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Abstract

Background: The consequences of the ageing population concerning ICU hospitalisation need to be adequately
described. We believe that this discussion should be disease specific. A focus on respiratory infections is of particular
interest, because it is strongly associated with old age. Our objective was to assess trends in demographics over a dec-
ade among elderly patients admitted to the ICU for acute respiratory infections.

Methods: A cross-sectional study was performed between 2006 and 2015 based on hospital discharge databases in
one French region (2.5 million inhabitants). Patients with acute respiratory infection were selected according to the
specific ICD-10 diagnosis codes recorded, including acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) and community-acquired pneumonia (CAP). We also identified comorbid conditions based on any signifi-
cant ICD-10 secondary diagnoses adapted from the Charlson and Elixhauser indexes.

Results: A total of 98,381 hospital stays for acute respiratory infection were identified among the 3,856,785 stays
over the 10-year period. The number of patients 75 y/o and younger increased 1.6-fold from 2006 to 2015, whereas
the numbers of patients aged 85-89 and > 90 y/o increased by 2.5- and 2.1-fold, respectively. Both CAP and AECOPD
hospitalisations significantly increased for all age groups over the decade. ICU hospitalisations for respiratory infec-
tion increased 2.7-fold from 2006 to 2015 (p=0.0002). The greatest increases in the use of ICU resources were for the
85-89 and > 90 y/o groups, which corresponded to increases of 3.3- and 5.8-fold. Indeed, the proportion of patients
hospitalized for respiratory infection in ICU that were elderly clearly grew during the decade: 11.3% were > 85 y/o0 in
2006 versus 16.4% in 2015 (p <0.0001). This increase in ICU hospitalisation rate of ageing patients was not associated
with significant changes in the level of care or ICU mortality except for patients > 90 y/o (for whom ICU mortality
dropped from 40.9 to 22.3%, p=0.03).

Conclusion: We observed a substantial increase in acute respiratory infection diagnoses associated with hospitalisa-
tion between 2006 and 2015, with a growing demand for critical care services. Both the absolute number and the per-
centage of elderly patient ICU admissions increased over the last decade, with the greatest increases being observed
for patients 85 years and older.

Keywords: Respiratory infection, Intensive care unit, Elderly, Epidemiology

*Correspondence: antoine.guillon@univ-tours.fr

"Leslie Grammatico-Guillon and Antoine Guillon contributed equally to
this work

2 Service de Médecine Intensive Réanimation, CHRU de Tours, 2 Bd
Tonnellé, 37044 Tours Cedex 9, France

Full list of author information is available at the end of the article

. © The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

@ Sprlnger Open (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

— provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-018-0430-6&domain=pdf

Laporte et al. Ann. Intensive Care (2018) 8:84

Background
Current predictions indicate that by 2050, the percent-
age of the population that will be 80 years old or older
will double, representing nearly 10% of the European and
8% of the North American population [1]. Furthermore,
female life expectancy is anticipated to break the 90-year
barrier in several industrialised countries [2]; the number
of centenarians in the world is projected to increase rap-
idly from approximately 441,000 in 2013 to 3.4 million in
2050 and 20.1 million in 2100 [3]. An important conse-
quence of longer life expectancies is that this growth of
the ageing population may result in increasing demand
for critical care and affect the composition of the patient
population cared for in ICUs. This will likely lead to an
increase in the number of new critical care beds, which
are particularly resource-consuming. Thus, the conse-
quences of the increasingly ageing population on the
public health system need to be adequately described and
understood, especially concerning ICU hospitalisation.
Previous reports demonstrate that in Europe, elderly
patients comprise 10—20% of all ICU admissions [4—10].
Longitudinal studies further demonstrate that the pro-
portion of patients admitted to the ICU who are elderly
is increasing over time [4]. Most studies considering
ICU admission policies and their potential benefits have
focused on the elderly as a single entity. We believe that
the discussion should be disease specific. It is question-
able to discuss hospital admission policies for patients
based solely on their advanced age without consider-
ing the acute disease leading to ICU admission. Indeed,
as critical care admissions for a particular diagnosis
decline, those due to other diseases may replace them.
These shifts in-hospital diagnoses may mask increases
in the incidence of specific diseases. A recent retrospec-
tive study of a 7-year period (in the Netherlands) demon-
strated a crude decrease in ICU and in-hospital mortality
(4.6% and 9.7%, respectively) for patients 80 years and
older [11]. Interestingly, this decrease was not observed
in all the subgroups studied. In particular, the ICU mor-
tality in patients 80 and over who were admitted for a
medical reason was constant during the study period,
in contrast to the other admission subgroups. From our
point of view, a focus on respiratory infections is of par-
ticular interest, because these infections are strongly
associated with old age. Pneumonia was considered to
be “the old man’s friend’} a terminal event leading to the
rapid and relatively painless death of the elderly, avoiding
“cold gradations of decay so distressing to himself and to
his friends’, as described in 1898 by W. Osler [12]. Today,
pneumonia is still associated with considerable mortality
(10% of in-hospital mortalities according to population-
based studies [13]), but it does not systematically sen-
tence the elderly to death. Consequently, pneumonia and
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more generally acute respiratory infections (ARI) lead to
the utilisation of substantial healthcare resources, in par-
ticular ICU hospitalisation for advanced monitoring and
live support. We hypothesised that the increase in the
percentage of ageing patients in the population is likely to
inevitably increase hospital stays for ARI and the utilisa-
tion of ICU resources. The objective of our study was to
describe and assess trends in demographics over a dec-
ade among elderly patients admitted to an ICU for ARL

Methods

Study design and data source

We used medical data collected from the French National
Hospital Discharge Database [HDD; Programme de
Médicalisation des Systéemes d’Information (PMSI)] to
estimate the incidence of hospitalised ARI in the Cen-
tre-Val de Loire (CVL) region of France from 1 January
2006 to 31 December 2015. In France, it is mandatory to
report data from all hospital stays at public and private
hospitals; all information from reported hospitalisations
is stored in the HDD as medical codes [International
Classification of Diseases, Tenth Revision (ICD-10)]. All
patients are assigned a unique identification number,
allowing the same individual to be followed over time.
The CVL region of France has 2.5 million inhabitants
and is served by one teaching and regional hospital, one
regional hospital and 37 local hospitals.

Study population

The study population comprised all patients aged
18 years or older who were hospitalised at least one time
in the CVL region during the study period and who met
the ARI case definition (described below). Inpatients with
cystic fibrosis or evidence of a nosocomial infection dur-
ing their hospital stay were not included (Fig. 1).

ARl case definition

Specific ICD-10 diagnosis codes recorded in patient
discharge summaries used to assign ARI status. ARI
included diagnosis codes for acute exacerbation of
chronic obstructive pulmonary disease (AECOPD) and
community-acquired pneumonia (CAP). The codes
recorded were: AECOPD (J440, J441), CAP (bacterial
CAP:J13,]14, J150-]J160, J170; viral CAP: J09, J100, J101,
J108, J110, J111, J118, J120-J123, J128, J129; unspecified
aetiology of CAP: J168, J172, J173, J178, J180—J182, J188,
J189, J690, J851). Hospitalised patients who received
at least one of these ICD-10 diagnosis codes as (1) the
primary diagnosis in their discharge summary or in the
hospital unit where the patient was admitted or (2) the
secondary diagnosis with a primary diagnosis of respira-
tory failure (ICD-10 code J960) were defined as having
hospitalised ARI (Fig. 1).
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Algorithm to select ARI cases according to ICD-10 codes

Hierarchy in the discharge summary

Primary Diagnosis Secondary Diagnosis

ARI code -
Case definition

Respiratory failure ARI code

Not included:

- Hospital stays coding ARI with nosocomial
infections or cystic fibrosis

- Age<18y.o0.

ﬁ Selected hospital stays
Fig. 1 Selection algorithm of acute respiratory infection (ARI) cases according to ICD-10 codes, 2006-2015. ICD-10: International Classification of
Diseases, Tenth Revision

Other variables

Patient age at the time of hospitalisation was calculated
using date of birth and was classified into five categories
(<75, 75-79, 80-84, 85-89 and > 90 years). ICU admis-
sion (included intermediate care beds) was ascertained
using administrative enrolment data from diagnosis-
related groups (DRGs), and death was ascertained using
data from discharge administrative records. We identi-
fied comorbid conditions based on significant ICD-10

associated with diagnosis adapted and pooled from the
Charlson and Elixhauser comorbidity algorithms [14—
16]. ICU stay characteristics were recorded over the
10-year period from the HDD; SAPS II scores were avail-
able from 2010.

Statistical analyses
The number and distribution of hospitalised ARI patients
were described over time. The in-hospital annual rate
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of ARI was calculated as the number of hospital admis-
sions attributed to ARI divided by all hospital admissions
for any reason during the same study year. The hospital
case fatality rate for ARI was calculated as the number of
deaths that occurred among hospitalised ARI patients.
The rate of ICU admissions for ARI was calculated as
the number of ICU admissions attributed to ARI divided
by all ARI hospital admissions. To assess heterogeneity
in the triage process between regional hospitals (n=2)
and local hospitals (n=37), the ICU admission rates
were compared. The ICU case fatality rate was calcu-
lated as the number of deaths that occurred among ARI
ICU patients. The descriptive results were expressed as
frequencies (N, %). Next, we estimated the annual inci-
dence of hospitalised ARI patients stratified by age as the
annual number of hospital admissions attributed to ARI
divided by the total annual regional population recorded
during the last French census as reported by the National
Institute of Statistics and Economic Studies 2013 [17].
The means of incidences by age were expressed as
mean =+ standard deviation (SD). We used linear regres-
sion to estimate the change in ARI hospitalisations over
time from 2006 to 2015; correlations were evaluated
using the Pearson correlation test, and p <0.05 was con-
sidered statistically significant. We used Chi-squared test
for linear trend to assess the changes in life support tech-
niques and medicines. Analyses were performed using
SAS version 9.1 software for Microsoft Windows (SAS
Institute, Cary, NC).

Results

Hospitalisations for ARI from 2006 to 2015

We identified 98,381 adult hospital stays attributed to
ARI among 3,856,785 total hospital stays in the CVL
region from 2006 to 2015. Over time, we observed a
marked and consistent increase in the number of annual
ARI hospitalisations with a simultaneous decline in the
number of all-cause hospitalisations. The number of ARI
hospitalisations increased from 6751 (1.7% of all hospi-
talisations) in 2006 to 11,896 (3.2% of all hospitalisa-
tions) in 2015, representing an average annual increase
in ARI hospitalisations equal to 5.8% (£7.9%) over time
(r=0.94; p<0.0001). In contrast, the overall number
of hospitalisations within this region decreased from
402,270 stays in 2006 to 370,553 in 2015, representing
an average annual decrease equal to 0.92% (+0.37%)
(p<0.0001). The in-hospital annual rate of ARI (number
of admissions for ARI divided by overall admissions) is
represented in Fig. 2.

The number of ARI hospitalisations increased from
2006 to 2015 in all age groups, but increased proportion-
ally more among patients over 85 years of age (Table 1,
Additional file 1: Table S1A).
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Fig. 2 Ten-year trends of in-hospital annual rate of ARI. The
in-hospital annual rate of ARl is the number of admissions for ARI
divided by overall admissions (all causes of admission) on the same
year period. AR/ acute respiratory infections

The number of hospitalisations among patients
75 years old and younger increased 1.6-fold from 2006
to 2015, whereas hospitalisations among patients aged
85-89 and > 90 years of age increased by 2.5- and 2.1-
fold, respectively. CAP was the predominant aetiology
of ARI hospitalisation. The distribution of bacterial, viral
and unspecified aetiology CAP cases did not signifi-
cantly differ over the 10 years. Both CAP and AECOPD
hospitalisations significantly increased for all age groups
during the study period (Fig. 3). The most important
increases in CAP or AECOPD hospitalisations were both
observed in patients aged 85 years and older.

The mean annual incidences of ARI were calculated
for each age class throughout the study period using
the annual total regional population census. The annual
incidences of hospitalisation for respiratory infection
clearly increased among older age groups (p=0.003) and
were 0.240.03%, 1.2+0.2%, 1.9+£0.3%, 3.2+0.4% and
5.0+0.7% for patients ages<75, 75-79, 80-84, 85-89
and 90 years or older, respectively. Within the age groups,
we observed changes in the coded comorbid condi-
tions (Fig. 4). The most obvious shifts were a decrease in
chronic pulmonary diseases and an increase in chronic
heart diseases in the oldest patients.

Hospitalisations in ICU and mortality

As the number of ARI hospitalisations increased, so did
the number of in-hospital deaths attributable to ARI: the
number of in-hospital deaths increased from 588 in 2006
to 1263 in 2015. The increasing number of deaths was not
only driven by the observed increase of in-hospital stays;
the case fatality also significantly increased, from 8.7% in
2006 to 10.6% in 2015 (r=0.82, p=0.004), representing
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Table 1 Characteristics of hospitalisations for ARl in 2006 and 2015

2006 2009 2012 2015 p value
All-cause hospitalisations 402,270 389,067 381,091 370,553 <0.0001
ARl hospitalisations 6751 9641 11,744 11,896 <0.0001
Age
<75y-0 44.4% 44.4% 40.5% 41.0% <0.0001
75-79y-0 14.1% 12.4% 12.8% 11.3% <0.0001
80-84 y-0 16.2% 16.0% 16.0% 15.2% 0.002
85-89 y-0 11.6% 16.2% 17.1% 16.5% <0.0001
>90y-0 13.7% 11.0% 13.6% 16.0% <0.0001
ARI'ICU hospitalisations 740 1239 2135 2036 0.0002
Age
<75y-0 59.7% 61.3% 54.7% 58.2% <0.0001
75-79y-0 14.5% 13.2% 15.0% 12.2% 0.014
80-84 y-0 14.5% 12.7% 14.4% 13.2% 0.167
85-89 y-0 8.3% 9.0% 11.0% 10.2% 0.225
>90y-0 3.0% 3.8% 4.9% 6.2% <0.0001
Sex ratio (M/F)
<75y-0 207 1.75 1.95 2.07 0.646
75-79y-0 197 1.81 1.70 2.06 0.677
80-84 y-0 149 1.38 1.67 1.55 0.083
85-89 y-0 0.88 0.90 1.04 1.03 0.380
>90vy-0 1.20 0.96 1.0 0.51 0.161
SAPS Il (mean +SD)
Included age
<75y-0 - 336417.0° 3404173 3644174 0.083
75-79 y-0 - 389+13.3° 400+ 164 426+157 0.173
80-84 y-0 - 41.74£138° 423+£17.2 443+179 0.348
85-89y-0 - 408+13.2° 4154150 4134140 0.665
>90y-0 - 3934126° 399+13 400+£10.7 0.726
Excluded age
<75y-0 - 2444+16.1° 244+165 264+16.7 0.083
75-79y-0 - 2294133° 240+164 2664157 0173
80-84 y-o0 - 237+£13.8° 243+17 263+179 0.348
85-89 y-0 - 2284132° 235+15 2331140 0.665
>90y-0 - 213+£126° 219+£132 220+10.7 0.726
Invasive MV (n, %)
<75y-0 172 (38.9) 224 (29.5) 425 (36.4) 440 (37.1) 0.037
75-79 y-0 43(40.2) 51(31.3) 77 (24.0) 75(30.2) 0.007
80-84 y-0 33(30.8) 49 (31.2) 0 (29.3) 74 (27 6) 0.388
85-89y-0 18 (29.0) 18 (16.1) 34(14.5) 1(15.0) 0.602
>90y-0 0(0) 2(4.3) 2(11.5) 8 (6,3) 0141
Non-invasive MV (n, %)
<75y-0 92 (20.8) 165 (21.7) 353(30.2) 447 (37.7) <0.0001
75-79y-0 25(23.4) 51(31.3) 100 (31.2) 95 (38.3) 0.038
80-84 y-o 31(29.0) 43 (274) 102 (33.2) 103 (384) 0.004
85-89 y-0 19 (30.6) 22(19.6) 78 (33.2) 56 (27.1) 0.001
>90y-0 1(4.5) 3(64) 24 (23.1) 40 (31.5) <0.0001
Vasopressor (n, %)
<75y-0 101 (22.9) 133(17.5) 271(23.2) 308 (26.0) 0.033

75-79y-0 37 (34.6) 29(17.8) 57(17.8) 55(22.2) 0.049
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Table 1 (continued)
2006 2009 2012 2015 p value
80-84 y-0 21(19.6) 24 (15.3) 64 (20.8) 52(194) 0.374
85-89y-0 11(17.7) 11(9.8) 23(9.8) 24(11.6) 0.825
>90y-0 209.1) 12.1) 12 (11.5) 7 (5.5) 0.136
LOS in ICU (day, mean £ SD)
<75y-0 83+13.0 75+£10.0 871127 106+ 16.8 0.067
75-79y-0 11.8£229 861135 83+124 984151 0447
80-84 y-o 704105 86+114 80410.1 82493 0.595
85-89 y-0 52%55 56451 594623 6.2+6.7 0.012
>90y-0 37+34 38433 51449 6.0+6.7 0.003

Four representative years are presented in the table. The statistical analyses were performed on the complete 10-year trends

y-o years old, M male, F female, ICU intensive care unit, ARl acute respiratory infection, MV mechanical ventilation, LOS length of stay

@ SAPS score from 2010, not available on hospital discharge database before

<75ylo 75-79 ylo 80-84 y/o 85-89 y/o > 90 y/o
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a 21.8% increase in the in-hospital mortality rate during
the 10-year study period (Fig. 5a).

Among hospitalised patients with ARI, 15,267 were
admitted to the ICU. The annual number of ICU hospi-
talisations steadily increased from 740 in 2006 to 2135
in 2012 and then remained relatively constant from 2012
to 2015, averaging 2034 admissions per year. Overall,
ICU admission for ARI increased 2.7-fold from 2006 to
2015 (r=0.91, p=0.0002). Notably, the increase in ICU
admissions was not only due to the increasing number of
patients with ARI but was also because they were admit-
ted to the ICU more often: 11.0% of ARI hospitalisa-
tions were admitted to the ICU in 2006 versus 17.1% in
2015 (r=0.84, p=0.002; Fig. 5b). There was an increase
in the number of ICU admissions for all age groups, but
the increase was highest for patients aged 85-89 and
>90 years old: the number of ICU admissions among
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85-89-year-old patients increased 3.3-fold, and the
number of admissions among patients >90 years old
increased 5.8-fold (Table 1, Additional file 1: Table S1B).
Furthermore, the proportion of ARI patients admitted
to the ICU who were elderly also increased over time: in
2006, 11.3% of ARI patients admitted to the ICU were
aged 85 years or older compared with 16.4% in 2015
(»<0.0001). The rate of ICU admissions significantly
increased for all age groups during the study period. The
increase in ICU hospitalisation rate was not associated
with a significant change in ICU mortality (r=-—0.58,
p=0.08, Fig. 5¢, Additional file 2: Figure S1), except for
those >90 years old. ICU mortality for patients with
ARI was 19.7+3.0%, 24.0+3.6% and 25.0£4.0% for the
patients aged 75-79, 80-84 and 85-89 years, respec-
tively, throughout the study period. ICU mortality for
patients > 90 years old significantly dropped from 40.9%
in 2006 to 22.3% in 2015 (p =0.03).

The overall rate of ICU admissions masked a certain
degree of heterogeneity when comparing regional hospi-
tals with local hospitals (Fig. 6). During the study period,
there were 5923 ICU admissions for ARI in regional hos-
pitals and 9344 ICU admissions for ARI in local hospitals.
The increase in the rate of ICU admissions was observed
in all the age classes in the local hospitals, including
patients over 85 years of age. In the regional hospitals,
there was an overall increase in the rate of ICU admis-
sion for individuals <75 and 75-79 y/o but no significant
change for those above 80 years of age over the 10-year
period. We also observed a peak in ICU admission for all
age groups in 2010 in these two regional hospitals.
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Discussion

This study of more than 3.8 million adult hospital stays in
a French region provides a contemporary view of major
epidemiological changes occurring over the last decade
for patients hospitalised for ARIL. We observed a rise in
the number of ARI hospitalisations despite a statistically
significant decline in the number of total hospitalisations
(all indications combined) over the period. This substan-
tial increase in the number of hospitalisations attributed
to respiratory infections, together with an increasing
demand for ICU services, led to a striking increase in the
overall utilisation of ICU resources: 2038 ICU stays were
recorded with ARI as the main diagnosis in 2015, com-
pared with only 740 stays 10 years earlier (for a region
of 2.5 million inhabitants). The hospitalisation of elderly
patients in critical care services steadily increased for all
age groups, but was greater for patients over 85 years old.
Notably, ICU admissions for nonagenarians increased
5.8-fold during the decade with a marked decrease in
mortality.

Respiratory infections occur mostly in elderly patients
who are highly susceptible for reasons that are still poorly
understood. Here, we confirmed an age-related increase
in incidence, which reached 5% per year for patients over
90 years old. We did not define a cut-off value for “old” or
“elderly’; because the demographic transition in Western
countries is rapidly making previous definitions obsolete.
Thus, the definition of an “elderly patient” is variable, and
accurate comparisons between various studies are diffi-
cult. The age thresholds used in the literature to define a
patient as “elderly” vary from 60 to 80 years [18-21] and
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from 80 to 90 for “very elderly” [11, 22, 23]. Indeed, the
criteria to define an “elderly” patient are in constant flux
and we preferred to use age groups instead.

Together with previous reports [22, 24], our study fur-
ther demonstrates how ARI in the elderly are increas-
ingly becoming a major public health issue. This raises
important questions for future work. An important one
is whether this growth in ICU hospitalisations for elderly
patients with ARI is necessary to meet the demands of
an expanding population requiring intensive care or
whether ICU beds are being oversupplied and filled with
patients who might be cared for in less-intense settings at
lower cost with similar outcomes [25]. SAPS II scores and
the rate of patients requiring invasive mechanical venti-
lation or vasopressor treatment were constant over the
study period. Furthermore, the increase in ARI hospitali-
sations was not associated with a decrease in ICU length
of stay or overall ICU case fatality rate (Fig. 5c). These
results support the hypothesis that ICU admissions were
driven by a real expansion of critically ill patients.

Above the individual consideration lies the societal
question: how will funding agencies, policy makers and
ICU caregivers face this increasing demand? Hospital
stays for ARI have almost doubled over the last decade
in the studied region, with a 2.7-fold increase for those
in the ICU. Valley et al. [26] reported that admission to
the ICU for pneumonia patients older than 64 years was
associated with reduced 30-day mortality with no sig-
nificant cost increase. This finding may be now assessed
and confirmed for patients 85 y/o or older, for whom we
observed the most important changing trends in ICU
hospitalisation for ARI. Finally, the observed heteroge-
neity regarding triage for elderly patients with ARI high-
lights the need to define clear criteria for ICU admission.

Our study should be interpreted in the context of sev-
eral limitations. First, the use of administrative hospital
databases introduced an inherent bias that should be
taken into consideration. Strengths and limitations of
using healthcare databases for epidemiological purposes
have already been extensively discussed [27-31]. Briefly,
the PMSI (the national hospital healthcare database used
here) was initially designed for billing purposes but now
appears to be a powerful tool for epidemiological surveil-
lance. However, one has to keep in mind that observed
changes in disease patterns could be biased by variations
in coding practices due to financial incentives for obtain-
ing higher reimbursement rates [32]. Hence, inter-rater
reliability could represent an important limitation, par-
ticularly when a single code is used. To overcome this
issue, we built our case definition using an algorithm
based on different diagnosis codes and their positions,
and taking the variability of the coding practices into
consideration. The use of coding algorithms has been
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validated in numerous medical fields, especially in infec-
tious diseases. We and others have previously demon-
strated that the use of an appropriate algorithm provides
a high positive predictive value for a case definition and
an excellent negative predictive value [30, 33]. Second,
some concerning issues are not recorded in this data-
base. For instance, increasing pollution over the past dec-
ade influences respiratory admissions; our study did not
allow for testing correlations between pollution indexes
and the increase in ARI hospitalisations. Similarly, some
risk factors (i.e. smoking status) or protective factors (i.e.
vaccination) could not be reliably studied. Third, this
study population is representative of only one country,
so the results may not be generalisable around the globe.
Overall, the use of administrative hospital databases has
strengths and weaknesses. But rather than opposing
studies based on administrative data with studies based
on clinical databases, future challenges will probably be
to implement novel complementary strategies combining
the advantages of both approaches. The major interest of
this database is the exhaustive record of all patients hos-
pitalised in the studied region during the 10-year period
without initial selection bias, giving reliable information
on care in real life. This could be considered a potent
strategy to provide an early warning of the rise of hospi-
talisations for ARI. Results could be completed by more
granular analyses focusing on clinical data to further
decipher and explain these observations.

In conclusion, we observed a substantial increase in
ARI diagnoses associated with hospitalisation between
2006 and 2015 with a growing demand for critical care
services. Both the absolute number and the percentage of
ICU admissions that were elderly increased over the last
decade, driving an overall 2.7-fold increase in the number
of ICU stays for ARI Care delivered in the ICU contrib-
utes significantly to the expansion of healthcare spend-
ing. This work should guide physicians and healthcare
administrators in their approach to policies concern-
ing ICU admission and organisation, especially for the
elderly.
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