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PURPOSE:  To assess the impact of Lean primary care 
redesigns on the amount of time that physicians spent 
working each day.

METHODS:  This observational study was based on 92 
million time-stamped Epic® EHR access logs captured 
among 317 primary care physicians in a large ambu-
latory care delivery system. Seventeen clinic facilities 
housing 46 primary care departments were included 
for study. We conducted interrupted time series analy-
sis to monitor changes in physician work patterns over 
6 years. Key measures included total daily work time; 
time spent on “desktop medicine” outside the exam 
room; time spent with patients during office visits; 
time still working after clinic, i.e., after seeing the last 
patient each day; and remote work time.

RESULTS:  The amount of time that physicians spent 
on desktop EHR activities throughout the day, includ-
ing after clinic hours, decreased by 10.9% (95% CI: 
−22.2, −2.03) and 8.3% (95% CI: −13.8, −2.12), respec-
tively, during the first year of Lean implementation. 
Total daily work hours among physicians, which 
included both desktop activity and time in office visits, 
decreased by 20% (95% CI: −29.2, −9.60) by the third 
year of Lean implementation.

CONCLUSIONS:  These findings suggest that Lean 
redesign may be associated with time savings for pri-
mary care physicians. However, since this was an 
observational analysis, further study is warranted 
(e.g., randomized trial) —to determine the impact of 
Lean interventions on physician work experiences.

KEY WORDS  primary care redesign · lean management · work 
efficiency · physician work time · time-stamped EHR access logs · 
interrupted time series analysis · longitudinal data
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INTRODUCTION
Health systems are seeking ways to improve efficiency in 
primary care where high patient demand and physician 
burnout continue to present challenges among the work-
force. According to one study, 44% of physicians report 
working more than 60 h per week with over one-third of 

physician time consumed by administrative tasks (e.g., bill-
ing, staffing, scheduling).1,2 Time-motion studies also pro-
vide in-depth examination of how physicians utilize daily 
work hours. Based on both direct observation and analysis 
of time-stamped electronic health record (EHR) event logs, 
these studies find that primary care physicians spend approx-
imately 2 h on EHR desktop tasks for every 1 h of direct 
patient care, and nearly half the day working in the EHR 
on documentation, order entry, and coding requirements.3,4

Changing when, where, and how much time is spent on 
“desktop medicine” or administrative tasks can reduce physi-
cian workload while releasing time for more direct patient 
care. Such adjustments are needed as over half of primary 
care physicians report symptoms of burnout, including emo-
tional exhaustion and a low sense of personal accomplish-
ment in their medical practice.5–8 One potential solution 
involves the growing use of industry-based Lean techniques 
to optimize work processes in healthcare settings. Adapted 
from manufacturing, Lean is a set of organizational prin-
ciples, practices, and problem-solving tools designed for 
improving quality and production processes.9 Lean redesigns 
aim to streamline workflows and balance task distributions, 
which may result in more appropriate allocation of time and 
effort that primary care physicians spend on various activi-
ties throughout the day.

Some defining features of a Lean system include stand-
ardizing work to improve efficiency, eliminating waste, and 
engaging staff in frontline improvement work.10,11 Based on 
prior research reporting on Lean benefits as well as unantici-
pated results in healthcare,12–21 we examine whether Lean 
primary care redesigns can support physician practices that 
would result in more efficient patient care and completion 
of EHR-related tasks. At the same time, unintended con-
sequences may include decreased physician satisfaction or 
increased burnout as a result of the workflow changes.22 This 
is a particular concern among primary care physicians who 
continue to battle long-standing challenges of high patient 
demand, low capacity due to workforce shortages, and lim-
ited time for quality improvement initiatives.

To assess the effects of Lean primary care redesigns on 
physician practice patterns and time working each day, we 
utilized EHR data sourced from 6 years of time-stamped 
Epic® EHR access logs. Lean redesigns were implemented 
in consecutive phases over time in all primary care clin-
ics at a large, ambulatory care delivery system.15 This 
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implementation occurred using a standard sequence that 
included (1) “5S” (“Sort, Set in order, Shine, Standardize, 
Sustain”), used as a method for organizing and standard-
izing medical equipment and patient education materials 
in all exam rooms; (2) co-locating physician and medical 
assistant dyads in a shared workspace; and (3) streamlining 
care team workflows. Anticipated results included higher 
efficiency in delivering patient care and completing tasks 
outside the exam room, leading to time savings particularly 
at the end of each day. Using longitudinal EHR data, we re-
constructed daily physician practice patterns before, during, 
and after clinic hours to determine key points of daily activ-
ity. This was followed by assessment of changes in the total 
amount of time that physicians spent working each day after 
implementing Lean ​primary care redesigns. 

METHODS

Data Source and Measures
Our observational study was based on 92 million Epic® 
EHR time-stamped access logs captured daily among 317 
primary care physicians over 6  years. Physicians were 
located across 46 primary care departments (Internal Medi-
cine, Family Medicine, Pediatrics) housed within 17 clinic 
facilities at a large ambulatory system serving nearly one 
million patients. Executive leaders introduced Lean as a 
strategic initiative beginning in primary care. This began 
as a proactive effort to address challenges in health care, 
including growing patient demand and increasing pressure 
to “do more with less,” a fundamental aim of Lean thinking.

With the support of Lean consultants and internal trainers 
consisting of local leaders and physician champions, front-
line primary care providers and staff developed a set of Lean 
redesigns to address common pain points and areas in need 
of improvement. In some clinics across the system, slight 
reconfiguration of exam rooms and back-office space was 
needed to better accommodate Lean designs such as 5S or 
co-location of care teams. Improvements in both the organi-
zation of space and care team protocols aimed to increase 
workflow efficiency and time savings each day (e.g., less 
time spent searching for equipment, more timely commu-
nication among team members). Corresponding efforts to 
sustain changes included use of weekly “Flow metrics” 
measuring a series of EHR-documented task completion 
times.23 These metrics were reported at the physician level 
and posted on back-office display boards for use during care 
team huddles and tiered reporting with organizational lead-
ers and executives.

Leveraging Epic® access logs, we created several meas-
ures of time when physicians were engaged in either “desk-
top” activities (e.g., EHR documentation, care management, 
administrative tasks) or direct patient care. These time meas-
ures included (1) total desktop work time, which excluded 

time spent with patients during office visits; (2) time working 
after clinic hours, i.e., after the last patient visit of the day; 
(3) total time in direct contact with patients during office 
visits; (4) time working remotely outside clinic facilities; 
and (5) total daily work time.

To minimize the effects of turnover, we conducted our 
analysis among 317 physicians who were continuously 
employed from 2011 to 2016, during which Lean was 
implemented in phases in all primary care clinics across the 
health system. Continuous employment during this period 
was defined as a minimum 5% FTE for at least half of the 
months both before and after Lean was implemented. Addi-
tionally, physicians were included for analysis if they were 
employed for at least 6 months during the pre-Lean period, 
and at least 12 months during the post-Lean period. The full 
observational study period captured a minimum 1 year of 
baseline data, and a minimum 2 years of post-Lean data in 
all primary care clinics.

Statistical Analysis

We employed segmented regression with interrupted time 
series analysis24–26 to assess impacts of Lean redesigns on 
physician work patterns. Analyses were based on a non-
randomized, quasi-stepped wedge design with one-way 
crossover27,28 reflecting the phased implementation of Lean 
in all primary care clinics across the system. We used gener-
alized linear mixed models (PROC GLIMMIX, SAS 9.3)29 
to account for the multilevel nature of the observational data, 
which consisted of monthly data points for physicians clus-
tered within primary care clinics.

Physician-month was the unit of analysis, and main effects 
included both immediate (estimated by model intercepts) 
and incremental monthly effects (slopes) for three consecu-
tive periods of analysis. These three periods included the 
first, second, and third years of Lean implementation in each 
clinic. We examined whether Lean primary care redesigns 
were associated with daily time savings during the course of 
physician workdays. To assess this, main effects of average 
work time immediately following the first year “post” Lean 
implementation were compared with baseline values of phy-
sician work times prior to Lean redesign. Subsequent values 
in the second and third years post-Lean implementation were 
compared to first-year results to assess whether initial effects 
of Lean redesigns were sustained over time.

We adjusted for secular trends and potential confounders in 
this non-randomized observational study, including physician 
scheduled clinic hours, mean age of patients on a physician’s 
panel, physician demographics, physician workload (e.g., 
number of office visits, telephone messages, patient emails), 
productivity (e.g., average number of RVUs per visit), and 
proportion of new patient visits. With physician work time 
as the outcome of interest, we also accounted for any inter-
actions detected between a given post-Lean year and both 
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physician workload and productivity measures for that year. 
Effects of Lean implementation on physician work hours 
were allowed to vary across clinics and thus included in the 
model as random intercepts.

RESULTS
As shown in Table 1, physicians in our study sample spent a 
baseline average of 9 h working in the EHR each day, includ-
ing at their desk, in exam rooms while seeing patients, and 
remotely offsite. Of this total amount of daily work time, 
they spent an average 6 h and 48 min with patients during 
office visits, and another 2 h and 10 min on desktop activi-
ties. Following the last patient visit of each day, physicians 
spent nearly 1.5 h still working after clinic hours. Among 
physicians who accessed the EHR remotely, approximately 
30 min on average was spent working offsite daily. The bulk 
of this remote work time, approximately 27 min on average, 
occurred after the last patient visit each day.

Based on EHR access logs, Table 2 shows that in the 
first year after Lean implementation, physicians experi-
enced an 8.3% or nearly 10-min decrease in the amount of 
time spent working after clinic hours each day, i.e., specifi-
cally after the last patient visit (95% CI: −13.8, −2.12). 
This reduction was sustained in the second year of Lean 
redesigns. By the third year, EHR access logs revealed a 
further 11.8% reduction in after-clinic work hours (95% 
CI: −23.5, −3.14) at the end of each day.

Table  3 shows results for physicians’ total amount 
of EHR desktop work time throughout the day, which 

includes after-clinic hours as reported above in Table 2. 
In the first year after Lean implementation, EHR logs 
revealed a 10.9% or 15-min daily reduction in total desktop 
activity among physicians (95% CI: −22.2, −2.03). By the 
third year of Lean redesigns, there was an additional 9.9% 
decrease (95% CI: −21.4, −0.11) totaling nearly a half 
hour saved in desktop EHR activity each day.

Table 4 shows results for time spent providing direct 
care to patients during scheduled office visits. We found 
no immediate change in this measure during the first year 
of Lean redesigns. During the second year, an incremen-
tal decrease (downward slope) of 0.8% occurred reflecting 
several minutes of office time saved each month (95% CI: 
−1.41, −0.10). By the third year of Lean implementation, 

Table 1   Sample Characteristics (N = 46 Primary Care Depart-
ments in 17 Clinical Facilities, 317 Physicians)

FTE, full-time equivalent
Time units are in hours and minutes

Mean (or N) SD (or %) Min Max

Primary care department
Internal medicine (15) (32.6%) – –
Family medicine (16) (34.8%) – –
Pediatrics (15) (32.6%) – –
Practice size (FTE) 19.7 2.65 1.0 54.8
Staff:physician ratio 1.5 0.62 0 2.3
Study months post-Lean 

redesigns
43.6 1.41 36 57

Physician work time
Total daily 9:02 1:33 4:18 13:35
Office visits 6:48 1:26 1:39 9:22
Desktop 2:10 1:01 0:30 5:22
After clinic (after last patient 

visit)
1:26 0:49 0:11 4:01

Remote work 0:30 0:33 0 2:25
Remote after clinic 0:27 0:30 0 2:11

Table 2   After-Clinic Work Time (N = 317 Physicians)

This model  based on observational EHR  data is adjusted for physi-
cian-scheduled clinic hours, physician demographics, average age of 
patients on a physician’s panel, proportion of new patient visits, phy-
sician workload, productivity, and any interactions between post-Lean 
year, workload, and productivity
*Slope (monthly change) during 2nd year was −1.2% (95% CI: 
−2.13, −0.26)
† Reference: baseline (pre-Lean)
**Slope (monthly change) during 3rd year was −1.1% (95% CI: 
−2.04, −0.16)
‡ Reference: 1st year (post-Lean)

Percent change 
in work time

95% confidence interval

Baseline (pre-Lean) – –
1st year post-Lean −8.3%† −13.8, −2.12
2nd year post-Lean* −0.8%‡ −5.44, 3.91
3rd year+ post-Lean** −11.8%‡ −23.5, −3.14

Table 3   Total Desktop Time (N = 317 Physicians)

This model based on observatonal EHR  data  is adjusted for physi-
cian-scheduled clinic hours, physician demographics, average age of 
patients on a physician’s panel, proportion of new patient visits, phy-
sician workload, productivity, and any interactions between post-Lean 
year, workload, and productivity
*Slope (monthly change) during 2nd year was −1.2% (95% CI: 
−2.41, −0.24)
† Reference: baseline (pre-Lean)
**Slope (monthly change) during 3rd year was −1.0% (95% CI: 
−2.28, −0.16)
‡ Reference: 1st year (post-Lean)

Percent change 
in work time

95% confidence interval

Baseline (pre-Lean) – –
1st year post-Lean −10.9%† −22.2, −2.03
2nd year post-Lean* 0.7%‡ −1.93, 5.05
3rd year+ post-Lean** −9.9%‡ −21.4, −0.11
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there was a more marked 18.6% reduction in office visit 
time, or approximately 1 h and 15 min, by the end of the 
study period as compared with the first year of Lean rede-
signs (95% CI: −29.3, −8.29).

Table 5 presents results on the total amount of time that 
primary care physicians spent working each day. This meas-
ure included both desktop activity and time spent in office 
visits. Although no significant change was detected in the 
first year of Lean implementation, a gradual decrease of 
0.8% per month occurred during the second year (95% CI: 
−1.23, −0.36) similar to the pattern observed with office 
visit time. This downtrend was followed in the third year by 
a 20% reduction in total daily work time (95% CI: −29.2, 
−9.60), yielding an average 1 h and 52 min saved in physi-
cian work by the end of the study period.

We found no statistically significant associations between 
Lean redesigns and the number of hours that primary care 
physicians spent working remotely in the EHR. All statisti-
cally significant changes in practice were limited to the time 
when physicians were physically present onsite.

DISCUSSION
This 6-year observational study of physician EHR access 
data found significant time savings associated with Lean 
primary care redesigns. In the first year of Lean implemen-
tation, physicians spent less time on EHR desktop tasks 
particularly after seeing their last patient each day. In the 
second year, EHR access logs showed gradual decreases in 
office visit time and closely related total work time. This 
finding corresponded with improvements in activities such 
as agenda setting, which aimed to focus patient time spent 
with physicians during office visits, and 5S standardization 
of exam room equipment to facilitate more seamless patient 
care. By the final year of Lean redesigns, the cumulative 
amount of daily time that physicians spent working each day 
decreased significantly.

Primary care physicians often work well beyond clinic 
hours, resulting in frequent logging of overtime and high 
potential for burnout. In a Lean approach to clinical work-
flows, physicians are encouraged to “batch” less by not 
allowing tasks to accumulate until the end of each day. 
Rather, they are encouraged to complete tasks using a “just-
in-time” approach (i.e., continuously as needed between 
patient visits) such that incoming items are addressed in real 
time, thus reducing excessive amounts of unfinished work at 
the end of each day.

Consistent with this goal, an early objective for Lean rede-
signs in this study organization was the enabling of physi-
cians to complete their work shortly after seeing the last 
patient each day. Based on related studies in primary care, 
physicians indicate that 15% of their total activities outside 
the exam room, with the exception of charting, could ideally 
be performed by clinical support staff. 30 Relevant activities 
include returning patient phone calls, replying to electronic 
messages, preparing prescription refill renewals, and coordi-
nating care. By engaging team members where appropriate, 
Lean aims to utilize all available supports and resources to 
optimize care delivery. With each team member working up 
to scope, Lean redesigns also aim to achieve a more even 
distribution of labor where appropriate.31,32

In the study organization, new care team workflows 
and space redesigns were also implemented with a goal of 
streamlining care processes and increasing staff involvement 
in patient care. For example, joint care team management of 
the electronic inbox aimed to create a “just-in-time” flow 
of patient care tasks to be addressed by staff throughout the 
day. The goal was to reduce pile-up of items that physicians 
would typically need to address at the end of each day. With 

Table 4   Office Visit Time (N = 317 Physicians)

This model based on observational EHR data  is adjusted for physi-
cian-scheduled clinic hours, physician demographics, average age of 
patients on a physician’s panel, proportion of new patient visits, phy-
sician workload, productivity, and any interactions between post-Lean 
year, workload, and productivity
*Slope (monthly change) during 2nd year was −0.8% (95% CI: 
−1.41, −0.10)
† Reference: baseline (pre-Lean)
‡ Reference: 1st year (post-Lean)

Percent change in 
work time

95% confidence interval

Baseline (pre-Lean) – –
1st year post-Lean 1.9%† −3.66, 6.18
2nd year post-Lean* 0.7%‡ −2.47, 3.93
3rd year+ post-Lean −18.6%‡ −29.3, −8.29

Table 5   Total Daily Work Time (N = 317 Physicians)

This model based on observational EHR data  is adjusted for physi-
cian scheduled clinic hours, physician demographics, average age of 
patients on a physician’s panel, proportion of new patient visits, phy-
sician workload, productivity, and any interactions between post-Lean 
year, workload, and productivity
*Slope (monthly change) during 2nd year was −0.8% (95% CI: 
−1.23, −0.36)
† Reference: baseline (pre-Lean)
‡ Reference: 1st year (post-Lean)

Percent change in 
work time

95% confidence interval

Baseline (pre-Lean) – –
1st year post-Lean −1.1%† −3.87, 1.71
2nd year post-Lean* 0.9%‡ −1.53, 3.33
3rd year+ post-Lean −20.0%‡ −29.2, −9.60
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joint management of the inbox by non-physician care team 
members such as medical assistants, licensed vocational 
nurses, or registered nurses, both administrative and clinical 
care items were to be either directly addressed in real time or 
prepared for the physician’s immediate attention. This col-
laborative work was designed to achieve a more continuous 
and rapid completion of incoming tasks each day.23

Changes to physical workspace and care team roles also 
aimed to create time savings during patient visits. For exam-
ple, “5S” standardization of exam rooms was designed to 
help physicians locate all needed supplies and educational 
materials at the point of care. “Agenda setting” by MAs at 
the start of each visit aimed to better structure patient-physi-
cian interactions while also making visits more predictable. 
In this new role, MAs helped prioritize patient concerns at 
the start of the appointment by asking a standard set of ques-
tions (e.g., “What are your top concerns for today’s visit?”) 
to focus time later spent with the physician. The intent was 
to have more planned discussions that would also result in a 
more timely cadence of start/end times for all appointments 
scheduled throughout the day.

Given these intended improvements, there are also known 
unintended consequences that have been cited in the Lean 
healthcare literature. Unanticipated results after Lean imple-
mentation in primary care include increased physician and 
staff burnout, workplace stress, and decreased patient sat-
isfaction with some aspects of care immediately following 
Lean implementation.15,22 Based on systematic reviews con-
ducted primarily in hospitals and emergency departments, 
other difficulties associated with Lean implementation 
include mixed results on staff satisfaction, work intensifica-
tion, and inconsistent benefits to patient flow (see Table 6 
for more information). Challenges may have stemmed from 
failures to successfully manage change or were a result of 

suboptimal approaches to introducing Lean redesigns. Nev-
ertheless, further study on the outcomes of more effective 
Lean implementations is needed, ideally using more rigorous 
study designs.

Our study findings have implications for work reallocation 
and resourcing in primary care. Early research in primary 
care found that nearly one-third to one-half of physicians’ 
workdays are spent on activities outside the exam room, 
predominately focused on documentation, performing tasks 
outside the exam room, and following up on patients not 
physically present.30,33 Another study in geriatrics found that 
7 min of indirect patient care was provided outside the exam 
room for every 30 min of direct patient interaction.34 Based 
on the study’s calculations, this translated into 8 extra hours 
of time each week.

In light of these studies and others included in system-
atic reviews, the immediate implication for our findings is 
the clear need for additional work using alternative study 
designs (e.g., RCT) to strengthen and verify the impact of 
Lean redesigns in primary care. If Lean proves beneficial in 
this context, then there are important further implications 
for overstretched physicians who desire more autonomy 
in their work schedules. For example, with time released 
from administrative and routine clinical tasks, physicians 
would have the option of spending more quality time with 
patients, connecting with more patients by e-visit or phone, 
expanding clinic hours to accommodate new patients, or 
simply having shorter work days to mitigate burnout. Shifts 
in how physicians spend their time—particularly in moving 
from indirect to more direct patient care—align with Lean 
goals of maximizing value at work. Such goals may be 
achieved as physicians repurpose administrative or other-
wise unbillable time for more value-added time providing 
direct patient care.

Table 6   Potential Unanticipated Consequences of Lean

Results of studies found in systematic reviews16–21

D’Andreamatteo A, et al. Lean in healthcare: A comprehensive review. 
Health policy. 2015;119(9), 1197–1209

• Mixed staff satisfaction and safety
• Mixed improvements in support services (e.g., information technology)

Isfahani H, et al. Features and results of conducted studies using a Lean 
management approach in emergency department (ED) in hospitals: a 
systematic review. Bulletin of Emergency and Trauma. 2019;7(1):9–
20

• Mismatch between job tasks, licensing constraints
• Perception of being monitored
• Work intensification
• Lack of sustainability

Moraros J, et al. Lean interventions in healthcare: do they actually 
work? A systematic literature review. International Journal for Quality 
in Health Care. 2016;28(2), 150–165.

• No statistically significant association with patient satisfaction and 
health outcomes

• Increased costs and worker dissatisfaction
• Inconsistent benefits to patient flow and safety
• Decreased nurse engagement, care quality, and patient safety

Zepeda-Lugo C, et al. Assessing the impact of Lean healthcare on inpa-
tient care: a systematic review. International Journal of Environmental 
Research and Public Health. 2020;17(15), 5609–32.

• Mixed impact on length of stay
• Mixed impact on readmission rates

Tlapa D, et al. Effects of Lean healthcare on patient flow: a systematic 
review. Value Health. 2020 Feb;23(2):260–273.

• Mixed length of stay, readmission rates
• Mixed results for patients leaving ED without being seen

Souza D, et al. A systematic review on Lean applications in emergency 
departments. Healthcare. 2021; 9(6), 763–82.

• Increased tension between healthcare workers (Six Sigma was also 
used in this approach)
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Although we did not focus on subjective reports of physician 
burnout, our study may be relevant to this long-standing problem 
in primary care. Job-related fatigue in medicine can negatively 
affect not only physician work experiences and performance, 
but also patient satisfaction with care. Factors contributing to 
experiences of burnout are excessive workloads and overburden 
by administrative work, regulatory policies, and a growing num-
ber of publicly reported performance metrics.5 Lean redesigns 
may help alleviate pressures by creating capacity among clinical 
staff and physicians to better address these requirements. This is 
another important area warranting further study.

Limitations to our analysis include lack of comparison 
groups as the health system comprehensively implemented 
Lean in all its primary care clinics. In the absence of an 
RCT, we adopted an interrupted time series approach to 
analyzing EHR-based observational data. This approach 
allowed each clinic to serve as its own control group based 
on baseline trends documented within their practice. We 
also applied a continuous employment criterion to ensure 
that physicians had been practicing in their clinic for a suf-
ficient amount of time to attribute changes in their work 
patterns to the introduction of Lean redesigns. While this 
criterion posed a possibility that physicians simply became 
more efficient over time, our adjustment for productivity 
levels, secular trends, and examination of three consecutive 
post-Lean periods was designed to provide a more robust 
analysis of Lean impacts on physician work over time.

CONCLUSION
Lean care transformations have been used to foster staff 
engagement, value-based work cultures, and physician well-
being. Despite numerous studies on system-wide efficiency, 
none to date examined Lean impacts on daily practice patterns 
among primary care physicians and their time spent working 
each day. Our findings based on observational EHR data sug-
gest that Lean can help capture a valuable resource in the form 
of time savings for physicians. While decreases were initially 
observed in time spent on desktop work and during after-clinic 
hours, in later years cumulative decreases were observed in 
both office visit time and total daily work time. Findings are 
suggestive of the potential for Lean redesigns to create work 
efficiencies, which may allow physicians more options in their 
medical practice while fostering a greater sense of profes-
sional autonomy.
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