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ABSTRACT

Readmission to the hospital is stressful and disruptive for patients and accounts for billions of dollars in healthcare spending.
The reduction of unplanned all-cause readmission to an acute care hospital is a major priority of the Centers for Medicare
and Medicaid Services (CMS), policymakers, nurses, and all health care providers. Research studies have focused on patients
discharged from an acute-care hospital to the home setting. The LACE index scoring tool has been used to predict the risk of death
or unplanned readmission within 30 days after discharge from the hospital to the home setting. This descriptive, nonexperimental
research study incorporated the LACE index in the record of patients admitted to two post-acute care facilities from surrounding
acute care hospitals. Data were collected between September 2015 and February 2016. There were 164 participants in the study
and ages ranged from 42-98 years of age with a mean age of 74.2. Of the 164 participants, a total of 19 participants, or 11.5%,
were readmitted to the hospital within a 30-day period after discharge. The most commonly identified comorbidities of diabetes
without complications, congestive heart failure (CHF), chronic pulmonary disease, dementia, and cerebrovascular disease point to
the layers of clinical complexity and risk when caring for older adults. This study supports further implementation of the LACE
index with other clinical assessment tools that identify patients at greatest risk for an unplanned all-cause readmission to the
hospital within 30 days of discharge to the post-acute care facility.
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1. INTRODUCTION

The reduction of unplanned readmission[1] to the hospital is
of major importance to the Centers for Medicare and Med-
icaid Services (CMS),[1] policymakers, nurses, and health
care providers. Strides are being made in the reduction of hos-
pital 30-day readmissions translating in an estimated 150,000
fewer hospital readmissions between January 2012 and De-
cember 2013[2] which represents an eight percent reduction

in the Medicare fee-for-service all-cause 30-day readmis-
sion rate.[2] However, it is critical that all members of the
interprofessional team are diligent in the development and
implementation of new strategies that continue to reduce
hospital readmission rates and corresponding costs.

Hospital readmissions are costly and in some instances un-
avoidable due to the severity of an illness or the serious pro-
gression of a chronic health condition. Hospital readmissions
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may be attributed to the lack of accessible and affordable
health care, inadequate post-discharge and transitional care,
patient non-compliance, lack of medication reconciliation,
and less than optimal communication between providers and
patients. Furthermore, behaviors that puts a patient’s health
at risk such as a lack of exercise, alcohol and tobacco use,
and inadequate nutrition contribute to the development of
chronic health conditions and early death.[3] The ability to
accurately predict hospital readmission risk is of great inter-
est in the identification of patients that would benefit most
from interventions focused on transitions in care.[4]

Readmission to the hospital is a source of stress and dis-
ruption for patients and caregivers and accounts for billions
of dollars in Medicare spending. In 2013, a health policy
brief published by the Robert Wood Johnson Foundation[5]

cited that according to CMS, historically about one in five
Medicare patients discharged from a hospital are readmitted
within 30 days. During 2011, 3.3 million adult hospital pa-
tients were readmitted within 30 days of discharge at a cost
of $41.3 billion and Medicare patients’ comprised 58% of
the incurred costs.[6]

In this study, a hospital readmission experience[1] was de-
fined as an unplanned all-cause readmission[1] to an acute
care facility from the post-acute care facility within 30
days of discharge from the originating facility. As noted
by Brooks[7] exceptions may include: patients who are dis-
charged and transferred to another hospital; those who leave
against medical advice; and planned readmissions as in the
case of additional testing and diagnostic procedures.

Literature on hospital readmissions have focused primarily
on patients discharged from acute hospitals to the home set-
ting. An emphasis on communication between patients, their
caregivers, and members of the health care team promotes
quality of care, enhanced coordination of services, and im-
proved discharge planning. These efforts have helped to
decrease the incidence of hospital readmission rates in some
instances by 20 to 40 percent.[8] For example, the LACE
index[9] scoring tool (LACE index) developed in Canada, has
been used to predict the risk of death or unplanned readmis-
sion within 30 days after discharge from the hospital to the
home setting. It documents the length of stay (“L”),[9] which
includes the day of admission and discharge; acuity of the
admission (“A”),[9] comorbidity of the patient as measured
by the Charlson comorbidity index score (“C”),[9] and emer-
gency department use as measured by the number of visits
made in the six months prior to hospital admission (“E”).[9]

van Walraven et al.[9] conducted a prospective cohort study
in which patient and admission variables were collected for
4,812 medical and surgical patients who were discharged

to the community from 11 hospitals in Ontario.[9] They re-
ported that the outcome predicted by the LACE index[9] was
a reliable measure and clinically relevant.[9] The LACE in-
dex[9] was found to be moderately discriminative and very
accurate for predicting the risk of early death or unplanned
readmission after discharge from the hospital to the com-
munity.[9] This study suggested that additional research that
examines the impact of the LACE index[9] with different
patient populations in alternate settings would be valuable.

Tan et al. conducted a retrospective study at Singapore Gen-
eral Hospital which included 127,550 eligible patients who
were admitted to one of the medical departments at the hos-
pital over a four-year period and discharged to their homes.
Findings demonstrated that the LACE index[9] may be useful
in the identification of patients at risk for readmission to
hospitals in Asian countries.[10]

A retrospective study of 253 patients was conducted to ex-
ternally validate the accuracy of using the LACE index[9]

to predict 30 day readmissions in patients experiencing con-
gestive heart failure[11] (CHF) exacerbation. Wang et al.[11]

found that the LACE index[9] may be more useful in pre-
dicting the incidence of visits to the emergency department
during the post discharge period. The ability to provide pa-
tients with valuable community health resources during the
post discharge period may reduce the number of visits to the
emergency department by this population.

McAlister et al.[12] conducted a study of 24,373 older pa-
tients with extensive comorbidities common to the LACE
index[9] who received health care services in the year prior
to their admission to the hospital. They found that ongoing
follow-up by the same physician coupled with frequent con-
tact with the patient after discharge were important indicators
of risk for death or readmission to the hospital.[12]

A research study conducted with a total of 507 patients with
a mean age of 85 in the United Kingdom[13] (UK) found
that the LACE index[9] was a good predictor of death rather
than of hospital readmission,[13] which reflects the findings
of van Walraven et al.[9] Cotter et al.[13] found that the LACE
index[9] was not useful for predicting 30 day readmission in
older inpatients.[13] Thus, they concluded that greater em-
phasis be placed on individual patient health factors when
developing future readmission prediction tools.

A national study conducted by Dharmarajan et al.[14] found
that readmission diagnoses and timing after admission for
heart failure, acute myocardial infarction, or pneumonia do
not differ by hospital 30 day risk standardized readmission
rates.[14] Both acute myocardial infarction and heart failure
are comorbidities included on the LACE index.[9] The re-
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sults of this study indicate that high performing hospitals
experience fewer admissions across the spectrum of read-
mission diagnoses throughout the post-discharge period.[14]

This may suggest that broad clinical strategies and timely
nursing interventions may be more helpful in reducing hos-
pital readmission rather than examining medical diagnoses
for specified time periods after admission to the hospital.

In summary, these studies recommend additional research
using the LACE index[9] with different patient populations
in alternate settings. To date, there is limited published work
that investigates the use of the LACE index[9] inpatients
admitted for rehabilitation and therapeutic services in a post-
acute facility. The phrase “readmitted patient” was used
throughout the study to refer to the group of patients that
experienced readmission to an acute care hospital within 30
days of admission[1] to the post-acute care facility. Thus, this
research study incorporated the LACE index[9] in patients
transferred from the hospital to the post-acute care setting.

Aims
The aims of this study were to: (1) evaluate the effective-
ness of the LACE index[9] in the identification of patients at
greatest risk for an unplanned all-cause readmission[1] to the
hospital within 30 days of discharge[1] to a post-acute care
facility; and (2) to examine the LACE index[9] scores among
post-acute patients who experienced hospitalization within a
30-day period after discharge.

2. METHODS

2.1 Design
A descriptive, non-experimental design was selected since it
was appropriate to the setting, efficient, and economical to
manage. The design facilitated implementation of the LACE
index[9] so that it was non-disruptive to the workflow in the
post-acute setting. The LACE index[9] appeared in the same
electronic system currently used by members of the clinical
team with careful consideration given to time for completion
of the tool. The electronic medical record[15] provided com-
prehensive and enhanced real-time clinical information that
was collected and analyzed in aggregate.[16]

2.2 Instrument
van Walraven et al. found that the LACE index[9] was dis-
criminative (C statistic 0.684) and very accurate (Hosmer-
Lemeshow goodness-of-fit-statistic 14.1, p = .59) at predict-
ing outcome risk.[9] The methods used to derive the LACE
index[9] were both valid and transparent. The discrimination
of the LACE index[9] was better than that of the widely used
Framingham score[17] in many populations, which suggests
that the LACE index[9] is useful when applied to individual

patients.[17–19]

2.3 Participants
A convenience sample of 164 participants records were se-
lected based on criteria entered into the patient medical
record intake referral management module.[20] The LACE
index[9] was completed upon admission of every participant
to the post-acute care facility transferred from an acute care
hospital over a five month period. Participants ranged in
age between 42-98 years with a mean age of 74.2. Eighty-
five (n = 85) of the participants were females and 79 were
male. A total of 87 participants reported race as African
American/Black (n = 87), Caucasian/White (n = 60), His-
panic/Latino (n = 7), Asian (n = 4), and six participants did
not disclose their race as presented in Table 1.

Table 1. Gender and race
 

 

Characteristic Number (Percentage)                     

Gender    
79 (48%) Male 

85 (52%) Female 

Race   

87 (53%) African/American 

60 (36.6%) Caucasian/White 

7 (0.043%) Hispanic/Latino 

4 (0.024%) Asian 

6 (0.037%) Did not disclose 

 

2.4 Data collection
The study was conducted in two facilities that comprise a
network of 32 post-acute facilities that operates throughout
northern and central Illinois, northern Indiana, and central
Arizona. Each patient admitted from an acute care hospital
to the post-acute care facility to receive rehabilitation and
therapy services was eligible to participate in the study re-
gardless of the payer. The data collected focused on four
areas: hospital length of stay, indication of emergency de-
partment admission, comorbidities (i.e. diagnosis code list),
and the number of visits to the emergency department over
the past six months.[9] This information is typically available
when a patient is discharged from a hospital that provides
acute care services. However, it is usually not collected in
a standard format, such as the LACE index,[9] during the
referral and transfer process.

The records of 164 patients admitted to one of the two facil-
ities between of the months of September 2015 to January
2016 were analyzed in this study. The LACE index[9] was
programmed into the patient’s medical record intake referral
management module and served as the standardized method
for receiving information from the referring acute care hos-
pital. The LACE index[9] risk score of hospital readmission
was as follows: 0-4 low, 5-9 moderate, and 9 or greater was
considered high risk. As part of the routine hospital transfer
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and referral process, the LACE index[9] was completed at the
post-acute care facility.

A training module was developed and posted on the intranet
site which was made available within the patient record. In
addition, the researchers conducted in-person training with
each health care team member to foster the correct use of the
LACE index.[9] Periodic review of the data generated by the
LACE index[9] was monitored and validated for accuracy and
completeness by the researchers. During periodic reviews,
an initial validation was completed to verify that data was
properly collected as well as to check that data collected
matched the documentation in the patient’s record.[15] The
researchers had access to individual participant data for the
purpose of checking for accuracy and completeness of the
LACE index.[9] The final analysis and presentation of results
are provided in the aggregate to adhere to confidentiality
regarding participant information.

Adoption of the LACE index[9] was continually monitored
throughout the data collection period via automatic daily
reports distributed to the researchers. Based on historical
data, the researchers were able to estimate the number of
LACE indexes[9] that should be completed each week. Any
delinquencies or discrepancies in collection quotas and er-
rors were brought to the attention of the health care team and
corrected immediately.

2.5 Ethical considerations
The researchers obtained institutional approvals from institu-
tional review board and general counsel. Permission to use
the LACE index[9] was granted in writing. The researchers
had access to participant data for the purpose of data collec-
tion and results were analyzed and presented in aggregate.

2.6 Data analysis
The data analysis reporting structure was built using
Microsoft SQL Server Reporting Services (SSRS) in con-
junction with a report manager application that provided
daily automated reports. The data were analyzed using data
reported from Microsoft SQL Server 2012 SP 2 version
11.0.5343.0012. At the end of each week of data collection,
the LACE indexes were reviewed for completeness by the
researchers. In addition, the research team reviewed the elec-
tronic medical record of each participant in the PointClick-
Care system which provided real-time views of patient in-
formation that allowed the researchers to verify whether
or not the LACE index[9] accurately reflected the medical
diagnoses, treatment, and admission status for each partic-
ipant. The information was aggregated and analyzed for
consistency between the admission data and relevant clini-
cal findings. After the initial analysis, the data were further

analyzed using Tableau version 9.3. Tableau provides quick
and efficient visualization of research data without the need
to build sophisticated applications.[21]

3. RESULTS
The risk for hospital readmission within a 30 day-period[1]

indicated that 119 participants (72.5%) were at high risk,
44 (26.8%) were considered to be at moderate risk, and one
participant was deemed to be at low risk, as illustrated in
Figure 1.

Figure 1. Frequency of LACE index[9] category

The hospital length of stay[9] before being admitted for post-
acute care ranged from 1-14 or more days as displayed in
Figure 2.

Acuity[9] reflects whether or not the patient was admitted to
the hospital from the emergency department. In this study,
151 (92%) of the participants were admitted to the emergency
department and 13 (8%) were admitted from home or another
non-acute care facility. The Charlson comorbidity index[9]

score represents 14 medically diagnosed conditions. Figure
3 illustrates the frequency of all 14 comorbidities among
the participants. The most frequently reported comorbidities
included diabetes without complications (n = 55), CHF (n =
38), chronic pulmonary disease (n = 33), dementia (n = 29),
and cerebrovascular disease (n = 23).

Of the 164 participants in this study 19 (11.5%) experienced
an unplanned all-cause readmission[1] to the hospital within a
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30 day period due to a broad range of medical complications
and abnormal laboratory results. Of the 19 participants read-
mitted to the hospital, 16 were considered at high risk and
three were considered at moderate risk for readmission ac-
cording to the score on the LACE index.[9] Hospital length of
stay prior to admission to the post-acute care setting ranged
from 3-14 or more days.

Figure 2. Hospital length of hospital stay[9] (L)

Acuity of admission indicated that all 19 participants were
admitted to the hospital via the emergency department. The
most frequently reported Charlson comorbidities[9] included
diabetes (n = 12), CHF (n = 6), and previous myocardial in-
farction (n = 4). Of the 19 participants who were readmitted
as patients to the hospital, 18 had a diagnosis of essential
hypertension and 17 had a diagnosis of cognitive commu-
nication deficit. Visits to the emergency department within
a six-month period prior to hospitalization excluding the
current admission indicated that four of the 19 readmitted
participants visited the emergency department at least once
in the last six months.

4. DISCUSSION
The majority of participants (99.3%) in this study were
deemed to be at moderate to high risk for an unplanned
all-cause readmission[1] to the hospital within 30 days. The
19 participants who did experience a readmission were all
considered to be at moderate to high risk for readmission
according to the LACE index.[9] The LACE index[9] could
be implemented at the time of admission to alert nurses and
other members of the interprofessional team that a newly

admitted patient is at risk for readmission. Thus, these pa-
tients could be clinically monitored more closely for changes
in their health status and early interventions may prevent or
minimize an unplanned readmission to the hospital. This has
direct implications for nurses and case managers who are
monitoring patients throughout the post-acute stay.

The identification of the most frequently reported Charl-
son index[9] comorbidities of chronic pulmonary disease,
diabetes without complications, CHF, cerebrovascular dis-
ease, and dementia, point to the need for targeted and multi-
faceted nursing strategies and interventions that address the
chronic and complex health care needs of patients. The addi-
tional identification of essential hypertension and cognitive
communication deficit in the majority of readmitted patients
may warrant additional attention to these conditions and the
requisite coordination of care in the post-acute population.
Tinker[22] noted that comorbidities add multiple layers of
complexity which are typically not evident when examining
one chronic health condition. For example, patients may
experience a potential drug interaction as a result of a new
medication.[22] This has direct implications for nurses and
caregivers because they have the most contact with patients
and are in the best position to assess comorbidities, plan and
coordinate care, and evaluate patient outcomes.

It is a common practice in skilled and post-acute care facili-
ties to transfer patients to hospitals when physicians and nurs-
ing staff determine the need for urgent services.[23] Transfers
between health care facilities increase the risk of harm and
the potential of unfavorable patient outcomes that may result
in costly hospitalizations.[24] During this study, the readmis-
sion rate was significantly lower than the prior two years. Of
the total number of participants, 11.5% experienced a hos-
pital readmission which was well below the post-acute care
network average of 19.4% (2014) and 18.1% (2015).[25] This
resulted in a cost savings to providers and payers as well as
a decrease in the potential risk to patients during the hospital
readmission process. The researchers suggest further use of
the LACE index[9] in the post-acute care setting over a longer
period of time to evaluate whether or not the difference in
the readmission rate noted in this study was related to the
heightened awareness of the interprofessional team during
the use of the LACE index[9] or other clinical and admission
factors.

The monitoring of hospital readmission continues to be an
important clinical, financial, and policy area for health care
providers. Recent legislative acts that protect access to Medi-
care[26] and focus on improving post-acute care[27] require
hospital readmission measures for skilled nursing facilities.
The former requires value-based purchasing to use an all-
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cause hospital readmission measure as an initial performance
measure, and the latter requires development of a potentially
preventable readmission measures for skilled nursing facili-
ties.[28]

Limitations of this study included a relatively small sample
(n = 164) in contrast to other studies conducted using the
LACE index.[9] Second, the LACE index[9] has not been

tested for reliability and validity for use in patient popula-
tions receiving rehabilitation and therapeutic services. Third,
the ability to access patient information during the transfer
process was not consistently available to the health care team.
This necessitated follow-up phone calls and document review
in order to obtain required patient information and data that
needed to be entered into the LACE index[9] scoring tool.

Figure 3. Frequency of comorbidities
Visits to the emergency department within the past six months indicated that 9 participants made three visits, 18 made two visits, and 137
did not access emergency services within the past six months

5. CONCLUSIONS AND RELEVANCE TO CLIN-
ICAL PRACTICE

Future research regarding patients who are readmitted to the
hospital from long-term care, skilled, and post-acute facili-
ties is imperative. Readmission to the hospital is disruptive
to the patient and caregivers, poses issues with coordination
of care, and results in increased health care spending. The
findings of this study support further exploration using the
LACE index[9] in conjunction with other appropriate clin-
ical assessment tools and nursing care interventions in an
effort to promote positive patient outcomes. The most com-
mon comorbidities of diabetes without complications, CHF,
chronic pulmonary disease, dementia, and cerebrovascular
disease noted in this study point to the layers of clinical com-
plexity when caring for older adults. Furthermore, essential
hypertension and cognitive communication deficit were fre-

quent medical diagnoses among the readmitted patients and
thus, may warrant additional attention and evaluation in the
post-acute care setting.

Preventing or reducing hospital readmissions requires a com-
prehensive approach that includes clinical and predictive
tools such as the LACE index[9] in conjunction with care-
ful examination of nursing staffing levels, acuity of patients,
work environment, and educational and experiential prepara-
tion of providers of health care. Coordination of care during
transition, effective communication among all stakeholders,
valid and reliable admission assessment tools, and collab-
oration with patients and family members is critical in the
prevention of hospital readmissions.
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