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30 days of hospital discharge is positively
associated with inpatient bed occupancy at
discharge - a retrospective cohort study
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Abstract

Background: Previous work has suggested that given a hospital's need to admit more patients from the emergency
department (ED), high inpatient bed occupancy may encourage premature hospital discharges that favor the hospital's
need for beds over patients’ medical interests. We argue that the effects of such action would be measurable as a
greater proportion of unplanned hospital readmissions among patients discharged when the hospital was full than
when not. In response, the present study tested this hypothesis by investigating the association between inpatient bed
occupancy at the time of hospital discharge and the 30-day readmission rate.

Methods: The sample included all inpatient admissions from the ED at a 420-bed emergency hospital in southern
Sweden during 2011-2012 that resulted in discharge before 1 December 2012. The share of unplanned readmissions
within 30 days was computed for levels of inpatient bed occupancy of <95 %, 95-100 %, 100-105 % and >105 % at
the hour of discharge. A binary logistic regression model was constructed to adjust for age, time of discharge, and

other factors that could affect the outcome.

Results: In all, 32,811 visits were included in the study, 9.9 % of which resulted in an unplanned readmission
within 30 days of discharge. The proportion of readmissions was 9.0 % for occupancy levels of <95 % at the
patient’s discharge, 10.2 % for 95-100 % occupancy, 10.8 % for 100-105 % occupancy, and 10.5 % for >105 %
occupancy (p=0.0001). Results from the multivariate models show that the OR (95 % Cl) of readmission was 1.11
(1.01-1.22) for patients discharged at 95-100 % occupancy, 1.17 (1.06-1.29) at 100-105 % occupancy, and 1.15

(0.99-1.34) at >105 % occupancy.

Conclusions: Results indicate that patients discharged from inpatient wards at times of high inpatient bed
occupancy experience an increased risk of unplanned readmission within 30 days of discharge.
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Background

Two previous studies have shown that inpatient bed occu-
pancy at the time of patient presentation in the emergency
department (ED) was negatively associated with the prob-
ability of hospital admission, yet not the probability of an
unplanned 72-h revisit to the ED [1, 2].
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As a topic, the availability of inpatient beds has attracted
much interest from a systems perspective, from which sev-
eral models suggest an association between average bed
occupancy and frequency of acute bed shortage [3-6].
General principles of queuing theory maintain that vari-
ation in the number of hospital admissions and inpatient
length of stay (IPLOS) explains most of the variation in
bed occupancy [7-11], though others argue that the
former explains more variation than the latter [12].

Different strategies have been proposed for anticipating
and accommodating periods of acute bed shortage. Several
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studies have suggested that reducing the variability in the
volume of planned hospital admissions will smoothen in-
patient bed occupancy and thereby reduce the frequency
of acute bed shortages [10, 13, 14]. Others have suggested
that pooling resources throughout large hospital systems
might promote higher average bed occupancy rates than
seen in smaller hospital systems, yet without acute bed
shortages [5, 8]. At the same time, scheduling discharges
from inpatient wards earlier in the day has been thought
to decrease conflicting demand for inpatient beds between
patients not yet discharged and patients waiting for admis-
sion, especially since most admissions from an emergency
department occur in the afternoon [15, 16]. This last idea
is particularly interesting, since frequent shortages of open
inpatient beds have been attributed with triggering a
mechanism by which the demand for accommodating
new admissions drives hospital discharge, thereby leaving
patients at risk of premature discharge [8]. If so, then such
effects should appear as a positive association between
inpatient bed occupancy at time of discharge and rate
of unscheduled hospital readmissions within 30 days.

The aim of the present study was to test this hypothesis
by investigating the association between inpatient bed oc-
cupancy at the time of discharge from an inpatient ward
and the probability of an unplanned hospital readmission
from the ED within 30 days. This study is exploratory and
seeks to develop hypotheses for further research in the
field.

Methods
Study design
In this retrospective cohort study, the sample included
all episodes of inpatient care experienced by patients ad-
mitted from the ED to the inpatient setting at a 420-bed
hospital in southern Sweden during 2011-2012 and dis-
charged before 1 December 2012. The 30-day readmission
rate for discharged patients at this hospital was previously
estimated to be about 9 %. For the purposes of this study,
an increase of 2 % was considered to be clinically relevant.
To limit bias, the study material was not subject to fur-
ther restrictions. Post hoc power calculations were per-
formed to determine the number of strata (see cut-offs in
the Statistical Analysis section) of inpatient bed occupancy
to use for group comparisons (a = 0.05, 1-f = 0.80) [17].

Data sources

Data on inpatient care episodes were retrieved from the
hospital billing system PASiS®. Data on hospital occupancy
per hour were retrieved from an occupancy database used
by hospital management for purposes of quality assurance.
Data on ED visits were retrieved from the ED informa-
tion system Patientliggaren®. Data gathering and linking
were performed by the hospital informatics unit using

Page 2 of 6

QlikView® software. The head of the division (KI) and
the chair of the ED (FJ) granted access to data.

Setting
Helsingborg general Hospital is one of four hospitals that
provide emergency care in the region of southern Sweden
called Region Skane. Its ED serves a population of roughly
250,000, which expands to more than 300,000 in summer
due to tourism. The hospital is a teaching hospital that of-
fers education for medical students as well as emergency
medicine residents.

Its ED is separated into units by specialty, and in 2010,
a complementary unit staffed by emergency physicians
capable of handling all but psychiatric, otolaryngologic,
ophthalmologic, and pediatric complaints was intro-
duced that currently operates from 8:00-23:00 daily.
There are separate EDs for children (<18 years of age)
with medical conditions and for patients with obstetric,
gynecologic, psychiatric, or ophthalmologic complaints.
Patients admitted from these EDs were excluded from
the study. Patients with suspected hip fractures or ST-
elevation Myocardial Infarction (STEMI) diagnosed in
an ambulance bypass the ED and were thus also ex-
cluded. Hand surgery, neurosurgery, and thoracic sur-
gery are not available at the hospital, and the
availability of endovascular surgery and PCI are limited
after hours (17:00-08:00). Patients with such needs are
referred to Skane University Hospital (SUS) and were thus
also excluded. At times of pronounced bed shortage, some
patients are admitted from the ED to two other hospitals
in the region. Patients admitted to these hospitals at index
were likewise excluded.

Statistical analysis

Unplanned readmissions were defined as readmissions
to the hospital through the ED within 30 days of dis-
charge. We computed the readmission rate for inpatient
bed occupancy rates of <95 %, 95-100 %, 100-105 %,
and >105 % and compared proportions using Fisher’s
exact test. Inpatient bed occupancy <85 % has tradition-
ally been used for the reference level in the field, follow-
ing Bagust et al [4]. Since the mean bed occupancy at
the study site is around 95 %, <85 % is likely to reflect
an artificial situation and hence <95 % was selected for
reference. Post hoc power analysis revealed that the power
to detect the pre-specified difference (2 %) was 84.2 % for
the smallest category (>105 %). A binary logistic regres-
sion model was constructed in order to adjust for con-
founders and other factors liable to affect the outcome.
Variables considered for inclusion in the model were sex,
age group, IPLOS, the admitting specialty at index admis-
sion, day of the week of discharge, time of day of discharge
(00:00-07:59, 08:00-15:59, 16:00-23:59), and inpatient bed
occupancy at discharge. Age was grouped into intervals of
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0-18 years, 18-40 years, 40-65 years, and >65 years. In
Sweden, 18 years is the age of legal adulthood and 65
the age of retirement. For the binary logistic regression
models, inpatient bed occupancy was categorized by
the same intervals as in the crude analysis.

Predictors were tested for crude association with the
outcome before entering the preliminary primary effects
model. Associations weaker than p =0.25 but of clinical
importance were still included [18]. Multicollinearity test-
ing was performed using Spearman correlation [19], and
the selection of interaction terms screened for inclusion in
the final models was governed by perceived clinical signifi-
cance determined a priori. Variables were manually added
to the models. Model fit was evaluated using Nagelkerke’s
R’ the Hosmer & Lemeshow test and ROC-curves. The
association between each predictor and the outcome was
addressed by the -2LL and Wald statistic. Models were
screened for influential cases by addressing standardized
residuals and Cook’s distance. To prevent overfitting, the
final model selected was that with the highest explanatory
value relative to the number of predictors [19]. Statistical
analyses were performed with IBM® SPSS°® version 22.
Data was anonymized before analysis. The regional ethical
review board in Lund granted ethical approval for the
study (dnr 2013/11).

Results

In sum, 160,462 visits to the main ED and the separate
EDs for children with medical conditions (<18 years of
age) and patients with ophthalmologic complaints, were
registered in Patientliggaren® during 2011-2012. Of these,
39,095 resulted in admission, of which 1,444 (3.7 %) lacked
a corresponding inpatient episode in PASiS® and were
therefore excluded. A further 2,388 (6.1 %) were excluded
because they were not admitted through the main ED at
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index, as were another 723 (1.8 %) for being transferred to
other hospitals during their index inpatient episode. Lastly,
another 1,729 (4.4 %) were excluded because they were dis-
charged from the inpatient setting after 30 November
2012. A total of 32,811 visits were included in the final
study, 3,247 (9.9 %) of which resulted in an unplanned
30-day readmission. Average hourly inpatient bed occu-
pancy during the study period is shown in Fig. 1.

Crude analysis

The proportion of 30-day readmissions after discharge
from the hospital when at <95 % occupancy was 9.0 %.
If 95-100 % of hospital beds were occupied at the time
of discharge, then the readmission rate was 10.2 %. It was
10.8 % for 100-105 % occupancy, and 10.5 % for >105 %
occupancy (p =0.0001). Study power was >85 % for the
detected differences, except for when comparing the smal-
lest subgroup (occupancy >105 %) to the reference group,
where it was only 62 %. 609/32,811 =1.9 % of cases were
discharged during nighttime (00:00-07:59), 5,477/32,811 =
16.7 % in the afternoon (16:00-23.59) and 26,725/32,811 =
81.5 % during daytime (08:00-15:59).

Adjusted analysis

All predictors screened for inclusion in the multivariate
models were included in the preliminary primary effects
models. The final models included occupancy, age group,
and specialty unit responsible for admitting the patient at
index. A sensitivity analysis was performed that included
the effects of the time of day of discharge. Model results
agreed with those of the crude analysis and showed
that the OR of readmission was 1.14 (95 % CI 1.04—
1.24) for patients discharged at 95-100 % occupancy,
1.23 (1.12-1.35) at 100-105 % occupancy, and 1.22
(1.05-1.41) at >105 % occupancy, relative to that of

102%

100%

98%

96%

94%

92%

90%

Mean inpatient bed-occupancy

88%

86%

012345678 91011121314151617181920212223
Hour of day
Fig. 1 Mean inpatient bed occupancy per hour during the study period

~




Blom et al. BMC Emergency Medicine (2015) 15:37

Page 4 of 6

1.60
1.40
1.20 I I
1.00 S

0.80
0.60
0.40
0.20
0.00

OR for 30-day readmission (95% CI)

0-95% (n=12,897)

“Total

95-100% (n=9,694)

Inpatient bed occupancy at time of discharge

Adjusted for discharge time

Fig. 2 Odds-ratio of 30-day readmission at different levels of inpatient bed occupancy at discharge

100-105% (n=7,946)  105%- (n=2,274)

patients discharged at occupancy <95 %. Correspond-
ing numbers for the sensitivity analysis were OR 1.11
(1.01-1.22), 1.17 (1.06-1.29), and 1.15 (0.99-1.34), re-
spectively. See Fig. 2 and Table 1 for a full account of
the final model and sensitivity analysis.

The insignificant results of the Hosmer & Lemeshow
test (p=0.505 and p =0.707 for the main analysis and
the sensitivity analysis, respectively) suggested that the
models fitted the data well. Nagelkerke's R° indicated
that the models were of fairly low explanatory value,
supported by the presence of some large residuals. The
area under the ROC curve (AUC) was 0.61 (95 % CI
0.60-0.62) for the main analysis and 0.62 (95 % CI 0.61-
0.63) for the sensitivity analysis, suggesting limited to
moderate explanatory value (see Figs. 3 and 4).

Discussion

Both the crude and adjusted results suggest a positive
association between inpatient bed occupancy at the hour
of patient discharge and the 30-day readmission rate.
Even though the differences were smaller than what was
considered clinically meaningful prior to conducting the
study, the post hoc power calculation revealed adequate
statistical power (>85 %) for the detected differences

Table 1 Results from unadjusted and adjusted analysis

between each occupancy category and the reference, ex-
cept for the smallest subgroup (cases discharged at oc-
cupancy >105 %). We argue that these findings support
the hypothesis that high inpatient bed occupancy is as-
sociated with premature hospital discharges. The most
notable absolute difference is between either of the sub-
groups with cases discharged at high inpatient bed oc-
cupancy and the reference category (occupancy <95 %),
rather than between those subgroups themselves. This
suggests that the mechanism causing premature dis-
charges becomes effective when the hospital is close to
full (i.e. >95 % occupied). The results were attenuated
when time of discharge was adjusted for in the sensitiv-
ity analysis. It is hard to say whether the time of dis-
charge or the occupancy at discharge is the major driver
behind the 30-day readmission rate, since it is possible that
high inpatient bed occupancy causes delays in discharges
(higher census causes longer discharge rounds), so that
some of the effect attributed to time of discharge in the
sensitivity analysis is really mediated by the inpatient bed
occupancy rate. Whichever the case, inpatient bed occu-
pancy remained a significant predictor of 30-day readmis-
sions in the sensitivity analysis for all but the smallest
subgroup (cases discharged at occupancy >105 %). This

Occ. at discharge 30-day readm. Reg.coeff. SE  Wald p OR 95 % Cllow 95 % Cl high
Main analysis Nagelkerke's 7= 0.030 <95 % (ref) N=12,897 1162 (9.0 %) 2141 <0001 ref

95-100 % N =9,694 989 (10.2 %) 0.13 005 776 001 114 1.04 1.24

100-105 % N=7946 857 (10.8 %) 0.21 005 1869 <0001 123 112 1.35

>105 % N=2274 239 (10.5 %) 0.20 008 681 001 122 105 141
Adjusted for time of discharge <95 % (ref) N=12,897 1162 (9.0 %) 1149 001 ref
Nagelkerke's &°=0033 95-100 % N=9,694 989 (102%) 011 005 519 002 111 101 122

100-105 % N=7946 857 (10.8 %) 0.16 005 1015 0.001 117 1.06 1.29

>105 % N=2274 239 (10.5 %) 0.14 008 331 007 115 099 1.34
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is likely to reflect the small size of this subgroup, which
should be collapsed in future studies.

Limitations

A limitation of the study was that readmissions through
other EDs in the region were not detected by the present
study design, though hospital management and clinical
staff claim that this fraction is small. Some bias may also
have been introduced since no cases from December
2012 were included; however, most of the winter season
was included and the study period covered 2 vyears,
which would limit the effects of such bias to some ex-
tent. Moreover, even though the 30-day readmission rate
is frequently used as a quality measure [20—-22], it is too
blunt to capture all aspects of quality of care. We chose
the 30-day readmission rate as the outcome measure
since it has been studied before and is considered to re-
flect various insufficiencies in a healthcare system. Several
patient factors [20], inter-hospital variation [21, 22], and
specific interventions aimed at reducing hospital readmis-
sions [23-25] have been suggested to affect readmission
rates. Many of these were not adjusted for (e.g. diagnosis,
co-morbidity, and occupational status), since they are un-
fortunately unavailable from the data sources available to
us. The limited predictive ability of the multivariable
models is also implied by the fairly low areas under the
ROC-curves and the values of the Nagelkerke's R® coeffi-
cients. Despite this, we view the agreement between crude-
, multivariable and sensitivity analyses as a relevant signal
in the data not to be neglected. Moreover, some of the ef-
fect may reflect the undifferentiated status of the study
population, suggesting that future studies should aim at de-
scribing the effect for limited groups of patients.

Conclusions

Study results indicate a positive association between in-
patient bed occupancy at discharge from inpatient wards
and the 30-day readmission rate. Though the prematur-
ity of hospital discharges may not be measurable by a
single outcome measure, our results provide support for
the hypothesis that high inpatient bed occupancy is asso-
ciated with premature discharges from inpatient wards
and points to the need of studying the subject closer.

Competing interest

Kl was the head of the division responsible for the Emergency Department
where the study was conducted. FJ is currently the chair of the Emergency
Department where the study was conducted. All other authors declare that
they have no competing interests in relation to the study.

Authors’ contributions

MB, MLO, and KI all participated in developing the study design. LG
collected and concatenated data. KI and FJ granted access to data. MB
performed the statistical analyses. MB also prepared all versions of the
manuscript. All authors read and approved the final version of the manuscript.



Blom et al. BMC Emergency Medicine (2015) 15:37

Authors’ information

Kl'is an MD, PhD who was the head of the division responsible for the
emergency department where the study was conducted. FJ is an MD and
the chair of the emergency department. MLO (MD, prof) was the primary
supervisor of MB (MD, PhD) and is currently that of KE, who is an MD and a
PhD candidate at Lund University. LG is a nurse and controller in the
hospital informatics department.

Acknowledgments

We wish to thank Philip D Anderson, Brigham & Women’s Hospital and
Harvard Medical School, Boston, MA, USA for support and inspiration
regarding the research question and study design.

We also wish to thank the Laerdal Foundation, Norrbottens Lans Landsting,
and the Swedish Medical Association for project grants that made the study
possible.

Lastly, we wish to personally thank Ingemar Petersson, Skane University
Hospital, for his input regarding the epidemiology of emergency care in the
region.

Author details

'Department of Clinical Sciences Lund, Lund University, HS 32, EA-blocket,
2nd floor, SE-22185 Lund, Sweden. 2IK-enheten, Helsingborg general hospital,
S Vallgatan 5, SE-25187 Helsingborg, Sweden. Department of Pre- and
intrahospital Emergency Medicine, Helsingborg general hospital, S Vallgatan
5, SE-25187 Helsingborg, Sweden.

Received: 20 October 2014 Accepted: 8 December 2015
Published online: 14 December 2015

References

1. Blom M, Jonsson F, Landin-Olsson M, Ivarsson K. The probability of patients
being admitted from the emergency department of Helsingborg general
hospital is negatively correlated to inpatient bed occupancy - an
observational study. Int J Emerg Med. 2014;7:8.

2. Blom M, Jonsson F, Landin-Olsson M, Ivarsson K. Associations between in-
hospital bed-occupancy and unplanned 72 hour revisits to the Emergency
Department - a register study. Int J Emerg Med. 2014;7:25.

3. Bain CA, Taylor PG, McDonell G, Georgiou A. Myths of ideal hospital
occupancy. Med J Aust. 2010;192(1):42-3.

4. Bagust A, Place M, Posnett J. Dynamics of bed use in accommodating
emergency admissions: Stochastic simulation model. Br Med J.
1999;318(7203):155-8.

5. GreenV, Nguyen V. Strategies for cutting hospital beds: the impact on
patient services. Health Serv Res. 2001;36(2):421-42.

6. Gorunescu F, McClean S, Millard P. A queueing model for bed-occupancy
management and planning of hospitals. J Oper Res Soc. 2002;53(1):19-24.

7. Bekker R, Koeleman P. Scheduling admissions and reducing variability in
bed demand. Health Care Manag Sci. 2011;14(3):237-49.

8. Allder S, Silvester K, Walley P. Understanding the current state of patient
flow in a hospital. Clin Med. 2010;10(5):441-4.

9. Walley P, Silvester K, Steyn R. Managing variation in demand: Lessons from
the UK National Health Service. J Healthc Manag. 2006;51(5):309-20.

10.  Gallivan S, Utley M. Modelling admissions booking of elective in-patients
into a treatment centre. IMA J Manag Math. 2005;16(3):305-15.

11, Brailsford S, Lattimer V, Tarnaras P, Turnbull JC. Emergency and on-demand
health care: Modelling a large complex system. J Oper Res Soc.
2004;55(1):34-42.

12. Allder S, Silvester K, Walley P. Managing capacity and demand across the
patient journey. Clin Med. 2010;10(1):13-5.

13.  Fieldston ES, Hall M, Shah SS, Hain PD, Sills MR, Slonim AD, et al. Addressing
inpatient crowding by smoothing occupancy at children’s hospitals. J Hosp
Med. 2011,8:466-73.

14. Black S, Proudlove N, Badrinath P, Evans DA, Ebrahim S, Frankel S, et al.
Hospital bed utilisation in the NHS and Kaiser Permanente: bed management
in the NHS can be improved easily. Br Med J. 2004;328(7439):582-5.

15. Khanna S, Boyle J, Good N, Lind J. Unravelling relationships: Hospital
occupancy levels, discharge timing and emergency department access
block. Emerg Med Australas. 2012,24(5):510-7.

16. Zhu Z. Impact of different discharge patterns on bed occupancy rate and bed
waiting time: A simulation approach. J Med Eng Technol. 2011;35(6-7):338-43.

22.

23.

24.

25.

Page 6 of 6

Rosner B. Estimation of sample size and power for comparing two binomial
proportions. In: Taylor M, editor. Fundamentals of Biostatistics. 7th ed. Boston:
Brooks/Cole; 2011. p. 381-90.

Hosmer DW, Lemeshow S, et al. Ch. 4. In: Cressie NAC, editor. "Applied
logistic regression”. 2nd ed. US, CA: Wiley; 2006. p. 47-142.

Tabachnick B, Fidell LS. Ch. 10.3. In: Hartman S, editor. “Using multivariate
statistics”. 5th ed. Boston: Pearson; 2006. p. 437-505.

Joynt KE, Orav EJ, Jha AK. Thirty-day readmission rates for medicare
beneficiaries by race and site of care. JAMA. 2011;305:675-81.

Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in
the Medicare fee-for-service program. N Engl J Med. 2009;360:1418-28
[Erratum, N Engl J Med 2011;364:1582.].

Jha AK, Orav EJ, Epstein AM. Public reporting of discharge planning and
rates of readmissions. N Engl J Med. 2009;361:2637-45.

Shepperd S, Lannin N, Clemson L, McCluskey A, Cameron |, Barras S.
Discharge planning from hospital to home. Cochrane Database Syst Rev.
2013;1:CD000313 [Internet]. 2013 [Cited 2014 Aug 13].

Takeda A, Taylor SJC, Taylor RS, Khan F, Krum H, Underwood M. Clinical
service organization for heart failure. Cochrane Database Syst Rev. 2012,9:
CD002752 [Internet]. 2012 [Cited 2014 Aug 13].

Hernandez A, Greiner M, Hammill B, Peterson E, Curtis L, Yancy C, et al.
Relationship between early physician follow-up and 30-day readmission
among medicare beneficiaries hospitalized for heart failure. J Am Med
Assoc. 2010,303(17):1716-22.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Data sources
	Setting
	Statistical analysis

	Results
	Crude analysis
	Adjusted analysis

	Discussion
	Limitations

	Conclusions
	Competing interest
	Authors’ contributions
	Authors’ information
	Acknowledgments
	Author details
	References



