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Abstract
Objectives—The aim of this study was to identify care settings associated with increased
pressure ulcer risk among elderly hip fracture patients in the post-fracture period.

Design—Prospective cohort study.

Setting—Nine hospitals that participate in the Baltimore Hip Studies network and 105 postacute
facilities to which patients from these hospitals were discharged.

Participants—Hip fracture patients age ≥65 years who underwent surgery for hip fracture.

Measurements—A full-body skin examination was conducted at baseline (as soon as possible
after hospital admission) and repeated on alternating days for 21 days. Patients were deemed to
have an acquired pressure ulcer (APU) if they developed ≥1 new pressure ulcers stage 2 or higher
following hospital admission.

Results—Among 658 study participants, the APU cumulative incidence at 32 days after initial
hospital admission was 36.1% (standard error 2.5%). Compared to home, the adjusted APU
incidence rate was highest during the initial acute hospital stay (relative rate [RR] 2.2, 95%
confidence interval [CI] 1.3–3.7) and during re-admission to the acute hospital (RR 2.2, 95% CI
1.1–4.2). The relative rates in rehabilitation and nursing home settings were 1.4 (95% CI 0.8–2.3)
and 1.3 (95% CI 0.8–2.1), respectively.

Conclusion—Approximately one-third of hip fracture patients developed an APU during the
study period. The rate was highest in the acute setting, a finding that is significant in light of
Medicare’s policy of not reimbursing hospitals for the treatment of hospital-acquired pressure
ulcers. Hip fracture patients constitute an important group to target for pressure ulcer prevention in
hospitals.

Keywords
pressure ulcers; hospitals; hip fracture

INTRODUCTION
Pressure ulcers are localized areas of injury that occur when skin and underlying tissue are
compressed between a bony prominence and an external surface such as a mattress (1).
Pressure ulcers in elderly patients can result in reduced quality of life, pain, longer hospital
stays, higher health care costs, poor rehabilitation outcomes, and potentially serious
complications (2–5). Pressure ulcer frequency has not declined in recent years (6), despite
the adoption of national pressure ulcer prevention objectives (7,8) and clinical practice
guidelines (9,10). National attention to this problem has increased since Medicare’s
designation of pressure ulcers as a preventable complication of medical care and its
announcement that it will no longer reimburse hospitals for the cost of treating hospital-
acquired pressure ulcers (11).
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Hip fracture patients are at high risk of pressure ulcers (12) by virtue of exposure to long
periods of immobility before, during and after surgery. The care of hip fracture patients is
characterized by short hospital stays and a rehabilitation phase in diverse postacute
discharge settings (13–14). However, little is known about pressure ulcer risk as these
patients move through different care settings. The aims of this study were to determine the
incidence of pressure ulcers among elderly patients who have undergone surgery for hip
fracture and to identify care settings associated with elevated pressure ulcer risk. We
hypothesized that pressure ulcer incidence would be highest in the acute care setting, where
patients are most likely to have pressure ulcer risk factors such as immobility, incontinence,
and confusion.

METHODS
Design and Participants

We carried out a prospective cohort study between 2004 and 2007 in nine hospitals that
participate in the Baltimore Hip Studies network (15) and in the 105 postacute facilities to
which patients from these hospitals were discharged. To be eligible, patients had to be 65
years or older and undergo surgery for hip fracture (ICD-9 code 820) at one of the study
hospitals. Patients were excluded if their hip fracture occurred during a hospital stay.
Permission to contact patients for the study was obtained from attending physicians; only
1.5% of eligible patients were not enrolled because of the physician’s refusal. Written
consent was obtained from patients with a Mini-Mental State Exam (MMSE) (16) score of
20 or greater. If the MMSE score was less than 20, verbal assent was obtained from patients
and written consent from proxies. Proxy consent was obtained for patients who were
unconscious or noncommunicative. The study was approved by the Institutional Review
Boards of the University of Maryland Baltimore and of each of the participating hospitals.

Procedures
For each study participant, a full-body skin examination was performed at baseline (as soon
as possible after hospital admission) by a specially trained research nurse and was repeated
on alternating days for 21 days, for a total of 11 assessments. To ensure that all participants
had the opportunity for at least 10 days of follow-up in a postacute setting, patients whose
acute hospital stay was longer than 11 days were followed until there were 10 postacute
follow-up days or until the total follow-up was 31 days, whichever came first. The follow-up
skin examinations were carried out in the care setting where the patient resided at the time of
the scheduled assessment.

Measures
The presence and severity of pressure ulcers were determined according to standard wound
assessment practice (17). Patients were visually examined in flat supine and 45° inclined
lateral-supine positions on right and left sides. Standard definitions (12) were used for
pressure ulcer staging: stage 1 (alteration of intact skin with persistent redness), stage 2
(partial thickness dermal loss or serum-filled blister), and stages 3 and 4 (full thickness
tissue loss without/with exposed bone, tendon, or muscle). Lesions in an area with active
skin disease, wounds on the plantar surface of the forefoot and midfoot, and wounds on the
leg between the malleolus and the popliteal fossa were not considered to be pressure ulcers.
Patients were deemed to have an acquired pressure ulcer (APU) if they developed one or
more new pressure ulcers stage 2 or higher following hospital admission.

Pressure ulcers observed at the baseline assessment were classified as pre-existing, possibly
acquired, or definitely acquired, using criteria that have been previously described (18).
According to these criteria, Stage 4 ulcers were always considered to be pre-existing. For
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stages 1, 2, and 3 (and unknown stage), the classification was based on a synthesis of
information from up to four sources: the patient or patient’s family member, the hospital or
facility chart, the transfer form from previous institution, and hospital staff members. A
stage 1 pressure ulcer was always considered to be definitely acquired, unless there was at
least one undisputed source that said it was pre-existing. For stage 2 and stage 3 pressure
ulcers (and unknown stage), if there was consistent information from more than one source,
that information was used to classify the pressure ulcer as pre-existing or definitely
acquired; if there was conflicting information or no information, the pressure ulcer was
classified as possibly acquired. For the primary analysis, possibly and definitely acquired
pressure ulcers were considered to be APUs.

Each pressure ulcer observed during the study was photographed when first observed and at
the last visit, and photos were reviewed to identify discrepancies that indicated need for
additional training of research nurses. At the end of the study, photographs and data
collection forms for every pressure ulcer stage 2 or higher identified during the study were
reviewed to assure that the source of pressure, anatomic site, clinical history, and appearance
were consistent with the research diagnosis.

Level and location of care were documented by the research nurses during the assessment
visits. For days when there was no assessment visit, level and location of care were
ascertained retrospectively at the next visit by consulting the patient, the caregiver, and the
facility chart. Mutually exclusive care settings based on location and level of care were
defined as follows: acute hospital (acute care provided in an acute hospital); rehabilitation
(acute or skilled rehabilitation provided in an acute hospital or rehabilitation facility);
nursing home; home; and readmission to acute hospital (return to the acute hospital setting,
as defined above, after discharge from the initial acute setting).

Risk factor information was obtained by interview of patient or proxy at baseline, clinical
observation at baseline, and chart review. Research nurses used the Subjective Global
Assessment of Nutritional Status (19) to classify individuals as being at low, moderate, or
high risk of nutrition-associated complications. The research nurse recorded the patient’s
activity level and urinary/fecal incontinence status, based on observation and discussion
with clinical staff. Weight and height were obtained from the medical chart or, when
missing, from patient or proxy interview. History of chronic cognitive deficit was assessed
from the medical chart; if missing in the chart, it was assumed to be absent. Cognitive status
was measured at baseline with the MMSE (16); patients who were unconscious or
noncommunicative received a score of 0. Arterial insufficiency was defined as absence of
pedal pulses or ankle brachial index <1. Severity of illness was measured using the Rand
Sickness at Admission Scale (hip fracture version) (20) and comorbidity by the Charlson
Comorbidity Index (21), both of which use information in the medical chart. Albumin level
was obtained from the medical chart, with normal defined as ≥3.0 g/dL (22) or missing.

In addition to these baseline risk factors, three variables were measured at each follow-up
visit. Activity level and incontinence were assessed as described above. Acute mental status
was assessed clinically by the research nurse and operationalized as the number of
orientations (oriented to person, place, and/or time), ranging from 0 to 3.

Analysis
The cumulative incidence of APU was estimated by subtracting the Kaplan-Meier survivor
function estimate (23) from one. The cumulative incidence estimates (and 95% confidence
limits), by days since initial hospital admission, were displayed graphically for up to 32 days
since initial hospital admission; this interval was chosen because the last study visit was
performed 32 days following hospital admission.
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A time-to-event analysis was performed, treating the first APU as the event of interest
(regardless of whether other APUs were subsequently observed) and treating loss to follow-
up as censoring, using a Poisson regression model with a log link function. We fit models
using maximum quasi-likelihood with a robust variance estimator to allow for possible
under- or overdispersion (24,25). Four different models were fit. Model 1 included only care
setting (to estimate crude relative rates). Model 2 included care setting and baseline risk
factors, Model 3 included care setting and baseline and time-dependent risk factors, and
Model 4 included the same covariates plus number of days from initial hospital admission, a
surrogate for unmeasured time-dependent risk factors that may confound the association
between setting and incidence of pressure ulcers. Thus, the rate ratios in Model 4 are
interpreted as comparisons of APU incidence rates among settings, statistically adjusted for
differences in patient characteristics and for number of days from initial hospital admission.
In all models, care setting was treated as a time-dependent variable; thus, we estimated the
association between setting at a particular visit and APU at the same visit. Care setting was
entered as a set of four indicator variables (initial acute hospital, rehabilitation, nursing
home, and re-admission to acute hospital). The home setting was used as the reference
category because we expected that pressure ulcer risk would be lowest in this group. Using
the setting with the lowest incidence as the reference group resulted in all the estimated rate
ratios being greater than 1 which facilitates interpretation of the study results. Admission
hospital was included in all the models as a fixed effect. Sensitivity analysis using weighted
estimating equations (WEE) (26) was performed to examine the effects of missing covariate
data on study results. Analyses were performed by Dr. Hawkes with guidance from Drs.
Shardell and Langenberg.

RESULTS
Details regarding the identification, screening, and enrollment of study participants are in
Figure 1. The mean ages of enrolled (n=658) and eligible non-enrolled patients (n=397)
were almost identical (83.2 [standard deviation (SD) 6.6] and 83.3 [SD 6.8] years,
respectively); 23.1% of enrolled patients were men compared to 25.2% of eligible non-
enrolled patients. Seventy-two patients (10.9%) were lost to follow-up; 28 died and 44
moved away or dropped out. The mean ages of patients who did and did not complete
follow-up were almost identical (83.1 [SD 6.6] and 83.6 [SD 7.1] years, respectively);
23.2% of patients who completed the study were men compared to 22.2% of patients who
did not. However, patients who did not complete the study had higher comorbidity and
disease severity scores, had worse cognitive status, and were more likely to be bedbound
and malnourished at baseline than patients who completed the study.

Baseline characteristics of study participants are shown in Table 1. Among the 658 study
participants, 208 developed one or more APUs. Patients with APUs had more severe illness,
more comorbidity, poorer nutritional status, and poorer cognitive status at baseline than
participants with no APUs (p<0.05). They were also more likely to have a history of chronic
cognitive deficit, to be incontinent, and to be bedbound or chairbound (p<0.01). The mean
interval between hospital admission and baseline assessment was 2.9 (SD 2.0, range 0–15)
days; 11.7% of patients had the baseline assessment before the day of surgery (data not
tabulated). The mean interval between initial hospital admission and the last follow-up visit
(which is the sum of the time from admission to the baseline assessment plus the time from
the baseline assessment to the last follow-up visit) was 22.2 (SD 3.9, range 1–32) days from
initial hospital admission.

Among the 208 patients with at least one APU, 40 had more than one APU on the first day
on which an APU was observed: 32 had two APUs, six had three APUs, and two had four
APUs. Thus, a total of 258 APUs were observed on the first day on which at least one APU
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was observed. Nearly 90% of these APUs were stage 2; 10.9% were unstageable due to
eschar, necrotic tissue, or dressing (Table 2). More than 47% were located on the sacrum or
posterior iliac crest, and almost 20% on the heels.

Ninety-six patients (14.6%) developed one or more APUs during the initial acute hospital
stay. Among 588 patients with 11 or more study visits, 18.2% had an APU at their last study
visit (not tabulated).

The cumulative incidence of first APU (with 95% confidence limits) is shown graphically in
Figure 2. The cumulative incidence (standard error) at seven, 14, 21, and 32 days since
initial hospital admission, was 15.7% (1.4%), 27.6% (1.8%), 30.7% (1.8%), and 36.1%
(2.5%), respectively.

Forty-one patients (6.2% of all patients, 19.7% of patients with APUs) had a pressure ulcer
at the baseline assessment that was classified as an APU according to the criteria described
earlier; 31 (75.6%) had a definitely acquired pressure ulcer and the remainder had a possibly
acquired pressure ulcer. Twenty-one of these 41 patients (51.2%) developed at least one
other APU during follow-up while 20 developed no further APUs.

APU incidence rates were highest during the initial acute hospital stay and during re-
admission to the acute hospital (Table 3, Model 1). Most of the estimated RRs were
attenuated after adjustment for baseline and time-dependent risk factors, and days since
initial hospital admission (Models 2 to 4). In the fully adjusted model (Model 4), the
estimated incidence rates during the initial acute hospital stay and during re-admission to the
acute hospital were both more than twice as high as at home (RR 2.2 and 2.2, 95% CI 1.3–
3.7 and 1.1–4.2, respectively). Estimated APU incidence rates in rehabilitation and nursing
home were 40% and 30% higher, respectively, than the rate at home.

Inaccuracy in classifying pressure ulcers as being acquired versus pre-existing at the
baseline assessment could result in biased RR estimates, especially for the initial acute
setting. Therefore, we performed a sensitivity analysis in which pressure ulcers classified as
possibly acquired at the baseline assessment were treated as though they were not acquired.
The RRs for the initial acute setting from the fully adjusted model (Model 4) were almost
identical in the primary analysis and the sensitivity analysis (2.2 [95% CI 1.3–3.7] and 2.1
[95% CI 1.2–3.5], respectively). Results of the WEE sensitivity analysis were similar to
those of the unadjusted analyses, providing no evidence of bias introduced by missing data.

DISCUSSION
Approximately one-third of the hip fracture patients in this study experienced one or more
new pressure ulcers during the 32 days following hospitalization for fracture. The rate at
which pressure ulcers occurred was highest in the acute hospital setting, both during the
initial stay and re-hospitalization. Adjusting for baseline and time-dependent pressure ulcer
risk factors and days since initial hospital admission attenuated the relative rates of APU in
the acute settings. However, even in the fully adjusted model, APU rates were more than
twice as high in the acute setting as in the home setting. This suggests that setting-specific
care-related factors may account for at least some of the higher risk in the acute care setting.
A higher incidence in acute care could occur if recommended prevention guidelines (9–10)
are not followed. Alternatively, it may be that recommended interventions are implemented
but are not effective. In this regard, there is an urgent need to develop and rigorously
evaluate innovative pressure ulcer prevention interventions.

In our study, 14.6% of patients experienced an APU while in the initial acute setting.
Previous studies in which medical charts were used to identify pressure ulcers (27–33) have
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yielded lower estimates (weighted mean incidence 10.8%, range 6.8%–29.6%). There are
only two studies published in the last 10 years in which pressure ulcers stage 2 and higher
were identified by clinical examination of hip fracture patients, as in the current study. The
incidence in these studies was 20% (n=121) (34) and 24% (n=45) (35), somewhat higher
than in our study. These results may not be comparable as these studies were done in Europe
and, in at least one of them (35), the mean hospital stay was much longer than in our study.

The incidence of APU was lowest in the home setting. This is not surprising given that, by
the time most patients go home, they have recovered to some extent from their surgery and
have regained some degree of mobility. However, even after adjusting in Model 4 for
pressure ulcer risk factors and time since hospital admission, the home setting had the lowest
APU rate. It is possible that the more personalized and intensive care that can be provided in
the patient’s home results in more effective prevention of pressure ulcers than in institutional
settings.

Previous studies of pressure ulcers in hip fracture patients have focused on a single type of
facility, usually hospitals. A unique strength of this study is that we used a patient-centered
design in which pressure ulcer risk was assessed as patients moved through different care
settings over a three-week period. Focusing on the patient, rather than on the facility, is an
essential first step to understanding potential gaps in care. Another strength is that we used
intensive pressure ulcer detection methods by expert research nurses using an assessment
protocol that has previously been shown to have high intrarater reliability and validity, and
acceptable interrater reliability (36). A third strength is that the study included a large
number of hospitals and postacute facilities and had a fairly large patient sample,
particularly when compared to previous studies that used direct examination to identify
pressure ulcers.

Selection bias is a possible study limitation given that 38% of eligible patients were not
enrolled. Although enrolled patients were almost identical to non-enrolled patients with
respect to age and sex, they may have differed on other factors that are related to pressure
ulcer risk. Patients who were lost to follow-up had worse health status, compared to patients
who completed the study, with respect to several baseline indicators, suggesting that
pressure ulcer incidence may be even higher than estimated in this study. Since pressure
ulcer stages were defined according to the NPUAP criteria that were in use at the time the
study began (12), suspected deep tissue injury was not considered as a separate stage as is
recommended in current staging criteria (1). The fact that a large number of pressure ulcer
risk factors (37), including baseline characteristics, time-dependent factors, and time since
initial hospital admission, were adjusted for in the multivariable analysis increases the
validity of our study findings. Still, as in all observational studies, the possibility of residual
confounding by unmeasured risk factors or protective factors cannot be excluded. Finally,
there may have been errors in classifying pressure ulcers observed at baseline as being
acquired versus pre-existing. However, a sensitivity analysis revealed that the results were
almost unchanged even if all possibly acquired pressure ulcers observed at baseline were
considered to be pre-existing.

The outcome of interest in this study was development of a first acquired pressure ulcer.
Thus, once an APU was observed, the patient was no longer considered to be at risk. We
decided to focus on the first APU because the impact on patient management of the
transition from having no pressure ulcers to having a first pressure ulcer is greater than the
impact of an increasing number of pressure ulcers beyond the first. This is because a first
pressure ulcer triggers the need for interventions to treat the pressure ulcer and also to
prevent the development of additional pressure ulcers. The associations between care setting
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and pressure ulcer incidence may have been different if the outcome had included
subsequent pressure ulcers.

Hip fracture is a common, painful, and costly geriatric condition. There are more than
317,000 hospital admissions for hip fracture every year in the US, with an estimated
aggregate cost of nearly $4 billion for hospital care alone (38). Almost all hip fractures
occur in people age 70 and over (39) and for many patients, the hip fracture triggers mobility
loss, dependence, and reduced quality of life (15). The results of the current study indicate
that pressure ulcers are a common complication of hip fracture and that the highest
incidence occurs in the hospital setting. In light of the recent introduction of Medicare’s
non-reimbursement policy, our results suggest that hip fracture patients are an important
group to target for the prevention of acquired pressure ulcers, especially in hospitals.

Results of this study also indicate that pressure ulcer risk persists, albeit diminished, after
discharge from the hospital, with 18.2% of patients still having an APU at the end of the
three-week study period. Although efforts are made to mobilize hip fracture patients as soon
as possible after surgery, patients may spend much of their time seated in a chair where
pressure relief is more difficult than on an appropriate mattress (40). Thus, although the
acute hospital is the setting where pressure ulcer risk is highest, our findings should also
increase awareness of the importance of pressure ulcer prevention among hip fracture
patients in postacute settings and on maintaining the continuity of care across transitions
between settings (14,41,42).

Questions remain about the chronicity of pressure ulcers that arise in the first few weeks
following hip fracture and about the degree to which they influence long term outcomes.
Studies are needed in which patients are followed for up to one year post-fracture to evaluate
the impact of pressure ulcers on functional recovery, quality of life, and cost of care.
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Figure 1.
Identification, Screening, and Enrollment of Study Participants
* 146 discharged from hospital before contact could be made, and 51 because patient, proxy,
or physician could not be found or refused eligibility screening
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Figure 2.
Cumulative Incidence (and 95% Confidence Limits) of Acquired Pressure Ulcers, by Days
Since Initial Hospital Admission
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Table 1

Baseline Characteristics of Study Participants, by APU Status

Characteristics Patients
With No
APU
(N=450)

Patients
With APU
(N=208)

All Patients
(N=658)

P Value*

N (%) or mean (SD)

Mean age (yrs) 83.1 (6.7) 83.4 (6.5) 83.2 (6.6) .66

Age ≥ 85 yrs 208 (46.2%) 98 (47.1%) 306 (46.5%) .83

Male sex 102 (22.7%) 50 (24.0%) 152 (23.1%) .70

White race 441 (98.0%) 204 (98.1%) 645 (98.0%) .95

Community resident before admission 316 (70.2%) 133 (63.9%) 449 (68.2%) .11

Trochanteric fracture 202 (44.9%) 93 (44.7%) 295 (44.8%) .97

Partial or total arthroplasty 152 (33.8%) 82 (39.4%) 234 (35.6%) .16

Mean Rand Sickness at Admission score 11.7 (5.5) 13.5 (6.9) 12.3 (6.0) <.001

Mean Charlson Comorbidity Index 1.2 (1.5) 1.6 (1.4) 1.3 (1.5) .02

Albumin < 3.0 g/dL 138 (30.7%) 69 (33.2%) 207 (31.5%) .52

Mean MMSE score 19.5 (10.5) 16.0 (11.2) 18.4 (10.9) <.001

History of chronic cognitive deficit 112 (24.9%) 83 (39.9%) 195 (29.6%) <.001

Mean BMI (weight [kg]/height [m]2) 24.0 (4.9) 23.4 (5.4) 23.8 (5.1) .17

High nutritional risk 25 (5.6%) 33 (16.3%) 58 (9.0%) <.001

Incontinence .004

    None 331 (73.9%) 127 (61.4%) 458 (69.9%)

    Urinary only 74 (16.5%) 46 (22.2%) 120 (18.3%)

    Fecal with or without urinary 43 (9.6%) 34 (16.4%) 77 (11.8%)

Activity level <.001

    Walks 79 (17.6%) 19 (9.2%) 98 (15.0%)

    Bedbound 176 (39.3%) 116 (56.0%) 292 (44.6%)

    Chairbound 193 (43.1%) 72 (34.8%) 265 (40.5%)

Arterial insufficiency 166 (36.9%) 88 (42.3%) 254 (38.6%) .18

Pre-existing pressure ulcers 11 (2.4%) 8 (3.9%) 19 (2.9%) .32

Mean length of hospital stay (days) 5.6 (2.8) 6.6 (3.8) 5.9 (3.2) <.001

Mean interval between initial hospital admission and baseline assessment (days) 2.9 (2.0) 2.8 (2.1) 2.9 (2.0) .56

Baseline assessment before day of surgery 37 (8.2%) 40 (19.2%) 77 (11.7%) <.001

Notes: Number of missing values: BMI=20; incontinence=3; nutritional risk=13; activity level=3. All other variables had no missing values.

APU=acquired pressure ulcer; SD=standard deviation; MMSE=Mini-Mental State Exam; BMI=body mass index

*
P values are derived from chi-square, Fisher’s exact, or t-tests, as appropriate, comparing patients with and without APUs.
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Table 2

Characteristics of APUs (N=258)*

Characteristic Number %

Stage

    2 228 88.4

    3 2 0.8

    Unstageable 28 10.9

Site

    Sacrum, posterior iliac crest 122 47.3

    Heels 50 19.4

    Ischium 31 12.0

    Spine, posterior ribs, scapula 19 7.4

    Upper leg 12 4.7

    Elbow 7 2.7

    Tarsals, metatarsals, phalanges 4 1.6

    Trochanter 3 1.2

    Other 10 3.9

Notes: APU=acquired pressure ulcer

*
The 258 APUs were observed in 208 patients who had at least one APU on the first day that at least one APU was observed; 168 had one APU, 32

had two APUs, six had three APUs, and two had four APUs.
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