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Abstract

Background: The post intensive care syndrome (PICS) gathers various disabilities, associated with a substantial
healthcare use. However, patients’ comorbidities and active medical conditions prior to intensive care unit (ICU)
admission may partly drive healthcare use after ICU discharge. To better understand retative contribution of critical
illness and PICS—compared to pre-existing comorbidities—as potential determinant of post-critical illness healthcare
use, we conducted a population-based evaluation of patients’ healthcare use trajectories.

Results: Using discharge databases in a 2.5-million-people region in France, we retrieved, over 3 years, all adult
patients admitted in ICU for septic shock or acute respiratory distress syndrome (ARDS), intubated at least 5 days and
discharged alive from hospital: 882 patients were included. Median duration of mechanical ventilation was 11 days
(interquartile ranges [IQR] 8;20), mean SAPS2 was 49, and median hospital length of stay was 42 days (IQR 29;64).
Healthcare use (days spent in healthcare facilities) was analyzed 2 years before and 2 years after ICU admission. Prior
to ICU admission, we observed, at the scale of the whole study population, a progressive increase in healthcare

use. Healthcare trajectories were then explored at individual level, and patients were assembled according to their
individual pre-ICU healthcare use trajectory by clusterization with the K-Means method. Interestingly, this revealed
diverse trajectories, identifying patients with elevated and increasing healthcare use (n=126), and two main groups
with low (n=476) or no (n=251) pre-ICU healthcare use. In ICU, however, SAPS2, duration of mechanical ventilation
and length of stay were not different across the groups. Analysis of post-ICU healthcare trajectories for each group
revealed that patients with low or no pre-ICU healthcare (which represented 83% of the population) switched to a
persistent and elevated healthcare use during the 2 years post-ICU.

Conclusion: For 83% of ARDS/septic shock survivors, critical illness appears to have a pivotal role in healthcare
trajectories, with a switch from a low and stable healthcare use prior to ICU to a sustained higher healthcare recourse
2 years after ICU discharge. This underpins the hypothesis of long-term critical illness and PICS-related quantifiable
consequences in healthcare use, measurable at a population level.

Keywords: Post-intensive care syndrome, Long-term outcome, Healthcare trajectories, Acute respiratory distress
syndrome, Septic shock

*Correspondence: youenn jouan@gmail.com

! 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) 2019. 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://orcid.org/0000-0002-9844-814X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-019-0599-3&domain=pdf

Jouan et al. Ann. Intensive Care (2019) 9:126

Background

Survivors of critical illness frequently suffer from numer-
ous sequelae, from physical and functional impairments
to cognitive and psychiatric disorders, aggregated in the
post intensive care syndrome (PICS) [1-3]. This syn-
drome has mostly been studied after sepsis/septic shock
and acute respiratory distress syndrome (ARDS) [4-9].
Studies of healthcare use and costs after discharge from
the intensive care unit (ICU) also showed an increased
healthcare recourse and costs for ICU survivors [10—13].
However, this increased healthcare use after critical ill-
ness has been mainly compared to “non-ICU cohorts”
[10, 13, 14] and differences in case-mix preclude any con-
clusions regarding potential effects of critical illness itself
on post intensive care healthcare use. Indeed, the causal
association between ICU stay and subsequent disabilities
and morbidity is challenging to investigate, as critical ill-
ness and so-called PICS may share common risk factors
and triggers, rooted in patients’ healthcare trajectories
prior to ICU admission. Studies of long-term outcome
after critical illness frequently reported comorbidities
as a strong determinant of long-term death [15-17],
and comorbidities are very prevalent among patients
admitted to ICU [18, 19]. Thus, the impact, on post-
ICU healthcare trajectories, of pre-existing heterogene-
ity before ICU admission regarding healthcare use and
comorbidities has not been finely assessed. Therefore, it
is still uncertain to which extent critical illness per se is
responsible for prolonged increased healthcare use after
ICU, or to which extent pre-existing comorbidities and
pre-ICU healthcare trajectories impact the post-ICU
burden.

To explore this question, we assessed the healthcare
use trajectories prior to ICU admission and posterior to
ICU discharge using the exact same methodology, among
a cohort of ICU survivors.

Methods

Study population

At the population level of one French region, all adult
patients admitted to an ICU from January 1st, 2010 to
December 31st, 2012, for septic shock and/or ARDS,
with 5 days or more invasive mechanical ventilation,
were extracted from the regional medico-administrative
database (“Programme de Médicalisation des Systémes
d’Information’, PMSI) using a computerized algorithm.
This database relies on the mandatory notification of
each hospital stay, through a coded summary, for all pub-
lic and private French hospitals. Every hospital stay in
the database is linked to patient data using an encrypted
anonymized number, allowing to carry out epidemiologi-
cal analyses among a comprehensive historical cohort.
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The study was performed in one representative French
region (Centre Val de Loire, 2.5 million inhabitants),
including one university hospital, one tertiary hospital
and 37 general and private hospitals. Eight hospitals of
the region have at least one intensive care unit (Fig. 1).

Algorithm selection criteria were (see Additional file 1:
Table S1, Additional file 2: Table S2):

+ Presence of “ARDS” and/or “Septic shock” codes
from the International Classification of Disease,
Tenth Revision (ICD-10), as primary or secondary
diagnosis.

+ Invasive mechanical ventilation reported for 5 days
or more, using the corresponding codes from the
French Common Classification of Medical Acts.

Patient under 18 years and pediatric ICUs were not
included.

Performance of the selection algorithm was validated
by a blinded review of medical charts of 180 patients
randomly selected, comprising 70 cases selected by the
inclusion algorithm and 110 controls, from two different
hospitals and admitted in ICU during the study period
and who did not met criteria of the selection algorithm.
Investigators then blindly reviewed medical chart for
case validation. ARDS was defined according to the Ber-
lin Definition [20], and septic shock was defined as the
presence of a suspected or proven infection associated
with hypotension requiring vasopressive therapy after
adequate fluid resuscitation (as mentioned in the medi-
cal chart, and/or at least 30 mL/kg). Invasive mechani-
cal ventilation was defined by mechanical ventilation
through a tracheal tube or tracheostomy. Algorithm per-
formance appeared excellent with a positive predictive
value of 96%, and a negative predictive value of 92%.

The purpose of the study was to explore post-ICU bur-
den in terms of healthcare use; thus, among ICU patients
identified by the algorithm, only patients discharged alive
from the hospital were included in the study cohort.

Data collection

Index hospitalization was defined as the whole acute care
hospital stay during which the index ICU stay occurred.
If a patient had two or more hospitalizations satisfying
inclusion criteria, the first hospitalization was consid-
ered as the index hospitalization. Age, sex, simplified
acute physiology score (SAPS) 2, duration of mechanical
ventilation, length of stay in the ICU and overall hospital
length of stay were collected for each index hospitaliza-
tion. Patients were tracked during a 2-year period before
and a 2-year period after the index ICU hospitalization
(which are, respectively, termed “pre-ICU period” and
“post-ICU period” thereafter).
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“Centre-Val de Loire” region, France
2.5 million inhabitants

All Healthcare Facilities :
13,912 beds

Not included:
- Nursing homes / long-term cares
- Psychiatric institutions

Primary Healthcare Facilities
san 39 public and private hospitals
—— 6,829 beds

From January 1%, 2010 to December 31%, 2012
Use of ICD-10 coding extraction algorithm for patient selection :
* Acute Respiratory Distress Syndrome and/or Septic Shock
And
* Invasive mechanical ventilation 25 days

— > Not included: Patients <18yo

Septic shock and/or ARDS with invasive
mechanical ventilation > 5 days
n=1612

Hospital deaths
n=730 (45%)

Patients discharged alive from hospital
n=882

Patients included and analyzed
n=882

distress syndrome

Fig. 1 Flowchart describing data extraction and patients'retrospective process from the database, during the study period. ARDS acute respiratory
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Comorbidities were retrieved for each patient. For this
purpose, we extracted ICD-10 coding related to chronic
comorbidities and grouped them into categories accord-
ing to the Charlson Comorbidity Index [21] (Additional
file 3: Table S3). Comorbidity-related ICD-10 codes were
then tracked during the pre-ICU and the post-ICU peri-
ods to build pre-ICU and post-ICU comorbidity reports.
Mortality at hospital during the post-ICU follow-up was
also recorded.

Healthcare use was similarly analyzed during pre-ICU
and post-ICU period using the exact same methodology
for data extraction. Specifically, we extracted the number
of days in hospitalization and the number of ambulatory
care/consultations (considered as 1-day healthcare use).
We also extracted the type of healthcare use: acute care
settings (either medical or surgical), rehabilitation cent-
ers, psychiatry, or “hospitalization at home” (a specific
setting with high intensity care and nursing organized at
the patient’s home).

Analyses

To assess consequences of active medical conditions in
terms of healthcare use, we specifically focused on the
recourse to acute care facilities, either for complete hos-
pitalizations (at least one overnight stay) or for ambu-
latory hospitalization (full day spent in hospital for
multiple consultations, interventions, and treatment)
that we designated as “days of healthcare use” Thus, hos-
pitalization in rehabilitation centers and simple ambula-
tory consultations were not included in this definition.

Temporal trends of healthcare use analyses were per-
formed by quarterly assessing frequency of days of health-
care use (% of days), calculated as the quarterly report
of the numbers of days of healthcare use divided by the
number of patient-days during the quarter. For instance,
a patient who would have spent 5 days at a hospital, and
then 4 ambulatory hospitalizations during a quarter
would be considered as having 9 days/90 days=10% of
days spent for healthcare use. This procedure enables to
take into account patients lost for follow-up and deaths
in the post-ICU period.

The main hypothesis underlying the present work
was that the population of patients admitted in ICU for
ARDS/septic shock would have heterogeneous health-
care trajectories prior to ICU admission, and thus, fur-
ther analysis of post-ICU healthcare use should integrate
this parameter.

To do so, we had to group patients according to (1)
their level of pre-ICU healthcare use, and (2) the tempo-
ral dynamic of this pre-ICU healthcare use. Practically,
this could be done by clustering patients according to
quarterly evaluation of healthcare use in pre-ICU period.
We used the K-Means clustering technic, allowing

Page 4 of 10

an unsupervised and unbiased approach to aggregate
patients together based on their similarity in healthcare
use for each quarter in pre-ICU period. For this purpose,
and to capture all aspects of healthcare use, we used a
broader definition of healthcare use for the clustering,
encompassing recourse of hospitalizations, ambulatory
consultations, in acute care settings and rehabilitation
centers. We tested the algorithm with a number of clus-
ters ranging from 2 to 10 (i.e., K from 2 to 10) and ana-
lyzed for each test the percentage of inter-group variance
explained by constitutions of the groups. When increas-
ing the number of clusters (i.e., increasing the value of
k), the inter-group variance explained by those clusters
likely increases. Thus, the objective of this method is to
reach a reasonably high inter-group variance explained
by constitution of the clusters (i.e., close to 70%), with a
clinical relevant number of clusters. At the end, in our
dataset, a K=5 led to a good variance (67%) along with
a relevant number of clusters to analyze, and with no fur-
ther significant increase in inter-group variance for K> 5.
Once clusters of patients were built, we could next plot
the quarterly healthcare use—in both pre- and post-ICU
periods—for each cluster to build pre- and post-ICU
healthcare trajectories in the different clusters.

For pre-post ICU periods comparisons, Wilcoxon and
McNemar tests for paired data were used, as appropriate.

For comparisons between groups, Chi-square and
ANOVA tests were used, as appropriate.

Kaplan—Meier survival curve analysis was used to
explore mortality during the post-ICU period.

Statistical analyzes were performed with SAS version
9.4 (SAS Institute Inc., Cary, NC) and R 3.2.2 (https://
www.R-project.org). A p<0.05 was as considered statisti-
cally significant.

Results

Description of the population

During the study period, 1612 patients were identified
by the algorithm, of whom 730 (45%) died during the
index hospitalization. Thus, 882 patients who were dis-
charged alive from the hospital were included in the
study and analysed (Fig. 1). Characteristics of the ICU
patient stays are presented in Table 1. During the pre-
ICU period, 310 patients (35%) had at least one main
chronic organ disease among cardiac, renal, respiratory
and hepatic functions reported. Moreover, cancer was
reported in 130 patients (14.7%), obesity in 95 patients
(10.8%) and alcohol abuse in 85 patients (9.6%). Con-
versely, 47% of the patients (# =418) had no comorbidi-
ties reported during the pre-ICU period. Compared to
the pre-ICU period, we observed an increased report of
chronic cardiac, respiratory and renal diseases, in the
post-ICU period (Table 2). During the 2-year follow-up,
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Table 1 Patient characteristics

Variables

Patients discharged alive from the hospital and included, n 882

Age, mean£SD 61+15
Sex ratio, male/female 19
Diagnosis, n (%)
ARDS 310(35)
Septic shock 444 (50)
ARDS and septic shock 128 (15)
SAPS2, mean+£SD 49+£17
Duration of invasive mechanical ventilation (days), median 11 (8, 20)
(IQR)
Length of stay (days), median (IQR)
ICU 19(12;33)
Hospital 42 (29; 64)

ARDS acute respiratory distress syndrome, ICU intensive care unit, SAPS2
simplified acute physiology score 2, SD standard deviation, /QR interquartile
range (25th and 75th percentiles)

Table 2 Comparison of the reported comorbidities related
to chronic organ dysfunction during the 2-years pre-ICU
and two years post-ICU period, for the whole population
(n=2882)

Comorbidity Pre-ICU Post-ICU p

n, (%) n, (%)
Chronic cardiac disease 140 (16) 220 (25) < 0.001
Chronic respiratory disease 79 (9) 118 (13) <0.001
Chronic renal disease 46 (5) 87 (10) <0.001
Chronic hepatic disease 45 (5) 55(6) ns

ns non-significant

hospital mortality was 15.5% (Additional file 4: Figure
S1 shows Kaplan—Meier curve of cumulative probabil-
ity of survival).

Global analysis of healthcare use trajectories prior

and posterior to the index ICU stay

Figure 2a shows the trends in healthcare use during the
pre-ICU period and the post-ICU period. During, the
pre-ICU period, we first observed an overall relatively
low and stable healthcare use 2 years before the ICU stay
(mean percentage of healthcare use: 1.3+ 3.1%), followed
by a gradual increase in healthcare use the year before
the index hospitalization. During the post-ICU period,
the highest level of healthcare use occurred during the
first 6 months post-ICU. Thereafter, the proportion of
healthcare use days decreased and seemed stable at the
end of the follow-up, but remained at a higher level than
the pre-ICU period (mean percentage of healthcare use:
4.5+ 8.6%).
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Cluster analysis of healthcare use trajectories (Fig. 2b)
Using each patients’ individual healthcare use during
the pre-ICU period, five clusters were built using the
K-Means method (see “Methods” section). Among them,
two clusters with a reduced number of patients (12 and
14 patients) were observed, which could not be inte-
grated in other clusters, even when reducing K value.
These two small groups represented patients with a very
high pre-ICU healthcare use (mean percentage of health-
care use days of 16.6+12.9% and 11.6+6.4%, respec-
tively, compared to 1.3 +3.1% for the whole population),
with important specific major comorbidities (e.g., start of
chronic dialysis during the pre-ICU period). These two
groups, representing a total of 26 patients (3% of the over-
all study population), were considered as outliers and not
analyzed further. Three clusters remained, with one con-
stituted of 54% of the study population (n =476 patients)
and thereafter named group A. This cluster could not be
more finely clustered by increasing K above 5, indicat-
ing a strong intra-group homogeneity. The two remain-
ing clusters consisted of 75 and 51 patients, respectively,
named group B and group C. Last, patients who had no
healthcare use during the whole pre-ICU period, could
not, by definition, be included in the pre-ICU healthcare-
use-based K-Mean clustering, and constituted a group of
251 patients, named group D. The main characteristics of
the 4 groups regarding pre-ICU comorbidities and index
hospitalization are shown in Table 3. Interestingly, group
A had significantly less comorbidities reported during the
2-year period in pre-ICU, while simplified acute physiol-
ogy score II (SAPSII), duration of mechanical ventilation,
and ICU and hospital length of stay were not significantly
different across the four groups (Table 3).

Time trends analyses of quarterly healthcare use days
for the 4 groups, in both pre-ICU and post-ICU peri-
ods, are represented in Fig. 2b. Group A (n=476) had
a mean healthcare use days during the pre-ICU period
of 1.4£1.9%, which appeared to be stable over time,
across the whole pre-ICU period. Interestingly, during
the post-ICU period, this group switched to a higher
level of healthcare use (mean of 5.01+7.0% of health-
care use days), that appeared to be sustained and sta-
ble from 6 months post-ICU until the end of the 2-year
follow-up (Fig. 2b). Group B and C displayed different
patterns of healthcare use in the pre- and post-ICU peri-
ods. First, considering the whole pre-ICU period, group
B and C had a higher mean healthcare use days com-
pared to group A (respectively 5.3 +2.6% and 7.2+ 3.5%
healthcare use of days). Regarding temporal dynamics
of their healthcare use, group B displayed a steep slope
of increase in the 6 last months before ICU admission,
and group C displayed a sustained increase in health-
care use days over 18 months prior to ICU admission,
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Fig. 2 Healthcare use days (% of total days per quarter spent in acute care settings) during the pre-ICU period and the post-ICU period, a for the
whole population, and b after clustering based on total pre-ICU healthcare use (see text fort details regarding clustering method)
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but group C specifically displayed a further decline prior
to ICU admission (Fig. 2b). This decrease in healthcare
use before ICU was consistently found across health-
care resources involved (hospitalizations, ambulatory
care, admission to emergency departments) and was
not explained by increase in other healthcare resources

not included in this graphical representation: rehabilita-
tion centers, ambulatory consultations, or “hospitaliza-
tion at home” (data not shown). Regarding post-ICU
healthcare use, groups B and C also displayed a higher
level of healthcare use compared to the pre-ICU period
(mean of 7.54+6.7% and 9.44+11.4% of healthcare use
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Table 3 Patient characteristics in groups according to the 2-year-period pre-ICU healthcare use: groups A, B and C built

after clustering (see text for details), and group D who had no pre-ICU healthcare use reported

Variables Group A Group B Group C Group D p
(n=479) (n=75) (n=51) (n=251)
Percentage of total study population 543 8.5 58 285
Age, mean£SD 61+15 63+ 14 62+15 61+15 038
Main comorbidities reported (during 2-year pre-ICU period)
Chronic cardiac disease, n (%) 82(17.1) 23(30.6) 21(41) NA <0.001*
Chronic respiratory disease, n (%) 49 (10.2) 13(17.3) 13 (254) NA 0.003*
Chronic hepatic disease, n (%) 22 (4.5) 14 (6,14) 9(17.6) NA <0.001*
Chronic renal disease, n (%) 17 (3.5) 14 (18.6) 6(11.7) NA <0.001*
SAPSII, mean £ SD 49+17 53+18 50+19 49+17 0.78
Duration of mechanical ventilation (days), mean & SD 17£15 13£10 154+£14 15£11 0.10
ICU LOS (days), mean £ SD 27422 21+16 26422 26+19 0.23
Hospital LOS (days), mean +SD 53437 52448 590446 47 +25 0.18

SAPSII simplified acute physiology score Il of the index intensive care unit (ICU) stay, SD standard deviation, LOS length of stay, NA non applicable

*Tests performed between groups A, B and C

days, respectively), mainly during the first-year post-ICU
(Fig. 2b). Last, group D, constituted of patients who had
no healthcare use recorded during the pre-ICU period
(n=251), displayed a similar profile to group A in the
post-ICU period, with a persistent high healthcare use
(3.7+6.4% healthcare use days over the two post-ICU
years) that also appeared stable and sustained from
6 months post-ICU to the end of the 2-year follow-up
(Fig. 2b).

Discussion

In this population-based study, we comprehensively
tracked healthcare use of ICU survivors admitted for
ARDS and/or septic shock ventilated at least 5 days,
2 years before and 2 years after ICU. Using a cluster-
ing strategy based on pre-ICU healthcare use, we could
depict the different healthcare trajectories nested in the
global population of ICU survivors. Global pre-ICU
healthcare trajectory revealed a progressive increase in
healthcare use, but clustering analyses showed that most
of the patients had a stable low healthcare use until ICU
admission or no healthcare recourse.

Interestingly, Szakmany et al. [17], in a recent popula-
tion-based data linkage study, similarly reported a high
healthcare facility use the year before ICU admission, and
Lone et al. [10] also observed in their population-based
study a global increase in healthcare use before ICU
admission. Hence, one may consider that acute critical
illness is the consequence of a global worsening medical
condition, and consequently, post-ICU increased health-
care use and PICS might be its consequences rather than
causally related to the acute critical illness and ICU stay
per se. The present work identifies various trajectories

hidden in this global picture. The methodology of the
present work, using the exact same methods to assess
healthcare use of the pre- and post-ICU periods, ena-
bled a paired analysis, each patient being its own control.
Thus, patients with low and stable or without any pre-
ICU healthcare use, which represented the vast majority
of patients (83%), had a persistent and stable increased
healthcare use over the 2 years post-ICU. This suggests
that the acute critical illness episode had a key role in
the healthcare use trajectory of most survivors who have
moderate and stable healthcare use before, resulting in a
higher level of “basal” healthcare use after the ICU stay.
These results could be regarded as measurable conse-
quences of PICS at the population level. Moreover, major
comorbidities related to renal, respiratory and cardiac
functions were more frequently reported in the post-
ICU period compared to the pre-ICU period, also sup-
porting this view. Regarding the group of patients with
elevated healthcare use in pre-ICU period, our cluster-
ing analysis identified two groups with different dynamic
of healthcare use utilization. Thus, group B displayed a
steep increase before ICU admission, probably as a result
of worsening underlying medical conditions, eventually
leading to acute critical illness. Group D, however, dis-
played a decrease before ICU admission, which appears
unexpected following a period of high healthcare use. We
cannot rule out the possibility—although unlikely—that
these patients were referred to other health structures
outside of the study region, or referred only to private
ambulatory physicians unrelated to private hospitals,
both being uncaptured by our extraction algorithm. We
can also hypothesize that it represented patients lost for
follow-up after an important period of healthcare use,
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and consequently readmitted later in critical condition.
Underpinning this hypothesis, this group had a large pro-
portion of patients with chronic respiratory and cardiac
diseases, medical conditions for which close follow-up
is mandatory to avoid unscheduled emergency readmis-
sions [22, 23].

These results are of interest in the current new era of
critical care providers’ concern about long-term outcome
of their patients: a better profiling and understanding of
healthcare use trajectories of critically ill patients will
help understand patients most likely to benefit of ICU
admission in the long term and give valuable informa-
tion for setting up follow-up programs. Interestingly, dif-
ferences in healthcare use observed in pre-ICU among
the five groups remained consistent in post-ICU period.
Moreover, despite these important differences in level of
healthcare use, there were no obvious differences in main
characteristics of the ICU stay between groups (Table 3).
In the same line, Lone et al. [10] showed that prior illness
and healthcare use were stronger predictor of post-ICU
hospital readmissions than the acute critical illness by
itself. Thus, such pre-ICU healthcare trajectories analyses
may be of interest in future works to improve long-term
outcome of critically ill patients. Integrating pre-ICU
healthcare trajectories to select patients for post-ICU
follow-up programs could, therefore, be helpful and more
discriminant than characteristics of the ICU stay itself.
Moreover, we might hypothesize that dedicated post-ICU
follow-up interventions will differentially affect patients,
depending on their specific healthcare use trajectory
prior to ICU admission. Specifically, targeting patients
with a previous stable and low healthcare for post-ICU
follow-up might be more efficient, with recovery objec-
tives easier to define.

At a public health level, for the evaluation of global
ICU-induced costs, this work paves the ground for future
detailed analyses and evaluations according to healthcare
use trajectories. Previous landmark studies have demon-
strated elevated costs associated with ICU admissions,
compared to non-ICU control populations [10, 24]; how-
ever, differences in case-mix preclude detailed analysis
and interpretation. Our work shows that relevant sub-
groups among ICU patients with prior moderate and
stable healthcare use could be defined, and be relevant
to settle global pre-ICU, ICU and post-ICU healthcare
costs, enabling comprehensive cost/effectiveness assess-
ment of ICU admission and potential post-ICU follow-up
programs.

Last, at a conceptual level, the observed switch in
healthcare use trajectories after critical illness, with a
persistent increased healthcare use after critical illness
can also be analysed using the theoretical frameworks
of the critical transitions and loss of resilience, that has
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recently gained considerable interest in many science
fields, including systems biology [25, 26]. One could,
thus, interpret critical illness as the tipping point, with
further frailty and low resilience state during the post-
ICU period, with measurable consequences in terms of
frequent healthcare use.

This study has several limitations. First, we used admin-
istrative databases which could be at risk for miscoding or
undercoding. The French national hospital database used
here was initially designed for billing purposes but now
appears to be a powerful tool for epidemiological surveil-
lance on the condition that the selection algorithm was
validated [27-30]. We assessed the performance of our
selection algorithm through blinded review of medical
charts randomly selected and we observed a very good
performance of the detection (positive predictive value
96%, negative predictive value of 92%). Second, during
the post-ICU period, patients who were lost to follow-
up and who died might bias data interpretation. How-
ever, we aimed at limiting this bias (1) by restricting our
analyses to patients living in the region during the study
period, and, thus, unlikely to have healthcare use outside
the region—not captured in the study and (2) by using
quarterly measurements of healthcare use reported as a
ratio on the total days spend alive with follow-up for each
patient considered analysed. Third, data extraction was
limited to hospitals (public and private); thus, healthcare
use associated with individual practitioners not affiliated
with a hospital was not evaluated in our study, leading
to a possible under-estimation of healthcare use and/or
lack of capture of associated specific healthcare use tra-
jectories. However, one may assume that the most severe
cases of healthcare recourse lead to hospitalization at one
point, or, at least, an ambulatory care/specialist consulta-
tion affiliated with a hospital, all captured in the present
study. Last, we could not extract data regarding frailty,
which has recently emerged as an important and relevant
concept in critical care [31, 32].

Conclusions

In this study, we comprehensively tracked healthcare
use of a population of patients, 2 years before and
2 years after their ICU stay for septic shock and/or
ARDS with the exact same methodology, each patient
being its own control. Clustering analysis identified an
important sub-group of patients with a low and sta-
ble pre-ICU healthcare use until ICU admission. This
group displayed a higher and stable healthcare use
2 years after ICU discharge, suggesting a pivotal role of
critical illness in patients’ healthcare use trajectories.
Based on these results, PICS seems to have measurable
consequences at a population level that could be used
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to design effective interventions aiming at reducing this
post-intensive care burden of care.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513613-019-0599-3.

Additional file 1: Table S1. Case definition for patient selection using
primary and secondary diagnoses and procedure codes in discharge
summaries.

Additional file 2: Table S2. Codes from the 10th edition of the Interna-
tional Classification of Disease (ICD-10) used for definition of septic shock,
acute respiratory distress syndrome (ARDS) and sepsis.

Additional file 3: Table S3. Codes from the 10th edition of the Interna-
tional Classification of Disease (ICD-10) used for defining comorbidities
derived from Charlson Comorbidity index.

Additional file 4: Figure S1. Kaplan-Meyer curve of cumulative survival
rate during the 2-years after intensive care unit admission, starting at
hospital discharge. Gray area: confidence interval at 95%.

Abbreviations

ARDS: acute respiratory distress syndrome; ICU: intensive care unit; ICD-10:
International Classification of Diseases, 10th edition; IQR: interquartile range;
PICS: post intensive care syndrome; SAPS2: simplified acute physiology score
2; SD: standard deviation.

Acknowledgements

We would like to thank the medical staff from the “Service d'Information Médi-
cale, d’Epidémiologie et d’Economie de la Santé” (CHRU Tours, Tours, France)
and the “Unité Régionale d'Epidémiologie Hopistaliére Région Centre Val de
Loire"for their help and advices.

Authors’ contributions

YJ, LGG, and SE conceived and designed the study, analyzed the data and
wrote the first draft of the manuscript. YJ, NT, CHK and CG retrieved the data
and performed the statistical analysis. NT, CSG and AG made substantial
contribution in data interpretation and critical revision of the manuscript. All
authors read and approved the final manuscript.

Funding
The authors declare that they have no sources of funding for the present work.

Availability of data and materials
Data are available from the authors upon reasonable request and with the
permission of the institution.

Ethics approval and consent to participate

The treatment of personal health data of this observational study was
approved by the national commission on electronic records and liberties
(Commission Nationale de I''nformatique et des Libertés, MR 005 n° 2205437
v 0), which waived the need for informed consent in compliance with French
law.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Service de Médecine Intensive Réanimation, CHRU de Tours, 2 Bd Tonnell¢,
37044 Tours Cedex 9, France. 2 INSERM U1100 Centre d’Etudes des Pathologies
Respiratoires, Faculté de Médecine, Tours, France. * Université de Tours, Tours,
France. * Service d'Information Médicale, d’Epidémiologie et d'Economie de

la Santé, CHRU Tours, Tours, France. > INSERM CIC1415, CHRU Tours, Tours,

Page 9 of 10

France. ® Service d’Accueil et d’'Urgences, CHRU Tours, Tours, France. ” CRICS-
TriggerSep Research Network https://www.triggersep.org.

Received: 16 June 2019 Accepted: 23 October 2019
Published online: 09 November 2019

References

1. Needham DM, Davidson J, Cohen H, Hopkins RO, Weinert C, Wunsch H,
et al. Improving long-term outcomes after discharge from intensive care
unit. Crit Care Med. 2012;40(2):502-9.

2. Elliott D, Davidson JE, Harvey MA, Bemis-Dougherty A, Hopkins RO,
Iwashyna TJ, et al. Exploring the scope of post-intensive care syn-
drome therapy and care: engagement of non-critical care provid-
ers and survivors in a second stakeholders meeting. Crit Care Med.
2014,42(12):2518-26.

3. Harvey MA, Davidson JE. Postintensive care syndrome. Crit Care Med.
2016;44(2):381-5.

4. Davydow DS, Gifford JM, Desai SV, Bienvenu OJ, Needham DM. Depres-
sion in general intensive care unit survivors: a systematic review. Intensive
Care Med. 2009;35(5):796-809.

5. lwashynaTJ, Ely EW, Smith DM, Langa KM. Long-term cognitive impair-
ment and functional disability among survivors of severe sepsis. JAMA.
2010;304(16):1787-94.

6. Herridge MS, Tansey CM, Matte A, Tomlinson G, Diaz-Granados N, Cooper
A, et al. Functional disability 5 years after acute respiratory distress syn-
drome. N Engl J Med. 2011;364(14):1293-304.

7. Yende S, Linde-Zwirble W, Mayr F, Weissfeld LA, Reis S, Angus DC. Risk of
cardiovascular events in survivors of severe sepsis. Am J Respir Crit Care
Med. 2014;189(9):1065-74.

8. Borges RC, Carvalho CRF, Colombo AS, Borges MPS, Soriano FG. Physical
activity, muscle strength, and exercise capacity 3 months after severe
sepsis and septic shock. Intensive Care Med. 2015;41(8):1433-44.

9. YendeS, Austin S, Rhodes A, Finfer S, Opal S, Thompson T, et al. Long-
term quality of life among survivors of severe sepsis. Crit Care Med.
2016;44(8):1461-7.

10. Lone NI, Gillies MA, Haddow C, Dobbie R, Rowan KM, Wild SH, et al. Five-
year mortality and hospital costs associated with surviving intensive care.
Am J Respir Crit Care Med. 2016;194(2):198-208.

11. Ruhl A, Huang M, Colantuoni E, Karmarkar T, Dinglas VD, Hopkins RO, et al.
Healthcare utilization and costs in ARDS survivors: a 1-year longitudinal
national US multicenter study. Intensive Care Med. 2017;43(7):980-91.

12. Goodwin AJ, Rice DA, Simpson KN, Ford DW. Frequency, cost, and risk
factors of readmissions among severe sepsis survivors, Crit Care Med.
2015;43(4):738-46.

13. Hill AD, Fowler RA, Pinto R, Herridge MS, Cuthbertson BH, Scales DC.
Long-term outcomes and healthcare utilization following critical illness—
a population-based study. Crit Care. 2016;20(1):1-10.

14. Garland A, Olafson K, Ramsey CD, Yogendran M, Fransoo R. Distinct deter-
minants of long-term and short-term survival in critical illness. Intensive
Care Med. 2014;40(8):1097-105.

15. Wunsch H, Guerra C, Barnato AE, Angus DC, Li G, Linde-Zwirble WT.
Three-year outcomes for medicare beneficiaries who survive intensive
care. JAMA. 2010;303(9):849-56.

16. Ho KM, Knuiman M, Finn J, Webb SA. Estimating long-term survival of
critically ill patients: the PREDICT model. PLoS ONE. 2008;3(9):e3226-8.

17. Szakmany T, Walters AM, Pugh R, Battle C, Berridge DM, Lyons RA. Risk
factors for 1-year mortality and hospital utilization patterns in critical care
survivors. Crit Care Med. 2019:47(1):15-22.

18. Darmon M, Azoulay E. Critical care management of cancer patients:
cause for optimism and need for objectivity. Curr Opin Oncol.
2009;21(4):318-26.

19. Esper AM, Martin GS. The impact of cormorbid conditions on critical
iliness. Crit Care Med. 2011;39(12):2728-35.

20. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT,
Ferguson ND, Caldwell E, et al. Acute respiratory distress syndrome:
the Berlin Definition. Chicago: American Medical Association; 2012. p.
2526-33.


https://doi.org/10.1186/s13613-019-0599-3
https://doi.org/10.1186/s13613-019-0599-3

Jouan et al. Ann. Intensive Care

21.

22.

23.

24.

25.

26.

27.

(2019) 9:126

Charlson ME, Pompei P, Ales KL. A new method of classifying prognos-
tic comorbidity in longitudinal studies: development and validation. J
Chronic Dis. 1987;40:373-83.

Ziaeian B, Fonarow GC. The prevention of hospital readmissions in heart
failure. Prog Cardiovasc Dis. 2016;58(4):379-85.

Ridwan ES, Hadi H, Wu Y-L, Tsai P-S. Effects of transitional care on hospital
readmission and mortality rate in subjects with COPD: a systematic
review and meta-analysis. Respir Care. 2019;64(9):1146-56.

Ruhl AP, Huang M, Colantuoni E, Lord RK, Dinglas VD, Chong A, et al.
Healthcare resource use and costs in long-term survivors of acute respira-
tory distress syndrome. Crit Care Med. 2017;45(2):196-204.

Scheffer M, Bolhuis JE, Borsboom D, Buchman TG, Gijzel SMW, Goulson D,
et al. Quantifying resilience of humans and other animals. Proc Natl Acad
Sci USA. 2018;115(47):11883-90.

Olde Rikkert MGM, Dakos V, Buchman TG, de Boer R, Glass L, Cramer AOJ,
et al. Slowing down of recovery as generic risk marker for acute severity
transitions in chronic diseases. Crit Care Med. 2016;44(3):601-6.

Jouan Y, Grammatico-Guillon L, Espitalier F, Cazals X, Francois P, Guillon A.
Long-term outcome of severe herpes simplex encephalitis: a population-
based observational study. Crit Care. 2015;19(1):1-9.

28.

29.

30.

Page 10 of 10

Grammatico-Guillon L, Baron S, Gaborit C, Rusch E, Astagneau P. Quality
assessment of hospital discharge database for routine surveillance of hip
and knee arthroplasty-related infections. Infect Control Hosp Epidemiol.
2014,35(6):646-51.

Laporte L, Hermetet C, Jouan Y, Gaborit C, Rouve E, Shea KM, et al. Ten-
year trends in intensive care admissions for respiratory infections in the
elderly. Ann Intensive Care. 2018;8(1):1-11.

Grammatico-Guillon L, Baron S, Gettner S, Lecuyer Al, Gaborit C, Rosset

P et al. Bone and joint infections in hospitalized patients in France, 2008:
clinical and economic outcomes. J Hosp Infect. 2012;82(1):40-8.

31. Singer JP, Lederer DJ, Baldwin MR. Frailty in pulmonary and critical care
medicine. Ann Am Thorac Soc. 2016;13(8):1394-404.

32. Muscedere J, Waters B, Varambally A, Bagshaw SM, Boyd JG, Maslove D,
et al. The impact of frailty on intensive care unit outcomes: a systematic
review and meta-analysis. Intensive Care Med. 2017;43(8):1105-22.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Healthcare trajectories before and after critical illness: population-based insight on diverse patients clusters
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Data collection
	Analyses

	Results
	Description of the population
	Global analysis of healthcare use trajectories prior and posterior to the index ICU stay
	Cluster analysis of healthcare use trajectories (Fig. 2b)

	Discussion
	Conclusions
	Acknowledgements
	References




