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BACKGROUND: Inappropriate hospital admissions com-
promise the efficiency of the health care system. This work
analyzes, for the first time, the prevalence of inappropriate
admission and its association with clinical and epidemio-
logical patient characteristics.

OBJECTIVES: To estimate the prevalence, associated risk
factors, and economic impact of inappropriate hospital
admissions.

DESIGN AND PARTICIPANTS: This was a cross-sectional
observational study of all hospitalized patients in a high
complexity hospital of over 901 beds capacity in Spain.
The prevalence of inappropriate admission and its causes,
the association of inappropriateness with patients’ intrin-
sic risk factors (IRFs), and associated financial costs were
analyzed with the Appropriateness Evaluation Protocolin a
multivariate model.

MAIN MEASURES AND KEY RESULTS: A total of 593
patients were analyzed, and a prevalence of inappropriate
admissions of 11.9% (95% CI: 9.5 to 14.9) was found. The
highest number of IRF's for developing health care-related
complications was associated with inappropriateness,
which was more common among patients with 1 IRF (OR
[95% CI]: 9.68 [3.6 to 26.2.] versus absence of IRFs) and
among those with surgical admissions (OR [95% CI]: 1.89
[1.1 to 3.3] versus medical admissions). The prognosis of
terminal disease reduced the risk (OR [95% CI]: 0.28 [0.1
to 0.9] versus a prognosis of full recovery based on base-
line condition). Inappropriate admissions were responsi-
ble for 559 days of avoidable hospitalization, equivalent to
€17,604.6 daily and €139,076.4 in total, mostly attrib-
utable to inappropriate emergency admissions
(€96,805.3).

CONCLUSIONS: The prevalence of inappropriate admis-
sions is similar to the incidence found in previous studies
and is a useful indicator in monitoring this kind of over-
use. Patients with a moderate number of comorbidities
were subject to a higher level of inappropriateness. Inap-
propriate admission had a substantial and avoidable fi-
nancial impact.
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BACKGROUND AND OBJECTIVES

Inappropriate health care is defined as health care whose
potential negative effects exceed the expected health bene-
fit'?, including inappropriate use, underuse (insufficient
health care, with direct consequences for the patient), and
overuse (the provision of unnecessary health care, with poten-
tial adverse events on patients and additional costs for the
system).>*

Resource overuse is one of the most expensive problems
facing hospital management, accounting up to 101.2 billion
dollars every year in the USA.” The main cause of cost
overrun in hospitals is inappropriate patient admissions. A
recent meta-analysis estimated an incidence of 12.3% of inap-
propriate hospital admissions®, being associated with a youn-
ger patient with fewer comorbidities and with a lack of social
support.”® However, there is a lack of previous studies that
analyze the economic cost of inappropriate hospital admis-
sions. Hospital overuse has been a major concern in the health
systems worldwide, due to its high frequency and high eco-
nomical cost, compared to other ways of overuse.”'® In this
context, the Appropriateness Evaluation Protocol (AEP), de-
veloped by German and Restuccia in 1981'!, is the most
accepted tool for assessing appropriateness of admissions
and classifying its main causes of inappropriateness.'* "

Traditionally, the AEP has been used in studies that focused
on social and non-clinical variables of the patient. 16 However,
this work approaches an epidemiological perspective consid-
ering patients’ intrinsic risk factors (IRFs) as medical comor-
bidities associated with the development of complications and
adverse events related to health care. In a situation where
resources are limited, an appropriateness assessment of health
care services provided to patients is crucial to drive strategies
for improving and maintaining a sustainable health care
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system.>® In this context, this study had a triple purpose: (1) to
provide a prevalence value for inappropriate admission; (2) to
analyze how patients’ IRFs could influence the appropriate-
ness of hospital admissions; and (3) to estimate the economic
impact of this inappropriateness.

DESIGN AND PARTICIPANTS
Study Design and Sample Size

This was a cross-sectional, descriptive, observational study
that included the total of hospitalized patients in a high com-
plexity hospital at a specific time (the second week of
May 2019). The hospital was in Madrid (Spain), with a ca-
pacity of 901 beds and 45 operating rooms.

This study was conducted simultaneously and applying
the same inclusion criteria as other cross-sectional patient
safety studies, such as the Study on Patient Safety in
Hospitals in the Community of Madrid (ESHMAD)'"'¥,
based on the methodology proposed by Brenan et al. in
The Harvard Medical Practice Studylg, and the Preva-
lence of Nosocomial Infections in Spain (EPINE) study®’,
which has been carried out annually since 1990 in all high
complexity hospitals in Spain and whose protocol was
adapted by the ECDC to carry out the Point Prevalence
Survey of Healthcare-associated Infections at the Europe-
an level’', making it possible to calculate spatial-temporal
trends in the prevalence of health care-associated infec-
tions. Based on this structure, a cross-section of patients
was taken from each hospital ward on a date other than
the first and last working days of the week to avoid
overrepresentation of admissions or discharges. The fol-
lowing exclusion criteria were established: (1) patients
admitted to the hospital or the emergency department on
the same day as the start of the study (according to the
criteria of the same patient safety studies); (2) patients
hospitalized in the psychiatric, pediatric, or obstetric areas
(due the inapplicability of the measurement instruments
available).

Measurement Instruments

The prevalence of appropriateness was measured using the
Appropriateness Evaluation Protocol for admissions (AEP)."'
This tool included more than 15 items referring to the clinical
situation of the patient and the clinical care provided, such that,
with the completion of one item, the admission was considered
appropriate. One reviewer obtained the information to complete
the protocol through clinical records. The adaptation used is
included in the Supplementary Materials (Figure S1). For pa-
tients with an inappropriate admission, the cause was recorded
as ‘Unnecessary admission’, ‘Patient needs institutional care of
a lesser standard than an acute hospital’, ‘Premature admission’,
or ‘Other’, using the definitions of the protocol.

Variables

The primary study variable was admission inappropriateness,
measured by the AEP. The cause of inappropriateness was
recorded according to protocol.'!

The following patient-related variables were considered:
age; sex; IRFs; Charlson comorbidity index; reason for patient
discharge (‘death’, ‘transfer’, or ‘discharge’); and prognosis of
the disease leading to admission, classified as per the validated
MRF2 form used in the ESHMAD study (‘full recovery to
baseline’, ‘recovery with residual disability’, and ‘terminal
illness”).! 718

The IRFs were the clinical data of patients associated
with the development of complications and adverse events
related to health care that were collected on admission.
These were collected on admission and logged as dichot-
omous variables, considering the ‘presence’ or ‘absence’
of the factor, based on the criteria established by the
ESHMAD'” and EPINE? studies. The following vari-
ables were included: renal failure (clinical diagnosis or
creatinine values higher than 1.7 mg/dl in previous or
admission blood tests), sensory deficit prior to admission,
previous mobility impairment, hypoalbuminemia (albumin
lower than 3 g/dl in previous or admission blood tests),
diabetes mellitus (clinical diagnosis or blood glucose
higher than 145 mg/dl in blood tests on admission), obe-
sity (BMI > 30), active smoking, cardiovascular disease
(clinical diagnosis), neoplasia (in the previous five years),
chronic lung disease (clinical diagnosis), cirrhosis (clinical
diagnosis), coma (disturbance of consciousness on admis-
sion), neutropenia (neutrophil count <1000), immunodefi-
ciency (diagnosis of primary or secondary immunodefi-
ciency, neutrophil count <500 or HIV+ patients with CD4
count < 200), and preadmission pressure ulcers.

The health care variables included the admission depart-
ment (medical, surgical, or intensive care unit (ICU)), admis-
sion type (urgent or scheduled), and the patient’s total length
of hospital stay (days).

Statistical Analysis

The association between inappropriateness and the main epi-
demiological variables was assessed using the x? hypothesis
test or Fisher’s exact test for qualitative variables (depending
on whether the variables were parametric or nonparametric)
and the Student or Mann—Whitney U test for quantitative
variables, after ruling out a normal distribution of the variable
with the Shapiro-Wilk test. A statistical association was con-
sidered significant if p<0.050.

A multivariate predictive model was then developed
using backward logistic regression of inappropriateness,
eliminating the least significant variables and retaining
those most associated (with p<0.100). Bootstrap tech-
niques were used to correct for model overoptimism, and
goodness-of-fit was analyzed using the Hosmer—
Lemeshow test.
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Economic Analysis

For the cost analysis, the per day cost per stay per care unit was
obtained using monetary equivalents provided by the center’s
accounting department based on the costs for 2019. The cost
overrun was estimated based on avoidable days of stay resulting
from inappropriate admissions. The transfers of each patient
were individually analyzed and considered for the estimation of
the total cost of the avoidable days of hospitalization. Five
indicators were estimated: (1) total, mean, and median of days
of avoidable hospitalization per episode; (2) total economic cost
per episode, according to the total avoidable days and the cost
per stay per care unit; (3) total economic cost adding up the cost
of each episode; (4) mean and median of the economic cost per
patient per day; (5) total economic cost per day dividing the
total cost and the mean of avoidable hospitalization days. After
estimating the total economic cost per day, we performed an
extrapolation of our data to the 70 hospitals of similar charac-
teristics in Spain, and a total cost by year was calculated.

In the case of admissions that could have been managed as
outpatients or did not require hospitalization in an acute unit,
the entire hospital stay was considered avoidable, so the fi-
nancial cost was calculated as the product of the mean cost of
hospitalization per day in the care unit and the total number of
days of hospitalization. For patients with premature admis-
sion, the days before the day prior to their intervention were
classified as inappropriate. Admissions classified as inappro-
priate for reasons other than the above were analyzed individ-
ually. Financial cost was estimated in a stratified manner
according to the cause of inappropriateness (Fig. 1).

The statistical analysis was carried out with STATA Statis-
tical software, version 16 (StataCorp. 2019. College Station,
TX: StataCorp LLC).*

Ethics Committee

The ESHMAD study from which the patient sample was
obtained was approved on 19 March 2019 by the Ethics

Causes of
inappropriateness

Committee of the Hospital Universitario Ramon y Cajal (ref-
erence 057/19).

This inappropriate admissions study was approved on 3
March 2022 by the Research Ethics Committee of the Inter-
national University of La Rioja (reference PI: 006/2022).

RESULTS
Characteristics of the Sample

A total of 636 patients were hospitalized at the time of the
study. Of these, 593 patients met the inclusion criteria. There
were six losses due to transcription errors (Fig. 2). The median
patient age was 72 years. Male patients accounted for 52.3%.
A total of 54.6% of the sample had a prognosis of full recovery
to baseline status for their main illness. The mean and median
Charlson comorbidity index score were 3.0. Death occurred in
39 hospitalized cases.

A total of 66.1% of the patients were admitted from emer-
gencies. The mean length of stay was 20.1 days, and the
median was 11 days; 48.6% of patients were hospitalized for
medical services (Table 1).

Approximately 60.9% of patients presented > 3 IRFs.
Among the IRFs, cardiovascular disease was present in
57.2% of the sample, followed by mobility issues (38.3%)
and a history of neoplasia (34.1.6%). The distribution of IRFs
is shown in Table S1 in the Supplementary Materials.

Prevalence of Inappropriateness and
Associated Epidemiological Characteristics

Seventy-one admissions were classified as inappropriate
(11.9%, 95% CI: 9.5 to 14.9). The prevalence of inappropri-
ateness was significantly higher among patients with a prog-
nosis of recovery with residual disability (16.5% versus 12.1%
among patients with a prognosis of full recovery; p=0.003),
among those with scheduled admissions (18.4% versus 8.7%

The admission was
not necessary ADMISSION DISCHARGE
Days of avoidable
hospitalization
The patient needed
lower-level institutional
care rather than acute ADMISSION DISCHARGE
hospitalization Days of avoidable
hospitalization
The patient was Previous day of health care
4 ADMISSION intervention that makes DISCHARGE
admitted too soon Days of avoidable admission appropriated
hospitalization

Figure 1 Diagram to estimate avoidable days of hospitalization per inappropriate admission by cause.
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636 hospitalized
patients
19 psychiatric
patients
18 pediatric
patients

593 patients
included

521 appropriate

71 inappropriate

among those with urgent admissions; p<0.001), among those
with surgical admissions (17.9% versus 7.6% among those
with medical admissions; p<0.001), and among patients who
had one or two IRFs (16.9%, respectively, versus 2.7% among
those with 0 IRFs; p=0.036) (Table 1). No admission was
classified as inappropriate in the intensive care unit. Individual
analysis of each IRF can be consulted in Table S1 of the
Supplementary Material.

Causes of Inappropriateness and Multivariate
Analysis

The main cause of inappropriate admission was premature
patient admission (56.3%), followed by the potential to treat
the patient’s diagnostic or therapeutic needs as an outpatient
(33.8%).

admissions admissions Among the patients with scheduled admissions, the most
(88.1%) (11.9%) frequent cause of inappropriate admission was premature ad-
Fi > Flow di mission (78.4%), followed by outpatient management
feure 2 How diagram. (10.8%). Among patients with urgent admissions, the most
frequent cause was the possibility of outpatient care (58.8%),
Table 1 Patient Characteristics
Total sample Prevalence of inappropriateness p-value
n (%) n % (95% CI)
Age*
Mean (SD) 69.1 (16.8) 69.2 (16.2) 65.4 to 73.0 0.995
Median (IR) 72 (58 to 82) 72.0 (59 to 81) NA
Sex
Female 283 (47.7) 33 11.7 (8.2 to 16.0) 0.823
Male 310 (52.3) 38 12.3 (8.8 to 16.4)
Number of intrinsic risk factors
0 37 (6.2) 1 2.7 (0.0 to 14.1) 0.036%**
1 83 (14.0) 14 16.9 (9.5 to 26.7)
2 112 (18.8) 19 16.9 (10.5 to 25.2)
>3 361 (60.9) 37 10.2 (7.3 to 13.9)
Prognosis of main illness
Complete recovery to baseline status 323 (54.6) 39 12.1 (8.7 to 16.1) 0.003*%*
Recovery with residual invalidity 176 (29.7) 29 16.5 (11.3 to 22.8)
Terminal illness 93 (15.6) 3 3.2 (0.1 t09.1)
Charlson comorbidity index score*
Mean (SD) 3.0 (2.2) 2.6 (2.0) 211030 0.075
Median (IR) 3.0(1to4) 20 (1to4) NA
Death
No 554 (93.4) 70 12.6 (10.0 to 15.7) 0.072
Yes 39 (6.6) 1 2.6 (0.0 to 13.5)
Type of service
Medical 288 (48.6) 22 7.6 (4.8 to 11.3) <0.001%#**
Surgical 274 (46.2) 49 17.9 (13.5 to 22.9)
Intensive care unit 31 (5.2) 0 NA
Administrative status of admission
Urgent 392 (66.1) 34 8.7 (6.1 to 11.9) <0.0017#**
Scheduled 201 (33.9) 37 18.4 (13.3 to 24.5)
Total length of stay (days)*
Mean (SD) 20.1 (25.0) 16.4 (14.4) 12.6 to 20.1 0.838
Median (IR) 11 (6 to 24) 12 (6 to 19.5) NA
Total 593 (100) 71 11.9 (9.5 to 14.9)

SD, standard deviation; IR, interquartile range; NA, not applicable

P for difference of percentages, chi’ test (for parametric test conditions) and Fisher’s exact test (for nonparametric test conditions)
P for quantitative variables tested by the Mann—Whitney U test because normality criteria were not used

*Age, Charlson comorbidity index score, and total length of stay were managed as numerical variables. For them, the first column contains the mean
and median with SD and IR of the whole sample; the second column contains the mean and median with SD and IR of the group of patients with

inappropriate admission; the third column contains the confidence intervals of the means in patients with inappropriate admission

i< ().05; **4p<0.001
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followed by premature admission (32.4%). There were statis-
tically significant differences in the causes of inappropriate-
ness according to the type of admission (p<0.001) (Table 2).

A greater number of IRFs was associated with inappropri-
ateness adjusted by age, prognosis of the main illness, type of
service and administrative nature of the admission; the in-
crease was greater among patients with one IRF (OR [95%
CI]: 9.68 [3.6 to 26.2] versus the absence of IRFs), followed
by patients with two IRFs (OR [95% CIJ: 9.58 [2.1 to 42.8]
versus the absence of IRFs) and patients with > 3 IRFs (OR
[95% CI]: 7.73 [2.0 to 29.6] versus the absence of IRFs). The
inappropriateness was also associated with admission to the
surgical area (OR [95% CI]: 1.89 [1.1 to 3.3] versus admission
to the medical area). The prognosis of terminal disease re-
duced the risk of inappropriateness (OR [95% CI]: 0.28 [0.1 to
0.9] versus full recovery based on baseline condition).

The model calibration was assessed using the Hosmer—
Lemeshow test, obtaining a p=0.304, with no difference be-
tween the observed and expected findings (Table 3).

Financial Analysis

Inappropriate admissions accounted for a mean and median of
7.9 and 4 days, respectively, as well as a total of 559 avoidable
hospital days. The mean cost per day per inappropriate admis-
sion to the hospital was €17,604.6/day, with a total additional
cost overrun for avoidable hospital days of €139,076.4
(Table 4). Extrapolating this data to the 70 hospitals with more
than 500 beds in Spain, inappropriate admission caused a daily
cost overrun of €1.2 million and an annual economic loss of
€449.8 million.

Inappropriate admissions to the medical area accounted for
the highest financial cost, followed by admissions to the
surgical area (€76,066.7 and €63,009.7, respectively). Inap-
propriate emergency admissions accounted for double the
financial cost compared to scheduled admissions (€96,805.3
versus €42,271.1).

DISCUSSION

We analyzed 593 inpatients and found an inappropriate ad-
mission rate of 11.9%. Intrinsic risk factors (particularly 1 or 2
IRFs) and surgical admissions were associated with

inappropriate admission. The most common type of inappro-
priate admission was premature admission (56.3%), followed
by the possibility of managing the patient in an outpatient
setting (39.3%). Inappropriate admission led to 559 avoidable
days in hospital and a direct cost overrun of €139,076.4.

Measuring inappropriate admission is complex due to the
multiple factors that influence it. There is no single tool for
assessing appropriateness; in some cases, panels of experts are
consulted.*>** The AEP'! has been adapted and validated in
many countries’ 2, including Spain®®, and its use is still
spreading®, so the results obtained are comparable with those
of other studies. The AEP also has the advantage of being
diagnosis-independent and having specific appropriate
criteria, meaning that patients who do not meet them will most
likely have been admitted inappropriately. The AEP is also the
most widely used tool to evaluate the effectiveness of inter-
ventions aimed at reducing the inappropriateness of hospital
utilization.’*

The prevalence of inappropriate admissions of 11.9% is
consistent with the results obtained by Kouhestan et al. in a
meta-analysis conducted in 2020, which found an incidence of
11.0%.>* The prevalence in this study also occupies an inter-
mediate position compared with earlier studies, which regis-
tered variable frequencies depending on the care unit studied
and the type of admission analyzed. Thus, incidence rates of
inappropriate admissions range from 4.5% in Ochoa-Gomez
et al., Spain, 2002, among patients in an emergency unit' to
26.1% in Hammond et al., UK, 2009, in a unit for patients with
long-term neurological impairment.*® In general, most related
studies did not analyze the prevalence of admission inappro-
priateness for all units of a center simultaneously but tended to
focus on the incidence in a single care unit.

Regarding patient characteristics, our study found no asso-
ciation between age and inappropriateness in our study. This
differs from the results of the studies by Cordero et al. (in
Portugal, 2001)'* and Coast et al. (in the UK, 1996)*°, which
observed a higher risk of inappropriate admission among older
patients. Those studies did not carry out a bivariate analysis
adjusted by type of admission, risk factors, comorbidities, and
hospitalization as ours did, being that the most likeable reason
that could explain our results.

Regarding the association between inappropriateness and
the administrative nature of the admission, there was a higher

Table 2 Causes of Inappropriate Admission

Total Scheduled Urgent p-value
n (%) n % (95% CI) n % (95% CI)

Premature admission 40 (56.3) 29 78.4 (61.8 to 90.2) 11 324 (174 to 50.5) <0.001*

Admission was not necessary 24 (33.8) 4 10.8 (3.0 to 25.4) 20 58.8 (40.7 to 75.4)

The patient needed lower-level institutional 4 (5.6) 2 54 (0.6 to 18.2) 2 5.9 (0.7 to 19.7)

care rather than acute hospitalization

Other 3(4.2) 2 5.4 (0.6 to 18.2) 1 2.9 (0.0 to 15.3)

Total 71 (100) 37 52.1 (39.9 to 64.1) 34 47.9 (35.9 to 60.1)

P for difference of percentages: Fisher's exact test (for nonparametric test conditions)

#9<0.001
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Table 3 Multivariate Logistic Regression of the Inappropriateness of the Admission
Total, n (%) Inappropriateness by group, n (%) Odds ratio CI 95% p-value

Age

Increase of one year, mean in years (SD) 69.1 (16.8) 69.2 (16.2) 1.00 091to0 1.0 0.463
Sex

Female 283 (47.7) 33 (11.7) 1.00 NA NA

Male 310 (52.3) 38 (12.3) 1.19 0.7 to 2.1 0.541
Number of intrinsic risk factors

None 37 (6.2) 12.7) 1.00 NA NA

1 83 (14.0) 14 (16.9) 9.68 3.6 t0 26.2 <0.001%**

2 112 (18.8) 19 (16.9) 9.58 2.1 to 42.8 0.003*

>3 361 (60.9) 37 (10.2) 7.73 2.0 to 29.6 0.003*
Prognosis of main illness

Complete recovery to baseline status 325 (54.6) 39 (12.0) 1.00 NA NA

Recovery with residual invalidity 177 (29.7) 29 (16.4) 1.61 09 t0 29 0.127

Terminal illness 93 (15.6) 3(3.2) 0.28 0.1 t0 0.9 0.034%*
Admission area

Medical 288 (48.6) 22 (7.6) 1.00 NA NA

Surgical 274 (46.2) 49 (17.9) 1.89 1.1 to 3.3 0.027*

Intensive care unit 31(5.2) 0 NA NA NA
Administrative status of admission

Scheduled 392 (66.1) 34 (8.7) 1.00 NA NA

Urgent 201 (33.9) 37 (18.4) 0.58 0.3t 1.0 0.050
Charlson comorbidity index score

Increase by a unit, mean (SD) 3.0 (2.2) 2.6 (2.0) 0.91 0.76 to 1.09 0.326
Constant NA NA 0.01 0.00 to 0.06 <0.001%**

95% CI, 95% confidence interval; p-value, p-value estimated in the logistic regression;, NA, not applicable
Multivariate analysis adjusted for age, number of intrinsic risk factors, prognosis of major disease, type of service and type of admission

*<0.05; **p<0.001

prevalence among scheduled admissions (18.4% versus 8.7%
among urgent admissions). However, the association disap-
peared when the number of intrinsic risk factors, clinical area
of admission, age, and prognosis of the main illness were
adjusted for. This association of inappropriateness with sched-
uled admissions was also found in the article by Campos et al.
in 2006 in a pulmonology service in Spain.'? Along these
lines, other inappropriateness studies focusing on patients
from emergency departments, such as Smith et al. in the UK
in 1997°7 and Ochoa-Gomez et al.'®, found slightly lower
frequencies of 6.2% and 4.5%, respectively.

On the other hand, Capalbo et al. (in Italy, 2004) observed
that inappropriate admissions were more frequent in 2-day
hospitalizations than in 3-day ones'?, concluding that inappro-
priate admission is related to shorter hospital stays. Our study

found no significant differences in this respect (median 12
days versus 11; p=0.838). The explanation could be that we
included all the hospitalized patients in a cross-sectional de-
sign without restriction by the length of stay. Capalbo et al.’s
findings describe that in shorter hospital stays, there is usually
a higher rate of inappropriateness, but, at the end, when the
whole sample is included, other factors could extend these
episodes, such as adverse events. The hospital where this
study was conducted is a national reference for some surgeries
and procedures, like neurosurgery ones or bone marrow trans-
plants, that acted as outliers increasing the total length of stay.
In recent research, the tendency has been to keep these cases in
the analysis, and as this study did not intend to provide a
specific analysis of the length of stay, we kept them in the

Table 4 Financial Cost of Inappropriate Admissions

n (%) Inappropriate days of hospitalization Financial cost
Mean (SD)  Median (RI) Total  Mean cost per patient*  Total

Cause of inappropriateness

The admission was not necessary 24 (33.8) 15.2 (10.2) 14.0 (10 to 17) 365 €259.5/day €94,715.3

The patient was admitted too soon 40 (56.3) 2.6 (3.5) 1.0 (0.6 to 3) 106 €237.0/day €25,025.5

The patient needed lower-level institutional 4 (5.5) 20.8 (8.5) 225 (14 t0 27.5) 83 €215.8/day €17,915.0
care rather than acute hospitalization

Other 34.1) 1.7 (2.1) 1.0 (0 to 4) 5 €284.2/day €1420.6
Clinical admission area

Medical 22 (30.1) 142 (12.0) 11.5 (5.5 to 18) 312 €243 .8/day €76,066.7

Surgical 49 (67.1) 5.0 (6.6) 1.5 (1 to ) 247 €255.6/day €63,009.7
Administrative status of admission

Urgent 34 (479) 117 (9.6) 11.0 (5 to 16) 397 €243 .8/day €96,805.3

Scheduled 37 (52.1) 4.4 8.0) 1.0 (0.2 to 2) 162 €261.6/day €42,271.1
Total 71 (100) 7.9 (9.5) 4.0 (1 to 13) 559 €249.0/day €139,076.4€

NA, not applicable

*Average cost of inappropriate days of admission was calculated from length of stay in days added to the cost per day of admission in each care unit
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The causes of inappropriateness also varied depending on
the setting studied. Rodriguez-Vera et al. in Spain in 2000
found that, in internal medicine units, premature admission
was the main cause of inappropriateness*’, while among pa-
tients referred from emergency units, the most frequent cause
was outpatient management.’” In our study, premature admis-
sion was found in 78.4% of inappropriate scheduled admis-
sions, and the possibility of outpatient management was found
in 58.8% of urgent admissions, which is congruent with
existing evidence.

When analyzing all IRFs in a multivariate model, we ob-
served that the association between inappropriateness and
intrinsic risk factors occurred more frequently among patients
with one IRF, followed by those with two IRFs and a decrease
in the strength of the association for those with more than three
IRFs. This suggests an association between IRFs and inappro-
priate admission; however, it is not linear and is greater among
patients with one or two comorbidities. These results are,
however, difficult to compare since they have not been ana-
lyzed in previous studies.

Regarding the economic cost derived from inappropriate
admissions calculated as 7.9 days of hospitalization, the total
additional cost was €139,076.4, and the daily cost was
€17,604.6. If these data were extrapolated to a cross-section
of all patients admitted to the 70 hospitals with more than 500
beds in Spain, this level of inappropriate admission would
cause a daily cost overrun of €1.2 million and an annual
economic loss of €449.8 million. The clinical admission area
had no impact on the total financial cost. However, admission
in medical services had a higher impact due to avoidable
hospitalization days (mean of 14.2 days vs 5.0 in surgical
services). Inappropriate urgent admissions had double the
financial cost of scheduled admissions (€96,805.3 versus
€42,271.1), suggesting that improving the outpatient network
would have a positive impact on the health system. However,
these results have measurement and comparability limitations
since economic estimates have traditionally been made on the
basis of the individual study of the appropriateness of each day
of hospital stay, and our estimation does not consider the
specific procedures and treatments that the patient received
during his hospitalization.”**' Also, some cost could be
overestimated, such as those related to patients in the hospital
waiting surgical procedures, who may not consume many
resources.

Another limitation would be related to the characteristics of
the AEP itself, which was designed to minimize value judg-
ments and increase concordance between reviewers. For ex-
ample, the following items would meet the criteria for an
appropriate admission: (1) the administration of intravenous
medication; (2) the indication of any scheduled/urgent proce-
dure within the next 24 h that required general or regional
anesthesia, or equipment or materials available only for inpa-
tients. However, the underlying necessity of the route of
administration or the procedure was not assessed. This phe-
nomenon could underestimate inappropriateness.

Another one would be that the information for the AEP was
obtained by only one reviewer. Nevertheless, AEP is the most
used validated tool in the literature and provides better data
quality than a panel of experts. Another limitation is related to
the collection of social determinants of health. Previous evi-
dence focused on this relationship and we pretended to pro-
vide a new approach to exploring whether there was any
association between the patient’s comorbidities and inappro-
priateness. Future research should combine the study of both
fields in order to improve the evidence of the inappropriate-
ness of admissions. Finally, although the analyzed center is
one of the main ones in the region, another limitation would be
that this study was a single center and some local practice
patterns could affect the results. However, some important
findings in this research allow the development of future
multi-center analysis that could provide a more accurate ap-
proach to some of our results.

Among the strength of this study, the following are espe-
cially relevant: (1) this is the first study that uses the AEP in an
epidemiological perspective, analyzing how IRFs influence
hospital admissions; (2) to the best of our knowledge, this
study is also a pioneer in applying a cross-sectional design to
all patients admitted to a hospital and in providing a preva-
lence value for inappropriate admission; (3) last, the patients’
IRFs included were collected using the same criteria estab-
lished by studies of recognized prestige in the field of patient
safety, such as ESHMAD'"'®4? (based on the methodology
of The Harvard Medical Practice Study)'® and EPINE.*

Finally, the inappropriateness of admissions results in a
problem of great magnitude within health care due to its
frequency and economic impact. In addition, the results place
patients with an intermediate number of comorbidities as those
who are most likely to suffer from this phenomenon and are a
good target to mitigate its impact. Future research, with a
longitudinal design, should delve into the consequences of
inappropriate admissions in the form of harm to the patient
and the factors that cause a patient with intermediate comor-
bidities to be associated with inappropriateness. This new
focus for understanding the causes underlying this type of
inappropriateness would be able to drive strategies for improv-
ing and optimizing resources.’*!

CONCLUSIONS

The prevalence of inappropriate admissions is similar to the
incidence found in previous studies conducted in several
countries. Patients with >1 IRF had a higher prevalence of
inappropriate admission, showing a nonlinear association.
Unlike other studies, age, sex, and the administrative status
of admission showed no association when adjusted for the
number of comorbidities and prognosis of the disease-causing
admission. Among scheduled admissions, the prevalence of
inappropriate admissions was higher and was the most fre-
quent cause of premature admission, whereas, among urgent
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admissions, the most frequent cause was the possibility of
managing the patient in the outpatient setting.

Inappropriate admissions have a great financial impact due
to the associated days of hospitalization, mainly from urgent
inappropriate admissions, which suggests that improving the
outpatient care network could mitigate this.
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