the study design does not allow us to take into account other temporal
factors that may have impacted the study, such as changes in organizational culture.
However, the extensive observation data collection (total of 289 h) allowed us to examine
the impact of EHR technology on ICU physician work in a detailed manner.

4.2. Conclusion

EHR technology has profound impact on the distribution and flow of ICU physician work.
We observed some evidence of ‘efficiency gains,” such as less time spent on administrative
review and documentation and “in-between’ tasks, for resident physicians but not for
attendings. The largest impact of EHR technology was significant increase in time spent on
clinical review and documentation by both resident and attending physicians. The sequential
task analysis shows that the EHR technology, and in particular clinical review and
documentation, becomes a focal point for many tasks.

Our study clearly shows the importance of looking at time distribution and temporal changes
in work. Future research should assess the use of EHR technology by ICU physicians during
specific time periods such as during ICU rounds. Also, observational studies could better
identify the reasons for the increase in resident task switching and its relationship to
interruptions or distractions in the environment. Lastly, further study is needed to elucidate
whether the increase in physician clinical review and documentation adds to quality of
patient care and if not, whether it is the best way to use physician time in the ICU. Our
observation methodology could be used for future research of the work of ICU physicians.
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(task 1.5) pre- and post-EHR implementation for residents and attendings.
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Fig. 1.
Comparison of time distribution across major task categories for resident and attending

physicians pre- and post-EHR implementation.
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Fig. 2.

Network of resident tasks around clinical review and documentation pre- and post-EHR
implementation. Notes: The number on each arrow going from task A to task B represents
the probability that task A precedes task B. The thickness of the arrows varies according to
the following four levels of probability: probability less than 0.19; probability more than
0.20 and less than 0.29; probability more than 0.30 and less than 0.39; probability more than

0.40. Transition probabilities below 0.1 are omitted from the diagram.
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Network of attending tasks around clinical review and documentation pre- and post-EHR
implementation. Notes: The number on each arrow going from task A to task B represents
the probability that task A precedes task B. The thickness of the arrows varies according to
the following four levels of probability: probability less than 0.19; probability more than
0.20 and less than 0.29; probability more than 0.30 and less than 0.39; probability more than
0.40. Transition probabilities below 0.1 are omitted from the diagram.
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Table 1

List of ICU physician tasks.

Task categories Tasks

Description of tasks

1. Direct patient care 1.1 Physical care of patient

1.2 Use of monitors and devices
1.3 Patient conversation

1.4 Order management including
medications

1.5 Clinical review and documentation

2. Care coordination 2.1 Conversation with team physician

2.2 Conversation with non-team physician

2.3 Conversation with nurse

2.4 Conversation with other ICU staff

2.5 Conversation attendance
2.6 Conversation with patient’s family

3. Indirect patient care 3.1 Conversation with other non-ICU staff
3.2 Administrative review and
documentation

4. Non patient care 4.1 Conversation with non-clinical staff

4.2 Non-clinical manual tasks

4.3 In-between tasks
4.4 Other tasks

4.5 Patient room

Patient assessment, procedures, assisting clinicians, transporting
patient, hand hygiene, observing clinicians’ care activities

Adjusting medical devices, observing monitors and equipment
Conversing with patient

Review and documentation of orders and medication administration
records

Review and documentation other than medications and orders, such as
reviewing the patient chart, nursing documentation or notes.

Conversing with physicians assigned to the same unit, including
attendings, fellows, residents, physician assistants, and medical
students.

Conversing with physicians who are not assigned to the same unit,
including consultants, referring physicians and other attendings,
fellows, residents, physician assistants and medical students.

Conversing with nurses

Conversing with unit pharmacist, respiratory therapist or unit desk
clerk

Standing, listening, not actively participating in conversation
Conversing with the patient’s family or other patient visitors

Conversing with other ancillary clinical personnel, such as laboratory,
radiology, physical therapy, nutritionists or paramedics.

Review and documentation of other administrative documents such as
schedules, educational and research materials, and white board

Conversing with non-clinical staff, such as housekeeping or
information technology, or with unidentified people, including those
on the other end of a phone conversation.

Other non-clinical manual tasks, such as using office equipment
(copier, fax or printer), gathering objects to be carried, and organizing
or stapling papers.

Time spent idle, waiting, in transit, or searching for something.

Tasks not included in any other category, including paging and
research.

Study participant in patient room; observer unable to enter patient
room
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