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Abstract

Background Most National Health Service (NHS) hospital bed occupants are older patients because of their frequent admis-
sions and prolonged length of stay (LOS). We evaluated demographic and clinical factors as predictors of LOS in a single
NHS Trust and derived an equation to estimate LOS.

Methods Stepwise logistic and linear regressions were used to predict prolonged LOS (upper-quintile LOS > 17 days) and
LOS respectively, from demographic factors and acute and pre-existing conditions.

Results Of 374 (men:women = 127:247) admitted patients (20% to orthogeriatric, 69% to general medical and 11% to surgical
wards), median age of 85 years (IQR =78-90), 77 had acute first hip fracture; 297 had previous hip fracture (median time
since previous fracture =2.4 years) and 21 (7.1%) had recurrent hip fracture, with median time since first fracture =2.4 years.
Median LOS was 6.5 days (IQR =1.8-14.8), and 38 (10.2%) died after 4.8 days (IQR = 1.6-14.3). Prolonged LOS was asso-
ciated with discharge to places other than usual residence: OR =3.1 (95% CI 1.7-5.7), acute stroke: OR=10.1 (3.7-26.7),
acute first hip fractures: OR =6.8 (3.1-14.8), recurrent hip fractures: OR =9.5 (3.2-28.7), urinary tract infection/pneumonia:
OR =4.0 (2.1-8.0), other acute fractures: OR =9.8 (3.0-32.3) and malignancy: OR =15.0 (3.1-71.8). Predictive equation
showed estimated LOS was 11.6 days for discharge to places other than usual residence, 15 days for pre-existing or acute
stroke, 9—14 days for acute and recurrent hip fractures, infections, other acute fractures and malignancy; these factors together
explained 32% of variability in LOS.

Conclusions A useful estimate of outcome and LOS can be made by constructing a predictive equation from information on
hospital admission, to provide evidence-based guidance for resource requirements and discharge planning.
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Introduction

The population of older people in the UK is expanding.
Among the 65.6 million population in 2016, there were 18%
aged 65 years or over and 2.4% 85 years or over [1]. Age-
ing is accompanied with a number of chronic conditions
that often require hospitalisations [2]. It is well recognised
that hip fracture in older patients is a strong indicator of
poor prognosis with annual mortality rates range between 15
and 30% [3-5]. Hip fracture in older patients is principally
a marker of age-related frailty and co-existing morbidity,
polypharmacy, cognitive decline and visual impairment, all
of which contribute to falls and consequent fractures [6-9].
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The majority of National Health Service (NHS) hospi-
tal bed occupants are older patients because of their fre-
quent admissions and prolonged length of stay (LOS),
exerting high burden on healthcare system. The National
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Audit Office reported that in 2014-2015, 62% of hospital
bed days were occupied by older patients aged 65 years or
older; this was an increase of 18% in emergency admissions
since 2010-2011 [10]. About 2.7 million hospital bed days
were found to be occupied by older patients who no longer
needed acute treatment, equating to an excess of estimated
gross annual cost to the NHS of approximately £820 mil-
lion [10]. Prolonged LOS increases adverse health conse-
quences to patients including sarcopenia [10] and increased
risk of nosocomial infections [11-13]. These problems tend
to perpetuate a vicious cycle of delay to discharge. It would
be valuable for healthcare planning to identify both demo-
graphic and clinical factors that determine prolonged LOS,
and to develop a simple evidence-based predictive equation
to help manage discharge planning.

In the present study, we evaluated demographic and clini-
cal factors as predictors of LOS in older patients in medical
wards of a single NHS Trust and derived an equation to
estimate LOS from these factors.

Methods
Study design, patients and setting

We conducted this study of a total of 374 older patients
admitted to a single NHS Trust (Ashford and St Peter’s Hos-
pitals NHS Foundation Trust) which serves a population of
over 410,000 people living in the County of Surrey, UK.
Figure 1 shows the flowchart of patients investigated in this
study, 75 (20%) were admitted to the orthogeriatric ward,
258 (69%) to general internal medical wards and 41 (11%)
to surgical wards between November 2014 and May 2016
(18 month period); 297 of these patients had a previous hip
fracture (median time since previous fracture =2.4 years).
Among the patients with histories of previous hip fractures,
21 (7.1%) patients presented with a recurrent hip fracture
and the remaining 276 patients presented with other acute

Fig. 1 Flowchart of patient
cohort investigated in this study

Fe—————
1
¥

conditions (Supplementary material). For comparison of
outcomes between patients with a first fracture and those
with a recurrent fracture, we included 77 patients with an
acute first hip fracture within this 18-month study period
who represent 15% of all patients admitted with acute hip
fractures to our Trust (388 hip fractures per annum). We
specifically selected this high-risk cohort of patients on the
basis of their association with a wide range of co-existing
conditions that have the greatest impact on the LOS in hos-
pital, thus allowing the inclusion of the maximum number
of explanatory variables for analyses.

The data on hip fracture were collected prospectively by
a Trauma Coordinator for every patient admitted with a hip
fracture as part of the National Hip Fracture Database [14]
from the time of admission to discharge, comprising clini-
cal characteristics and care quality as well as LOS during
admission and discharge destination. Information on primary
diagnosis at admission and pre-existing co-morbidities was
identified from electronic record database by the disease
codes classified by the International Classification of Dis-
eases, Tenth Revision (ICD-10) [15]. To increase power of
detection, we created the composite variable ‘acute infec-
tions’ comprising patients with pneumonia or urinary tract
infection (UTI). Mental status at admission, assessed by
abbreviated mental test score (AMTS) was also included
in the analyses.

Categorisation of variables

Dichotomisation was applied for all conditions according to
their presence or absence. Prolonged LOS was derived from
our data as patients who stayed over the period of highest
fifth quintile of LOS: > 17 days in hospital. Destination on
discharge was defined as either “discharged back to usual
residence” or “discharged to places other than usual resi-
dence” including nursing homes, rehabilitation centres and
residential homes. Impaired cognitive function was consid-
ered when AMTS <8 [16].
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21 with recurrent hip fracture
276 with other acute conditions

77 with a first acute hip
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Statistical analysis

Stepwise logistic regression was conducted to determine the
significant predictors of prolonged LOS in hospital (depend-
ent variable) from demographic factors including sex and
destination on discharge and acute and pre-existing clinical
conditions presented at admission (independent variables).
Two logistic regression models were conducted, the first
model was unadjusted (univariate) and the second adjusted
(multivariate) for sex, and pre-existing major co-morbidities
including ischaemic heart disease (IHD), atrial fibrillation,
stroke, Parkinson’s disease, chronic obstructive pulmonary
disease (COPD), malignancies, inflammatory bowel dis-
ease, diabetes mellitus and hypertension. Multiple linear
regression was used to derive an equation to predict LOS in
hospital from the aforementioned demographic and clini-
cal factors. Because of this narrow age band in this cohort,
age was not a significant contributing factor in the predic-
tion model for LOS. Analyses were performed using SPSS
V.22.0 (SPSS Inc, Chicago, IL, USA). The null hypothesis
was rejected when p < 0.05.

Results

Of 374 patients with median age of 85 years (IQR =78-90),
there were 127 (34%) men with median age of 84 years
(IQR=77-88) and 247 (66%) women with median age of
84 years (IQR =75-88) who presented with 23 conditions
and 8 pre-existing chronic conditions with 100 (26.7%) hav-
ing 3 or more of these pre-existing conditions. 77 (20.6%)
had acute first hip fracture and 297 (79.4%) had previous
hip fracture; among those with previous hip fracture, 21
(7.1%) had recurrent hip fracture (Supplementary mate-
rial). Median time since the previous to recurrent fracture
was 2.4 years. During admission, 38 (10.2%) patients died
after median LOS of 4.8 days. Among those who lived to
be discharged, (n=336) there were 115 (34.2%) men with
median (IQR) age of 83 years (75-88) and 221 (65.8%)
women with median age of 85 years (78.5-90). Median LOS
was 6.5 years (1.8-14.8). There were 254 (75.6%) patients
discharged back to usual residence and the remaining 82
(24.4%) to other places including nursing homes, rehabilita-
tion centres and residential homes.

The adjusted risk of prolonged LOS was increased by
threefold in those who were discharged to places other than
usual residence, 10-fold in those admitted with acute stroke,
sevenfold with first hip fracture and 10-fold with recur-
rent hip fractures, fourfold with acute infections, 10-fold
with other acute fractures and 15-fold with malignancies
(Table 1). Acute coronary syndrome (ACS) or COPD,

diabetes, inflammatory bowel disease and or falls did not
predict prolonged LOS.

A predictive equation was constructed showing estimated
LOS to be 11.6 days for discharge to places other than usual
residence, 15 days for acute or pre-existing stroke, 9-14 days
for acute and recurrent hip fractures, acute infections, other
acute fractures and malignancy. Estimated LOS for each
of these factors were calculated and presented in Table 2
for future reference. These factors together explained 32%
of total variances in LOS in hospital. The most powerful
explanatory factor was discharge to places other than usual
residence (15% of the variance), followed by stroke, recur-
rent hip fracture and infections, each of which explained
between 2 and 4% of the variance (Fig. 2).

The adjusted risk of mortality was increased in patients
who were admitted with ACS by sevenfold, with infection by
2.3-fold, with pre-existing cardiac arrhythmias by 2.4-fold
and with pre-existing COPD by 2.2-fold (Table 3).

Compared with patients with AMTS > 8, significantly
greater proportions of those with AMTS <8 (impaired
cognitive function) had stroke (4.5% vs. 11.6%, y*=6.7,
p=0.010), infections (31.1% vs. 41.1%, y*=3.5, p=0.041),
prolonged LOS (17.1% vs. 25.6%, ;(2 =3.8, p=0.037, median
LOS: 5.9 days vs. 9.3 days), and discharge to places other
than usual residence (16.3% vs. 32.6%, y*=13.0, p<0.001).

Discussion

In this comprehensive analysis of a relatively large cohort of
the oldest group of patients in hospital, we have identified
the most important determining factors of prolonged LOS.
Our estimates of LOS from these factors provide multidisci-
plinary team crucial evidence-based guidance for discharge
planning of older patients.

Current discharge planning among NHS hospitals follows
published guidelines. The National Institute for Health and
Clinical Excellence [17] recommends an integrated network
of hospital-based and community-based multidisciplinary
teams to provide coordinated support for older patients, from
hospital admission through to discharge. Although there is
national guidance and legislation relating to discharge prac-
tice and processes from acute hospitals, the local situation
varies considerably. In the location of this study, there is an
active multi-agency discharge group considering patients
requiring complex discharges which involve post-hospital
health or social care support. This group incorporates the
acute provider, the community health provider, social ser-
vices and continuing health commissioners. Although this
collaborative group has improved cross-agency working
there are still persistent delays in discharge of patients with
complex needs. This has been mitigated to some extent in
the orthogeriatric cohort by the introduction of a supported
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Table 1 Prediction of prolonged LOS in hospital (upper quintile > 17 days) by discharge destination and primary diagnoses at admission is
shown in the Supplementary Material using stepwise regression in all 374 patients

Event rates and proportion (%) of Logistic regression to predict the risk of prolonged LOS
patients with prolonged LOS - " 5 o
Model 1: unadjusted Model 2: adjusted

Event rates % 7 p OR  95% CI p OR 95% C1 p
Discharge to usual residence (referent)  40/292 13.7 335 <0.001 1 - - 1 - -
Discharge to other destinations 35/82 42.7 6.69 271-8.13  <0.001 3.14 1.72-5.73 <0.001
No acute stroke (referent) 63/348 18.1 11.9 0.001 1 - - 1 - -
Acute stroke 12/26 46.2 388 1.718.71 0.001 10.09 3.68-27.68 <0.001
No acute first hip fractures (referent) 50/297 16.8 9.3 0.003 1 - - 1 - -
Acute first hip fractures 25/77 325 238 1.35-4.18  0.003 6.81 3.14-14.78 <0.001
No recurrent hip fractures (referent) 67/353 19.0 4.5 0.039 1 - - 1 - -
Recurrent hip fractures 8/21 38.1 263 1.05-6.59  0.040 9.51 3.15-28.69 <0.001
No acute infections (referent) 39/244 16.0 7.3 0.007 1 - - 1 - -
Acute infections (pneumonia or UTI) 36/130 27.7 2.01 1.20-3.37 0.008 4.00 2.10-7.95 <0.001
No other acute fractures (referent) 68/355 19.2 3.5 0.061 1 - - 1 - -
Other acute fractures 7/19 36.8 246 0.93-6.49 0.068 9.82 2.99-32.30 <0.001
No malignancy (referent) 71/365 195 34 0.084 1 - - 1 - -
Malignancy 4/9 44.4 331 0.87-12.65 0.080 15.01 3.14-71.77 0.001

Significant variables selected by regression are presented
#Model 1: unadjusted univariate logistic regression

®Model 2: adjusted multivariate stepwise logistic regression with adjustment for sex, and pre-existing co-morbidities including IHD, atrial fibril-
lation, stroke, COPD, malignancies, inflammatory bowel disease, diabetes mellitus and hypertension shown in the Supplementary Material

Table2 Equation derived from multiple regression to pre- first hip fracture)+ (11.8 Xrecurrent hip fracture) + (9.2 X other acute
dict LOS in hospital in 374 patients: LOS (days)=(9.1xdis- fractures) + (9.7 X acute malignancy) +2.5 [total explained variance in
charged to places other than usual residence)+ (12.0 X pre-existing LOS=32.2%]

stroke) + (12.6 X acute stroke)+ (6.6 X acute infections)+ (7.6 X acute

Estimated LOS derived from multiple regression equation Median (IQR) LOS (days)®

Regression coef-  95% CI Explained vari- p Estimated LOS

ficients () ance (%) (days)?
Discharged to places other 9.1 6.2-12.1 14.6 <0.001 11.6 14.9 (9.9-25.6)

than usual residence®

Pre-existing stroke 12.0 5.3-18.6 4.2 <0.001 14.5 15.8 (4.9-52.3)
Acute stroke 12.6 7.8-17.3 2.6 <0.001 15.1 14.4 (4.0-34.8)
Acute infections 6.6 4.0-9.1 2.4 <0.001 9.1 9.3 (4.1-17.1)
Acute first hip fractures 7.6 4.5-10.7 2.3 <0.001 10.1 12.5 (7.3-19.5)
Recurrent hip fractures 11.8 6.6-16.9 2.9 <0.001 14.3 13.6 (9.2-12.6)
Other acute fractures 9.2 4.0-15.8 1.9 0.001 11.7 10.5 (0.9-21.4)
Acute malignancies 9.7 3.7-14.6 1.1 0.014 12.2 15.0 (2.3-27.9)
(Constant) 2.5 0.7-4.4 - 0.008 - -

The estimated LOS for a particular condition (1 in the presence and 0 in the absence of the condition) are presented in this column?® which is cal-
culated using the general regression formula: estimated LOS (days)=1Xx f+2.5, e.g., LOS for stroke=1x12.64+2.5=15.1 days

A further 9.1 days is added to LOS if the patient is discharged to places other than usual residence

“Median LOS, calculated from unadjusted data, are presented herein for comparison with estimated LOS

discharge team. To overcome these challenges faced by the  and support for patient flow and discharge. These include
NHS, the National Audit Office [10] has outlined further  collaboration between the Department of Health, NHS Eng-
recommendations to better coordinate the central assurance  land and NHS Improvement to set out how discharge delays
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Fig.2 Cumulative variances in LOS in hospital explained by dis-
charge destination and a number of clinical factors

could be prevented and to minimise avoidable admissions
and inappropriate prolonged LOS.

Our findings of the association between those who were
discharged to places other than their usual residence are con-
sistent with previous studies [18, 19]. The National Audit
Office [10] estimated that about 1.15 million bed days were
lost due to delayed transfers of care in acute hospitals during
2015 (up 31% since 2013) and found that 54% hospitals in
their survey reported that discharge planning did not start
soon enough to minimise delays for the majority of older
patients. There are a number of factors that explain this delay
such as high number of moves between wards [18]. Dis-
charge delay has been shown to be influenced by socioeco-
nomic and policy factors as well as decision-making process

Table 3 Factors associated with increased risk of mortality

between interdisciplinary team members and patients [20]. A
study by Gaughan et al. [21] has indicated that fewer delayed
discharges were associated with hospitals with Foundation
Trust status (semi-autonomous organisational units within
the NHS in England which have a degree of independence
from the Department of Health to decide locally how to meet
their obligations) and a greater local provision of long-term
care home beds. Analysis of clinical data such as those col-
lected by clinical audits or registry-based clinical trials is an
integral part of the delivery of care quality to identify and
address factors associated with readmissions [22] and pro-
longed LOS [23]. However, prospective studies are required
to quantify what it would take to increase the number of
patients who returned to their usual place of residence and
to assess whether that intervention would reduce their read-
mission rates and LOS.

Our findings are consistent with those from previous stud-
ies on the association between prolonged LOS with stroke
[24, 25], UTI [26] and pneumonia [27], although some stud-
ies have found variable relationships between pneumonia
and LOS [28]. The lack of significant association with some
of the major conditions such as diabetes is perhaps surpris-
ing. This may be explained by the selection bias in this group
of older individuals whereby those with the most severe con-
ditions may have died prematurely before admission. There
is increasing evidence that type 2 diabetes has relatively
little clinical impact in the very older patients [29]. In our
study, the increased rates of mortality among patients who
were admitted with ACS and pneumonia and pre-existing
arrhythmias and pre-existing COPD are likely to diminish
the association between these conditions and LOS.

The rates of recurrent hip fractures (7.1%) over 2.4 years
in the present study is similar to previously reported fig-
ures [5, 30]. Findings from our study of the increased risk

Proportion (%) of mortal-

Logistic regression to predict the risk of mortality

oy Model 1: unadjusted® Model 2: adjusted®

% Y p OR 95% CI p OR 95% CI p
No acute coronary syndrome (referent) 17.1 5.1 0.026 1 - - 1 - -
Acute coronary syndrome 344 4.03 1.00-16.28 0.051 7.32 1.64-32.68 0.009
No acute infections (referent) 7.4 6.0 0.013 1 - - 1 - -
Acute infections (pneumonia or UTI) 154 2.28 1.164.49 0.017 2.26 1.11-4.58 0.025
No pre-existing atrial fibrillation (referent) 8.0 6.2 0.014 1 - - 1 - -
Pre-existing atrial fibrillation 17.2 2.39 1.19-4.82 0.015 2.41 1.17-4.97 0.017
No pre-existing COPD (referent) 7.8 4.2 0.033 1 - - 1 - -
Pre-existing COPD 14.5 2.00 1.02-3.3 0.044 222 1.08-4.57 0.030

*Model 1: unadjusted univariate logistic regression

"Model 2: adjusted multivariate stepwise logistic regression with adjustment for sex, and pre-existing co-morbidities including IHD, atrial fibril-
lation, stroke, Parkinson’s disease, COPD, malignancies, inflammatory bowel disease, diabetes mellitus and hypertension shown in Supplemen-

tary Material
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of prolonged LOS among patients with recurrent hip frac-
tures suggest a poor prognosis in these patients. Berry et al.
[5] observed that 1-year mortality following an initial hip
fracture was 15.9% which rose to 24.1% following a second
hip fracture. Although the underlying explanation for this
relationship is uncertain, it is probably due to a number of
factors including the patients’ underlying frailty that requires
longer time for recuperation but prolonged stay in hospital
is associated with, and possibly leads to, more adverse con-
sequences. It has been reported that a loss of about 5% of
muscle strength per day of treatment in a hospital bed [10]
and it is well recognised that older patients are particularly
at increased risk of a number of nosocomial infections [12,
13]. Saviteer et al. studied over 4000 nosocomial infections
in 2567 patients admitted to an acute-care hospital and esti-
mated the daily infection rates in patients over 60 years to
be 0.59% [11].

Patients with dementia have been shown to have longer
LOS than those without dementia [31]. Although we did
not have information on dementia as a diagnosis, the com-
monly used AMTS was available, which has been shown to
be a good indicator of impaired cognitive function [15]. We
observed that AMTS < 8 was significantly associated with
prolonged LOS and with discharge to places other than usual
residence in unadjusted statistical model (Chi-squared test or
univariate regression) while this association disappeared on
adjustments with other clinical factors in multivariate regres-
sion model; these findings suggest a complex relationship
whereby impaired cognitive function is a manifestation of
other acute conditions such as stroke and infections, both of
which were shown to be associated with low AMTS in the
present study.

The strengths of the present study lie in its wide range
of acute conditions which were identified by ICD-10 and
adjusted for pre-existing co-morbidities. We focused only
on a specific category of the oldest group of very specific
and high-risk patient in hospital: our findings, therefore,
should not be extrapolated uncritically to other popula-
tions. We suggest further studies are needed to examine all
admissions including patients with no previous hip fractures
as control group to eliminate the impact of previous hip
fractures on other predictive factors. The emphasis of our
paper was to provide a ‘worked example’ for a very high-
risk patient group of a method to predict LOS. Different
hospitals with different patient demographics will need to
compute their own equation, modelling on the method we
have demonstrated.

In conclusion, we have shown that it is possible to iden-
tify a number of factors which independently predict out-
comes and LOS among this group of patients. Constructing
a prediction equation using the approach we have described,
based on information available on admission, provides a use-
ful estimate of LOS. This is a simple way to identify the

@ Springer

most important factors and to improve resource allocation
and discharge planning.
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