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Abstract

BACKGROUND: Delirium is associated with poor clinical outcomes that could be improved
with targeted interventions.

OBJECTIVE: To determine whether a multicomponent delirium care pathway implemented
across seven specialty nonintensive care units is associated with reduced hospital length of
stay (LOS). Secondary objectives were reductions in total direct cost, odds of 30-day hospital
readmission, and rates of safety attendant and restraint use.

METHODS: This retrospective cohort study included 22,708 hospitalized patients (11,018
preintervention) aged =50 years encompassing seven nonintensive care units: neurosciences,
medicine, cardiology, general and specialty surgery, hematology-oncology, and transplant. The
multicomponent delirium care pathway included a nurse-administered delirium risk assessment
at admission, nurse-administered delirium screening scale every shift, and a multicomponent
delirium intervention. The primary study outcome was LOS for all units combined and the
medicine unit separately. Secondary outcomes included total direct cost, odds of 30-day hospital
readmission, and rates of safety attendant and restraint use.
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RESULTS: Adjusted mean LOS for all units combined decreased by 2% post intervention
(proportional change, 0.98; 95% CI, 0.96-0.99; £=.0087). Medicine unit adjusted LOS decreased
by 9% (proportional change, 0.91; 95% ClI, 0.83-0.99; £=.028). For all units combined, adjusted
odds of 30-day readmission decreased by 14% (odds ratio [OR], 0.86; 95% Cl, 0.80-0.93; P=
.0002). Medicine unit adjusted cost decreased by 7% (proportional change, 0.93; 95% ClI, 0.89-
0.96; £=.0002).

CONCLUSION: This multicomponent hospital-wide delirium care pathway intervention is
associated with reduced hospital LOS, especially for patients on the medicine unit. Odds of 30-day
readmission decreased throughout the entire cohort.

Delirium is an acute disturbance in mental status characterized by fluctuations in cognition
and attention that affects more than 2.6 million hospitalized older adults in the United
States annually, a rate that is expected to increase as the population ages.1~* Hospital-
acquired delirium is associated with poor outcomes, including prolonged hospital length of
stay (LOS), loss of independence, cognitive impairment, and even death.>-10 Individuals
who develop delirium do poorly after hospital discharge and are more likely to be
readmitted within 30 days.11 Approximately 30% to 40% of hospital-acquired delirium
cases are preventable.1912 However, programs designed to prevent delirium and associated
complications, such as increased LOS, have demonstrated variable success.12-14 Many
studies are limited by small sample sizes, lack of generalizability to different hospitalized
patient populations, poor adherence, or reliance on outside funding.12:13.15-18

Delirium prevention programs face several challenges because delirium could be caused

by a variety of risk factors and precipitants.1920 Some risk factors that occur frequently
among hospitalized patients can be mitigated, such as sensory impairment, immobility

from physical restraints or urinary catheters, and polypharmacy.20-21 Effective delirium

care pathways targeting these risk factors must be multifaceted, interdisciplinary, and
interprofessional. Accurate risk assessment is critical to allocate resources to high-risk
patients. Delirium affects patients in all medical and surgical disciplines, and often is
underdiagnosed.1®-22 Comprehensive screening is necessary to identify cases early and track
outcomes, and educational efforts must reach all providers in the hospital. These challenges
require a systematic, pragmatic approach to change.

The purpose of this study was to evaluate the association between a delirium care pathway
and clinical outcomes for hospitalized patients. We hypothesized that this program would be
associated with reduced hospital LOS, with secondary benefits to hospitalization costs, odds
of 30-day readmission, and delirium rates.

METHODS
Study Design

In this retrospective cohort study, we compared clinical outcomes the year before and after
implementation of a delirium care pathway across seven hospital units. The study period
spanned October 1, 2015, through February 28, 2019. The study was approved by the
University of California, San Francisco Institutional Review Board (#13-12500).
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Multicomponent Delirium Care Pathway

The delirium care pathway was developed collaboratively among geriatrics, hospital
medicine, neurology, anesthesiology, surgery, and psychiatry services, with an
interprofessional team of physicians, nurses, pharmacists, and physical and occupational
therapists. This pathway was implemented in units consecutively, approximately every

4 months in the following order: neurosciences, medicine, cardiology, general surgery,
specialty surgery, hematology-oncology, and transplant. The same implementation education
protocols were performed in each unit. The pathway consisted of several components
targeting delirium prevention and management (Appendix Figure 1 and Appendix Figure
2). Systematic screening for delirium was introduced as part of the multicomponent
intervention. Nursing staff assessed each patient’s risk of developing delirium at admission
using the AWOL score, a validated delirium prediction tool.23 AWOL consists of: patient
Age, spelling “World” backwards correctly, Orientation, and assessment of iLIness severity
by the nurse. For patients who spoke a language other than English, spelling of “world”
backwards was translated to his or her primary language, or if this was not possible, the
task was modified to serial 7s (subtracting 7 from 100 in a serial fashion). This modification
has been validated for use in other languages.24 Patients at high risk for delirium based

on an AWOL score =2 received a multidisciplinary intervention with four components:

(1) notifying the primary team by pager and electronic medical record (EMR), (2) a nurse-
led, evidence-based, nonpharmacologic multicomponent intervention,2® (3) placement of a
delirium order set by the physician, and (4) review of medications by the unit pharmacist
who adjusted administration timing to occur during waking hours and placed a note in the
EMR notifying the primary team of potentially deliriogenic medications. The delirium order
set reinforced the nonpharmacologic multicomponent intervention through a nursing order,
placed an automatic consult to occupational therapy, and included options to order physical
therapy, order speech/language therapy, obtain vital signs three times daily with minimal
night interruptions, remove an indwelling bladder catheter, and prescribe melatonin as a
sleep aid.

The bedside nurse screened all patients for active delirium every 12-hour shift using the
Nursing Delirium Screening Scale (NuDESC) and entered the results into the EMR.23.26
Capturing NUDESC results in the EMR allowed communication across medical providers
as well as monitoring of screening adherence. Each nurse received two in-person trainings
in staff meetings and one-to-one instruction during the first week of implementation. All
nurses were required to complete a 15-minute training module and had the option of
completing an additional 1-hour continuing medical education module. If a patient was
transferred to the intensive care unit (ICU), delirium was identified through use of the ICU-
specific Confusion Assessment Method (CAM-ICU) assessments, which the bedside nurse
performed each shift throughout the intervention period.2” Nurses were instructed to call
the primary team physician after every positive screen. Before each unit’s implementation
start date, physicians with patients on that unit received education through a combination of
grand rounds, resident lectures and seminars, and a pocket card on delirium evaluation and
management.

J Hosp Med. Author manuscript; available in PMC 2022 October 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LaHue et al. Page 4

Participants and Eligibility Criteria

We included all patients aged =50 years hospitalized for >1 day on each hospital unit
(Figure). We included adults aged =50 years to maximize the number of participants for
this study while also capturing a population at risk for delirium. Because the delirium
care pathway was unit-based and the pathway was rolled out sequentially across units,
only patients who were admitted to and discharged from the same unit were included to
better isolate the effect of the pathway. Patients who were transferred to the ICU were
only included if they were discharged from the original unit of admission. Only the first
hospitalization was included for patients with multiple hospitalizations during the study
period.

Patient Characteristics

Patient demographics and clinical data were collected after discharge through Clarity and
Vizient electronic databases (Table 1 and Table 2). All Elixhauser comorbidities were
included except for the following /nternational Classification of Disease, Tenth Revision,
Clinical Modification (/CD-10) codes that overlapped with a delirium diagnosis: G31.2,
(G93.89, G93.9, G94, R41.0, and R41.82 (Appendix Table 1). Severity of illness was
obtained from Vizient, which calculates illness severity based on clinical and claims data
(Appendix Table 1).

Delirium Metrics

Delirium screening was introduced as part of the multicomponent intervention, and
therefore delirium rates before the intervention could not be determined. Trends in delirium
prevalence and incidence after the intervention are reported. Prevalent delirium was defined
as a single score of =2 on the nurse-administered NuDESC or a positive CAM-ICU at any
point during the hospital stay. Incident delirium was identified if the first NUDESC score
was negative and any subsequent NUDESC or CAM-ICU score was positive.

Outcomes

The primary study outcome was hospital LOS across all participants. Secondary outcomes
included total direct cost and odds of 30-day hospital readmission. Readmissions tracked as
part of hospital quality reporting were obtained from Vizient and were not captured if they
occurred at another hospital. We also examined rates of safety attendant and restraint use
during the study period, defined as the number of safety attendant days or restraint days per
1,000 patient days.

Because previous studies have demonstrated the effectiveness of multicomponent delirium
interventions among elderly general medical patients,12 we also investigated these same
outcomes in the medicine unit alone.

Statistical Analysis

The date of intervention implementation was determined for each hospital unit, which was
defined as time(0) [t(0)]. The 12-month postintervention period was divided into four 3-
month epochs to assess for trends. Data were aggregated across the seven units using t(0) as

J Hosp Med. Author manuscript; available in PMC 2022 October 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LaHue et al.

RESULTS

Page 5

the start date, agnostic to the calendar month. Demographic and clinical characteristics were
collected for the 12-months before t(0) and the four 3-month epochs after t(0). Univariate
analysis of outcome variables comparing trends across the same epochs were conducted

in the same manner, except for the rate of delirium, which was measured after t(0) and
therefore could not be compared with the preintervention period.

Multivariable models were adjusted for age, sex, race/ethnicity, admission category,
Elixhauser comorbidities, severity of illness quartile, and number days spent in the ICU.
Admission category referred to whether the admission was emergent, urgent, or elective/
unknown. Because it took 3 months after t(0) for each unit to reach a delirium screening
compliance rate of 90%, the intervention was only considered fully implemented after this
period. A ramp-up variable was set to 0 for admissions occurring prior to the intervention

to t(0), 1/3 for admissions occurring 1 month post intervention, 2/3 for 2 months post
intervention, and 1 for admissions occurring 3 to 12 months post intervention. In this way,
the coefficient for the ramp-up variable estimated the postintervention versus preintervention
effect. Numerical outcomes (LOS, cost) were log transformed to reduce skewness and
analyzed using linear models. Coefficients were back-transformed to provide interpretations
as proportional change in the median outcomes.

For LOS and readmission, we assessed secular trends by including admission date and
admission date squared, in case the trend was nonlinear, as possible predictors; admission
date was the specific date—not time from t(0)—to account for secular trends and allow
contemporaneous controls in the analysis. To be conservative, we retained secular terms
(first considering the quadratic and then the linear) if £<.10. The categorical outcome
(30-day readmission) was analyzed using a logistic model. Count variables (delirium, safety
attendants, restraints) were analyzed using Poisson regression models with a log link, and
coefficients were back-transformed to provide rate ratio interpretations. Because delirium
was not measured before t(0), and because the intervention was considered to take 3 months
to become fully effective, baseline delirium rates were defined as those in the first 3 months
adjusted by the ramp-up variable. For each outcome we included hospital unit, a ramp-up
variable (measuring the pre- vs postintervention effect), and their interaction. If there was no
statistically significant interaction, we presented the outcome for all units combined. If the
interaction was statistically significant, we looked for consistency across units and reported
results for all units combined when consistent, along with site-specific results. If the results
were not consistent across the units, we provided site-specific results only. All statistical
analyses were performed using SAS software, version 9.4 (SAS Institute Inc).

Participant Demographics and Clinical Characteristics

A total of 22,708 individuals were included in this study, with 11,018 in the preintervention
period (Table 1 and Table 2). Most patients were cared for on the general surgery unit (n
=5,899), followed by the medicine unit (n = 4,923). The smallest number of patients were
cared for on the hematology-oncology unit (n = 1,709). Across the five epochs, patients
were of similar age and sex, and spent a similar number of days in the ICU. The population
was diverse with regard to race and ethnicity; there were minor differences in admission
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category. There were also minor differences in severity of illness and some comorbidities
between timepoints (Appendix Table 1).

Delirium Metrics

Delirium prevalence was 13.0% during the first epoch post intervention, followed by 12.0%,
11.7%, and 13.0% in the subsequent epochs (£ =.91). Incident delirium occurred in 6.1%
of patients during the first epoch post intervention, followed by 5.3%, 5.3%, and 5.8% in the
subsequent epochs (P=.63).

Primary Outcome

Epoch-level data for LOS before and after the intervention is shown in Appendix Table 2.
The mean unadjusted LOS for all units combined did not decrease after the intervention, but
in the adjusted model, the mean LOS decreased by 2% after the intervention (P=.0087;
Table 3).

Secondary Outcomes

The odds of 30-day readmission decreased by 14% (£ =.0002) in the adjusted models for
all units combined (Table 3). There was no statistically significant reduction in adjusted
total direct hospitalization cost or rate of restraint use. The safety attendant results showed
strong effect modification across sites; the site-specific estimates are provided in Appendix
Table 3. However, the estimated values all showed reductions, and a number were large and
statistically significant.

Medicine Unit Outcomes

On the medicine unit alone, we observed a statistically significant reduction in LOS of

9% after implementation of the delirium care pathway (£ =.028) in the adjusted model
(Table 3). There was an associated 7% proportional decrease in total direct cost (P=.0002).
Reductions in 30-day readmission and safety attendant use did not remain statistically
significant in the adjusted models.

DISCUSSION

Implementation of a hospital-wide multicomponent delirium care pathway was associated
with reduced hospital LOS and 30-day hospital readmission in a study of 22,708
hospitalized adults at a tertiary care, university hospital in Northern California,
encompassing both medical and surgical acute care patients. When evaluating general
medicine patients alone, pathway implementation was associated with reductions in LOS
and total direct cost. The cost savings of 7% among medical patients translates to

median savings of $1,237 per hospitalization. This study—one of the largest to date
examining implementation of a hospital-wide delirium care pathway—supports use of

a multicomponent delirium care pathway for older adults hospitalized for a range of
conditions.

Multicomponent pathways for delirium prevention and management are increasingly
being used in hospital settings. The United Kingdom National Institute for Health
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and Care Excellence guidelines recommend delirium assessment and intervention by a
multidisciplinary team within 24 hours of hospital admission for those at risk.2> These
guidelines are based on evidence accumulated in clinical studies over the past 30 years
suggesting that multicomponent interventions reduce incident delirium by 30% to 40%
among medical and surgical patients.12:13.25.28

Although multicomponent delirium care pathways are associated with improved patient
outcomes, the specific clinical benefits might vary across patient populations. Here, we
found larger reductions in LOS and total direct cost among medicine patients. Medical
patients might respond more robustly to nonpharmacologic multicomponent delirium
interventions because of differing delirium etiologies (eg, constipation and sleep deprivation
in a medical patient vs seizures or encephalitis in a neurosciences patient). Another
explanation for the difference observed in total direct cost might be the inclusion of surgical
units in the total study population. For example, not all hospital days are equivalent in

cost for patients on a surgical unit.2 For patients requiring surgical care, most of the
hospitalization cost might be incurred during the initial days of hospitalization, when there
are perioperative costs; therefore, reduced LOS might have a lower economic impact.2

Multicomponent, nonpharmacologic delirium interventions encourage discontinuing
restraints. As a result, one might expect a need for more frequent safety attendant use and
an associated cost increase. However, we found that the estimated unit-specific values for
safety attendant use showed reductions, which were large and highly statistically significant.
For all units combined and the medicine unit alone, we found that the rate of restraint use
decreased, although the change was not statistically significant. It is possible that some of
the interventions taught to nurses and physicians as part of care pathway implementation,
such as the use of family support for at-risk and delirious patients, led to a reduction in both
safety attendants and restraints.

Our study had several strengths. This is one of the largest hospital-based delirium
interventions studied, both in terms of its scope across seven diverse medical and surgical
hospital units and the number of hospitalized patients studied. This intervention did not
require additional staff or creating a specialized ward. Adherence to the pathway, as
measured by risk assessment and delirium screening, was high (>90%) 3 months after
implementation. This allowed for robust outcome ascertainment. The patient population’s
characteristics and rates of delirium were stable over time. Because different hospital
units incorporated the multicomponent delirium care pathway at different times, limiting
enrollment to patients admitted and discharged from the same unit isolated the analysis to
patients exposed to the pathway on each unit. This design also limited potential influence of
other hospital quality improvement projects that might have occurred at the same time.

The primary limitation of this study is that screening for delirium was introduced as part of

the multicomponent intervention. This decision was made to maximize buy-in from bedside
nurses performing delirium screening because this addition to their workflow was explicitly
linked to delirium prevention and management measures. Delirium could not be ascertained
preintervention from the EMR because it is a clinical diagnosis and is coded inadequately.3°
We could only measure the change in delirium metrics after implementation of the delirium
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care pathway. Because baseline delirium rates before the intervention were not measured
systematically, conclusions about the intervention’s association with delirium metrics are
limited. All other outcomes were measured before and after the intervention.

Although the comprehensive delirium screening program and high rate of adherence are a
methodologic strength of this study, a second limitation is the use of the NUDESC. Our
previous research demonstrated that the NUDESC has low sensitivity but high specificity
and positive predictive value,26 which might underestimate delirium rates in this study.
However, any underestimation should be stable over time and temporal trends should

remain meaningful. This could allow more widespread study of delirium among hospitalized
individuals. Because this care pathway was hospital-wide, it was important to ensure both
consistency of screening and longevity of the initiative, and it was necessary to select a
delirium assessment tool that was efficient and validated for nursing implementation. For
these reasons, the NUDESC was an appropriate choice.

It is possible that our results could be influenced by unmeasured confounders. For example,
although we incorporated Elixhauser medical comorbidities and illness severity into our
model, we were unable to adjust for baseline functional status or frailty. Baseline functional
status and frailty were not reliably recorded in the EMR, although these are potential
confounders when investigating clinical outcomes including hospital readmission.

CONCLUSION

Implementation of a systematic, hospital-wide multicomponent delirium care pathway

is associated with reductions in hospital LOS and 30-day readmission. In general

medicine units, the reduction in LOS and associated cost savings were robust. These

results demonstrate the feasibility and effectiveness of implementing an interprofessional,
multidisciplinary multicomponent delirium care pathway through medical center funding to
benefit patients and the hospital system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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91,932 unique patients a

from the same unit during the study period

dmitted and discharged

Excluded:
® 55,756 aged <50 years on admission

A

Y

* 13,397 length of stay <1 day

¢ 71 incomplete data in the electronic medical record

4

22,708 individuals eligible at index hospitalization

11,018 admitted prior to delirium care
pathway start

11,690 admitted during delirium care
pathway implementation

FIG.

Flow Diagram of Study Participant Inclusion and Exclusion
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Participant Demographics and Clinical Characteristics for Preintervention Period (Epoch 0)

TABLE 1.

Epoch 0: =12 to 0 months (n = 11,018)

Hospital units, No. (%)

Neurosciences 1,233 (11.2)
Medicine 2,552 (23.2)
Cardiology 1,309 (11.9)
Specialty surgery 1,297 (11.8)
General surgery 2,859 (26.0)
Hematology-oncology 649 (5.9)
Transplant 1,119 (10.2)
Age on admission, y
Mean (SD) 66.7 (10.8)
Median (IQR) 65 (58-73)
Female, No. (%) 5,255 (47.7)
Race/ethnicity, No. (%)
White, non-Hispanic 6,261 (56.8)
Hispanic 1,161 (10.5)
Black 975 (8.9)
Asian 1,710 (15.5)
Other 911 (8.3)
Admission category, No. (%)
Emergent 4,237 (38.5)
Urgent 2,285 (20.7)
Routine/transplant/unknown 4,496 (40.8)
Intensive care unit days, mean (SD) 0.27 (1.50)

Abbreviation: IQR, interquartile range.
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