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Associations Between Lean IT Management and
Financial Performance in US Hospitals
Justin Lee, BA; Dorothy Y. Hung, PhD, MA, MPH; Elina Reponen, MD, PhD; Thomas G. Rundall, PhD;
Aaron A. Tierney, BA; Pierre-Luc Fournier, PhD, MS; Stephen M. Shortell, PhD, MBA, MPH

Background and Objectives: To understand the relationship between Lean implementation in information technol-
ogy (IT) departments and hospital performance, particularly with respect to operational and financial outcomes.
Methods: Primary data were sourced from 1222 hospitals that responded to the National Survey of Lean
(NSL)/Transformational Performance Improvement, which was fielded to 4500 general medical-surgical hospitals
across the United States. Secondary sources included hospital performance data from the Agency for Healthcare
Research and Quality (AHRQ) and the Centers for Medicare & Medicaid Services (CMS). We performed 2 sets of
multivariable regressions using data gathered from US hospitals, linked to AHRQ and CMS performance outcomes.
We examined 10 different outcomes measuring financial performance, quality of care, and patient experience, and
their associations with Lean adoption within hospital IT departments. We then focused only on those hospitals that
adopted Lean in IT to identify specific practices associated with performance. Results: Controlling for other factors,
adoption of Lean IT management was associated with lower length of stay (b = –0.098, P = .018) and inpatient
expense per discharge (b = –0.112, P = .090). Specifically, use of visual management tools (eg, A3 storyboards, sta-
tus sheets) was associated with lower adjusted inpatient expense per discharge (b = –0.176, P = .034) and higher
earnings before interest, taxes, depreciation, and amortization margin (b = 0.124, P = .042). Such tools were also
associated with hospital participation in bundled payment programs (odds ratio = 2.326; P = .046; 95% confidence
interval, 0.979-5.527) and percentage of net revenue paid on a shared risk basis (b = 0.188, P = .031). Conclusions:

Lean IT management was associated with positive financial performance, particularly with hospital participation
in value-based payment. More detailed study is needed to understand other influential factors and types of work
processes, activities, or mechanisms by which high-functioning IT can contribute to financial outcomes.
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H ealth information technology, or HIT, is a broad
term that encompasses a wide range of tech-

nologies that aim to store, share, and/or analyze
different forms of health information.1 For example,
HIT involves collecting patient information through
electronic health records (EHRs),2 distributing such
information to various providers through health infor-
mation exchange (HIE) networks,3 and analyzing data
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to drive prediction models or clinical decision support
systems (CDSSs).4 HIT is commonly touted as a way
to improve the quality of clinical care and cost of pro-
viding health care by reducing the length of hospital
stays, medical errors, administrative expenses, and
other cost measures examined in previous studies.5-7

Although the literature is rich with studies focusing
on the effects of HIT on quality of care and patient-
oriented outcomes,8-15 the relationship between HIT,
including work management processes to support the
use of HIT, and financial performance in US hospitals
is not well studied. This topic is especially of interest
due to the Health Information Technology for Eco-
nomic and Clinical Health Act passed in 2009, which
committed $38.4 billion in incentive payments to both
hospitals and individual providers for the adoption and
utilization of a certified EHR.16,17 A financial analysis us-
ing longitudinal data from Texas hospitals concluded
that HIT implementation was significantly and posi-
tively associated with hospital revenue,18 but related
cost studies in this area have yet to be reported across
a wider sample of hospitals located across the United
States.

HIT aims to improve financial performance largely
through improvements to the efficiency of various pro-
cesses, such as computerized provider order entry
(CPOE) systems.1 Decision support to reduce redun-
dant tests has also been cited as another way that
HIT improves efficiency in delivering care.5,6 Lean is
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an operating and management system focused on
process improvement that could serve to support or
enhance these effects in IT departments, sharing com-
mon goals of improving both efficiency and quality of
care. Lean methodology involves a set of principles,
practices, and tools to assess and redesign opera-
tional processes, as well as systems to monitor the
performance of daily work.19

Little is known empirically about the use of Lean
to improve work processes in information technology
(IT) departments of health care organizations. A pre-
vious study reported that use of Lean for IT services
is positively associated with self-reported hospital
performance,20 but the majority of the literature on the
topic remains theoretical,21-24 limited to providing mod-
els of waste identification in HIT. This article aims to
contribute to the literature by exploring the relation-
ship between Lean work processes in IT departments
and hospital performance, particularly with respect to
operational and financial outcomes.

METHODS

Measures and data sources

The National Survey of Lean (NSL)/Transformational
Performance Improvement was distributed by the Sur-
vey Data Center of the American Hospital Association
(AHA) between May and September 2017. The NSL
was fielded to 4500 acute general medical and surgical
hospitals in the United States to assess both the state
of Lean adoption and degree of implementation.25 This
20-minute survey was developed based on literature
review, conversations with Lean experts, and pilot
testing with 12 Lean performance improvement spe-
cialists. During the pilot test phase, Lean specialists
were invited to review, comment on, and suggest re-
visions to survey questions. The NSL demonstrated
high face validity and predictive validity as evidenced
in subsequent studies that found NSL scales to be
associated with performance outcomes in expected
directions.

The NSL was fielded to all AHA general-surgical
acute care hospitals in the United States with a request
to be completed by the person most knowledgeable of
Lean performance improvement activities within the
hospital. This was often the chief quality officer, chief
transformation officer, chief improvement officer, or
other equivalent position within each hospital. The NSL
response rate was approximately 27% with 1222 hos-
pitals participating.26 These 1222 hospitals make up
the sample frame used for this current study.

The NSL has been utilized in the literature to ex-
plore the relationship between Lean management
and a variety of topics, including but not limited to:
hospital performance in all general medical/surgical
facilities27; performance20 specifically among US public
hospitals; and quality improvement care management
processes in outpatient settings.28 It has also been re-
cently used in a benchmarking study to evaluate Lean
implementation in the Italian health care system, indi-

cating its potential use as a universal gauge of Lean
implementation internationally.29

Study variables

Table 1 lists the independent, dependent, and con-
trol variables, along with their descriptions and data
sources. Hospitals were considered to have adopted
Lean if they reported using some form of Lean (either
Lean, Lean plus Six Sigma, and/or Robust Process Im-
provement). Lean adoption in IT departments, a main
independent variable of interest for this study, was
measured as 1 among a total of 29 hospital units and
shared services common to general medical/surgical
hospitals, for example, emergency department; inten-
sive care unit; laboratory; finance department; and
human resources.

Other Lean-specific independent variables of in-
terest included following 2 that were binary coded:
(1) Use of Lean visual management tools (eg, A3s,
trend charts, storyboards) in IT departments to con-
duct work and communicate among team members
and (2) inclusion of IT leaders on the hospital’s central
improvement team. Following 2 additional indepen-
dent variables assessed general IT roles or functions:
(1) Partnership with the hospital and advisement on
goal achievement and (2) provision of timely, accurate
data to managers for clinical and operational purposes.
These measures were scaled 1 (low) to 5 (high) and
constructed based on factor analysis with Cronbach αs
of .62 and .84, respectively.

Because of the comprehensive nature of the Lean
approach to operational excellence, it was important
to select a range of performance measures relevant
to IT and its potential influence on hospital opera-
tions. These measures were broadly categorized into
following 3 areas: efficiency/financial viability; quality
or appropriateness of care; and self-reported patient
experience as shown in Table 1. All measures were
sourced from 2018 data provided by the Centers for
Medicare & Medicaid Services (CMS), deidentified and
linked to the NSL by IBM Watson. Efficiency/financial
viability measures included: earnings before interest,
taxes, depreciation, and amortization (EBITDA) mar-
gin; adjusted inpatient expense per discharge; and 2
indicators of hospital involvement in alternative (ie,
not strictly fee-for-service) payment structures, includ-
ing participation in a bundled payment program and
percentage of hospital net patient revenue paid on a
shared risk basis. Quality or appropriateness of care
was measured by the following: severity adjusted
geometric length of stay (LOS); composite indices
measuring patient safety; timeliness of care; effective-
ness of care; and appropriate use of medical imaging.
Finally, patient experience was measured using the
overall Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) score, which was
corrected to a range of 100 (100% of patients rated the
hospital as low performing) to 300 (100% of patients
rated the hospital as high performing).

Control variables aimed not only to partially ad-
just for differences between survey respondents
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Table 1. Description of Independent, Dependent, and Control Variablesa

Variable Description

Independent Variables (2017)b

Lean adoption in IT department Binary indicator measure for each hospital. Yes (1) = hospital reported adopting Lean, Lean plus Six Sigma,
and/or Robust Process Improvement in IT department; No (0) = hospital did not report any adoption of Lean,
Lean plus Six Sigma, and/or Robust Process Improvement in IT department

Use of Lean visual management tools Binary indicator measure for each IT department. Yes (1) = hospital reported using Lean visual management
tools (eg, A3s, trend charts, storyboards) to conduct IT work and communicate among team members; No (0)
= hospital did not report any use of Lean visual management tools to conduct IT work and communicate
among team members

Inclusion of IT leaders on the hospital’s
central improvement team

Binary indicator measure for each hospital. Yes (1) = hospital reported, including IT leaders on the hospital’s
central improvement team; No (0) = hospital did not report inclusion of IT leaders on the hospital’s central
improvement team

IT Collaboration index Number scale of degree of partnership between IT department and hospital, sourced from following 2
questions: (1) the IT department is an important partner in achieving Lean goals and objectives and (2) the IT
department’s primary role is to act as advisors to managers (possible range: 1-5)

IT Data Provision index Number scale of IT department’s ability to provide timely, accurate data to managers for clinical and operational
purposes, sourced from following 4 questions: (1) the IT department provides managers with the data and
analysis they need; (2) the IT department provides access to data that integrate clinical and operational
processes; (3) managers receive timely data from our IT department; and (4) managers receive accurate data
from our IT department (possible range: 1-4)

Dependent Variables (2018)
EBITDA margin Percentage: EBITDA/total operating revenue
Adjusted inpatient expense per

dischargec
Cost per inpatient discharge adjusted for case mix and area wage indices

Participation in a bundled payment
program

0 = No; 1 = Yes

Percentage of hospital’s net patient
revenue paid on a shared risk basis

Percentage: Hospital’s net patient revenue paid on a shared risk basis

Severity adjusted geometric length of
stayc

Risk-adjusted time of the average length of stay for a patient from entry to discharge

Composite: Patient safetyc 1 = worse than national average; 2 = same as national average; 3 = better than national average. Hospital
Compare Star Rating calculation based on 8 measures

Composite: Timeliness of carec 1 = worse than national average; 2 = same as national average; 3 = better than national average. Hospital
Compare Star Rating calculation based on 8 measures

Composite: Effectiveness of carec 1 = worse than national average; 2 = same as national average; 3 = better than national average. Hospital
Compare Star Rating calculation based on 8 measures

Composite: Appropriate use of medical
imagingc

1 = worse than national average; 2 = same as national average; 3 = better than national average. Hospital
Compare Star Rating calculation based on 8 measures

HCAHPS scorec Index: Patient responses to the question “How do patients rate the hospital, overall?” (from a standard survey
required by CMS) were coded into low, medium, and high categories, and a weighted scoring system was
used to create a summary measure ranging from 100 (100% of patients rate the hospital low) to 300 (100% of
hospitals rate the hospital high)

Control Variables
Census divisiond Categorical: Midwest, Northeast, South, West
Core-based statistical area typed Categorical: Metropolitan (urban area of at least 50 000 people), Micropolitan (urban areas between 10 000 and

50 000 people), or rural (nonurban area)
Bed sized Categorical: 1-99 beds, 100-399 beds, or ≥400 beds
Market concentrationc Categorical: Unconcentrated (HHI from 100 to <1 500), moderately concentrated (HHI from 1 500 to <2 500),

highly concentrated (HHI ≥ 2 500); measured at the county level
Percent Medicaid dischargesc Percentage: Number of discharges under Medicaid/total number of discharges
Member of council of teaching hospitalsd Binary: Yes (1), No (0)
System memberd Binary: Yes (1), No (0)
Years using Lean Years after first implementation of Lean
Organizational Type 1 = public; 2 = not-for-profit; 3 = investor-owned

Abbreviations: CMS, Centers for Medicare & Medicaid Services; EBITDA, earnings before interest, taxes, depreciation, and amortization; HCAHPS, Hospital Consumer Assessment of
Healthcare Providers and Systems; HHI, Hirfindahl-Hirschmann Index; IT, information technology.
aSource: 2018 Medicare Cost Report.
bSource: 2017 National Survey of Lean/transformational performance improvement in hospitals.
cSource: 2018 CMS Hospital Compare (the Composite measures used the methodology for Star Rating groups: https://www.rand.org/content/dam/rand/www/external/health/projects/
hospital-performance-report-card/StrRtgDec16PrevQUS_rept_110416.pdf).
dSource: 2017 AHA Annual Survey.
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compared with nonrespondents but also for po-
tential confounders of hospital performance results.
These variables included: census division; area loca-
tion (eg, rural, urban, suburban); total hospital beds;
Hirfindahl-Hirschmann Index of market concentration;
percentage of Medicaid discharges; system/network
membership; years using Lean; and organizational type
(public, not-for-profit, and investor-owned). Many of
these characteristics have been shown in the literature
to be associated with hospital performance; for exam-
ple, a hospital’s ability to produce financial reserves
for performance improvement may be affected by the
percentage of patients covered by Medicaid.

Data analysis

We began by conducting bivariate analyses of all study
variables by status of Lean adoption, followed by 2
sets of multivariate regression analyses. Continuous
dependent variables were analyzed using linear regres-
sion models, while logistic regression models were
used for binary dependent variables. The first set
of regressions measured relationships between Lean
adoption in hospital IT departments and performance
outcomes as described earlier. The main independent
variable was binary, indicating whether or not the hos-
pital had adopted Lean or any of its closely related
approaches (ie, Lean plus Six Sigma, Robust Pro-
cess Improvement). The second, more focused set
of regressions, was performed only on hospitals that
reported adopting Lean in the IT department. This sec-
ond set of regressions aimed to identify specific Lean
IT practices and/or general IT factors associated with
hospital performance to the extent possible with avail-
able data. In particular, use of Lean visual management
tools in the IT department served a “reference” vari-
able of interest, adjusting for other IT-related factors
included with this analysis. Both sets of regressions
controlled for the organizational and market factors
outlined previously, and the F statistic was displayed
for continuous variables. All analyses were performed
using SPSS Statistics, version 27.

RESULTS

The first set of regressions included all 1222 of
hospitals that responded to the NSL/Transformational
Performance Improvement. The second set of re-
gressions included only the 407 NSL hospitals that
responded affirmatively to use of Lean principles
and tools in their IT department. More information
about the NSL, including the sample approach, re-
sponse rates, and summary of results are presented
elsewhere.20,25,27

Lean adoption in IT departments

Bivariate relationships between Lean adoption in IT
departments and hospital performance outcomes, in
addition to organizational and market characteristics as
control variables, are presented in Table 2. Among the
control variables, total hospital beds (P = .149) and
percentage of Medicaid discharges (P = .334) did not

significantly differ by Lean adoption status at the P <

.05 level. Of the dependent measures, participation in
a bundled payment program; percentage of hospital
net patient revenue paid on a shared risk basis; ef-
fectiveness of care; and EBITDA margin demonstrated
significant bivariate relationships with Lean adoption
(P < .05).

Results from the first set of regressions on Lean
adoption in IT departments as the independent vari-
able of interest are listed in Table 3. Lean IT adoption
was found to be significantly related to lower severity
adjusted geometric LOS (b = –0.098, P = .018) and
participation in a bundled payment program (odds ra-
tio [OR] = 2.060; P = .018; 95% confidence interval
[CI], 1.664-2.690). In addition, although not significant
at conventional levels (P < .05), Lean IT adoption was
associated with a higher HCAHPS score (b = 0.083,
P = .051); adjusted inpatient expense per discharge (b
= –0.112, P = .090); and EBITDA margin (b = 0.077,
P = .077).

Use of visual management tools

Table 4 presents the second set of regression results
among hospitals reporting adoption of Lean in the IT
department. Of these 407 hospitals, 184 reported use
of Lean visual management tools by IT teams. Such
tools to support IT work and facilitate communication
were positively and significantly associated with par-
ticipation in a bundled payment program (OR = 2.326;
P = .046; 95% CI, 0.979-5.527) and percentage of
hospital net patient revenue paid on a shared risk ba-
sis (b = 0.188, P = .031). Visual management tools
were also associated with lower adjusted inpatient ex-
pense per discharge (b = –0.176, P = .034) and higher
EBITDA margin (b = 0.124, P = .042). Use of visual
management by IT was the most significant variable
related to these financial indicators, relative to other
measures examined such as IT leader representation
on the hospital’s central improvement team; IT as a
partner to achieve hospital goals; and IT provision of
data to managers for clinical and operational purposes.

DISCUSSION

Controlling for other factors, adoption of Lean prin-
ciples and tools in hospital IT departments was
associated with several outcomes, including shorter
average patient LOS, lower risk-adjusted inpatient cost
per discharge, and higher EBIDTA margin. Focusing
on this subset of hospitals, we found that use of vi-
sual management in IT was associated with specific
financial indicators. These included hospital participa-
tion in alternative payment arrangements, including
bundled payment and increased risk sharing, as well
as better financial outcomes, that is, inpatient expense
per discharge, EBITDA margin. This subset of findings
provided further potential validation of associations be-
tween hospital use of Lean management in IT and
positive financial performance.

Results from our first set of regressions align with
relevant studies in the HIT literature. Previous studies
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Table 2. Comparison of Lean Adoption Status in the IT Department (N = 746)

Variable

Hospitals that Report
Lean Adoption in IT

Department
(N = 407)a

Hospitals that did not
Report Lean Adoption

in IT Department
(N = 339)a Pb

Census division <.001

Midwest 171 (42.0%) 86 (25.4%)

Northeast 42 (10.3%) 40 (11.8%)

South 107 (26.3%) 102 (30.1%)

West 86 (21.1%) 107 (31.6%)

Missing 1 4

Core-based statistical area type <.001

Rural 252 (61.9%) 254 (74.9%)

Micro 73 (17.9%) 39 (11.5%)

Metro 78 (19.2%) 44 (13.0%)

Missing 4 2

Bed size .307

1-99 beds 159 (39.0%) 116 (34.2%)

100-399 beds 177 (43.5%) 164 (48.4%)

>400 beds 67 (16.5%) 57 (16.8%)

Missing 4 2

Market concentration .003

Unconcentrated (HHI 100 to <1 500) 124 (30.5%) 141 (41.6%)

Moderately concentrated (HHI 1 500 to <2 500) 25 (6.1%) 25 (7.4%)

Highly concentrated (HHI > 2 500) 182 (44.7%) 126 (37.2%)

Missing 76 47

Percentage of Medicaid discharges 9.2 (0.5) 8.1 (0.5) .151

Missing 36 42

Member of council of teaching hospitals 403 (99.0%) 337 (99.4%) .332

Missing 4 2

System member 407 (100%) 339 (100%) .002

Missing 0 0

EBITDA margin (%) 10.1 (0.7) –2.6 (6.5) .031

Missing 10 13

Adjusted inpatient expense per discharge 7 930.7 (2562.3) 42 981.1 (9223.4) .353

Missing 121 83

Participation in a bundled payment program 343 (84.3%) 282 (83.2%) .07

Missing 64 57

Percentage of hospital’s net patient revenue paid on a shared
risk basis

3.7 (0.6) 2.3 (0.5) .065

Missing 115 106

Severity adjusted geometric length of stay 3.2 (0.1) 3.3 (0.1) .232

Missing 6 5

HCAHPS score 267.23 (0.5) 265.4 (0.6) .016

Missing 70 26 (continues )

www.qmhcjournal.com 71� Volume 33 � Number 2April June 2024 –

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/qm
hcjournal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 03/29/2024



www.qmhcjournal.com

Table 2. Comparison of Lean Adoption Status in the IT Department (N = 746) (Continued )

Variable

Hospitals that Report
Lean Adoption in IT

Department
(N = 407)a

Hospitals that did not
Report Lean Adoption

in IT Department
(N = 339)a Pb

Composite—patient safety (based on 8 measures) .52

Above (better than) national average 131 (32.2%) 116 (34.2%)

Same as national average 57 (14.0%) 57 (16.9%)

Below (worse than) national average 102 (25.1%) 78 (23.0%)

Missing 117 88

Composite—timeliness of care (based on 5 measures)

Above (better than) national average 112 (27.5%) 69 (20.4%) .136

Same as national average 141 (34.6%) 116 (34.2%)

Below (worse than) national average 105 (25.8%) 97 (28.6%)

Missing 49 57

Composite—effectiveness of care (based on 9 measures) .212

Above (better than) national average 16 (3.9%) 13 (3.8%)

Same as national average 320 (78.6%) 263 (77.6%)

Below (worse than) national average 21 (5.2%) 29 (8.6%)

Missing 50 34

Composite—appropriate use of medical imaging (based on 5
measures)

.362

Above (better than) national average 61 (15.0%) 41 (12.1%)

Same as national average 217 (53.3%) 181 (53.4%)

Below (worse than) national average 61 (15.0%) 26 (7.7%)

Missing 86 91

Abbreviations: EBITDA, earnings before interest, taxes, depreciation, and amortization; HCAHPS, Hospital Consumer Assessment of Healthcare Providers and Systems; HHI, Hirfindahl-
Hirschmann Index; IT, information technology.
aStatistics presented: n (column %); mean (standard deviation [SD]); N missing values.
bStatistical tests performed: Chi-square test of independence; t test.

indicate that high-functioning IT capabilities can im-
prove hospital operations and lead to reductions
in average patient LOS. Hospital information sys-
tems, such as EHRs; CPOEs; and CDSSs have been
cited as being associated specifically with reduced
LOS.8 Moreover, visual analytical dashboards to ex-
pedite diagnosis and electronic discharge planning
tools (EDPTs) and postdischarge follow-up systems
to automate the discharge process can serve to im-
prove workflows, also contributing to decreased LOS.8

EDPTs have been reported as improving the manage-
ment of processes related to discharge, leading to LOS
reductions by 1.4 days in 2 separate studies.30,31

Findings from our second set of regressions high-
light potential relationships between HIT and health
care payment policy. There has been a recent shift in
the past decade from fee-for-service to value-based re-
imbursement as health care organizations face greater
pressure to deliver higher value care at lower cost.
This transition has been largely spurred by the pas-

sage of the Affordable Care Act in 2010 and increasing
participation in alternative payment models (APMs)
that reward value and quality. According to surveys
conducted by the Health Care Payment and Learning
Action network, health care dollars paid through APMs
has risen from approximately 38% in 2015 to 60%
in 2018.32 One common APM is bundled payment, a
shared-risk structure that consolidates payments for
individual clinical services provided during a single
episode of care.33

We found that use of Lean visual management in
hospital IT departments corresponded with increased
participation in bundled payment programs, as well as
percentage of hospital net patient revenue paid on a
shared risk basis. Bundled payment programs necessi-
tate greater communication and coordination between
providers, which may be facilitated by HIT. Hospitals
in bundled payment programs are shown to be more
likely to send and receive information through HIE,
exchange different types of health information, and
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Table 3. Summary of Regression Estimates of the Relationship Between Lean Adoption in IT and Hospital
Performance Measures, Controlling for Organizational and Market Variablesa (N = 746)

Dependent Variable

b (OR Where Noted) for
Lean Adoption

(P), (95% CI)
t Statistic

(Chi-square) Adjusted R2 F Test Statistic (P)

HCAHPS score 0.083 (0.051) 1.957 0.166 7.896 (<.001)

Adjusted inpatient expense per discharge –0.112 (0.090) –1.313 0.101 4.680 (<.001)

EBITDA margin 0.077 (0.077) 1.773 0.001 1.053 (.399)

Severity adjusted geometric length of stay –0.098 (0.009) –2.626 0.328 18.413 (<.001)

Percentage of hospital’s net patient revenue paid on a
shared risk basis

0.008 (0.881) 0.529 0.052 2.498 (.002)

Participation in a bundled payment program OR = 2.060 (.018), (1.664-2.690) 3.290 (0.07) N/A N/A

Composite: Effectiveness of care 0.055 (0.237) 1.184 0.015 1.549 (.090)

Composite: appropriate use of medical imaging –0.013 (0.786) –0.272 0.025 1.823 (.033)

Composite: patient safety –0.056 (0.256) –1.136 0.013 1.417 (.141)

Composite: timeliness of care –0.0211 (0.548) 0.008 0.333 18.752 (<.001)

Abbreviations: CI, confidence interval; EBITDA, earnings before interest, taxes, depreciation, and amortization; HCAHPS, Hospital Consumer Assessment of Healthcare Providers and
Systems; IT, information technology; OR, odds ratio.
aOrganizational and market variables include region, area type, bed size, market concentration, percentage of Medicaid discharges, system or network membership, years using Lean,
and organizational type.

to use HIE more often.34 In addition, physicians us-
ing HIT report better experiences receiving necessary
information on patient history and reason for refer-
ral from other providers.35 This association between
bundled payment programs and increased coordina-
tion via HIT is part of a broader trend seen with
APMs in general. Lin et al.36 report that full-year APM
participation is associated with greater HIE diversity
(data types), breadth (partner types), and depth (odds
of using a push and pull approach) compared with
nonparticipating hospitals.

Lean IT studies to date have largely focused on iden-
tifying waste in the IT context.21-24 A preliminary review
conducted by Kalong and Yusof23 describe models of
waste identification in IT, and concluded that Ohno’s
model37 is suitable for both the health care and IT do-
mains. Other models have been proposed, such as
one by Kundu et al.,24 which builds on Ohno’s work
and formulates additional categories specific to the
IT environment. Examples of these categories include
resource inefficiency, ineffective communication, pro-
cessive inefficiency, recurring incidents, and lack of
a discipline system. Many of these categories may
be improved through the use of Lean visual man-
agement tools. For example, value stream mapping
identifies unnecessary, wasteful process steps and is
used to reduce inefficiencies. Visual tracking charts
represent actual versus expected performance of a
targeted work process, which could be used to com-
pare rates of recurring incidences. These Lean visual
management tools can improve the overall functioning
of IT departments, which may also lead to increased
communication and coordination between providers.
Hospitals can leverage Lean tools to better manage

financial incentives associated with the shift toward
value-based care.

In our study, use of Lean IT management was as-
sociated with improved financial metrics in the form
of lower inpatient expense per discharge and higher
EBITDA margin. Relevant studies show that HIT can
improve hospital financial performance in a number
of ways. Lowered medical liability costs, decreased
back-office administration office expense, and higher
productivity through rapid availability of patient charts
are several drivers of improved hospital financial well-
being fueled by HIT.38 Hospitals with HIT laboratory
tracking systems have been shown to report better fi-
nancial performance in terms of operating margin, total
margin, return on assets, current ratio, and debt ratio.39

Increased investment in HIT has also been associated
with greater profit, with a one-tenth of a percentage
increase in IT expenditures associated with approxi-
mately $100 000 in increased profit as estimated by
Thouin et al.40

Our study findings should be considered within the
context of several limitations. The first is that several
associations between Lean adoption in IT departments
and our selected performance measures, particularly
those regarding patient satisfaction and clinical out-
comes, may be subject to confounding variables not
accounted for by our analysis. The survey used to
source our data did not cover factors, such as HIT
investment; use of IT in decision-making; or integra-
tion of HIT within an organization, which may be a
focus for future studies. Second, given the cross-
sectional nature of the source data, our findings do
not imply causality but rather associations that war-
rant further study using longitudinal or randomized
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controlled trial data. In addition, the NSL was com-
pleted by the person most knowledgeable of Lean
performance improvement activities throughout the
hospital. This was often the chief transformation of-
ficer, chief performance improvement officer, chief
quality officer, or equivalent position in each hospital,
which may introduce bias or present limited perspec-
tives on the survey questions. Finally, while we were
able to leverage available NSL data, more in-depth
questions about HIT or improvement activities in IT
departments could lend further understanding of the
processes or mechanisms by which IT leads to im-
proved outcomes. Ongoing data collection and future
research on such topics is warranted to support our
current study findings.

CONCLUSION

HIT is increasingly used in US hospitals as health care
organizations face greater pressure to provide bet-
ter care at lower cost. We found that adoption of
the Lean management system in IT departments was
associated with hospital operational and financial effi-
ciencies, including lower LOS and inpatient expense
per discharge. Furthermore, use of Lean visual man-
agement tools was associated with lower adjusted
inpatient expense per discharge and higher EBITDA
margin. Such tools were also associated with partici-
pation in a bundled payment program and percentage
of hospital net patient revenue paid on a shared risk
basis. Our study findings suggest that Lean manage-
ment applied to IT processes has the potential to assist
hospitals in the transition toward value-based care.
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