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I n the past decade, Lean methodology has emerged as one 

of the leading strategies for redesigning care to increase 

efficiency and patient value. Several prominent health sys-

tem leaders have championed Lean’s potential contribution to 

reducing waste, enhancing quality, and facilitating patient and 

provider engagement.1-3 In the past several years, Lean has been 

highlighted by the National Academy of Medicine (formerly the 

Institute of Medicine) and the President’s Council of Advisors 

on Science and Technology as a powerful system approach.4,5 

Adapted from manufacturing, Lean is a change strategy with 

roots in continuous quality improvement. System leaders who 

adopt Lean provide frontline staff with training on how to use 

analytic tools and methods to identify and remedy sources of 

waste. In healthcare, waste is defined as anything that does not 

add value for patients or the process of delivering their care. Aided 

initially by Lean experts, staff members learn to pinpoint sources 

of waste and develop solutions to operational problems; these 

solutions often streamline work processes to enhance efficiency 

and workflow. Other aspects of Lean management include stan-

dardizing tasks to ensure reliability and coordination across roles 

and units, creating common baselines for measuring continuous 

improvements, and redefining roles to empower staff to improve 

quality and efficiency, as well as to accept shared responsibility 

for improving outcomes.6-8

Despite widespread interest and growing use, only a few articles 

and a handful of books provide empirical details on systemwide 

Lean initiatives.9-14 These were ambitious programs lasting 5 years 

or more, driven by visionary leaders who were also highly effec-

tive managers. However, most research on Lean in peer-reviewed 

journals reports on the effects of specific Lean interventions on a 

few selected metrics, typically in 1 or a few sites. Also, most studies 

examine inpatient settings or integrated systems in which incen-

tives are aligned for improving efficiency,6,15,16 but the implications 

of such research for fee-for-service (FFS) primary care are unclear. 

Most of the work on Lean in healthcare is anecdotal or relies on 

weak before-and-after study designs, and published studies rarely 
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OBJECTIVES: We examined a wide range of performance 
outcomes after Lean methodology—a leading strategy to 
enhance efficiency and patient value—was implemented 
and scaled across all primary care clinics in a nonprofit, 
ambulatory care delivery system.

STUDY DESIGN: Using a stepped wedge approach, we 
assessed changes associated with the phased introduction of 
Lean-based redesigns across 46 primary care departments 
in 17 different clinic locations. Longitudinal analysis of 
operational metrics included: workflow efficiency, physician 
productivity, operating expenses, clinical quality, and 
satisfaction among patients, physicians, and staff. 

METHODS: We used interrupted time series analysis 
with generalized linear mixed models to estimate Lean 
impacts over time. Projected outcomes in the absence of 
changes (ie, counterfactuals) were compared with observed 
outcomes after Lean redesigns were implemented, and 
mean differences were assessed using 95% bias-corrected 
bootstrap confidence intervals (CIs).

RESULTS: We observed systemwide improvements in 
workflow efficiencies (eg, 95% CI, 5.8-10.4) and physician 
productivity (95% CI, 3.9-27.2), with no adverse effects on 
clinical quality. Patient satisfaction increased with respect 
to access to care (95% CI, 15.2-20.7), handling of personal 
issues (95% CI, 2.1-6.9), and overall experience of care (95% 
CI, 11.0-17.0), but decreased with respect to interactions 
with care providers (95% CI, –13.4 to –5.7). Departmental 
operating costs decreased, and annual staff and physician 
satisfaction scores increased particularly among early 
adopters, with key improvements in employee engagement, 
connection to purpose, relationships with staff, and physician 
time spent working.

CONCLUSIONS: Lean redesigns can benefit primary care 
patients, physicians, and staff without negatively impacting 
the quality of clinical care. Study results may lead other 
delivery system leaders to innovate using Lean techniques 
and may further enhance support for Lean learning among 
public and private payers.
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provide information on Lean’s effects on overall care quality and 

satisfaction among patients and providers. 

We report here on a longitudinal study using a wide range of 

efficiency, quality, and satisfaction measures to assess the imple-

mentation of Lean-based redesigns as they were spread across 

primary care clinics in a large FFS ambulatory care delivery system. 

Executive leaders envisioned the Lean initiative as a systemwide 

transformation, which began with the redesign of existing work 

spaces and care processes in all primary care departments and 

clinic locations throughout the system. These redesigns were 

intended to improve the work environment and process of deliv-

ering care among physicians and staff and to achieve tangible 

improvements in patient experiences of care. 

Specifically, redesigns that were introduced as part of the Lean 

initiative included: 1) standardization of medical equipment, sup-

plies, and health education materials in patient exam rooms; 2) 

redesign of patient call center functions; 3) co-location of physician 

and staff care teams in a shared workspace; and 4) redesign of care 

team workflows. Standardized workflows included daily morning 

huddles to review patient schedules, agenda setting with patients 

by the medical assistant (MA) at the start of each office visit, and 

retrieval by the MA of all incoming items (eg, patient messages, 

lab/imaging results, prescription refills, referral requests) from 

the physician’s electronic inbox to address tasks as appropriate 

or to prepare them for the physician’s attention.

The implementation of Lean redesigns was formally staged: 

first, they were developed and implemented in 1 pilot clinic, then 

refined in 3 “beta” test clinics, and finally, scaled to 13 remaining 

clinics across the system. Each clinic location housed 1 to 3 primary 

care departments (Family Medicine, Internal Medicine, and/or 

Pediatrics) for a total of 46 primary care departments in which 

Lean redesigns were introduced. 

METHODS
Performance Metrics and Data Sources

As indicated above, the implementation of Lean in primary care 

focused largely on efforts to improve workflow. Targeted improve-

ments included reductions of physician time 

required for each patient encounter, with 

the aim to improve patient access to care. 

Reductions of other forms of waste during 

office encounters were also aimed to increase 

efficiency and productivity while reducing 

operating costs. It would not be acceptable, 

however, if Lean were to achieve these objec-

tives at the expense of worsening clinical 

quality, patient satisfaction with services 

delivered, or physician and staff satisfaction. 

As the organization did not expend resources in developing major 

new metrics to monitor these outcomes, we relied on operational 

dashboards, billing and financial sources, scheduling systems, 

electronic health records (EHRs), and routinely administered 

surveys to study the effects of Lean implementation. The advan-

tage in doing so is that we had longitudinal, uniformly collected 

measures across all clinics, both before and after Lean redesigns 

were implemented.

Workflow efficiency data were sourced from the EHRs and mea-

sured physicians’ timely completion of tasks associated with 4 

types of patient encounters. These were the percentages of: 1) office 

visit charts closed within 2 hours of seeing the patient, 2) electronic 

reply to patient messages within 4 business hours, 3) prescription 

medications renewed within 4 business hours, and 4) telephoned 

patient care items resolved within 4 business hours. Physician 

productivity was measured by monthly work-relative value units 

(wRVUs) (restated to CMS 2012 valuation) per physician full-time 

equivalent (FTE) and per office visit. Departmental operating 

expenses, consisting mainly of nonphysician staff compensation 

and supply costs, per total RVU (tRVU), were calculated using data 

provided by the Finance department and adjusted for inflation 

using the Western Urban Consumer Price Index for medical care 

commodities.17 Clinical quality was assessed using pay-for-per-

formance metrics routinely reported by the organization to the 

Integrated Healthcare Association (see the eAppendix, available 

at www.ajmc.com). Finally, physician, staff, and patient satisfac-

tion data were collected by third-party survey administrators—the 

American Medical Group Association (physicians), Hay Group 

(staff), and Press-Ganey (patients). The physician and staff surveys 

are conducted annually, while Press-Ganey surveys are fielded 

to patients on an ongoing basis, with data aggregated by month.

To minimize the effects of turnover, metrics were based on 

physicians continuously employed during the study period. 

Continuous employment was defined as more than 5% FTE for at 

least two-thirds of the months both pre- and post-Lean implemen-

tation at a given clinic location. The number of qualifying months 

depended on when the clinic implemented Lean, with post-Lean 

periods ranging from 4 to 25 months. A total of 328 primary care 

physicians were included during the study period (2011-2014).

TAKEAWAY POINTS

Lean is emerging as a leading strategy to enhance efficiency and patient value. Using a stepped 
wedge design, we assessed changes associated with the phased introduction of Lean-based 
redesigns across 46 primary care departments in a nonprofit, ambulatory care delivery system. 

 › We observed systemwide improvements in workflow efficiencies, physician productivity, and 
patient satisfaction measures. 

 › Operating costs decreased, and staff and physician satisfaction scores increased in key 
domains, including employee engagement and physician time spent working. 

 › Study findings may lead other delivery system leaders to innovate using Lean techniques 
and may enhance support for Lean learning among public and private payers.
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Statistical Analysis

We assessed the effects of implementing Lean redesigns using an 

interrupted time series. In such analyses, an outcome is monitored 

over time and may have “interruptions” following an intervention 

that can be modeled in a segmented regression.18 Because Lean was 

deployed in phases, the data were analyzed using a nonrandomized 

stepped wedge design with 1-way crossover; thus, the observation 

period began with all locations initially without exposure to the 

intervention, with sequential training and “crossover” of clinics 

from control to intervention groups, until all clinics were exposed 

by the end of the study period (Figure).

For most analyses, generalized linear mixed models were 

used with the physician-month as the unit of observation. Fixed 

effects included the terms used for the segmented regression and 

potential confounders, including covariates such as physicians’ 

scheduled clinic hours, the mean age of patients on a physician’s 

panel, and the proportion of new patient visits. The nested struc-

ture of physicians working in departments within clinic locations 

was accounted for using random effects in the models. The auto-

correlation of repeated measures over time was accounted for using 

a first-order autoregressive R-side covariance structure. 

A projected value for each performance outcome in the absence 

of Lean was estimated as of the end of the observation period, adjust-

ing for secular trends and the potential confounders described 

above. This counterfactual was compared with the observed values 

at the end of the study period after Lean redesigns had been imple-

mented in all clinic locations. To determine whether the mean 

difference was statistically significant, a 95% bias-corrected boot-

strap confidence interval (CI) was calculated using 2000 samples.19

Annual staff and physician satisfaction survey data were provided 

by vendors at aggregated levels to protect respondent confidentiality, 

so these data were analyzed at either the clinic or the overall system 

level. As physician satisfaction data were available at the clinic level, 

results were grouped by the 3 phases of Lean implementation. All 

data management and statistical analysis for all metrics were con-

ducted using SAS version 9.3 (SAS Institute, Cary, North Carolina). 

RESULTS
Table 1 displays comparisons of several performance outcomes. 

Across the system, provider workflow efficiency improved in the 

majority of metrics examined. Timely office visit chart closures 

attributable to Lean implementation increased by roughly 10% 

(95% CI, 0.9%-8.2%), from 51.2% to 56.2%. Similar results were 

observed for prescription medications renewed and for telephone 

encounters resolved within 4 business hours; there was no statisti-

cally significant change in responsiveness to patient messages. 

One measure of physician productivity—monthly wRVU produc-

tion per physician—increased approximately 5%, from 252.3 to 

265.0, while wRVUs per office visit remained unchanged. Total 

operating expenses and its major components (ie, nonphysician 

compensation, drugs and supply costs) were lower per department, 

although these reductions were not statistically significant.

Overall, patient satisfaction increased from 49.1% to 63.2% follow-

ing implementation of Lean redesigns. Patient perceptions of access 

to care via appointments, phone calls, online messages, and referrals 
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increased markedly by 48.4%. Patient satisfaction with the handling 

of personal issues regarding safety, privacy, and exam room cleanli-

ness also improved by nearly 8%; however, patient satisfaction with 

interactions with care providers decreased by approximately 11.6%. 

A range of clinical quality metrics were examined to deter-

mine whether changes, particularly in efficiency or productivity, 

adversely affected quality of care. Univariate analyses were first 

conducted on a range of pay-for-performance metrics, as noted 

previously, with significant differences initially found in metrics 

involving coordinated diabetes care, cervical cancer screening, 

chlamydia screening, and meningococcal immunization among 

adolescents. After adjusting for potential confounders, statisti-

cally significant differences were observed only among diabetes 

care metrics, where glucose and cholesterol control and rates of 

nephropathy screening all increased anywhere from 3.4% to 5%. 

Meningococcal vaccination among adolescents decreased. 

Staff and Physician Satisfaction

There is a yearly survey of all clinical and nonclinical nonphysician 

staff members to assess their experience of work. As these data were 

provided on an annual basis and only in aggregate across the organi-

zation, a counterfactual was not generated for these results (shown 

in the eAppendix). Overall staff satisfaction in all primary care clinics, 

as measured by the composite score, increased between surveys con-

ducted at baseline and after Lean was implemented. Across specific 

domains, nearly all dimensions of primary care staff satisfaction 

improved, with the largest being in credible leadership, followed 

by the domains of employee engagement, connection to purpose, 

growth and development, healthy partnerships, and empowerment 

and autonomy. All domains, except for pay and benefits, showed 

improvements following implementation of Lean redesigns. 

Physician satisfaction data were available by clinic location, 

allowing more detailed assessments based on the clinic’s phase 

TABLE 1. System Performance After Implementation of Lean Redesigns

Topic Performance Metrica

Projected 
Values

Observed 
Values

Mean  
Differenceb 95% CI % Diff

Workflow 
efficiency

Office visit charts closed <2 hours 51.2% 56.2% 5.0%c 0.9-8.2 10.0%

Electronic reply to patient message <4 hours 79.5% 77.7% –1.9% –4.1 to 0.6 –3.4%

Prescription medication renewed <4 hours 63.4% 71.4% 8.0%c 5.8-10.4 12.6%

Telephone response <4 hours 57.3% 62.3% 5.1%c 3.2-6.5 8.9%

Physician 
productivity

wRVU per physician FTE per month  252.3  265.0 13.9c 3.9-27.2 5.5%

wRVU per office visit  1.52  1.50 0.0 –0.04 to 0.00 0%

Operating 
expensesd

Total operating expenses per tRVU 100% 87.5% – – –

Staff compensation expenses per tRVU 100% 88.2% – – –

Drug and supplies expenses per tRVU 100% 94.0% – – –

Patient  
satisfaction

Access to care 37.4% 55.5% 18.1%c 15.2-20.7 48.4%

Interactions with care provider 79.0% 69.8% –9.2%c –13.4 to –5.7 –11.6%

Moving through visit 50.9% 49.3% –1.6% –5.7 to 1.3 –3.1%

Nurse/assistant 66.2% 68.0% 1.7% –1.5 to 4.0 2.6%

Handling of personal issues 69.0% 74.5% 5.5%c 2.1-6.9 8.0%

Overall satisfactione 49.1% 63.2% 14.1%c 11.0-17.0 28.7%

Clinical  
qualityf

Diabetes care: A1C control <8% 64.5% 67.9% 3.4%c 1.4-5.1 11.0%

Diabetes care: A1C control <7% 35.5% 39.4% 3.9%c 1.6-6.0 5.3%

Diabetes care: LDL-C control <100 mg/dL 48.1% 53.1% 5.0%c 3.1-6.7 10.4%

Diabetes care: nephropathy monitoring 75.7% 79.9% 4.2%c 2.4-6.4 5.5%

Cervical cancer screening (all ages) 71.9% 71.1% –0.8% –1.7 to 0.1 –1.1%  

Chlamydia screening (ages 16-20) 61.7% 60.7% –1.0% –7.2 to 4.8 –1.6%

Meningococcal immunization (adolescents) 77.9% 69.0% –8.9%c –12.2 to –4.2 –11.4%

A1C indicates glycated hemoglobin; CI, confidence interval; FTE, full-time equivalent; LDL-C, low-density lipoprotein cholesterol; tRVU, total relative value unit; 
wRVU, work-relative value unit.
aAll metrics analyzed at the provider level, except for operating expenses (department level).
bShown in percentage points. For each metric, this is the mean (across all departments) of all differences between projected and observed values.
cP <.05. 
dDollar values are restated as percentages; statistical inferences on dollar amounts are omitted for confidentiality.
eAveraged across all domains.
fQuality metrics are shown for all univariate results that were statistically significant. 
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of Lean implementation (Table 2). When examined in aggregate, 

ignoring phase, physician satisfaction scores remained virtually 

unchanged. However, overall physician satisfaction in the pilot 

and beta clinics increased by approximately 2%, but decreased 

by nearly 4% in the last clinics to implement Lean redesigns. 

Physicians in the pilot phase reported improved satisfaction 

in areas targeted by Lean, including leadership and communi-

cation, perception of administrators, time spent working, and 

relationships with staff members. Physicians in the beta clinics 

did not report improved perceptions of leadership or adminis-

trators, but reported improved relationships with staff, available 

resources, time spent working, and quality of care. Physicians in 

the remaining clinics displayed smaller changes in Lean-targeted 

areas, with slight decreases in satisfaction with leadership and 

communication and time spent working, as well as slight increases 

in perceptions of administration and quality of care. A summary 

of all study results is displayed in Table 3.

DISCUSSION
Process Changes Underlying Improvements in  
Efficiency, Productivity, and Patient Satisfaction

Using a stepped wedge design, we assessed the changes associ-

ated with the phased introduction of Lean redesigns in 17 primary 

care clinics at a nonprofit, ambulatory care delivery system. Study 

findings are consistent with the intent of changes that were imple-

mented as part of the organizational initiative. Although Lean was 

initiated with strong support from executive leadership, the Lean 

approach is to solicit extensive input from frontline physicians and 

staff to identify wasted resources, including excessive time spent by 

staff and physicians in delivering patient care. In this organization, 

the Lean approach led to a focus on creating new workflows and 

reassigning tasks among all care team members. Chief among these 

changes was a new role for medical assistants who, as “flow manag-

ers,” maintained a constant flow of work by directly addressing tasks 

they were trained to handle and preparing all other patient care 

items for the physician to address. Such changes aimed to create a 

just-in-time approach to workflow, including real-time completion 

of visit documentation and avoidance of work task “batching.”

These workflow changes resulted in tangible improvements 

among the examined metrics on efficiency and may have also 

increased productivity as measured by physician wRVUs gener-

ated per month. Physician compensation was largely based on 

wRVUs throughout the study period (ie, the financial incentive for 

productivity was always present), so workflow efficiencies likely 

facilitated physicians’ abilities to accommodate more patients 

into their clinic schedules. The finding of increased efficiency 

and productivity is consistent with previous reports in other set-

tings where the “system” was capacity constrained. For example, 

Lean intervention in emergency departments led to increases in 

physician wRVUs and improved workflow, as measured by reduced 

patient wait times and the proportion of patients leaving without 

being seen.20,21 

TABLE 2. Physician Satisfaction Results (by phase of Lean implementation)

Domain 

Implementation Phase
(time since completion of Lean redesigns)

Pilot Clinic
(25 months)

Beta Clinics
(13-15 months)

All Remaining Clinics
(4-11 months)

2011 2014 % Diff 2011 2014 % Diff 2011 2014 % Diff

Leadership and communication 2.96 3.22 9% 3.52 3.43 –3% 3.35 3.28 –2%

Quality of care 4.43 4.30 –3% 4.46 4.59 3% 4.42 4.48 1%

Time spent working 3.54 3.64 3% 3.66 3.80 4% 3.73 3.67 –2%

Patient interaction 4.15 4.05 –2% 4.36 4.38 0% 4.24 4.15 –2%

Administrators 3.10 3.36 8% 3.43 3.27 –5% 3.37 3.41 1%

Compensation 3.44 3.66 6% 3.43 3.50 2% 3.61 3.31 –8%

Relationship with staff 4.03 4.06 1% 4.03 4.26 6% 4.06 4.05 0%

Resources available 3.85 3.82 –1% 3.75 3.93 5% 3.85 3.81 –1%

Acceptance by colleagues 4.19 4.09 –2% 4.21 4.27 1% 4.13 4.20 2%

Paperwork 3.34 3.30 –1% 3.22 3.31 3% 3.32 3.19 –4%

Computers 4.53 4.48 –1% 4.49 4.56 2% 4.48 4.52 1%

Preauthorization process 3.72 2.88 –23% 3.63 3.59 –1% 3.70 3.52 –5%

Overall satisfaction 3.99 4.08 2% 4.13 4.20 2% 4.20 4.04 –4%

Diff indicates difference.
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We observed significantly higher patient satisfaction in the 

domains of access to care, handling of personal issues, and overall 

satisfaction. Improvements in perceived access aligned with our 

objective findings on workflow efficiencies. Patient satisfaction 

with the handling of personal issues, which included the cleanli-

ness of the practice, protection of patient safety and privacy, and 

sensitivity to patient needs, reflected Lean standardization activi-

ties that focused on the proper ordering and maintaining of patient 

exam rooms and all spaces where patient care is provided. However, 

patients reported lower satisfaction with their interactions with 

care providers. This domain consisted of survey items assessing 

the perceived concern for patient questions or worries; explanation 

of medical problems, medications, and follow-up care; and time 

spent with the patient. 

Decreases in patient satisfaction in this domain may be related 

to the same work design factors that enabled provider efficiency, 

such as just-in-time workflows, which encourage physicians to 

move more quickly through each patient visit. Using medical assis-

tants to offload physician work also impacts the patient-physician 

relationship and may result in less satisfying interactions. For 

example, with the new practice of “agenda setting” to streamline 

visits, patients are asked by the MA to identify priority concerns, 

with less urgent matters to be addressed at a future scheduled 

appointment. This procedure substitutes MA for physician time, 

implicitly places limits on the current office visit, and depends 

substantially on the skill of the MA in negotiating patient con-

cerns. Patients may perceive that this agenda setting by the MA 

renders their care impersonal and unresponsive to the full range 

of their concerns.

Observations in Other Areas: 
Clinical Quality, Staff and Physician 
Satisfaction 

Clinical quality improvements were observed 

in measures of diabetes care, likely reflect-

ing specific Lean redesigns (eg, co-location, 

shared workflows) that aimed to improve com-

munication and coordination between care 

teams. The quality improvement literature 

frequently cites enhanced communication 

between care team members, use of multi-

disciplinary teams or nonphysician staff, and 

expansion or revision of professional roles as 

the greatest facilitators for improving diabetes 

outcomes relative to other strategies.22-25 The 

only quality area in which a decline occurred 

was adolescent immunization for meningococ-

cus. However, this decline was likely related 

to changes in immunization guidelines that 

coincided with the study period. Beginning 

in 2011, new clinical guidelines recommend 

a meningococcal booster between ages 16 and 18 years follow-

ing the initial injection originally given once to 11- to 12-year-old 

adolescents.26 Thus, over time, the criteria for completing these 

immunizations have become more stringent and potentially more 

difficult to achieve.

The greatest improvements in nonphysician primary care 

staff satisfaction occurred in perceptions of credible leadership, 

employee engagement, growth and development, connection to 

purpose, empowerment and autonomy, and overall staff satisfac-

tion. This pattern is consistent with studies of Lean in hospital 

settings, which show positive effects on workforce satisfaction 

and highlight the benefits of increased participation of frontline 

staff in designing and implementing standard workflows.20,27-35 By 

participating in redesign efforts, staff members gain a better under-

standing of daily work processes relevant to both themselves and 

others and the rationale for needed changes and improvements. 

Ideally, employees become problem solvers rather than passive 

recipients of operational mandates, a role change that can be both 

empowering and rewarding.34,36

Satisfaction increases among physicians in clinics that imple-

mented Lean during the first 2 phases, coupled with the decrease 

in satisfaction among physicians in the final phase of implementa-

tion, warrant further investigation. When the post-Lean physician 

satisfaction survey was administered, the pilot and beta clinics 

had accumulated 1 to 2 years of experience with Lean redesigns, 

whereas the remaining clinics had launched their redesigns as 

recently as 4 months prior to being surveyed. It is possible the 

decline in satisfaction among the physicians in this last phase 

reflected a period of transition and adjustment. Some disruption 

TABLE 3. Summary of Findings

Topic Conclusions

Workflow 
efficiency

Increase in timeliness of completing 3 of 4 patient encounter measures: 
office visit chart closures, medication renewals, and telephone responses. 

Physician 
productivity

Higher wRVUs generated per physician per month. No change in 
 wRVUs per office visit. 

Operating 
expenses

Lower total operating expenses (including staff compensation, drugs, 
and supply costs) standardized per tRVU.

Clinical 
quality

Improvements in coordinated diabetes care metrics, no change in  
preventive screening metrics, and decreased meningococcal  
immunization among adolescents.

Patient  
satisfaction

Higher satisfaction overall and in specific domains, including access  
to care and handling of personal issues. Lower satisfaction with  
interactions with care providers.

Staff 
satisfaction

Higher satisfaction overall and in specific domains, including credible 
leadership, employee engagement, growth and development, connection 
to purpose, healthy partnerships, empowerment, and autonomy.

Physician 
satisfaction

In pilot and beta clinics, higher satisfaction overall and in specific domains, 
including time spent working and relationships with staff. Lower satisfac-
tion overall among all remaining clinics (final implementation phase).

tRVU indicates total relative value unit; wRVU, work relative value unit.
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and discomfort accompanied all clinics’ early months of imple-

mentation, including spatial redesigns that required physicians 

to relinquish their offices and relocate next to their MA care team 

partner, as well as new workflows that called for management or 

delegation of tasks to nonphysicians. Benefits from such changes 

may only become apparent after several months of adjustment 

and experimentation. 

Another explanation involves differences in physician engage-

ment with Lean implementation. Those in the last phase of clinics 

were much less involved with actual planning and development 

of Lean redesigns.37 Active involvement in identifying sources 

of waste and redesigning workflows—a hallmark of the Lean 

improvement approach—may be gratifying in itself. Research on 

participative decision processes and the use of participation in 

change management suggests that such direct engagement leads 

to greater commitment to new work initiatives.38 It may, therefore, 

be that the process of developing a Lean workflow is as important 

for its acceptance as the content of that workflow itself.

Suggestions for Further Research

The observed variations in physician and patient satisfaction 

point to areas for further research. First, data from longer post-

Lean time periods than those reported here are needed to assess 

more complete effects of Lean in all clinics and whether reac-

tions to the Lean redesigns remained stable over time.39 Second, 

by combining our findings with qualitative data or more fine-

grained quantitative data, we can examine specific physician- and 

patient-level perceptions underlying their responses to the 

closed-ended satisfaction questions reported here. Third, avail-

ability of nonphysician satisfaction data at the clinic level would 

allow comparison of primary care staff satisfaction results across 

implementation phases (ie, pilot, beta, all remaining clinics). Last, 

a logic or program model identifying the steps and underlying 

organizational and social psychological mechanisms would help 

specify important stages of the Lean initiative—such as staff 

and leadership participation in workflow redesign, management 

communication of expected practice changes, practice-level 

coaching, and staff implementation of redesigns—at which 

quality, efficiency, and satisfaction outcomes could then be 

assessed.40 Such a model could be used as a guiding framework 

for an in-depth process evaluation of the intermediate results at 

each step of the change process.41

CONCLUSIONS
Organizations ranging from private hospitals and physician prac-

tices to government health systems and agencies, including the 

Veterans Health Administration and CMS, are now implement-

ing Lean to improve efficiency and value. Despite its growing 

popularity, few studies have addressed the concerns of healthcare 

leaders and practitioners, including whether Lean can help delivery 

systems identify waste and redesign care processes to enhance 

multiple performance outcomes simultaneously—particularly in 

FFS ambulatory settings where the vast majority of healthcare is 

delivered. Moreover, questions remain as to whether productivity 

gains achieved through Lean will undermine quality and worsen 

already high levels of discontent among primary care providers. 

Our findings indicate that an ambulatory care system can develop 

and scale Lean redesigns with largely beneficial consequences. 

These results may lead other delivery system leaders to innovate 

using Lean management techniques, and, if the findings repli-

cate in other systems, they may further enhance support for Lean 

learning among public and private payers. Additionally, our study 

underscores the need for careful analysis of both desired effects 

and the potential unintended consequences of implementing Lean 

to improve value in healthcare. n

Acknowledgments 
The authors would like to thank Mr Eric Wong, MS, and Ms Maayan Yakir, BS, 
for analytic support and assistance with the preparation of this manuscript.

Author Affiliations: Palo Alto Medical Foundation Research Institute 
(DYH, HSL, MCM), Mountain View, CA; Agency for Healthcare Research and 
Quality (MIH), Rockville, MD.

Source of Funding: The research reported in this paper was funded by the 
Agency for Healthcare Research and Quality under its ACTION II contract 
HHSA2902010000221, Task Order 2. The views expressed in this paper are 
solely those of the authors and do not represent any US government agency 
or any institutions with which the authors are affiliated.

Author Disclosures: Drs Hung and Luft and Ms Martinez are employed 
by the study organization, but the Research Institute exists as an indepen-
dent unit and all research is conducted without being subject to review 
and approval by the organization. Dr Harrison reports no relationship or 
financial interest with any entity that would pose a conflict of interest with 
the subject matter of this article. 

Authorship Information: Concept and design (DYH, MIH, HSL); acquisi-
tion of data (DYH); analysis and interpretation of data (DYH, HSL, MIH); 
drafting of the manuscript (DYH, MIH, HSL, MCM); critical revision of the 
manuscript for important intellectual content (DYH, MIH, HSL, MCM); 
obtaining funding (DYH); administrative, technical, or logistic support 
(MCM); and supervision (DYH, HSL). 

Address Correspondence to: Dorothy Hung, PhD, MA, MPH, Associate 
Scientist, Palo Alto Medical Foundation Research Institute, 2350 W El 
Camino Real #447, Mountain View, CA 94040. E-mail: hungd@pamfri.org.

REFERENCES
1. Toussaint JS, Berry LL. The promise of Lean in health care. Mayo Clin Proc. 2013;88(1):74-82. doi: 10.1016/j.
mayocp.2012.07.025.
2. Chassin MR. Improving the quality of health care: what’s taking so long? Health Aff (Millwood). 
2013;32(10):1761-1765. doi: 10.1377/hlthaff.2013.0809.
3. Gabow P, Conway PH. Lean: a comprehensive approach to the transformation our health care system needs. 
Health Affairs Blog website. http://healthaffairs.org/blog/2015/08/13/lean-a-comprehensive-approach-to-the-
transformation-our-health-care-system-needs/. Published August 13, 2015. Accessed August 13, 2015.
4. President’s Council of Advisors on Science and Technology. Better health care and lower costs: accelerating 
improvement through systems engineering. Obama White House Archives website.  https://obamawhitehouse.
archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_systems_engineering_in_healthcare_-_
may_2014.pdf. Published May 2014. Accessed November 5, 2015. 
5. Kaplan G, Bo-Linn G, Carayon P, et al. Bringing a systems approach to health. Institute of Medicine and 
National Academy of Engineering website. http://www.nae.edu/File.aspx?id=85945. Published July 10, 2013. 
Accessed December 2, 2015. 
6. Poksinska B. The current state of Lean implementation in health care: literature review. Qual Manag Health 
Care. 2010;19(4):319-329. doi: 10.1097/QMH.0b013e3181fa07bb.



168  MARCH 2017 www.ajmc.com

MANAGERIAL

7. Womack JP, Byrne AP, Flume OJ, Kaplan GS, Toussaint J. Going Lean in health care. Institute for Healthcare 
Improvement website. http://www.ihi.org/IHI/Results/WhitePapers/GoingLeaninHealthCare.htm. Published 
2005. Accessed March 21, 2012.
8. Spear SJ. Fixing health care from the inside, today. Harvard Bus Rev. 2005;83(9):78-91, 158.
9. Harrison MI, Kimani J. Building capacity for a transformation initiative: system redesign at Denver Health. 
Health Care Manage Rev. 2009;34(1):42-53. doi: 10.1097/01.HMR.0000342979.91931.d9.
10. Goldsmith J. Virginia Mason’s clinical transformation: hard work, big payoff. Health Affairs Blog website. 
http://healthaffairs.org/blog/2011/02/07/virginia-masons-clinical-transformation-hard-work-big-payoff/. 
Published February 7, 2011. Accessed February 25, 2015.
11. Toussaint J. Writing the new playbook for U.S. health care: lessons from Wisconsin. Health Aff (Millwood). 
2009;28(5):1343-1350. doi: 10.1377/hlthaff.28.5.1343.
12. Kenney C. Transforming Health Care: Virginia Mason Medical Center’s Pursuit of the Perfect Patient Experience. 
New York, NY: CRC Press/Taylor & Francis Group; 2011. 
13. Gabow PA, Goodman PL. The Lean Prescription: Powerful Medicine for our Ailing Healthcare System. Boca Raton, 
FL: CRC Press/Taylor & Francis Group; 2015.
14. D’Andreamatteo A, Ianni L, Lega F, Sargiacomo M. Lean in healthcare: a comprehensive review. Health Policy. 
2015;119(9):1197-1209. doi: 10.1016/j.healthpol.2015.02.002.
15. DelliFraine JL, Langabeer JR 2nd, Nembhard IM. Assessing the evidence of Six Sigma and Lean in the 
health care industry. Qual Manag Health Care. 2010;19(3):211-225. doi: 10.1097/QMH.0b013e3181eb140e.
16. Kim CS, Spahlinger DA, Kin JM, Billi JE. Lean health care: what can hospitals learn from a world-class 
automaker? J Hosp Med. 2006;1(3):191-199.
17. Consumer Price Index, West region—December 2014. Bureau of Labor Statistics website. https://
www.bls.gov/regions/west/news-release/2015/consumerpriceindex_west_20150116.htm.  Accessed 
April 28, 2015 .
18. Gebski V, Ellingson K, Edwards J, Jernigan J, Kleinbaum D. Modelling interrupted time series to evaluate 
prevention and control of infection in healthcare. Epidemiol Infect. 2012;140(12):2131-2141. doi: 10.1017/
S0950268812000179.
19. Efron B, Tibshirani RJ. An Introduction to the Bootstrap (Monographs on Statistics and Applied Probability). New 
York, NY: Chapman & Hall/CRC; 1993.
20. Holden RJ. Lean thinking in emergency departments: a critical review. Ann Emerg Med. 2011;57(3):265-278. 
doi: 10.1016/j.annemergmed.2010.08.001.
21. Dickson EW, Anguelov Z, Bott P, Nugent A, Walz D, Singh S. The sustainable improvement of patient flow 
in an emergency treatment centre using Lean. International Journal of Six Sigma and Competitive Advantage. 
2008;4(3):289-304. doi: 10.1504/IJSSCA.2008.021841.
22. Shojania KG, Ranji SR, McDonald KM, et al. Effects of quality improvement strategies for type 2 diabetes 
on glycemic control: a meta-regression analysis. JAMA. 2006;296(4):427-440.
23. Ward MM, Yankey JW, Vaughn TE, et al. Physician process and patient outcome measures for diabetes 
care: relationships to organizational characteristics. Med Care. 2004;42(9):840-850.

24. Stevenson K, Baker R, Farooqi A, Sorrie R, Khunti K. Features of primary health care teams associated with 
successful quality improvement of diabetes care: a qualitative study. Fam Pract. 2001;18(1):21-26.
25. Renders CM, Valk GD, Griffin SJ, Wagner EH, Eijk Van JT, Assendelft WJJ. Interventions to improve the 
management of diabetes in primary care, outpatient, and community settings: a systematic review. Diabetes 
Care. 2001;24(10):1821-1833.
26.  Updated recommendations for use of meningococcal conjugate vaccines—Advisory Committee on Im-
munization Practices (ACIP), 2010. MMWR Morb Mortal Wkly Rep. 2011;60(3):72-76. 
27. Lowe G. How employee engagement matters for hospital performance. Healthc Q. 2012;15(2):29-39.
28. Brunoro-Kadash C, Kadash, N. Time to care: a patient-centered quality improvement strategy. Leadersh 
Health Serv. 2013;26(3):220-231.
29. Nelson-Peterson DL, Leppa CJ. Creating an environment for caring using Lean principles of the Virginia 
Mason Production System. J Nurs Admin. 2007;37(6):287-294. 
30. Thompson DN, Wolf GA, Spear SJ. Driving improvement in patient care: lessons from Toyota. J Nurs Admin. 
2003;33(11):585-595.
31. Graban M. Lean Hospitals: Improving Quality, Patient Safety, and Employee Satisfaction. Boca Raton, FL: CRC Press; 2009.
32. Schooley J. No longer waiting for answers. Qual Prog. 2008;41(11):34-39.
33. Dickson EW, Anguelov Z, Vetterick D, Eller A, Singh S. Use of Lean in the emergency department: a case 
series of 4 hospitals. Ann Emerg Med. 2009;54(4):504-510. doi: 10.1016/j.annemergmed.2009.03.024. 34. 
Braaten JS, Bellhouse DE. Improving patient care by making small sustainable changes: a cardiac telemetry 
unit’s experience. Nurs Econ. 2007;25(3):162-166.
35. Collar R, Shuman AG, Feiner S, et al. Lean management in academic surgery. J Am Coll Surg. 2012;214(6):928-
936. doi: 10.1016/j.jamcollsurg.2012.03.002.
36. King DL, Ben-Tovim DI, Bassham J. Redesigning emergency department patient flows: application of Lean 
thinking to health care. Emerg Med Australas. 2006;18(4):391-397.
37. Hung D, Gray C, Martinez M, Schmittdiel J, Harrison MI. Acceptance of Lean redesigns in primary care: a 
contextual analysis [published online March 2, 2016]. Health Care Manage Rev. In Press.
38. Armenakis AA, Harris SG, Feild HS. Paradigms in organizational change: change agent and change target 
perspectives. In: Golembiewski R, ed. Handbook of Organizational Behavior. New York, NY: Marcel Dekker, Inc; 2001.
39. Wiltsey Stirman S, Kimberly J, Cook N, Calloway A, Castro F, Charns M. The sustainability of new programs 
and innovations: a review of the empirical literature and recommendations for future research. Implement Sci. 
2012;7(7):17. doi: 10.1186/1748-5908-7-17.
40. Foy R, Ovretveit J, Shekelle PG, et al. The role of theory in research to develop and evaluate the implemen-
tation of patient safety practices. BMJ Qual Saf. 2011;20(5):453-459. doi: 10.1136/bmjqs.2010.047993.
41. Portela MC, Pronovost PJ, Woodcock T, Carter P, Dixon-Woods M. How to study improvement interventions: 
a brief overview of possible study types. BMJ Qual Saf. 2015;24(5):325-336. doi: 10.1136/bmjqs-2014-003620. 

 Full text and PDF at www.ajmc.com  



 1 

eAppendix 

Integrated Healthcare Association Pay-for-Performance Clinical Quality Metrics 
Prevention 

1. Colorectal Cancer Screening 
2. Breast Cancer Screening—Ages 50-69 
3. Evidence-based Cervical Cancer Screening of Average Risk, Asymptomatic Women – 

Appropriately screened all ages 
4. Chlamydia Screening – Women Ages 16-24 
5. Meningococcal Immunization – Adolescents 
6. Immunizations – Tdap/Td 
7. HPV Vaccination for Female Adolescents 

 
Cardiovascular 

8. Annual Monitoring for Patients on Persistent Medications—ACEI/ARB, Digoxin, and 
Diuretics 

9. Cholesterol Management—LDL Screening 
10. Cholesterol Management—LDL Control <100 
11. Proportion of Days Covered by Medications—ACEI/ARB 
12. Proportion of Days Covered by Medications—Statins  

 
Diabetes 

13. HbA1c Testing 
14. HbA1c Poor Control >9.0% 
15. Blood Pressure Control <140/90 mm Hg 
16. HbA1c Control <8.0% 
17. HbA1c Control <7.0% for a Selected Population 
18. LDL Screening 
19. Optimal Diabetes Care Combination 1—LDL<100, HbA1c <8.0%, Nephropathy 

Monitoring 
20. LDL-c Control <100 mg/dL 
21. Nephropathy Monitoring 
22. Proportion of Days Covered by Medications—Oral Diabetes Medications 

 
Musculoskeletal 

23. Use of Imaging Studies for Low Back Pain 
 
Respiratory 

25. Appropriate Treatment for Children with Upper Respiratory Infection 
26. Asthma Medication Ratio—Ages 5-64 
27. Appropriate Testing for Children with Pharyngitis 
28. Avoidance of Antibiotic Treatment of Adults with Acute Bronchitis 
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Staff and Physician Satisfaction Results (aggregated across organization) 

 

 
 
 

Metric Domain 2011 2014 % Diff. 
Staff Satisfaction 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Composite Score 77% 80% 3% 
Credible Leadership 71% 76% 5% 
Employee Engagement 75% 79% 4% 
Connection to Purpose 76% 80% 4% 
Growth & Development 67% 71% 4% 
Healthy Partnerships 73% 77% 4% 
Empowerment & Autonomy 74% 78% 4% 
Experience of Work Index 77% 80% 3% 
Respect & Recognition 76% 79% 3% 
Employee Enablement 78% 81% 3% 
Work, Structure & Process 72% 75% 3% 
Quality & Customer Focus 89% 91% 2% 
Accountability & Alignment 85% 87% 2% 
Resources 76% 78% 2% 
Training 69% 71% 2% 
Pay & Benefits 71% 70% -1% 

Physician 
Satisfaction 

Overall Satisfaction 4.14 4.11 0.6% 
Relationship with Staff 4.04 4.14 2% 
Quality of Care 4.44 4.51 2% 
Resources Available 3.81 3.86 1% 
Time Spent Working 3.67 3.72 1% 
Acceptance by Colleagues 4.18 4.21 1% 
Computers 4.49 4.53 1% 
Administrators 3.35 3.35 0% 
Leadership and 
Communication 

3.35 3.33 -1% 

Patient Interaction 4.27 4.24 -1% 
Paper Work 3.29 3.26 -1% 
Compensation 3.51 3.44 -2% 
Preauthorization Process 3.68 3.46 -6% 


