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BACKGROUND: Approximately 40% of hospitalized
older adults have cognitive impairment (CI) and are
more prone to hospital-acquired complications. The
Institute of Medicine suggests using health information
technology to improve the overall safety and quality of
the health care system.
OBJECTIVE: Evaluate the efficacy of a clinical decision
support system (CDSS) to improve the quality of care for
hospitalized older adults with CI.
DESIGN: A randomized controlled clinical trial.
SETTING: A public hospital in Indianapolis.
POPULATION: A total of 998 hospitalized older adults
were screened for CI, and 424 patients (225 intervention,
199 control) with CI were enrolled in the trial with a mean
age of 74.8, 59% African Americans, and 68% female.
INTERVENTION: A CDSS alerts the physicians of the
presence of CI, recommends early referral into a
geriatric consult, and suggests discontinuation of the
use of Foley catheterization, physical restraints, and
anticholinergic drugs.
MEASUREMENTS: Orders of a geriatric consult and
discontinuation orders of Foley catheterization, physical
restraints, or anticholinergic drugs.
RESULTS: Using intent-to-treat analyses, there were
no differences between the intervention and the control
groups in geriatric consult orders (56% vs 49%, P =
0.21); discontinuation orders for Foley catheterization
(61.7% vs 64.6%, P=0.86); physical restraints (4.8% vs
0%, P=0.86), or anticholinergic drugs (48.9% vs 31.2%,
P=0.11).
CONCLUSION: A simple screening program for CI
followed by a CDSS did not change physician prescrib-
ing behaviors or improve the process of care for
hospitalized older adults with CI.
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INTRODUCTION

Every year, more than 4 million Americans aged 65 and
older suffer from cognitive impairment (CI) during their
hospital stay.1–5 These Americans are prone to hospital-
acquired complications,1,6–8 which contribute to higher
mortality, poorer functional status, limited rehabilitation,
prolonged length of stay, increased institutionalization, and
higher health care costs 1,2,9–12.

Evidence suggests that interdisciplinary geriatric inpatient
services improve care for hospitalized elders without CI.
However, their effectiveness among elders with CI is less
clear.13–18 One reason for the limited effectiveness of
geriatric services may be the ever-quickening pace of care
in the hospital setting that limits the windows of opportunity
for geriatric team input and implementation of geriatric
recommendations. The Institute of Medicine recommends
integrating information systems into health care as a
promising route to improve the safety and quality of care.19

Such integration may provide patient-specific warnings to
avoid potentially inappropriate care at the time of medical
decision-making.

We report the results of the first randomized controlled
clinical trial evaluating the efficacy of a screening program
coupled with a clinical decision support system (CDSS) in
enhancing hospital care for elders with CI. The primary
hypothesis was that our CDSS would reduce the exposure
to potentially inappropriate anticholinergic medications,
urinary catheters, and physical restraints, as well as increase
geriatric consultation referral.
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METHOD

The study was approved by the Indiana University Purdue
University at Indianapolis Institutional Review Board, and
informed consent for identifiable chart review was obtained
from subjects or their legally authorized representatives.

Population. The study was conducted at Wishard Memorial
Hospital (WMH) between July 1, 2006 and March 30,
2008. WMH is a 340-bed, university-affiliated, public
hospital serving between 1,500 and 2,000 hospitalized
elders every year. The general medicine services at WMH
are supported by a geriatric consultation service, the Acute
Care for Elders (ACE). The ACE team includes a
geriatrician, a geriatric nurse practitioner, a social worker,
a pharmacist, a physical therapist, an occupational therapist,
and an administrative assistant.3

We enrolled patients that are: (1) at least 65 years of age;
(2) hospitalized on a medical ward; (3) English-speaking;
and (4) have CI at the time of hospital admission. Patients
were excluded if they had previously been enrolled in the
study, were aphasic, or unresponsive at the time of
screening (Fig. 1).

The Regenstrief Medical Record System (RMRS). RMRS
processes data, and monitors patient and physician activity

at WMH.20 It is composed of Registration and Scheduling,
Laboratory, Pharmacy, and Database modules. RMRS
contains retrievable observations generated during more
than 600,000 outpatient visits and 60,000 inpatient stays per
year.20 By linking with the Indiana Network for Patient
Care, the RMRS captures data on hospitalization and
emergency room visits from a network of hospital systems
throughout the state of Indiana. Additionally, RMRS
contains death certificate information transferred from the
Indiana State Board of Health for all registered patients who
die in or outside the state of Indiana. In addition, WMH
uses the GOPHER Physician Order-Entry System.
GOPHER captures all physician orders at WMH and is
linked to the RMRS. Once orders are entered, the system
sends them electronically to the nurses' workstation on the
patient's ward, and requisitions are printed at appropriate
locations. Less than 5% of orders are entered by nursing
staff as verbal orders.20,21

Cognitive Screening. The leadership of the internal
medicine physicians group approved screening for CI as
part of the standard of care among their hospitalized patients
aged 65 and older. The research assistant (RA) received the
screening order via a page initiated by GOPHER from 8 a.
m. to 5 p.m. on Monday through Friday. A delayed message
was sent at 8 a.m. the following morning indicating any

Figure 1 The randomized controlled trial enrollment flow chart.
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admissions that occurred between 5 p.m. and 8 a.m. from
the previous evening/morning. CI was determined by the
Short Portable Mental Status Questionnaire (SPMSQ).22,23

The SPMSQ is a ten-item test with a sensitivity of 86% and
specificity 99.0% for dementia validated in both
community-dwelling and hospitalized older adults.23

Patients having a score of 8 or less on the SPMSQ after
adjusting for race and education were considered to have
CI. At the time of cognitive assessment, delirium was
assessed using the Confusion Assessment Method
(CAM).24 At screening and every weekday, the CAM
score was completed by the research assistant using data
from the SPMSQ, subject’s direct observation, nursing staff
or family interview, and medical record review to determine
the presence of (1) acute and fluctuating changes in mental
status, (2) inattention, (3) disorganized or incoherent
thinking, and (4) an altered level of consciousness. A
CAM score is considered to be positive if the patient
displays both (1) and (2) with at least one of (3) or (4). The
CAM has a sensitivity of 97% and a specificity of 92%.24

When feasible, the RA administered both the SPMSQ and
the CAM within the first few hours of hospitalization, and
more than 75% of screening occurred in the first 48 h of
hospital admission. Once the RA enters the screening
results into GOPHER, using a computer-generated
process, cognitively impaired eligible patients were
automatically randomized in a 1:1 ratio into a CDSS
intervention group or usual care. The results of the
cognitive screening were inserted into the written medical
chart of all patients, including those randomized into the
usual care group.

The Intervent ion (see Online Appendix) . An
interdisciplinary team met monthly for an entire year and
used available guidelines25–28 and two recently published
systematic evidence reviews to develop the content and the
format of the electronically delivered CDSS.3,29,30 The
interdisciplinary team initially intended the CDSS to focus
only on medication recommendations, which suggest
anticholinergic medications should not be used as first-line
treatments in patients with CI when equally effective
alternatives exist.28 Additionally, the expert panel
requested that, since the physician order entry system
contained the capability to influence potentially harmful
Foley catheter placement and physical restraints, the CDSS
also included recommendations for removing these
unnecessary tethers. The study investigators and the expert
panel jointly selected the list of prohibited anticholinergic
medications (along with suggestions for alternatives) and
the process of eliminating physical restraints. The team
selected only 18 medications with moderate to severe
centrally acting anticholinergic properties as inappropriate
for patients with CI and offered alternative treatments,
changed doses of ordered medications, or discontinued

medications. The use of the alternative medications was
approved and authorized by the Pharmacy and Therapeutics
Committee. The team also created an alternative to the use
of physical restraints such as having a sitter and using a
low dose of haloperidol or trazodone. Because the
recommendations developed by the local group are
appropriate for any form of CI, the CDSS was applied
consistently regardless of the type of CI. The following
steps outline the interaction between the physician and the
CDSS:

(1) Each time a physician enters an order for a patient
randomized to the intervention arm, the physician
received non-interruptive alerts of the presence of
CI, Foley catheter, physical restraints, anticholinergic
drugs, or the need for ACE services;

(2) If the physician orders a urinary catheter, s/he will
receive interruptive alerts to recommending discontin-
uing the catheter;

(3) If the physician orders physical restraints, s/he will
receive interruptive alerts recommending substituting
physical restraints with the use of a professional sitter
or low dose trazodone;

(4) If the physician orders any of the 18 inappropriate
anticholinergics, s/he will receive interruptive alerts
recommending stopping the drug, suggesting an
alternative, or recommending dose modification.

(5) The physician was required to make a decision to
accept, reject, or modify any of the interruptive alerts.
However, when non-interruptive alerts were presented,
physicians were able to quickly exit the screen by
using the “F8” key.

The providers of the patients randomized into the usual care
did not receive CDSS but had the opportunity to review the
results of the cognitive screening in the medical record.

Primary Outcome Measures. The study primary outcomes
were the orders of ACE consultation, the discontinuation
orders of 18 potentially inappropriate anticholinergics
medications, urinary catheter, and or physical restraints.
The above outcomes were measured by the GOPHER
database. In each of the above outcomes, we computed two
different rates: (1) immediate: the percentage of patients
receiving an order (or a discontinuation order) during the
first 48 h of being admitted to the hospital and (2) hospital
stay: the percentage of patients receiving the orders during
the entire hospital stay.

Secondary Outcome Measures. The RMRS was used to
determine the total number of hospital-acquired complications
that may be related to CI. These complications included the
number of patients with injuries (such as falls), urinary
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catheters, or pressure ulcers. In addition, complications
included any patients with a new-onset delirium episode that
developed during hospitalization as determined by a positive
CAM score during any day of the hospital course if the initial
CAM score on admission was negative.

Other Data Collection. Patient demographics such as age,
gender, race, and education level were determined by the
RMRS and by information obtained during the time of
cognitive screening. Length of hospital stay, mortality, 30-
day post-hospitalization mortality, 30-day readmission rates,
discharge placement, ICD-9-based admission and discharge
diagnosis codes, and hospital-acquired complications were
all obtained from the RMRS. Comorbidity level was
measured by reviewing the RMRS and determining each
patient’s Charlson Comorbidity Index total score.31 This
score was determined using ICD-9 codes gathered from 1
year prior to admission until the patient was discharged
from the hospital.

Analysis. Descriptive statistics were calculated, including
percentages for binary categorical variables, means and
standard deviations for continuous variables. Comparisons
between groups were based on intent to treat analysis and
used Fisher’s exact tests for binary categorical variables and
t-tests for continuous variables. Since the distributions of
length of stay and Charlson Comorbidity Index were
skewed, all statistical tests comparing them across groups
were actually performed on their log-transformed values. To
control for potential baseline imbalances across groups,
further comparisons between groups were made using
logistic regression for binary categorical outcome variables
and multiple regression for continuous outcomes, with
covariates that included age, gender, race, Charlson
Comorbidity Index, and SPMSQ at screening.

RESULTS

Within 21 months, the study assessed the cognitive status
of 998 patients aged 65 and older with a mean age of
74.8 years (SD 7.5), a mean education of 10.3 years (SD
2.8), a mean SPMSQ score of 7.7 (2.8), 67.8% female,
59.4% African Americans, and 42% cognitively impaired.
Table 1 describes the baseline characteristics of the CDSS
group (N=199) and the usual care (N=225). The usual
care group were more likely to be female (71.1% vs
60.3%, p=0.02) and have more chronic comorbidity (mean
Charlson Comorbidity Index score of 2.4 vs 1.8, p<0.001),
but there were no differences between the two groups in other
variables such as the prevalence of delirium at screening
(intervention: 30.2% vs usual care: 31.1%, p=0.83) and the
level of CI (mean SPMSQ of intervention: 5.2 vs usual care:
5.1, p=0.67).

As seen in Table 2, the CDSS did not increase
physicians’ orders for ACE consults, physicians’ discontin-
uation of Foley catheterization, or discontinuation of
physical restraints. Physicians receiving the CDSS issued
more discontinuation orders of definite anticholinergics;
however, this result was not statistically significant. The
study found no differences in physician orders of benzo-
diazepines (intervention: 20.6% vs usual care: 15.6%, P
0.20) or atypical neuroleptics (intervention: 14.6% vs usual
care: 11.6%, p=0.74). However, patients randomized into
the CDSS had more orders for typical neuroleptics
(intervention: 17.6% vs usual care: 11.6%, p=0.03). The
CDSS did not specifically target the physician prescribing

Table 2. The Differences Between the Intervention Group and the
Control Group in Regard to Physicians’ Prescribing Behaviors

CDSS
(N=199)

Usual care
(N=225)

P Value*

ACE consult order
% with ACE consult order
First 48 h 42% 36% 0.40
Entire hospital stay 56% 49% 0.28
Foley catheterization
% FC order (N)
First 48 h 20.1% (40) 23.6% (53) 0.50
Entire hospital stay 30.2% (60) 35.1% (79) 0.37
% FC discontinuation order (N)†

First 48 h 22.5% (9/40) 18.9% (10/53) 0.70
Entire hospital stay 61.7% (37/60) 64.6% (51/79) 0.86
Physical restraints
% PR order (N)
First 48 h 6.0% (12) 3.6% (8) 0.51
Entire hospital stay 10.5% (21) 7.6% (17) 0.66
% PR discontinuation order (N)‡

First 48 h 0.0% (0/12) 0.0% (0/8) 1.00
Entire hospital stay 4.8% (1/21) 0.0% (0/17) 0.86
AC order
% AC order (N)
First 48 h 13.6% (27) 14.7% (33) 0.91
Entire hospital stay 23.6% (47) 21.3% (48) 0.33
% AC discontinuation order (N)§

First 48 h 7.4% (2/27) 3.0% (1/33) 0.46
Entire hospital stay 48.9% (23/47) 31.2% (15/48) 0.11

*P value adjusted for baseline gender and Charlson Comorbidity
Index score
†Denominator was the number of orders eligible for discontinuation
‡Denominator was the number of orders eligible for discontinuation
§Denominator was the number of orders eligible for discontinuation
ACE consult: Acute Care for Elderly Consultation; FC: Foley
catheterization; PR: physical restraints; AC: anticholinergic medica-
tions; CDSS: clinical decision support system

Table 1. Overall Baseline Characteristics of the CDSS and the
Usual Care Groups

Baseline variable CDSS
(N=199)

Usual Care
(N=225)

P Value

Mean age (SD) 76.8 (7.9) 77.6 (8.3) 0.32
% Female 60.3% 71.1% 0.02
% African American 61.8% 57.3% 0.37
Mean Charlson Comorbidity
Index (SD)

1.8 (1.8) 2.4 (2.1) <0.001

Mean SPMSQ (SD) 5.2 (2.6) 5.1(2.8) 0.67
% Delirium at screening 30.2% 31.1% 0.83

CDSS: Clinical decision support system; SD: standard deviation;
SPMSQ: short portable mental status questionnaire
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benzodiazepine or atypical neuroleptics; however, the
CDSS alerted the physician of the presence of CI and
recommended the use of low dose haloperidol as an
alternative for physical restraints. Nevertheless, the study
found no difference between the intervention and the usual
group in the rate of recognizing CI at discharge (intervention:
54% vs usual care: 52%, p=0.66).

Table 3 demonstrates that the CDSS had no statistically
significant effects on health outcomes such as the mean days
of hospital stay (intervention: 7.7 days vs usual care: 6.8, p=
0.12), 30-day mortality rate (intervention: 6% vs usual care:
5.8%, p=0.69), home discharge (intervention: 43.2% vs
usual care: 36.9%, p=0.13), 30-day readmission rates
(intervention: 18.6% vs usual care: 16.4%, p=0.53), or
hospital-acquired complications (intervention: 47.2% vs
usual care: 44.9%, p=0.94). Our hospital-acquired compli-
cations included incidence of delirium (intervention: 33.7%
vs usual care: 31.1%, p=0.78), the presence of ICD-9 codes
of pressure ulcer at discharge (intervention: 12.1% vs usual
care: 11.1%, p=0.77), the presence of ICD-9 code for fall or
injury at discharge (intervention: 4.5% vs usual care: 4.9%, p
=0.88), and orders for physical restraints or patients observed
to be physically restrained (intervention: 11.1% vs usual care:
7.6%, p=0.54).

We further tested the impact of our CDSS among the 130
patients who had delirium on admission and found similar
results. We also found similar results for physicians
prescribing and patient’s health outcomes among patients
who did and those who did not receive an ACE consult.

DISCUSSION

A simple CDSS to alert the physicians of the presence of CI
and provide recommendations to reduce the use of
anticholinergic medications did not significantly change
physician prescribing behavior. Additionally, the CDSS was
not sufficient to increase the referral to geriatric consultation
services or reduce potentially harmful procedures such as

Foley catheterization and physical restraints. The CDSS
also had no impact on health outcomes and did not improve
recognition of CI at hospital discharge.

Numerous studies have provided evidence that CDSS can
improve the process of care, lead to better patient outcomes,
reduce medical errors, and decrease health care expendi-
tures.32–35 However, our study is the first randomized trial
targeting the efficacy of CDSS among elders with CI. A recent
publication by Mattison and colleagues describes a reduction
in orders for potentially inappropriate medications achieved by
a similar CDSS targeting older adults admitted to a general
medical ward.36 Their intervention notified prescribers of
potentially inappropriate medications through a computerized
alert at the time of order entry; however, the intervention did
not suggest an alternative medication or treatment, and its
efficacy was not evaluated in a randomized controlled trial
design but in a “pre-post nonparallel” experimentation design.
There were multiple factors that conspired to reduce the
potential impact of our CDSS. For example, 51 patients were
discharged from the hospital on the same day of cognitive
screening, and 207 (49%) of the enrolled subjects did not
receive any physical restraint, Foley catheterization, or definite
anticholinergic medication orders and therefore could not have
benefitted from the intervention. Additionally, contamination
of the study intervention may have impacted the measured
outcomes with close to 50% of the usual care group receiving
geriatric consultation during their hospital stay.

Several controlled clinical trials evaluating the effectiveness
of hospital-based models of geriatric care report conflicting
results. Caring for hospitalized older adults in a specialized
geriatric unit may lead to improvement in patients’ physical
function and decrease the length of hospital stay without
affecting overall mortality.14–17,37,38 Such positive results
indicate that changing the system of care may improve
patient outcomes. Unfortunately, geriatric wards will only
reach a small number of older hospitalized patients. In
contrast to the positive effect of geriatric-based hospital units,
studies of geriatric consultation generally failed to demon-
strate efficacy across a range of health outcomes.39–43 One
exception is a study of patients undergoing surgical repair of
hip fracture. In that study geriatric consultation decreased the
incidence of delirium without affecting other outcomes such
as length of stay, mortality, or functional status.18 These
models of care have resulted in improved care in a variety of
domains for hospitalized older adults;44–47 however our study
is the first to attempt a computerized intervention exclusively
in a population of older adults with CI.

Whereas we were unable to improve measures relating to
the quality of care, previous interventions using CDSS
methodology have successfully modified medication orders
in various populations and practice environments.48–51 Our
intervention targeted only anticholinergic medications and
not sedative-hypnotics, which are also recognized to have
potentially detrimental effects on cognition. We chose not to

Table 3. The Differences Between the Intervention Group and the
Control Group in Health Outcomes

CDSS
(N=199)

Usual care
(N=225)

P Value

Mean length of hospital stay 7.7 (7.4) 6.8 (5.4) 0.12
% Patients died within
30 days of hospitalization

6% 5.8% 0.69

% Patient discharged home 43.2% 36.9% 0.13
% Patients readmitted within
30 days of discharge

18.6% 16.4% 0.53

% Patients with at least one
hospital complication

47.2% 44.9% 0.94

P value adjusted for baseline differences in gender and Charlson
Comorbidity Index score. Hospital complication included incidence of
delirium, physical restraints, injury, or pressure ulcer. CDSS: clinical
decision support system
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include sedative-hypnotics as targets for our intervention to
avoid influencing sedation practices necessary for procedures
in the acute care environment. Despite the success of CDSS
tools in other populations and practice environments, our
results suggest that human interaction may play a significant
role in the acceptance of recommendations aimed at
improving the care of hospitalized older adults with CI.

This study provided us with important lessons for the
next step in enhancing the hospital care of elders with CI.
First, our list of 18 anticholinergics needs to include two
antipsychotics with definite anticholinergic activities: olan-
zapine and quetiapine. The FDA announcement of a “black
box” warning against the use of neuroleptics in older adults
with dementia suggests that reducing exposure to neurolep-
tic might improve outcomes in elders with dementia.52,53

Second, the non-interruptive alerts used to identify CI and
recommend against the use of potentially harmful medi-
cations and procedures were ineffective; however, interrup-
tive alerts suggesting the discontinuation of specific
medications at the time of ordering followed by suggested
alternatives might change physician’s prescribing behavior.
Third, physicians did not respond to an order targeting nursing
practice such as physical restraints or Foley catheterization.
Fourth, despite our strong efforts to assess the cognitive status
of patients as early as possible, at least 20% of the patients
were screened after being in the hospital for 48 h, and thus had
already received anticholinergic medications. As a result, our
intervention may have missed the opportunity to interrupt
medication orders at the time of admission. Therefore, the next
generation CDSS will have a dedicated pharmacist who will
assess the patient within 24 h of enrollment, discontinue
inappropriate existing orders for anticholinergics, and suggest
an alternative order. Fifth, similar to our research findings
regarding enhancing the ambulatory care of vulnerable
patients with CI, our study demonstrated that simply screening
for CI in the hospital setting is not sufficient to improve the
care of older adults. Enhancing care for elders with CI starts
with improving recognition but requires more comprehensive
subsequent interventions.54,55

Additionally, using previous literature rates, our sample was
created with the assumptions that 45% of the population
would be prescribed at least one inappropriate anticholinergic
and 50% would receive orders for urinary catheters and/or
physical restraints. These assumptions offered 85% power to
detect a decrease in targeted interventions of 30% between
groups. However, the rates of inappropriate anticholinergics,
Foley catheter, and physical restraints were much lower than
our estimates. These lower rates compromised the power of
our study, which was substantially lower than planned.

In summary, we recommend development of a new and
enhanced CDSS capable of integrating the strength of both
the human and computer resources to deliver early,
clinically relevant, validated, and easy to implement
recommendations that may lead to reducing the exposure

of the vulnerable hospitalized elders to potentially harmful
anticholinergics and thus enhance their hospital care.
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