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Abstract
Background—Delirium is highly prevalent and persistent in post-acute care (PAC). However,
few risk factors have been identified for delirium persistence.

Objectives—To investigate whether complications in PAC are associated with delirium
persistence 30 days after PAC admission.

Design—Observational cohort study

Setting—8 Boston-area PAC facilities

Participants—350 patients with delirium at PAC admission

Measurements—We interviewed participants at PAC admission and 30 days later. Delirium
presence was determined using the Confusion Assessment Method. We performed medical record
reviews to ascertain new cardiac, non-cardiac, and geriatric syndrome complications in PAC. We
also determined complication status 30 days after admission or at PAC discharge, whichever came
first.

Results—The participants (mean age 83.6 years, 66% women) experienced the following
incidence of PAC complications: cardiac complications 7%, non-cardiac complications 21%,
geriatric syndrome complications 39%. Delirium persisted in 56% of participants one month after
PAC admission. Neither cardiac nor non-cardiac complications were associated with delirium
persistence. Delirium persistence at one month was significantly greater in patients with more
geriatric syndrome complications (no complication 51%, one complication 61%, ≥2 complications
100%, adjusted p=0.048). There was also a trend toward greater delirium persistence in patients
with unresolved geriatric syndrome complications (no complication 51%, resolved complication
61%, unresolved complication 68%, adjusted p=0.1).
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Conclusion—Geriatric syndrome complications are common in patients admitted to post-acute
care with delirium, and are associated with the persistence of delirium one month later.
Proactively addressing risk factors for geriatric syndromes may improve outcomes of vulnerable
patients in post-acute care.

Keywords
delirium; complications; geriatric syndromes; post-acute care

INTRODUCTION
Delirium (acute confusional state) is characterized by an acute decline in attention and
cognition (1, 2). More than one-third of hospitalized patients aged 70 and older are affected
by delirium, resulting in longer, more costly hospital stays, increased nursing home
placement, and poor functional recovery (3, 4). A previous study reported that hospital
iatrogenic complications are precipitating factors associated with the development of
delirium (5). This information is useful to identify patients at risk for delirium and for the
design of interventions to reduce delirium.

Delirium can persist for weeks to months (6, 7), often beyond hospital discharge into the
post-acute care (PAC) setting. An emerging literature demonstrates that persistent delirium
confers an even worse prognosis than any delirium (8), including worse functional recovery
(9) and a 2.9 times increased risk of death (10). Although much work has been performed to
identify risk factors for the development of delirium (5, 11), fewer studies have examined
risk factors for delirium persistence (12). The objectives of this study are: 1) to describe the
spectrum of new onset complications in PAC experienced by patients admitted with
delirium, and, 2) to examine the association between these complications with delirium
persistence. We hypothesize that PAC complications would be common and independently
associated with the persistence of delirium. We also hypothesized that successfully treated
complications would be less likely to contribute to delirium persistence than complications
that did not resolve by the time of PAC discharge or 30 days after PAC admission.

METHODS
Study Sample

Participants were enrolled in a previously described randomized trial of a Delirium
Abatement Program (DAP) involving eight greater-Boston skilled nursing facilities
specializing in post-acute care between October 1, 2000 and December 31, 2003 (13).
Eligible patients were aged 65 and older, admitted directly from an acute medical or surgical
hospitalization, English speaking, communicative prior to acute illness, not admitted for
terminal care (life expectancy > 6 months), did not have end stage dementia, were not
completely dependent in activities of daily living prior to hospitalization, and lived within
25 miles of the research site. In addition, all participants had CAM-defined delirium based
on a screening assessment performed by research personnel within 5 days of PAC admission
(average time to interview 2.5 days). Due to the compromised cognitive status of the
patients, family caregivers, acting as proxies, provided informed consent by a protocol
approved by the Institutional Review Board.

Delirium Assessment and Outcomes
At PAC admission and one-month later, all participants underwent a structured delirium
assessment (14) by trained interviewers consisting of the Mini-Mental State Examination
(MMSE) (15), Digit Span (16), and the Delirium Symptom Interview (DSI) (17). Using
these data, the interviewer completed the Memorial Delirium Assessment Scale (MDAS)
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(18) to determine delirium severity and the Confusion Assessment Method (CAM) (19)
diagnostic algorithm to determine the presence or absence of delirium. The combination of
these assessments resulted in a highly reliable (inter-rater kappa = 0.95) procedure for
determining the presence or absence of delirium (14). In general, the same assessor
performed the PAC admission and one-month follow up interview for a given patient.
Notably, we attempted to complete the one-month follow-up assessment regardless of the
location of the participant, whether still in the PAC, discharged to the community, or
readmitted to the hospital. Our primary study outcome was the presence of CAM-defined
delirium at the one-month follow-up.

Complications in the Postacute Setting
A single, experienced research nurse performed a structured PAC facility medical record
review for all participants masked to the delirium status of the patient. The reviews focused
on the development of new medical complications in the PAC setting. Based on our
previous work (4, 11), we ascertained the presence of 28 complications, including 6 cardiac
complications, 14 non-cardiac complications, and 8 geriatric syndrome complications (other
than delirium). Each complication met a standardized definition with documentation in one
or more progress notes in the PAC medical record. For each complication, the nurse
recorded the status of the complication (resolved or not resolved) at either the time of PAC
discharge or 30 days after admission, whichever came first. The medical record abstractor
underwent extensive training prior to study initiation and continual quality monitoring to
ensure accuracy of data collection.

Potential Confounders
We examined several potential confounders of the association between PAC complications
and delirium persistence. This included PAC admission factors we previously identified as
significantly associated with delirium persistence one month later: age dichotomized at 85,
preexisting dementia (yes/no), PAC admission Memorial Delirium Assessment Scale
(MDAS) score (dichotomized at 15), and PAC admission Delirium Symptom Interview
(DSI) (yes: presence of all 8 items) (12). We considered the following additional variables
as potential confounders: gender, race (white vs. non-white), and DAP trial intervention
status (yes/no). Pre-existing dementia was determined from two sources: 1) the International
Classification of Diseases, Ninth Revision, Clinical Modification (20) diagnosis codes
documented in the discharge summaries for the hospitalization immediately preceding the
PAC admission (21); 2) a standardized interview from the patient’s proxy to ascertain the
presence or absence of diagnoses in the Charlson comorbidity index, including dementia.
(22, 23).

Data Analysis
We report the mean and standard deviation of continuous variables, and the sample
proportion of categorical variables. Descriptive statistics are reported for both the 350-
patient sample with a delirium assessment at one-month, and the original DAP trial 455-
patient sample. We compare the incidence of 28 individual PAC complications and total
cardiac, non-cardiac, and geriatric syndrome complications among patients with and without
persistent delirium at one month. Because we found different relationships between the three
classes of complications and persistent delirium, all subsequent analyses were performed by
class, rather than total complications. We used the Mantel-Haenszel chi-square trend test to
examine univariate associations between the number of cardiac, non-cardiac, and geriatric
syndrome complications (none, one, 2 or more) with delirium presence at one month.
Subsequently, we used multivariable logistic regression to obtain the adjusted effect of the
number of each class of complications on delirium persistence, controlling for the potential
confounders described above. To improve statistical power, only those potential
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confounders associated with delirium persistence were retained in the model. Similar
analyses were used to evaluate the association between complication resolution status (no
complications, all complications resolved, at least 1 unresolved complication) and delirium
persistence at 1 month. A type-I error of 0.05 was used to define statistical significance. All
analyses were performed using SAS software, Version 9.2 (SAS Institute, Inc., Cary, NC).

RESULTS
Study population characteristics, complications, delirium persistence

The screening and enrollment process of the DAP trial are well described previously (13).
Briefly, during the enrollment period at our 8 participating facilities, there were 6352
eligible admissions, of whom 4744 underwent screening, and 667 were diagnosed with
delirium. Table 1 displays the baseline characteristics and complication rates of the analytic
sample (N=350) compared to the overall trial sample (N=455), which were very similar to
each other. Typical of PAC patients, this was a very elderly study population with mean age
nearly 84 years old, modest pre-hospital dependency in basic activities of daily living
functional status (mean score 13.3 out of a total of 16, with 16 representing total
independence), and a high prevalence of medical comorbidities, including a 37% rate of
dementia. Table 1 also shows that most study patients had mild delirium at PAC admission
(only 19% with an MDAS score of over 15), with over 75% having normal or hypoactive
psychomotor features. During the PAC stay, cardiac complications occurred least frequently
in the study cohort, with a 7% incidence, compared to a 21% incidence of non-cardiac
complications and a 39% incidence of geriatric syndrome complications. The majority of
cardiac and non-cardiac complications resolved by PAC discharge or 30 days after
admission; in comparison, over half of geriatric syndrome complications remained
unresolved. Delirium persisted 30 days after PAC admission in 197 (56%) of the
participants.

Incidence of PAC complications and associations with delirium persistence
Table 2 reports the definitions of the 28 PAC complications examined, grouped into cardiac,
non-cardiac, and geriatric syndromes, along with the incidence of these complications in the
group with persistent delirium at one month vs. the group with resolved delirium. Cardiac
complications did not show an association with delirium persistence status at one month.
Non-cardiac complications had a slightly higher incidence in patients with persistent
delirium vs. those with resolved delirium (22.8% vs. 19%). Geriatric syndrome
complications as a whole had a substantially higher incidence in the persistent vs. resolved
delirium group (45% vs. 31%), with each of the individual geriatrics syndromes showing a
similar pattern, with the exception of poorly controlled pain and fecal impaction.

Association of number of PAC complications with delirium persistence
Table 3 shows the associations between number of the three classes of PAC complications
and delirium persistence one-month after PAC admission. There was no association between
the number of cardiac or non-cardiac complications and delirium persistence status. In
contrast, for geriatric syndrome complications, delirium persisted in 51% of those with no
such complications, 61% of those with 1 complication, and 100% of those with 2 or more
complications. These differences were statistically significant in univariate analyses and
after multivariable adjustment (p=0.0004, p=0.048, respectively).

Association of PAC complication resolution status with delirium persistence
Table 3 also displays the association of complication resolution status with delirium
persistence one-month after PAC admission. There was a non-significant trend toward
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greater delirium persistence in patients with unresolved cardiac and non-cardiac
complications. For geriatric syndrome complications, delirium persisted in 51% of those
with no such complications, 61% of those with resolved complications, and 68% of those
with unresolved complications. These differences were statistically significant in univariate
analyses, but became only borderline significant after multivariable adjustment (p=0.016,
p=0.1, respectively).

DISCUSSION
In our large prospective cohort of patients admitted to PAC facilities with delirium, we
found a high incidence of new complications, with geriatric syndromes being the most
common and the most likely to remain unresolved by PAC discharge or 30 days after
admission. Geriatric syndrome complications were also the most strongly associated with
delirium persistence one month after PAC admission. Our findings support previous studies
that have shown common risk factors for geriatrics syndromes (24), and further suggest that
these complications may be risk factors for both incidence and persistence of each other.
Proactively addressing risk factors for geriatric syndrome complications may improve
outcomes of vulnerable patients in PAC.

Investigators have examined the relationship between acute hospital complications and the
incidence of delirium (5), but we are not aware of previous studies that have examined the
relationship between complications and the persistence of delirium. Our finding that PAC
complications are associated persistent delirium is consistent with the “vicious spiral to bad
outcomes” previously described in the literature (25). Delirium, initiated in the hospital and
still present on PAC admission, may predispose to other complications in the PAC such as
falls, dehydration, pressure ulcers, and urinary retention. These complications, or their
treatment, subsequently predispose to persistence of delirium. This vicious spiral is
associated with worse functional recovery (4, 9), long-term nursing home placement, and
increased healthcare costs (26). Ultimately, persistent delirium is associated with high one-
year mortality, with patients whose delirium persists nearly three times as likely to die as
patients whose delirium resolves (10).

There are a number of notable strengths in this study. Our sample represents the largest
cohort of patients with delirium ever enrolled in a research study (13). Additionally, the
delirium assessments utilized for the initial screening and outcome measurements are valid
and highly reliable (14). We used standard definitions of complications, and our single
experienced medical records abstractor underwent extensive training and continual quality
review. Furthermore, assessment of complications was performed masked to delirium status
at one-month. Finally, one-month follow-up interviews were completed whether the
participant was still in the PAC, discharged home or another community setting, or
readmitted to the hospital

There are several limitations to our study. Despite our attempt to follow up all DAP trial
participants regardless of location, only a subset of 350 had delirium follow-up interviews at
one month due to death, withdrawal, and other losses to follow-up. However, the 350
participants with one month delirium status available have very similar baseline
characteristics and complication data as the full cohort (Table 1), suggesting our results are
generalizable. Ascertainment of PAC medical complications was dependent on
documentation in the PAC medical record, but this is the standard approach for
ascertainment of complications. While our medical record review captured 28 PAC
complications, there are other common complications that can be harder to identify, such as
constipation and urinary incontinence, which we did not include in our study. The data for
this study was collected from eight Boston-area PAC facilities and may not generalize to
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other locations. Lastly, since we conducted an observational study, the statistical
associations we identified do not necessarily imply causality.

In conclusion, geriatric syndrome complications are common in patients admitted to post-
acute care with delirium, and are associated with the persistence of delirium. Our findings
may begin to elucidate how delirium instigates a vicious spiral leading to new
complications, persistent delirium, and eventually, long term decline and death. Moreover,
these findings reinforce the need to implement programs to prevent and/or to promptly
detect and treat geriatric syndrome complications in post-acute patients, especially those
admitted with delirium.
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