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ABSTRACT

Knee and hip arthroplasties vary in cost, quality and
outcomes. We developed a Lean quality improvement
intervention for knee and hip arthroplasty patients
encompassing the recognition, readiness, restoration and
recovery phases of care.

The intervention included standardised, evidence-based
pathways, shared decision making, patient and family
member engagement, and transdisciplinary rounding,
implemented successively through a series of rapid
process improvement workshops. We evaluated the
intervention through run charts and time series analysis
for 2005-2014. Outcomes included length of stay (LOS),
30-day readmission, discharge disposition, postsurgical
complications and patient satisfaction.

Included were 4253 total joint arthroplasty procedures,
1659 hip and 2594 knee. LOS decreased from 3.2 to

2.4 days postintervention for both hip and knee patients
(p<0.001). The 30-day hospital readmission rate for hip
patients decreased from 3.1% (18/576) to 1.1% (5/446,
p=0.032) with knee patients unchanged. Discharge to
home (vs rehabilitation facility or skilled nursing facility)
increased from 72% (415/576) to 91% (405/446)
(p<0.001) for hip patients, and from 70% (599/860) to
87% (578/663) for knee patients (p<0.001).

Our standardised multifaceted Lean quality improvement
programme was associated with reduced LOS, decreased
readmission rates and improved discharge disposition in
total knee and hip arthroplasty patients.

PROBLEM
We identified significant variability in the
care of hip and knee arthroplasty patients
that presented improvement opportunities.
Further, we anticipated increased growth of
these procedures over the next several years.
Accordingly, in 2010, we initiated a multifac-
eted Lean quality improvement intervention
focused on improving the medical care and
patient experience for individuals under-
going total hip arthroplasty (THA) and total
knee arthroplasty (TKA). The objective of this
report was to detail the effect of this quality
improvement intervention on patient care.
The intervention took place at a tertiary
referral 336-bed hospital in the Pacific North-
west with 16500 inpatient admissions and

7600 inpatient operating room procedures
in 2014. Annual procedure volumes aver-
aged 520 for knee arthroplasty and 330 for
hip arthroplasty. Physician assistants assisted
surgeons during arthroplasty procedures and
follow-up inpatient care.

Our institution deploys the Lean produc-
tion principles of waste elimination from
the Toyota Production System applied to
healthcare." A key attribute of this system is
integration of quality improvement into the
daily work, achieved through invested lead-
ership that helps to create and maintain a
culture including a shared vision and goals.”
Quality improvements are achieved through
engaging all stakeholders, including front-
line workers and patients, in process improve-
ment events to improve the design of care.

BACKGROUND
Knee and hip arthroplasties are common
procedures that are increasing annually due
to the ageing ‘baby boomer’ population
worldwide, increased access to care, particu-
larly under the US Affordable Care Act, and
improved diagnosis and treatment.” * Esti-
mates from the US National Inpatient Sample
and census bureau population statistics
predict growth in total hip revisions and total
knee revisions by 137% and 601%, respec-
tively, between 2005 and 2030.°° Currently,
there is wide variation in cost, outcomes and
criteria to perform these procedures.”™
Increasing emphasis on quality and
changing payment models is compelling
a shift from volume to value-based health-
care, and organisations will need to provide
the best patient experience and outcomes
while reducing cost and waste." Bundled
payments and warranties exemplify this shift
and encourage hospitals and providers to
work together toward reliable and predict-
able service.” " TKA and THA surgeries are
typically elective procedures designed to
relieve pain and improve physical function,
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and patients often have choices about where to have the
surgery.'! '* These attributes, combined with projected
growth, make arthroplasty ideal for value-based care
models that promote use of evidence-based criteria,
shared decision making and improvement in the patient’s
experience."”

MEASUREMENT

To determine intervention effectiveness, we performed
a retrospective time series study for 2005-2014. Eligible
patients had Common Procedure Terminology codes
for TKA (27447) and for THA (27130). Excluded were
subjects who underwent bilateral procedures, those
admitted through urgent care or the emergency depart-
ment (including fractures) and those with metastatic
cancer affecting the bone.

The primary outcome was length of stay (LOS).
Secondary outcomes were 30-day readmission, patient
discharge disposition, postsurgical complications (post-
operative hypotension (any systole<90), postoperative
anaemia and code-like medical emergency team (MET)
calls) and patient satisfaction. Data were extracted from
the electronic medical record for all outcomes, except for
MET call data, which were obtained from MET activation
logs, and patient satisfaction data, which were obtained
from third-party administered surveys of all patients
discharged from the hospital. These surveys were part
of standard hospital patient satisfaction monitoring, and
third-party survey administrators were not involved in
the data analysis, reporting of the results or review of this
paper. The surveys were mailed or emailed to all patients
2—4 days postdischarge. We used three questions as the
survey outcomes: whether the patients would recommend
the hospital to others, whether the patients felt their pain
was adequately controlled and whether the patient felt
ready for discharge. Responses were on a 5-oint scale, with
1 being ‘very poor’ and 5 being ‘very good’. The survey
response rate was 28.5% (739/2594) for TKA patients
and 29.5% (489/1659) for THA patients.

For 2005-2009, data were available only for LOS and
readmissions. More detailed data on surgical outcomes
were available starting in 2010. Preoperative risk factors
analysed included comorbidities defined by International
Classification of Diseases, Ninth Revision (ICD9), codes
for hypertension (401.9), diabetes (250.00) and high
cholesterol (272.4). Obesity was identified by a body mass
index (BMI) of 230, and metabolic syndrome was defined
by a BMI of 230 with ICD9 diagnoses of diabetes and high
cholesterol.

The time period 2005-2011 was the baseline, with 2012
and 2013 serving as the intervention period and 2014
serving as the follow-up (sustainability) period. Though
the quality improvement work began in 2010, broad
implementation across the hospital and providers did not
occur until 2012-2013. The t-test was used to compare
means, and the %* to compare proportions before and
after the intervention. In addition, the data were analysed

graphically using statistical process control charts. To
adjust for any effect of patients with lower BMI postinter-
vention, we performed a subanalysis limited to patients
with a BMI of <30. We also performed stepwise linear
regression to control for the effects of hypertension,
diabetes, hypercholesterolaemia, BMI, age and gender
on the primary outcome of LOS. Statistical analysis was
performed using StataMP V.12.0. This study was a quality
improvement project and was determined to be exempt
from review by our institutional review board.

DESIGN

Our vision was to create a patient-centred, personalised,
comfortable and transparent journey for the patient from
the time that a decision to perform surgery was consid-
ered until 12 weeks after discharge. This vision was formu-
lated in 2010 through a multistakeholder Rapid Process
Improvement Workshop (RPIW), with participation from
orthopaedic surgery, primary care, nursing, anaesthesia,
physical therapy and hospital management. Experi-
ence-based design techniques provided information from
patients and staff on where to focus process improve-
ment efforts."* ' From this event, we developed a four-
phase care model for TKA and THA patients consisting
of recognition, readiness, restoration and recovery. A key
attribute of this model was a flow process that focused on
the progression of the patient and not the location within
the health system.

Each RPIW had a standard structure, with predefined
targets. The organisation of each event was a standard
teaching curriculum for participants, root cause anal-
ysis, idea generation, solution development and finally,
trial implementation. The second half of each event was
focused on plan do study act (PDSA) cycles of the changes
proposed. The 30 days postevent emphasised implemen-
tation of the changes, with formal report out to the entire
organisation at 30 and 90 days. These report outs empha-
sised successes and challenges with implementation, as
well as reporting on the individual event targets. In addi-
tion, there was monthly tracking of the primary outcome,
LOS. This was displayed publically on a visibility wall
throughout the entire project. The experience at each
event served to inform planning of the subsequent events
throughout the 3-year project time cycle.

STRATEGY

We initiated the arthroplasty quality improvement inter-
vention in April 2010 and continued through full imple-
mentation in 2013 (figure 1).

Implementation of each component of the programme
occurred through a series of RPIWs of 2 or 5 days focused
on a specific operational area (figure 1). PDSA cycles were
completed to support implementation of each improve-
ment effort. Data on the primary outcomes were tracked
in real time with team huddles on a weekly basis. We also
had regularly report-out sessions to the institution as a
whole 90 days after each RPIW.

2

Sorensen L, et al. BMJ Open Quality 2019;8:e000664. doi:10.1136/bmjog-2019-000664



August 2010 October 2010 Sept 2010 December 2010
Ortho TJIR Ortho Standardising Improving
201 0 Education Transdisciplinary AM work of Inpatient Therapy
Program Design Rounds Ortho Aide Process
October 2011 April 2011 May 2011 July 2011
201 1 Role of Improving Flow Improving Ortho Building a
Ortho Clinic PA of Info for Acute Transdisciplinary Therapy Care
Therapy RN Round Process
Recognition Readiness Restoration Recovery
July 2012 Sept 2012
Improving Ortho Production
February 2012 June 2012 workflow on Board
Contacting Decreasing day of
201 2 Patient Prior to length of stay for discharae
Surgery TJR Patients
October 2012 October 2012
Post- Prioritization of
Discharge RN Workflow
Phone Call
20 1 3 2013 Implementation 2013 Implementation 2013 Implementation 2013 Implementation
Figure 1 Timeline of quality improvement events in the lean quality improvement intervention. PA, physician assistant; RN,

registered nurse; TJR, total joint replacement.

Phase 1: recognition

Recognition consisted of integration of a standard-
ised, evidence-based approach across primary care and
radiology to identify individuals who would potentially
benefit from arthroplasty versus conservative care. Radi-
ologists were directed to add the Kellgren-Lawrence
Osteoarthritis Score to all relevant knee and hip radio-
graph reports to enable triage of subjects who should be
referred to the arthroplasty surgeon directly. Patients
with less disability and less severe osteoarthritis were
managed primarily with a conservative care pathway
with surgeon referral if conservative care failed or if
high-risk conditions were present (repetitive falls, pain
scale continually greater than 6 out of 10, or continued
joint effusions or haemarthrosis). The intent was to
avoid referring patients to the surgeon who were not
reliably surgical candidates without exhausting conserv-
ative measures first. Evidence-based criteria were also
deployed to direct toward non-operative therapy
patients who were at high surgical risk.'®

Phase 2: readiness

Readiness spanned the time from the initial arthroplasty
surgeon visit until the day of surgery and included the
presurgical assessment, and patient engagement and
preparation. We implemented shared decision making,
a collaborative decision-making process between
patient, health coach nurse and provider, using surgery
risk algorithms to inform patients of the risks and bene-
fits involved.!" Readiness also included a preoperative
class to coach patients regarding expectations during
hospitalisation and early recovery. Patients identified a
care partner who committed through a signed contract

to the support and the recovery of the patient after
discharge. The preoperative evaluation was improved
by combining patient engagement counselling and
discussions with the care partner, lab draws, and preop-
erative physical therapy teaching and evaluation, into a
single visit. Further, physical therapy consultation was
added preoperatively to enable the initiation of reha-
bilitation education before the patient was limited by
postoperative pain. We also implemented a preopera-
tive checklist of all elements of patient care necessary to
assess medical and emotional surgery readiness (cessa-
tion of smoking, management of high body mass index
and control of diabetes).®

Phase 3: restoration

Restoration extended from surgical admission
until discharge. Restoration phase work focused on
improving the patient experience and decreasing LOS.
Through root cause analysis, we identified that pain,
hypotension and nausea contributed to longer stays and
worse patient experience. Pain control was improved by
implementing adductor canal blocks instead of femoral
nerve blocks, with resultant preserved quadriceps func-
tion.'” In hip patients, we added local anaesthetic wound
infiltration to decrease the need for systemic narcotics.
Hypotension, in addition to contributing to longer LOS
and increased fall risk, created a perceived ‘negative’
hospital experience. Before our improvement efforts,
hypotensive episodes led to ‘code-like’ MET activations,
contributing to patient anxiety, fear about their clinical
condition and reluctance to be discharged. Accord-
ingly, we created a nurse-initiated fluid bolus protocol
to prevent significant hypotensive events. At the same
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time, we initiated the use of an intraoperative fibrin-
ogen inhibitor (tranexamic acid) to minimise bleeding
and transfusion requirements, potentially decreasing
postoperative hypotension.

To address nausea, we added antiemetics to the prean-
aesthesia and postanaesthesia regimens, decreased
narcotic usage and decreased blood loss from use of
tranexamic acid." These factors were designed to
improve functional status, enabling ambulation on the
day of surgery and increasing physical therapy to two
times per day. We also designed an innovative ‘therapy
car’ to help patients simulate getting in and out of a
real vehicle. The therapy car was created from plastic
plumbing tubing and connectors and was designed to
adjust to simulate different types of vehicles. In addi-
tion, we posted a ‘milestones to recovery’ mobility chart
in patients’ rooms to engage patients in achieving the
functional status required for discharge.

In addition, we deployed transdisciplinary team
morning rounds to guide care and to identify patients
off the recovery pathway. Other components of stan-
dard care included evidence-based venous throm-
boembolism prophylaxis, antibiotic prophylaxis and
surgical site infection prevention measures imbedded
within the order sets. Finally, we tracked on the ward
electronic census board, candidates for early discharge
(<60hours) who were emotionally and functionally
prepared for discharge.

Phase 4: recovery

The recovery phase spanned the time from home
discharge until 12 weeks later. The preparation for
rapid recovery was initiated during the readiness and
restoration phases, with early physical therapy educa-
tion, identification of potential early discharge patients
and identification of a care partner described previ-
ously. Patients were encouraged to engage in self-di-
rected home exercise for the first week after discharge
and then to transition to outpatient physical therapy
when the wound was stable and healing. Postdischarge
care was supported with a standardised follow-up nurse
phone call of 48-72 hours.

RESULTS
During the study period 2010-2014, 4253 total joint
arthroplasty procedures, 1659 THAs (576 before, 637
during and 446 after) and 2594 TKAs (860 before, 1071
during and 663 after) were included (table 1A,B). An
additional 2591 procedures were performed between
2005 and 2009. There were no significant differences in
age before and after the intervention, but the propor-
tions of patients with hypertension, diabetes, hypercho-
lesterolaemia, high BMI and metabolic syndrome were
significantly lower after the intervention (table 1A,B).
The average LOS decreased from 3.2 days in 2010 to
2.4 days in 2014 for both THA (figure 2A and table 2A)
and TKA (figure 2B and table 2B) patients. For hip

patients, the absolute change was 0.78 days (CI 0.68 to
0.95,p<0.001) and for knee patients, the change was
0.78 days (CI 0.68 to 0.88,p<0.001). The proportion of
patients with LOS of 4 or more days decreased from
19% (110/576) to 9% (42/446) in the hip patients
(p<0.001) and from 19% (164/860) to 10% (63/663)
in the knee patients (p<0.001). For hip patients with a
BMI of <30, the LOS decreased from 3.2 to 2.4 days, a
difference of 0.88 days (CI 0.64 to 1.11p<0.001), while
for knee patients with a BMI of <30, the LOS decreased
from 3.2 to 2.4 days, a difference of 0.79 days (CI 0.63
to 0.94,p<0.001). Overall, the mean LOS for patients
who were readmitted within 30 days was 3.4 days (n=51,
SD=1.3, CI 3.0 to 3.8), while the mean LOS for patients
who were not readmitted was 2.8 days (n=2494, SD=1.2,
CI 2.8 to 2.9, p<0.001). For both hip and knee patients,
both subanalysis limited to patients with a BMI of
<30and regression adjusting for any effects of hyper-
tension, diabetes, hypercholesterolaemia, BMI, age and
gender confirmed similar decreases in LOS, suggesting
that a change in the sample population from 2010 to
2014 did not account for the observed improvements.

Discharge disposition to home or home health service
improved for both hip and knee patients. For hip patients,
disposition to home (vs rehabilitation facility or skilled
nursing facility) increased from 72% (415/576) in 2010
to 91% (405/446) in 2014 (p<0.001). For knee patients,
disposition to home increased from 70% (599/860)
to 87% (578/663) during that same period (p<0.001).
There were no deaths in the hospital at any time during
the study time frame.

The 30-day hospital readmission rate for hip patients
decreased from 3.1% (18/576) to 1.1% (5/446, p=0.032),
with knee patients maintaining a 2% rate before (16/860)
and after the intervention (12/663, p=0.94). For all
patients in the baseline and postintervention groups
combined, the readmission rate for patients who were
discharged to home was 1.4% (29/1997), while the read-
mission rate for patients who were discharged to a skilled
nursing facility was 5.3% (22/416, p<0.001).

The number of hip patients with postoperative hypo-
tension decreased from 16% (90/576) to 4% (16/446,
p<0.001) and that in knee patients decreased from 9%
(75/860) to 2% (14/663, p<0.001). There was also a
significant decrease in MET calls for hip patients (5%,
27/576 to 2%, 9/446, p=0.022), while there was no
change in MET calls for knee patients at 3% (22/860
before and 18/663 after the intervention, p=0.85).
Posthaemorrhagic blood loss was significantly improved
(p<0.001) in both hip and knee patients.

For hip patients, there was a significant increase in
‘strongly agree’ with recommendation of the hospital
from 79% (127/161) to 95% (103/109) (p<0.001).
For knee patients, the increase in ‘strongly agree’
with recommendation of the hospital was significant,
from 83% (200/240) to 91% (148/163) (p=0.032).
Knee patients also reported a significant improvement
in ‘very good’ pain control, from 65% (155/240) at
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Table 1A Orthopaedics total hip replacement, descriptives for years 2010-2014

2010-2011 2012-2013 2014 Sig P
Characteristic Baseline Intervention Postintervention Baseline—-post
Surgeries (n) 576 637 446
Patient
Female (%) 336 (58) 342 (54) 252 (57) 0.56
Age, mean (SD) 65 (12) 66 (11) 65 (12) 0.64
Hypertension (%) 289 (50) 341 (54) 182 (41) 0.003
Diabetes (%) 78 (14) 80 (13) 37 (8) 0.008
Hypercholesterolaemia (%) 234 (41) 201 (32) 103 (23) <0.001
BMI, mean (SD) 30 (7) 30 (6) 29 (7) 0.016
BMI=30 (%) 267 (47) 283 (44) 160 (36) 0.001
BMI>40 (%) 55 (10) 40 (6) 27 (6) 0.040
Metabolic syndrome (%) 27 (5) 26 (4) 9 (2) 0.022
Table 1B Orthopaedics total knee replacement, descriptives for years 2010-2014
2010-2011 2012-2013 2014 Sig P
Characteristic Baseline Intervention Postintervention Baseline—-post
Surgeries (n) 860 1071 663
Patient
Female (%) 535 (62) 691 (65) 372 (56) 0.016
Age, mean (SD) 67 (10) 67 (10) 67 (9) 0.77
Hypertension (%) 518 (60) 591 (55) 345 (52) 0.001
Diabetes (%) 174 (20) 179 (17) 103 (16) 0.018
Hypercholesterolaemia (%) 383 (45) 376 (35) 169 (25) <0.001
BMI, mean (SD) 33 (8) 32 (7) 32 (7) 0.013
BMI>30 (%) 510 (59) 609 (57) 362 (55) 0.07
BMI>40 (%) 151 (18) 151 (14) 83 (13) 0.007
Metabolic syndrome* (%) 72 (8) 58 (5) 19 (3) <0.001

*Metabolic syndrome is defined by BMI>30and diagnosis of hypertension, diabetes and high cholesterol.

BMI, body mass index; Sig, significant.

baseline to 74% (132/179) postintervention (p=0.046).
The difference in hip patients was not significant, from
74% (114/155) to 79% (92/116) (p=0.27). Patients'
feelings of being ready for discharge were not signifi-
cantly changed in either hip or knee patients, when
comparing responses before and after the intervention.

LESSONS AND LIMITATIONS

In this work, we address the care of patients with arthritis
spanning initial presentation in primary care through
arthroplasty and recovery. Rather than structure the
project around the silos of medical care delivery (eg,
primary care, orthopaedics and physical therapy), we
sought to consider the comprehensive care pathway
from the patient’s perspective. This was determined
up front, with the broad vision accepted by all stake-
holders and with buy-in from hospital management.
Through the long course of the project, this shared
vision allowed repeated efforts, even when success did
not occur initially. It took iteration through 14 RPIWs

on different phases of the project before the results
were sufficient to support dissemination. Without the
initial work aligning stakeholders, we do not believe we
could have sustained the work long enough to realise
success. The identification of a guiding team, with exec-
utive-level responsibility and a unifying vision, provided
the essential foundation that allowed us to sustain the
effort and was probably more critical to the success than
any of the specific improvement events.

Our project does have limitations. The institutional
Lean culture may not exist in all organisations. Also, the
interventions extended over 2010-2013 and continued,
making it difficult to assess the impact of each individual
component. We were unable to collect information on
implementation retrospectively. Our study occurred at a
single teaching hospital, which may limit generalizability.
In addition, the ability to use standardised, evidence-
based criteria and processes may be challenging for other
institutions that do not have an integrated health system.
Finally, there is a potential for cost savings through

Sorensen L, et al. BMJ Open Quality 2019;8:6000664. doi:10.1136/bmjoq-2019-000664

5



A s
40 -
Baseline
. Intervention
£ 351 R i
N bR ] g BA
L LS A ——— Follow-up
=
E |
2 25 \ A
20
1.5
N N N N N N N x N x N
& @bcx QS @Q’Q R R R I
I I
Surgery Quarter
B 4.5
4.0
Baseline Intervention
z 3.5—m
9
(%]}
o
= 30
u'-lzj ! & Follow-up
e
- |
3 25 o
=
20
1.551
N N N N N N N N N N N
& A @ & WS AR L &
O O ] O Y D o
U S N R M S
Surgery Quarter
Figure 2 (A) Statistical process control chart for mean LOS

for hip replacement by quarter. n=2665 hip replacements.
See figure 1 for a more detailed timing of the interventions.
(B) Statistical process control chart for mean LOS for knee
replacement by quarter. n=4179knee replacements. See
figure 1 for a more detailed timing of the interventions. LOS,
length of stay.

decreased LOS, decreased readmission and increase in
discharge disposition directly to home. However, we were
not able to assess all costs incurred to determine if cost
savings were realised due to these improvements.

Finally, there are limitations that could confound the
analysis. The use of appropriateness criteria for surgical
intervention selected healthier patients for surgery and
could contribute to improved outcomes. Pugely et al
reported that comorbidities, most commonly hyperten-
sion, diabetes and obesity, were associated with increased
LOS." Metabolic syndrome can also affect arthroplasty
surgical complication rate and LOS.**! However, neither
analysis adjusting for these comorbidities nor limitation of
the study to subjects with a BMI of <30 changed the results,
indicating that selection criteria alone do not explain our
improved outcomes. In addition, the number of patients
with metabolic syndrome in our study was small (<10%)
and would not be expected to affect the findings. Our
study does, however, support the use of appropriateness

criteria in total joint arthroplasty to assure cost-effective
and value-added use of healthcare resources.’

CONCLUSION

In this paper, we demonstrate the use of Lean to address
the multicomponent care of patients with arthritis of
the knee and hip, extending from initial non-operative
treatment in primary care through surgical intervention,
through recovery. Standardisation and improvement of
care across the disease spectrum required collaboration
between primary care, orthopaedic surgery, radiology,
anaesthesia, nursing, pharmacy and physical therapy, all
with agreed-upon standards of care in this population. We
demonstrate that despite increasing (11%-15%) numbers
of total knee and hip arthroplasties, from 2010 to 2014,
implementation of a multifaceted Lean quality improve-
ment intervention was associated with sustained improve-
ments in LOS, readmissions, discharge disposition and
patient satisfaction. The key themes that contributed to
this success were the use of standardised, evidence-based
protocols, increased efficiency of processes and improve-
ment in patient engagement. Our results also showed an
inverse relationship between LOS and rate of readmis-
sion.

A comprehensive arthroplasty care pathway from the
decision to have surgery until recovery is vital to improved
outcomes."" #* * Shared decision making during the
presurgical visit increases patient knowledge and under-
standing to create more accurate expectations, increased
engagement and greater satisfaction."' Our surgical
criteria included radiographs to determine the physical
extent of cartilage loss, but also disability assessment, and
determination of patient emotional readiness and comor-
bidities. Presurgical education and physical therapy were
directed at decreasing anxiety and aided preparation
for earlier rehabilitation. Visible surgical recovery goals
helped patients and families see progress and feel empow-
ered to engage in recovery. An important learning was
that patients must be not only physically but also emotion-
ally and practically ready for discharge. Implementation
was aided through the use of Lean improvement events
that focused on specific segments of the pathway and
facilitated team building and monitoring for sustained
improvement.

Our results are consistent with and build on previous
reports. Compliance with evidence-based perioperative
medications (antibiotic and venous thromboembolism
prophylaxis) and standardised postoperative care have
been shown to reduce LOS.'’** Other authors have shown
success with clinical care pathways but have focused on the
hospital only, rather than the complete care from primary
care presentation through postsurgical recovery.' 227
Prior work has shown that patients who were discharged
earlier did not have an increased risk of readmission and
that the proportion of patients discharged directly home
increased with reduction of LOS.% Further, patients who

6

Sorensen L, et al. BMJ Open Quality 2019;8:e000664. doi:10.1136/bmjog-2019-000664



Table 2A  Outcomes for orthopaedic total hip replacement, 2010-2014

2010-2011 2012-2013 2014 Sig P
Characteristic Baseline Intervention Postintervention  Baseline-post
Surgical outcomes
LOS, mean (SD) 3.2(1.2) 2.8 (1.0) 2.4 (1.5) <0.001
LOS for BMI<30 3.2 (1.3 2.7 (1.0) 2.3(1.6) <0.001
LOS for BMI>30 3.1 (1.0) 2.8(1.0) 2.5(1.4) <0.001
LOS>4 days (%) 110 (19) 86 (14) 42 (9) <0.001
30-day readmission (%)* 18 (3) 13 (2) 5(1) 0.032
Any systole<90 (%) 90 (16) 37 (6) 16 (4) <0.001
Posthaemorrhagic anaemia (%)t 471 (82) 519 (81) 254 (57) <0.001
Discharge status (%) <0.001
Home/home health service 415 (72) 500 (78) 405 (91)
Skilled nursing 134 (23) 119 (19) 39 (9)
Other 27 (5) 18 (3) 2(1)
MET call, any (%) 27 (5) 32 (5) 9(2) 0.022
Operating room minutest, mean (SD) 98 (39) 93 (36) 84 (22) 0.031
Patient Satisfaction Survey (five-point scale)
Recommend hospital
Mean (SD) 4.71 (0.67) 4.85 (0.56) 4.90 (0.47) 0.013
Very good (%) 127 (79) 183 (90) 103 (95) <0.001
Pain controlled
Mean (SD) 4.65 (0.69) 4.73 (0.64) 4.75 (0.57) 0.21
Very good (%) 114 (74) 164 (80) 92 (79) 0.27
Ready for discharge
Mean (SD) 4.63 (0.64) 4.75 (0.54) 4.66 (0.62) 0.78
Very good (%) 112 (70) 163 (80) 83 (72) 0.72
Table 2B Outcomes for orthopaedic total knee replacement, 2010-2014
2010-2011 2012-2013 2014 Sig P
Characteristic Baseline Intervention Postintervention Baseline-post
Surgical outcomes
LOS, mean (SD) 3.2(0.9) 2.9(1.0) 2.4(1.1) <0.001
LOS for BMI<30 3.2 (0.9) 2.9 (1.1) 2.4 (1.1) <0.001
LOS for BMI=30 3.2(0.9) 2.9(0.9 2.4 (1.0) <0.001
LOS>4 days (%) 164 (19) 147 (14) 63 (10) <0.001
30-day readmission (%)* 16 (2) 20 (2) 12 (2) 0.94
Any systole<90 (%) 75 (9) 53 (5) 14 (2) <0.001
Posthaemorrhagic blood loss (%)t 707 (82) 852 (80) 351 (53) <0.001
Discharge status (%) <0.001
Home/home health service 599 (70) 775 (72) 578 (87)
Skilled nursing 171 (20) 219 (20) 72 (11)
Other 90 (10) 77 (7) 13 (2)
MET call, any (%) 22 (3) 49 (5) 18 (3) 0.85
Operating room minutest, mean (SD) 94 (31) 96 (41) 89 (29) 0.29
Patient Satisfaction Survey (5-point scale)
Recommend hospital
Mean 4.79 (0.53) 4.88 (0.35) 4.88 (0.43) 0.07
Continued
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Table 2B Continued

2010-2011 2012-2013 2014 Sig P
Characteristic Baseline Intervention Postintervention Baseline-post
Very good (%) 200 (83) 270 (89) 148 (91) 0.032
Pain controlled
Mean 4.55(0.72) 4.67 (0.60) 4.68 (0.64) 0.06
Very good (%) 155 (65) 219 (72) 132 (74) 0.046
Ready for discharge
Mean 4.62 (0.58) 4.71 (0.53) 4.56 (0.80) 0.35
Very good (%) 158 (66) 231 (75) 124 (70) 0.44

*30-day hospital readmission for any admissions to urgent care or emergency department only.

tPosthaemorrhagic blood loss defined by discharge International Classification of Diseases, Ninth Revision, diagnosis of 285.1.
FAvailable only for a subset of patients with specific employers (N=277).
BMI, body mass index; LOS, length of stay; MET, medical emergency team; Sig, significant.

were discharged to skilled nursing facilities had a higher
readmission risk.*

Using a standardised, multifaceted and multidisci-
plinary Lean quality improvement programme, we
decreased LOS, readmissions and postsurgical compli-
cations, and improved disposition after discharge in
TKA and THA patients. The success of the programme
was founded on encompassing the entire process of
care, including recognition, readiness, restoration and
recovery, on standardising care around evidence-based
best practices and Lean efficiencies, and on engaging
patients and care givers through shared decision making
and other tools.
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