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Abstract
Background
Hospital stays for patients discharged to post-acute care are longer
and more costly than routine discharges. Issues disrupting patient
flow from hospital to post-acute care facilities are an under-
recognized strain on hospital resources. We sought to quantify the
burden of medically unnecessary hospital days for inpatients with
neurologic illness and planned discharge to post-acute care
facilities.

Methods
We conducted a retrospective evaluation of hospital discharge
delays for patients with neurologic disease and plans for discharge
to post-acute care. We identified 100 sequential hospital admissions to an academic neu-
rology inpatient service that were medically ready for discharge from December 4, 2017, to
January 25, 2018. For each patient, we quantified the number of medically unnecessary
hospital days, or all days in the hospital following the determination of medical discharge
readiness.

Results
Among 100 patients medically ready for discharge with plans for post-acute care disposition
(47 female, mean age 72.5 years, mean length of stay 12.3 days), 50 patients were planned for
discharge to skilled nursing, 37 to acute rehabilitation, 10 to hospice/palliative care, and 3 to
other facilities. There was a total of 1,226 patient-days, and 480 patient-days (39%) occurred
following medical readiness for discharge. Medically unnecessary days ranged from 0 to
80 days per patient (mean 4.8, median 2.5, interquartile range 1–5 days).

Conclusion
Unnecessary hospital days represent a large burden for patients with neurologic illness
requiring post-acute care on discharge. These discharge delays present an opportunity to
improve hospital-wide patient flow.

Discharge to post-acute care is common for patients following hospitalization for neurologic
disease. Over one-third of US stroke inpatients are discharged to post-acute care facilities
including acute rehabilitation, skilled nursing, and long-term care facilities.1 Patients re-
covering from neurologic disease who require an inpatient stay, such as those with traumatic
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brain injury,2 status epilepticus,3 or multiple sclerosis,4 may
have similar post-acute care needs to support recovery, im-
prove functional status, or manage chronic illness.

The need for post-acute care is increasing. In 2014, neuro-
logic conditions comprised 13% of Medicare cases within
inpatient rehabilitation facilities compared to 5% in 2004.5

Medicare spending on post-acute care facility payments
doubled from $20.3 to $41.3 billion from 2001 to 2014,5 and
considerably contributes to regional variation in spending.6

The rapid growth and high variability of post-acute care
utilization has resulted in an increasingly regulated insurance
market for these services,7 including separately bundled
skilled nursing facility payments. These policies have the
potential to create more selective post-acute care facilities.

Regionalization of neurologic care in the prehospital setting
has received considerable attention,8 particularly given the
expansion of neurocritical and acute care services.9 Less at-
tention has been paid to post-acute care and discharge pa-
tient flow. Hospital stays with discharge to post-acute care
are longer andmore costly than routine discharges (7.0 vs 3.6
days; $16,900 vs $8,300 on average in 2013).1 While the
reasons for these extended stays and increased costs are in
part related to more complex medical illness, a portion of
hospital stays for these patients may be due to difficulties in
facility placement, unrelated to medical illness.10,11

The Institute for Healthcare Improvement characterizes
hospital-wide patient flow as providing “the right care, in the
right place, at the right time.”12 Hospital discharge planning,
with careful consideration of insurance payers and patient
eligibility, largely determines to which post-acute care facility
a patient is discharged.13 Post-acute care decisions are fur-
ther driven by the availability of specific settings, conve-
nience to the patient/family, and financial incentives that are
not always aligned with clinical needs or cost-effectiveness.7

The complexity encountered when navigating post-acute
care facility discharges may lead to delays and disruption in
patient flow. The recent Institute for Healthcare Improve-
ment’s white paper on achieving patient flow recommends
advance planning, coordination, and development of part-
nerships with skilled nursing and rehabilitation facilities.12

However, in practice, coordination between acute and post-
acute care facilities is poor.14

We sought to determine themodern-day burden of medically
unnecessary hospital days for inpatients with neurologic ill-
ness in our institution, with focus on patients with planned
discharge to a post-acute care facility.

Methods
We conducted a retrospective evaluation of hospital dis-
charge delays for patients admitted to an academic neurology
inpatient service with plans for discharge to a post-acute care
facility (i.e., skilled nursing, long-term care, acute/inpatient

rehabilitation, hospice/palliative care facility, medical group
home) deemed medically ready for discharge between De-
cember 4, 2017, and January 25, 2018. The study objective
was to quantify discharge delays, or the number of medically
unnecessary hospital days, for patients with planned dis-
charge to a post-acute care facility.

Standards protocol approvals, registrations,
and patient consents
TheUniversity of Rochester Research Subjects ReviewBoard
approved the study with a waiver of patient consent.

Institution description
The study was performed at an 838-bed primary teaching
hospital, designated a comprehensive stroke center, within an
academic medical center (University of Rochester Medical
Center). Our institution serves patients within an approximate
100-mile radius, and has a local post-acute care network in-
cluding 2 institution-owned skilled nursing facilities (122 and
145 beds) within a 20-minute drive time, a 20-bed on-campus
acute rehabilitation unit, formal relationships with 2 long-term
care facilities (362 and566 beds)within a 10-minute drive-time,
and no long-term acute care facilities. In addition to in-network
post-acute care facilities, our hospital coordinates with an ad-
ditional 32 out-of-network rehabilitation and long-term care
facilities within 25 miles of the hospital and many more at
greater distances.

Patient selection
We examined inpatients admitted to the general or vascular
neurology services deemed medically ready for discharge be-
tween December 4, 2017, and January 25, 2018. We selected
100 sequential patients deemed medically ready for discharge
within the timeframe and with plans for discharge to a post-
acute care facility at the time of medical readiness for discharge.
Data for patients with a discharge plan for home were not
collected for this study. Patients with a plan for discharge to
a post-acute facility who were ultimately discharged home due
to either improvement or barriers to facility placement were
included (n = 10). Patients transferred to another inpatient
service were excluded (hospital medicine; n = 2, neurosurgery;
n = 2, vascular surgery; n = 1), unless the transfer was for the
purpose of care on a dedicated inpatient rehabilitation unit or
inpatient palliative care unit. Patient characteristics including
demographics, clinical features (diagnosis, length of stay,
comfort care status, disposition), and social factors (insurer,
prehospital living arrangements, marital status, caregiver avail-
ability, primary income source) were extracted directly from
the electronic medical record.

Outcome measures
We defined medically ready for discharge based on a set of
criteria used by our neurology inpatient team (appendix,
links.lww.com/CPJ/A37). These criteria were developed
internally but are similar to those used previously.15,16 The
classification of medical readiness for discharge was per-
formed by the neurology service on a daily basis and
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recorded within the physician progress notes or handoff tool
within the electronic medical record. Patients are deemed
medically ready for discharge if all criteria are met and
consensus agreement by the health care team is reached
during a multidisciplinary patient review held each weekday
morning. On the weekends, the senior resident under the
supervision of the attending physician is responsible for
reviewing and updating medical readiness for discharge.

Medically unnecessary days were defined as all patient-days
spent in the hospital following the determination of medical
readiness for discharge and were collected from a retrospective
chart review. Days following the development of hospital-
acquired complications were counted if the patient was already
deemed medically ready for discharge prior to developing the
complication. The admission date was defined as hospital day
zero. Patient-days were considered equivalent to the number of
midnights spent in the hospital.

Hospital-acquired complications were determined by chart
review and included health care–associated infections and
hospital-acquired delirium. For the purpose of this study,
health care–associated infections were defined as any in-
fection acquired while inpatient requiring antibiotics (e.g.,
pneumonia, urinary tract infection).17 Hospital-acquired
delirium was identified as any cognitive disturbance not
present on admission that occurred at least 24 hours fol-
lowing admission and prompted the use of restraints or ad-
ministration of pharmacologic intervention (e.g., quetiapine
or haloperidol). These complications were abstracted di-
rectly from daily progress notes.

Statistical analysis
Results were reported descriptively. A nonparametric Kruskal-
Wallis test was used to assess differences in medically un-
necessary days by patient variables. Statistical evaluation was
completed using Stata version 14.2 (College Station, TX).

Data availability
Due to the potential for loss of patient confidentiality,
complete individualized data cannot be made publicly avail-
able; however, anonymized data may be shared at the request
of any qualified investigator.

Results
We identified 100 patients admitted to our acute care neu-
rology services withmean age 73 years (SD 16.4) determined

to be medically ready for discharge between December 4,
2017, and January 25, 2018, with plans for discharge to
a post-acute care facility at the time of medical readiness for
discharge.Most patients included in the study weremale (n =
53), white (n = 80), and insured by Medicare (n = 81), with
a primary source of income from social security retirement
(n = 65) (table 1). Many patients included were married (n =
42), the majority lived in a house prior to admission (n = 65),
and most lived with their spouse/significant other or family
(n = 55). In total, 80 patients or their families were able to
identify a caregiver who could assist the patient at least part
time on discharge.

There were 65 patients with a diagnosis of ischemic stroke or
intracerebral hemorrhage. Fifty were planned for discharge to
skilled nursing, 37 to acute rehabilitation, and 10 to hospice/
palliative care facility (table 2). Length of stay ranged from 1
to 106 days (mean 12.3, median 8, interquartile range [IQR]
4.5–12.5 days) and was greatest for nonstroke patients
(mean 9.1 vs 18.2 days; p = 0.04). While awaiting placement,
5 patients developed hospital-acquired complications (uri-
nary infection, n = 1; pneumonia, n = 2; delirium, n = 2) and
1 required intensive care services.

Medically unnecessary days by patient ranged from 0 to 80
days (mean 4.8, median 2.5, IQR 1–5 days) (figure 1). Race
and insurance status were not associated with unnecessary
hospital days. Medically unnecessary days were associated
with medical readiness for discharge on the weekend (mean
8.3 vs 4.1 days; p = 0.05). Five patients who developed
hospital-acquired complications had greater medically un-
necessary days on average compared to those without
complications (17.8 vs 7.6 days; p = 0.04). In addition, those
≤60 years of age had more unnecessary days compared to
other patients (mean 7.6 vs 3.9 days; p = 0.04).

There was a cumulative 1,226 patient-days across all
admissions examined in the study, and 480 patient-days
(39% of total) occurred following medical readiness for
discharge or were medically unnecessary. The proportion of
patient-days that were medically unnecessary was similar
for those discharged to skilled nursing, acute rehabilitation,
and hospice/palliative care (figure 2). Two of 3 patients
discharged to a group home had complex barriers to dis-
charge related to longstanding developmental disabilities
and therefore the number of medically unnecessary patient-
days for this category was high (table 2). An analysis with
these patients excluded demonstrated that unnecessary
days still amounted to 36% of total hospital days in the
study.

Discussion
Inpatient excess, which was over one-third of hospital days
for those with planned discharge to post-acute care within
our institution’s data, can lead to hospital overflow and may

Medically unnecessary days by

patient ranged from 0 to 80 days

(mean 4.8, median 2.5, IQR 1–5 days).
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Table 1 Medically unnecessary hospital days by sociodemographic characteristics

Sociodemographic
characteristics

Total
patients

Total
patient-days

Mean length
of stay (SD)

Total unnecessary
patient-days

Mean unnecessary
patient-days (SD)

Total 100 1,226 12.3 (14.8) 480 4.8 (9.2)

Age quartiles, y

26–60 25 425 17 (21.7) 191 7.6 (15.8)

61–76 27 314 11.6 (12.3) 104 3.9 (3.9)

77–85 23 227 9.9 (11.8) 102 4.4 (7.6)

86–101 25 260 10.4 (10.1) 83 3.3 (4.1)

Sex

Male 53 681 12.8 (17.4) 291 5.5 (11.5)

Female 47 545 11.6 (11.2) 189 4 (5.5)

Race

White 80 937 11.7 (14.6) 352 4.4 (9.3)

Black 16 205 12.8 (15.7) 106 6.6 (9.3)

Other 4 63 15.8 (15.8) 22 5.5 (5.7)

Insurance

Medicare 81 1,005 12.4 (15.7) 394 4.9 (9.9)

Private 10 104 10.4 (6.8) 41 4.1 (2.3)

Medicaid or self-pay 9 117 13 (13.6) 45 5 (6.9)

Housing type

House 65 685 10.5 (10.0) 255 3.9 (4.4)

Apartment 22 295 13.4 (14.6) 104 4.7 (7.3)

Assisted living/group home 9 227 25.2 (33.1) 118 13.1 (25.4)

SNF/LTC 4 19 4.75 (3.9) 3 0.8 (1.0)

Preadmission cohabitants

Spouse or significant other 31 286 9.2 (10.4) 87 2.8 (3.0)

Children, parent, other family 24 402 16.8 (14.2) 150 6.3 (7.9)

Facility clients and staff 13 246 18.9 (28.8) 121 9.3 (21.6)

Othera 4 49 12.3 (6.9) 16 4.0 (2.9)

None 28 243 8.7 (8.4) 106 3.8 (4.3)

Marital status

Married or engaged 42 410 9.8 (10.6) 138 3.3 (3.2)

Widowed 29 343 11.8 (12.8) 116 4 (7.3)

Divorced/separated 13 138 10.6 (11.4) 75 5.8 (5.7)

Single 16 335 20.9 (25.0) 151 9.4 (19.2)

Caregiver on dischargeb

Yes 80 985 12.3 (13.7) 367 4.6 (8.6)

No 20 241 12.1 (15.1) 113 5.7 (9.3)

Continued
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propagate costs through unnecessary use of resources.18,19

The average cost of a hospital day in our institution was
determined to be $1,047, but costs are reported as high as

$2,456 per day for nonprofit hospitals in New York on av-
erage,20 and therefore medically unnecessary days have the
potential to be costly. This may not encompass indirect costs

Table 1 Medically unnecessary hospital days by sociodemographic characteristics (continued)

Sociodemographic
characteristics

Total
patients

Total
patient-days

Mean length
of stay (SD)

Total unnecessary
patient-days

Mean unnecessary
patient-days (SD)

Primary income source

Social security retirement 65 716 11.0 (11.9) 262 4.0 (5.6)

SSD/SSI 19 314 16.5 (23.8) 139 7.3 (17.8)

Salary/wages 10 148 14.8 (12.8) 61 6.1 (6.3)

No income 6 48 8.0 (6.1) 18 3.0 (1.4)

Abbreviations: SNF/LTC = skilled nursing facility/long-term care; SSD/SSI = Social Security Disability/Supplemental Security Income.
a Other cohabitants include friends or roommates.
b Patients and their caregivers identified whether or not a caregiver would be available to assist the patient on discharge.

Table 2 Medically unnecessary hospital days by clinical characteristics

Clinical characteristics Total
patients

Total patient-
days

Mean length of stay,
d (SD)

Total unnecessary
patient-days

Mean unnecessary patient-
days (SD)

Primary diagnosis

Stroke 65 590 9.1 (7.6) 217 3.3 (3.6)

TBI 11 237 21.5 (21.6) 87 7.9 (11.3)

Seizurea 9 265 29.4 (32.6) 128 14.2 (25.1)

Brain tumor 4 32 8.0 (2.8) 11 2.8 (2.2)

Otherb 11 102 9.3 (5.0) 37 3.4 (2.3)

Comfort measures only

Yes 13 239 18.4 (17.1) 57 4.4 (5.9)

No 87 987 11.3 (14.3) 423 4.9 (9.6)

Length of stay, wk

≥1 60 1,065 17.8 (17.0) 414 6.9 (11.3)

<1 40 161 4.0 (1.3) 66 1.7 (1.2)

Day of medical readiness for
discharge

Weekendc 17 242 14.2 (24.1) 141 8.3 (18.6)

Weekday 83 984 11.9 (12.2) 339 4.1 (5.6)

Disposition

SNF 50 511 10.2 (10.3) 194 3.9 (5.5)

Acute rehabilitation 37 352 9.5 (8.1) 141 3.8 (4.4)

Hospice 10 209 20.9 (19.0) 54 5.4 (6.4)

Group home 3 154 51.3 (50.0) 91 30.3 (43.0)

Abbreviations: NA = not applicable; SNF = skilled nursing facility; TBI = traumatic brain injury.
a Seizure includes status epilepticus.
b Other primary diagnoses include neuromyelitis optica, chronic inflammatory demyelinating polyneuropathy, multiple sclerosis exacerbation or
pseudoexacerbation, failure to thrive in a patient with neurodegenerationwith brain iron accumulation, normal pressure hydrocephalus, amyotrophic lateral
sclerosis, and acute motor axonal neuropathy.
c Weekend was defined as Friday through Sunday for the purposes of this study.
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of excess days (e.g., effect on upstream bed availability, pa-
tient satisfaction, provider burnout)21,22 and when general-
ized to all hospital services for the entire year, costs are likely
even higher.

Periodic peaks in hospital capacity23 may lead to potential
negative consequences for patients and the providers caring
for them.24 Similarly, discharge delays may escalate hospital
capacity, and subsequently strain physicians and staff, de-
creasing their efficiency and productivity. Overflow also has
the potential to expose patients to a greater risk of adverse
events and hospital-acquired complications, such as those
seen within our institution’s data.

Due to difficulties in identifying reasons for unnecessary hos-
pital days within a retrospective review, causes for delays were
unable to be described for most patients. However, causes of
excess days that could be identified ranged from suboptimal
post-acute care bed availability, application processing time
for admission to post-acute care facilities, time for evaluation
by post-acute care facilities, facility denial and reapplication
to another facility, issues in financing medication costs (e.g.,
chemotherapy, multiple sclerosis disease-modifying therapy),
insurance processing and approval, insurance denials, and

obstacles related to guardianship status.25 Developing a better
understanding and wider recognition of these issues is needed
to improve patient flow and quality of care, and is an area in
need of future research to improve quality of care.

The experiences with discharge delays for inpatients awaiting
post-acute care is not new, nor is it an issue confined to our
institution, or even the United States.26 Awaiting placement to
a nursing facility has long been cited as an issue leading to dis-
charge delays.10,11,26 However, none has focused on this burden
exclusively in the post-acute care population. Furthermore, prior
studies are outdated and took place in an era when length of stay
was not commonly tracked as a metric for efficiency, and the
value of patient flow was not fully realized.12 Our findings un-
derscore the continued relevance of discharge delays for those
destined for post-acute care and highlight the need to improve
coordination between acute and post-acute care facilities.

A recent survey of health care quality improvement officers found
more than half report that inpatient and post-acute care is only
somewhat or not at all coordinated.14 Coordination in the acute
to post-acute care continuum is in need of structure and orga-
nizational innovation to enhance patient flow and throughput.23

Therefore, opportunities exist to improve patient flow from
acute to post-acute facilities, primarily at the level of the hospital
and broader health care system.

Hospital partnership with post-acute care facilities holds the
potential to ease referrals and increase accessibility of post-
acute care beds.7 These arrangements may range from joint
ventures to bed leasing to preferred referral networks.14,27

Such relationships may help with control over the quality of
care within these facilities to promote accountability and
good outcomes, allow for the integration of electronic health

Figure 1 Distribution of neurology inpatients ordered by medically unnecessary patient-days

Discharge delays may escalate

hospital capacity, and subsequently

strain physicians and staff, decreasing

their efficiency and productivity.
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records, improve management of regional populations, and
formulate contractual agreements that ensure streamlined
transitions in care, which may include coverage of post-acute
care services by insurance payers. These types of organiza-
tional interventions may ultimately decrease length of stay by
reducing unnecessary hospital days14; however, overly nar-
row networks will need to be avoided to maintain optimal
patient choice.28,29

While our study took place in a hospital with a post-acute care
network, continued delays may be related to the limited
network size, scope, and interfacility coordination with re-
spect to the patient population, which has grown in recent
years due to expansion of the acute care network. Our in-
stitution has formed a post-acute care committee with
a neighboring affiliate hospital consisting of administration,
faculty, staff, and trainees with the purpose of designing
solutions that will address discharge delays for patients going
to post-acute care facilities. Similar committees or efforts
have been launched within other health care facilities and
statewide organizations.30,31

In addition to hospital-level solutions, health systempolicies have
the potential to incentivize organizations, including neuro-
medicine service lines, to enhance patient-centered care, focus on
population health management, and develop longitudinal care
teams and post-acute care networks that drive value-based care.
This may include restructuring or expanding current bundled
payment policies. For instance, the Centers for Medicare &
Medicaid Services recently introduced new payment strategies
that will bundle acute and post-acute care payments together for
certain disease processes in hopes to improve care coordination
across the continuum of hospital to post-acute care.32,33 A wider

adoption of bundled payment policies that group acute and post-
acute care payments may better align incentives to reduce un-
necessary days. Developing other public policies to incentivize
health care organizations to invest in service innovation and care
coordination may also help to promote quality of care and pa-
tient flow from acute to post-acute facilities.34

It is uncertain how patient flow from acute to post-acute care
will be influenced by the recently passed ImprovingMedicare
Post-Acute Transformation (IMPACT) Act of 2014.35 The
law attempts to create uniformed patient assessment meth-
ods for those within post-acute care facilities, and sets
a timetable for developing, implementing, and reporting
quality metrics.36 These reform efforts, while directed at
improving quality, have the potential to make bed offers from
post-acute care facilities even more selective, providing an
even greater challenge for discharge delays. The law will
further prepare for coming value-based payment reform by
developing a prototype for a cross-setting, site-neutral pro-
spective payment system for post-acute care (due for release
in October 2021).36 Part of the initiative will be to evaluate
the payment system’s effect on post-acute care placement,
which will be especially important for acute care facilities
interested in optimizing hospital-wide patient flow.

Our study has important limitations. The study took place
within a single large academic medical center, and others’
institutional practices on patient flow and hospital discharge
for patients departing to post-acute care may vary. The
generalizability of these findings is unclear; however, prior
studies from the 1990s of patients with neurologic disease
and stroke within international facilities found similar dis-
charge delays related to nursing home placement,10,11 and

Figure 2 Total and medically unnecessary patient-days by planned discharge disposition

*Two of 3 patients discharged to a group home had
complex barriers to discharge related to long-
standing developmental disabilities and therefore
the proportion of medically unnecessary to total
patient-days for this category was high (0.59 vs 0.36;
p = 0.04). An analysis with these patients excluded
demonstrated that unnecessary days still amounted
to 36% of total hospital days in the study.
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therefore, this problem is not new and unlikely to be con-
fined to one region or locale. However, discharge practices
may be influenced by resource availability and therefore
discharge delays due to post-acute care facility placement
may be regionally variable. For example, the upstate New
York area is without long-term acute care hospitals, which
creates barriers in discharging patients with ongoing complex
care needs such as tracheostomy or mechanical ventilation.
While we include some information on the availability of
social support and living arrangements (table 2), this in-
formation is unlikely to fully elucidate the complex social
situations that many patients and families encounter. In
addition, our study takes place in a limited timeframe ex-
amining 100 sequential patients and therefore our study may
be subject to variable peaks and latencies in inpatient census.
It is partly reassuring that our neurology service census
averages approximately 27 patients per day throughout the
year and during the study timeframe the average census was
28 patients per day.

Finally, our definition of medical readiness for discharge was
internally developed and subject to the judgement of the
physician and health care team, and therefore, may not be
generalizable to all hospital service lines or neurology inpa-
tients within other facilities. Prior efforts have been made to
assess appropriate stays on medical and surgical units16;
however, many of these criteria would not be fitting for
a modern-day neurology service. Although our criteria are
generally consistent with those used previously,15,16 there is
a clear need to develop more universally applied criteria for
medical necessity and discharge preparedness for patients
with neurologic illness, which could also facilitate a larger-
scale epidemiologic examination of this problem.

Given the high utilization of post-acute care and potential for
interrupted patient flow in discharge to post-acute care, more
research is needed to identify the large-scale burden of these
delays with attention to neurologic patients, who often utilize
more acute care and have more disability on discharge than most
patients. Furthermore, research is needed tomonitor anddevelop
the scale and success of post-acute care networks and the effect of
acute to post-acute bundled payment policies on patient flow.
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