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Abstract 

Background Individuals who survive sepsis are at high risk of chronic sequelae, resulting in significant health‑eco‑
nomic costs. Several studies have focused on aspects of healthcare pathways of sepsis survivors but comprehensive, 
longitudinal overview of their pathways of care are scarce. The aim of this retrospective, longitudinal cohort study 
is to identify sepsis survivor profiles based on their healthcare pathways and describe their healthcare consumption 
and costs over the 3 years following their index hospitalization.

Methods The data were extracted from the French National Hospital Discharge Database. The study population 
included all patients above 15 years old, with bacterial sepsis, who survived an incident hospitalization in an acute 
care facility in 2015. To identify survivor profiles, state sequence and clustering analyses were conducted over the year 
following the index hospitalization. For each profile, patient characteristics and their index hospital stay and sequelae 
were described, as well as use of care and its associated monetary costs, both pre‑ and post‑sepsis.

Results New medical (79.2%), psychological (26.9%) and cognitive (18.5%) impairments were identified post‑sepsis, 
and 65.3% of survivors were rehospitalized in acute care. Cumulative mortality reached 36.6% by 3 years post‑sepsis. 
The total medical cost increased by 856 million € in the year post‑sepsis. Five patient clusters were identified: home 
(65.6% of patients), early death (12.9%), late death (6.8%), short‑term rehabilitation (11.3%) and long‑term rehabilita‑
tion (3.3%). Survivors with early and late death clusters had high rates of cancer and primary bacteremia and expe‑
rienced more hospital‑at‑home care post‑sepsis. Survivors in short‑ or long‑term rehabilitation clusters were older, 
with higher percentage of septic shock than those coming back home, and had high rates of multiple site infections 
and higher rates of new psychological and cognitive impairment.

Conclusions Over three years post‑sepsis, different profiles of sepsis survivors were identified with different mortality 
rates, sequels and healthcare services usage and cost. This study confirmed the importance of sepsis burden and sug‑
gests that strategies of post‑discharge care, in accordance with patient profile, should be further tested in order 
to reduce sepsis burden.

Keywords Acute care, Healthcare pathway, Infection, Intensive care unit, Medical administrative database, Post‑
discharge, Rehabilitation, Sepsis
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Background
Sepsis is a potentially life-threatening syndrome of 
systemic organ dysfunction caused by a dysregulated 
response to infection and a leading cause of global mor-
bidity and mortality, responsible for several millions 
of deaths worldwide [1, 2]. Moreover, sepsis survivors 
face increased risks of physiological impairment, neu-
rological disorders, psychological trauma and death [3]. 
In response to this major public health problem, at  the 
World Health Assembly in 2017, the World Health 
Organization urged member states to improve epidemio-
logical knowledge, prevention, diagnosis and manage-
ment of sepsis [1, 2].

Medical administrative databases are widely used 
to characterize and quantify the burden of sepsis, and 
methodologies have been developed to maximize the 
sensitivity and specificity of case ascertainment using 
the standardized international definition of sepsis [4–8]. 
Using such methods, we previously estimated 403 cases 
of sepsis per 100,000 inhabitants in France in 2019 and a 
90-day mortality rate of 31% [4]. This study highlighted 
the high burden of sepsis in France, with a short-term 
mortality consistent with previous publications [9–11]. 
However, compared to such short-term outcomes, 
descriptions of longer-term patient care pathways and 
estimates of post-sepsis morbidity, mortality and costs 
of care among sepsis survivors following their initial epi-
sode of sepsis are relatively scarce [3].

Characterizing long-term outcomes and use of health 
services among sepsis survivors is challenging due to the 
diversity of patient profiles and because healthcare path-
ways are complex dynamic processes [12] Several studies 
have focused on particular aspects of healthcare path-
ways of sepsis survivors, including hospital readmission, 
encounters with healthcare systems before or after sepsis 
and the incidence of morbidity post-sepsis [3, 9, 11, 13–
17]. However, these approaches have failed to describe 
the overall profile of all sepsis survivors while providing 
a comprehensive, longitudinal overview of their pathways 
of care. Moreover, assessment of health impairment and 
healthcare use over a period longer than 1-year post-sep-
sis are scarce [3, 17, 18].

Initially used in social science, state sequence analysis 
(SSA) was more recently applied to the study of health 
care pathways [19–23]. This method can describe the 
temporal dimension of healthcare consumption and 
allows the identification of different care patterns and 
patient profiles. We applied state sequence analysis to 
exhaustive patient data from French medical adminis-
trative databases to identify various sepsis survivor pro-
files (“clusters”) based on the differences between their 
healthcare pathways in the year following their index 
hospitalization. In this retrospective, longitudinal cohort 

study, we also provide a comprehensive overview of the 
healthcare use and costs, sequels and mortality of sep-
sis survivors hospitalized with bacterial sepsis in France 
according to patient profiles over the 3  years following 
their index hospitalization.

Methods
Data sources, definitions and study population
This study consisted of a secondary data analysis of a 
national cohort of patients with bacterial infections 
admitted to hospitals in France. Therefore, only cases 
of sepsis of presumed bacterial etiology (henceforth 
referred to simply as sepsis) were included. The French 
national healthcare database (Système National des 
Données de Santé: SNDS) was used for the analysis (See 
Additional file  1: Methods). Sepsis was identified in the 
PMSI database as a combination of explicit sepsis and 
implicit sepsis [2, 6, 8, 24] (See Additional file 1: Methods 
and Table  S1). More details about this selection can be 
found in our previous study [5].

The study population included sepsis survivors above 
15 years old with an index hospital stay for sepsis end-
ing in 2015. In order to select index sepsis-related hospi-
talizations only, stays with a sepsis-related hospitalization 
within the previous 12 months were excluded. Only 
index hospital stays in an acute care facility (Medicine, 
Surgery and Obstetrics: MSO) were considered. Stays 
shorter than one day and not ending in patient death 
were excluded. The data covered the period 1-year prior 
to the index hospitalization and the 3 subsequent years.

State sequence analysis (SSA) of sepsis care pathways
State sequence analysis is a methodology used to describe 
longitudinal trajectories of individuals through the analy-
sis of sequential categorical data (sets of sequences) [25].

In this study, a 365-day sequence was built for each 
sepsis survivor beginning at the end of their index hos-
pitalization, thus representing their 1-year post-discharge 
care pathway. The sequence was divided into weekly 
units to obtain a good balance between representative-
ness and calculation power, leading to 52 units for each 
sequence. For each unit, seven states were considered: 
death of the patient (DEAD); inpatient hospitalization in 
an acute care facility (MSO_full), a rehabilitation facil-
ity (REHAB_full) or a psychiatric facility (PSY_full); 
hospital-at-home (HAH); day care in an acute care, reha-
bilitation or psychiatric facility (DAYCARE); and stay-
ing at home with or without ambulatory care (HOME). 
A SSA was conducted, and the sequences were grouped 
in different clusters using two complementary clustering 
methods: Ascendant Hierarchical Clustering based on 
Ward method (AHC) and Partitioning Around Medoids 
(PAM) (See Additional file  1: Methods). The sequence 
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was built with SAS Enterprise Guide 7.1 (7.100.5.6214). 
R was used to compute the distance between sequences 
and cluster the sequences using TraMineR, Stats and 
WeightedCluster packages.

Descriptive statistics
Patient characteristics, index hospital stay and healthcare 
use
Patient and incident sepsis stay characteristics were 
described for each cluster and for all survivors. This 
includes sex, age, Charlson index and detailed comor-
bidities, hospital discharge, length of stay, septic shock, 
ICU admission and infection site (See Additional file  1: 
Table S2). As the data cover the national population and 
due to the questionable significance of p-value for very 
large samples, statistical tests were not conducted to 
compare clusters [26, 27].

To assess the variations in the burden of care pre- and 
post-sepsis, healthcare use and monetary costs were cal-
culated for all sepsis survivors over the 12 months before 
and 36 months after their index hospitalization and 
for each group of survivors (clusters) that were gener-
ated by the SSA and clustering analysis. Healthcare use 
included all inpatient hospitalization, day care in acute 
care, rehabilitation or psychiatry, hospital-at-home, out-
patient hospital visits and ambulatory care received in 
the community (visits to general practitioners, specialists 
and nursing and physiotherapy care (including speech 
therapists)). To facilitate comparison between clusters by 
accounting for potential differences in survival, two addi-
tional outcomes were calculated: the hospitalization ratio 
(number of days occupied by hospitalization/number of 
days when the patient is alive) and the ambulatory vis-
its ratio (number of days occupied by ambulatory visits/
number of days when the patient is neither dead nor hos-
pitalized) (See Additional file  1: Methods). The number 
of patients who died after their index hospitalization, the 
number who had prevalent morbidities and the number 
who acquired post-sepsis sequelae were also calculated, 
as were the amount of time spent alive and at home dur-
ing the year following the incident hospitalization. Addi-
tionally, the total and median per-patient costs, pre- and 
post-sepsis, were calculated (median, interquartile range) 
for the index sepsis-related hospitalization as well as for 
the ambulatory care and hospital care (inpatient and day 
care). While less adapted to skewed distribution, but 
used in some publications, mean and 95% CI were also 
calculated. The difference between these pre- and post-
sepsis costs was calculated to estimate excess healthcare 
cost following the incident sepsis episode. All annual out-
comes were calculated for each of the following 2 years 
(2017 and 2018) for the patients who survived the first-
year post-sepsis (2016).

Cognitive, psychological and medical impairment post‑sepsis
Cognitive, psychological and medical impairment were 
assessed for all survivors and for each group of survi-
vors (clusters). The prevalence of post-sepsis morbidi-
ties in the 12 months following the index sepsis episode 
was identified based on ICD-10 codes and CCAM codes 
(Common Classification of Medical Acts) and grouped 
into three domains (cognitive, psychological or medical) 
using a methodology adapted from Fleischmann et al. [3] 
(See Additional file  1: Methods). Morbidities recorded 
during the 12 months preceding the index hospitalization 
were considered as prevalent, and those subsequent to 
the index hospitalization as incident post-sepsis seque-
lae. Finally, the prevalence and incidence of dialysis and 
long-term mechanical ventilation were calculated for all 
survivors, each group of survivors and for those belong-
ing to populations at particularly high risk (respectively, 
patients with chronic renal disease without dialysis and 
patients with chronic pulmonary disease without long-
term mechanical ventilation) (See Additional file  1: 
Methods).

Results
Patient characteristics, sequels and healthcare use and cost 
of all sepsis survivors
Of 197,886 patients above 15 years old who had an index 
sepsis-related hospitalization in France in 2015, 147,013 
(74.3%) survived their hospitalization and were included 
in our cohort (Fig.  1). Of these survivors, 57.1% were 
men, 60.4% were aged over 65  years, and 27.3% had a 
Charlson score > 2 (Table  1). Their cumulative mortality 
reached 36.6% at 3 years post-sepsis. However, the yearly 
mortality rate among survivors declined from 22.9 to 
8.4%, at 1 and 3 years post-sepsis, respectively (See Addi-
tional file 1: Fig. S1). Most survivors (89.8%) had medical 
impairment at baseline, yet 79.2% developed new medical 
impairment in the first year post-sepsis. Similarly, 37.0% 
and 25.5% of survivors, respectively, had psychological or 
cognitive impairments at baseline, while 26.9% and 18.5% 
developed new psychological or cognitive impairments 
in the first-year post-sepsis. The incidence of long-term 
ventilation (2.1%) and dialysis (2.4%) post-sepsis was, 
respectively, around three times (6.1%) and five times 
(12.2%) higher in populations at high risk (See Additional 
file 1: Table S3).

Inpatient hospitalization among survivors was greater 
in the year post-sepsis than the year pre-sepsis (Table  2), 
while visits to ambulatory care were relatively stable (See 
Additional file  1: Table  S4). In particular, inpatient hos-
pitalization in acute care increased from 59.9 to 65.3% of 
patients, inpatient hospitalization in a rehabilitation facil-
ity from 11.8 to 33.8%, and hospital-at-home care from 2.2 
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to 7.7% (Table 2). While patients spent most of their time 
at home in the year post-sepsis, they spent more than half 
of their days available with nursing care or physiotherapy 
(See Additional file 1: Table S5). However, the percentage 
of survivors with inpatient hospitalization in both acute 
care (65.3–37.4%) and rehabilitation facilities (33.8–8.1%) 
declined annually over the 3 years post-sepsis, as did the 
percentage with hospital outpatient visits (78.9–64.8%), 
nursing care and physiotherapy (67.3–45.7%). Conversely, 
the share of patients with ambulatory visits to general prac-
titioners and specialists remained stable over the 3 years 
post-sepsis (See Additional file 1: Fig. S2).

The median cost per patient increased by 1473€ for hos-
pitalization in acute care, by 311€ for hospitalization in 
rehabilitation, by 672€ for ambulatory visits and by 78€ 
for outpatient hospital visits post-sepsis. (Mean cost is 
also available in Additional file 1: Table S6.) Compared to 
the costs of pre-sepsis care (2.5 billion €), the total medical 
cost (ambulatory care and hospitalization in acute care or 
rehabilitation) per patient was higher post-sepsis, reaching 
3.4 billion €, giving an increase of 856 million € in the year 
post-sepsis (See Additional file 1: Table S7). Hospitalization 
in acute care post-sepsis reached 1.5 billion € post-sepsis. 
In the year post-sepsis, the median cost of hospitalization 
in acute care was twice higher than the median cost of 
ambulatory care and the total cost of acute care was three 
times higher than the total cost of rehabilitation (See Addi-
tional file 1: Table S7). The medical cost of care tended to 
decline over the 3 years post-sepsis (See Additional file 1: 
Table S8).

Patient characteristics, sequels and healthcare use and cost 
according to sepsis survivor profiles
State sequence analyses: identification of sepsis survivor 
profiles
After aggregating identical care pathway sequences, there 
were 43,693 distinct sequences across all sepsis survivors. 

Heterogeneity between sequences could be observed 
among all survivors (See Additional file  1: Fig. S3). 
The clustering analyses allowed to sort out differences 
between sequences and sepsis survivors were categorized 
into 5 clusters, reflecting the dominant characteristics 
of their care pathways in the year following their index 
sepsis hospitalization. These included: cluster 1: early 
death (~ ≤ 3  months) (19,003 patients, 12.9%); cluster 2: 
late death (~ ≥ 3 months) (10,058 patients, 6.8%); cluster 
3: short-term rehabilitation (~ ≤ 3 months) before return-
ing home (16,597 patients, 11.3%); cluster 4: long-term 
rehabilitation (~ > 3  months) (4865 patients, 3.3%); and 
5) home (96,490 patients, 65.6%)  (Fig.  2 and see Addi-
tional file 1: Fig. S4a, b). The clustering analysis provided 
a reasonable split between clusters (Average Silhouette 
Width of 0.51). The mean transversal entropy, which is 
a measure of the diversity of states within a cluster, was 
relatively low for all clusters (0.16), but higher for late 
death (0.42) and long-term rehabilitation clusters (0.46), 
reflecting greater heterogeneity in these clusters (See 
Additional file 1: Fig. S4c, d). However, in the last weeks 
of the care pathway, heterogeneity was only observed in 
the long-term rehabilitation cluster.

Characteristics of patients and their index hospital stays 
in each cluster
Relative to all survivors, men were overrepresented in the 
long-term rehabilitation cluster (62.2%) and underrepre-
sented in the short-term rehabilitation cluster (53.8%). 
Patients were younger in the home (median 68 years) and 
long-term rehabilitation (64 years) clusters than those in 
the early death (77 years), late death (75 years) and short-
term rehabilitation (75 years) clusters (Table 1). The pro-
portion of patients with a Charlson index above 2 was 
highest in early death (49.5%) and late death (45.6%) clus-
ters and lowest in the home cluster (21.5%). Two comor-
bidities were markedly more prevalent in some clusters 

Fig. 1 Flowchart of patient selection
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compared to others: cancer in early death (45.1%) and 
late death (44.2%) clusters, and paraplegia/hemiplegia in 
the long-term rehabilitation cluster (29.4%) (Table 3).

The median length of the index hospital stay was 
markedly higher (27 and 38 days, respectively) for 
patients having subsequent short- or long-term reha-
bilitation (cluster 3 and 4) compared to the overall 
population (16 days). The proportion of patients with 

a length of stay > 30 days reached 42.3% and 61.4% for 
clusters 3 and 4, respectively, with patients in the latter 
cluster having a higher proportion (11.5%) of very long 
stay (> 90 days) (Table 1). Patients in these two clusters 
also had the highest proportion of ICU admission and 
septic shock. Multiple infection sites were more com-
mon in cluster 3 and 4 (31.3% and 36.4% respectively). 
Compared to other clusters, primary bacteremia and 
heart and mediastinum infection were slightly more 

Table 1 Patients and index hospital stay characteristics of all survivors and by cluster

a For each variable: percentage of patients for each cluster and all survivors
b Interquartile range
c Intensive care unit

All survivors Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Early death Late death Short-term 
rehabilitation

Long-term 
rehabilitation

Home

N = 147,013 
(100%)

N = 19,003 
(12.9%)

N = 10,058 (6.8%) N = 16,597 (11.3%) N = 4865 (3.3%) N = 96,490 (65.6%)

Patient characteristics,  %a

Sex

 Men 57.1 59.0 60.0 53.8 62.2 56.7

 Women 42.9 41.1 40.0 46.2 37.8 43.3

Age, median  [IQRa] 70 [58–81] 77 [65–85] 75 [64–84] 75 [64–83] 64 [52–75] 68 [55–79]

 16–30 4.0 0.5 0.8 2.1 6.7 5.2

 31–45 7.0 2.3 3.1 3.9 9.9 8.8

 46–55 9.9 6.2 6.9 7.5 13.9 11.2

 56–65 18.7 16.0 17.9 15.2 22.7 19.6

 66–75 22.1 21.6 22.6 22.3 22.8 22.1

 76–85 24.8 30.0 28.8 32.3 17.8 22.5

 > 85 13.5 23.4 19.8 16.8 6.3 10.6

Charlson, median 
 [IQRa]

2 [0–3] 2 [2–6] 2 [2–5] 2 [0–3] 2 [0–2] 1 [0–2]

 0 36.2 16.4 17.4 34.8 31.0 42.6

 1–2 36.4 34.1 37.0 39.2 44.8 35.9

 3–4 14.3 18.0 19.2 17.1 15.7 12.5

 ≥ 5 13.0 31.5 26.4 8.9 8.6 8.9

Incident hospital stay characteristics, %a

Length of stay 
(days), median 
 [IQR2]

16 [10–28] 19 [11–31] 17 [10–28] 27 [17–43] 38 [21–62] 14 [9–23]

 < 7 12.0 10.3 10.3 3.3 3.6 14.5

 7–30 66.2 63.7 67.8 54.4 35.0 70.1

 31–90 20.1 24.2 20.4 38.7 49.9 14.5

 > 90 1.7 2.0 1.5 3.7 11.5 0.9

ICUc admission 56.8 44.2 47.4 72.6 79.7 56.4

Septic shock 16.4 16.7 15.5 22.3 22.3 15.0

Hospital discharge

 Acute care 15.4 21.1 12.9 25.8 28.5 12.1

 Home 63.2 49.7 67.1 12.8 14.0 76.6

 Home care 1.1 3.2 1.6 0.2 0.4 0.8

 Long term care 20.3 26.1 18.5 61.2 57.2 10.5
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frequent in early death cluster (cluster 1) (22.3%; 6.2%) 
and 2 (22.1%; 7.1%) (See Additional file 1: Fig. S5).

Healthcare use and cost pre‑ and post‑sepsis in each cluster
As expected, day care and inpatient care in rehabilita-
tion facilities increased in short-term and long-term 
rehabilitation clusters (Table  2). However, compared 
to long-term rehabilitation cluster, patients in short-
term rehabilitation cluster had a high proportion 
of time available spent at home (73.9%) (See Addi-
tional file  1: Table  S5). The share of patients receiving 

hospital-at-home care was higher in the early death and 
late death clusters pre-sepsis and markedly increased 
in the year post-sepsis (15.0% and 17.2% respectively). 
These patients also had the highest percentage of patients 
in day care or fully hospitalized in acute care in the 
1-year period post-sepsis (50% and 89.9% respectively) 
(Table 2). Indeed, patients in early and late death cluster 
spent the highest proportion of their time alive as inpa-
tient hospitalized in acute care (37% and 20.2% respec-
tively) (See Additional file 1: Table S5). Although patients 
in home cluster had low 1-year mortality rate (3.6%) and 

Fig. 2 Results of the state sequence analysis of the 1‑year post‑sepsis period: weekly distribution of the health states by cluster. This figure 
is composed of 5 chronograms for each of the 5 identified care trajectories (clusters). On the x axis, time is graduated from discharge after the index 
sepsis hospitalization (week 1) to 1‑year post‑discharge (week 52). The y axis corresponds to the proportion of patients (from 0 to 1) in each health 
state. Clusters determined by the state sequence analysis of the healthcare pathways of survivors: cluster 1 (early death), cluster 2 (late death), 
cluster 3 (short‑term rehabilitation), cluster 4 (long‑term rehabilitation), cluster 5 (home)
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spent more time at home post-sepsis than other clusters, 
they nonetheless experienced a doubling in the share of 
patients hospitalized in rehabilitation care (Table  2 and 
see Additional file 1: Table S5).

Compared to other clusters, those from the home clus-
ter had a lower share of their time available (time when 
the patient was neither hospitalized nor dead) occupied 
by any form of ambulatory care (nursing care and physi-
otherapy, GP visits, specialist visits or hospital outpatient 
visits) (See Additional file 1: Table S5). An increase in the 
proportion of patients with hospital outpatient visits, as 
well as the number of visits per patients, was observed 
in short-term (pre: 72.8%; post: 89.4%) and long-term 
rehabilitation clusters and home cluster (pre: 75.5%; post: 
84.1%) (See Additional file 1: Table S4) and inpatient hos-
pitalization was higher compared to patients returning 
home over the next 3 years post-sepsis (See Additional 
file  1: Table  S9). Despite spending a large share of their 
time available hospitalized in inpatient acute care (37.0%) 
and rehabilitation care (22.7%), patients in the early 
death cluster nonetheless spent a greater share of their 
time having GP visits (14.2%) than any other cluster (See 
Additional file 1: Table S5).

Differences for the costs of hospitalization and ambu-
latory care were identified between clusters. The median 
cost of the index hospitalization and the cost of ambu-
latory care and rehabilitation care during the year post-
sepsis were higher in short and long-term rehabilitation 
clusters (See Additional file 1: Tables S6 and S7).

Cognitive, psychological and medical impairment 
post-sepsis in each cluster
New medical impairments post-sepsis were particularly 
common for patients from late death cluster, and short-
term and long-term rehabilitation clusters (91.2%, 92.8% 
and 94.8% respectively) (See Additional file 1: Table S3). 

New psychological impairments were identified in almost 
half of the patients in long-term rehabilitation cluster 
(46.3%). The highest incidence of new cognitive impair-
ments was in short- and long-term rehabilitation clus-
ters (30.5% and 33.9% respectively) (See Additional file 1: 
Table S3 and Fig. S6).

Discussion
This study allows to identify different patient profiles, 
based on their care pathway, with different mortality 
rate, sequels and healthcare usage over the year prior and 
three years subsequent to their index episode of sepsis.

Consequence for all survivors: long-term mortality, health 
impairment and care consumption and cost
In line with the estimates from previous studies, 36.6% 
of patients who survive an index sepsis hospitaliza-
tion die within three years and sepsis survivors showed 
a high rates of post-sepsis sequels, including new medi-
cal (79.2%), psychological (26.9%) and cognitive (18.5%) 
impairments [3, 18, 28]. Hospitalization and ambulatory 
care, indicators of the health status, tended to increase 
post-sepsis, especially hospitalization in rehabilitation 
facilities [3, 17, 17, 29]. In line with several publications, 
the proportion of patients with nursing care/physi-
otherapy, specialist visits and outpatient visits increased 
in the first year post-sepsis but declined in the following 
years [30–33]. This could reflect less healthcare depend-
ency, but also less than optimal sepsis aftercare for some 
patients [30, 31, 34]. In line with a recent study, rehospi-
talization in acute care declined but remained above 30% 
in the third year post-sepsis [30]. Indeed, sepsis patients, 
due to preexisting comorbidities and immune, physi-
cal or cognitive impairments, are extremely vulnerable 
and at high risk of hospital readmission for sepsis itself 
or other causes [15, 29, 35]. Prescott and Angus suggest 

Table 3 Percentage of patients with comorbidities across all survivors and in each cluster

Clusters determined by the state sequence analysis of the healthcare pathways of survivors: cluster 1 (early death), cluster 2 (late death), cluster 3 (short-term 
rehabilitation), cluster 4 (long-term rehabilitation), cluster 5 (home)

Comorbidities All survivors Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Heart failure (%) 20.4 24.5 24.7 26.2 17.4 18.4

Dementia (%) 5.3 10.3 8.6 4.8 2.9 4.2

Chronic pulmonary disease (%) 11.9 12.1 13.3 13.2 9.2 11.6

Rheumatologic disease (%) 1.3 1.2 1.0 1.6 1.5 1.3

Liver disease (%) 5.5 6.0 6.4 5.2 4.6 5.4

Diabetes with chronic complications (%) 6.4 6.5 6.8 7.7 10.7 6.0

Paraplegia and hemiplegia (%) 5.2 5.8 4.1 9.4 29.4 3.3

Renal disease (%) 12.6 15.5 15.7 13.1 11.2 11.6

Cancer (%) 23.2 45.1 44.2 15.4 12.9 18.5

AIDS, HIV (%) 0.5 0.3 0.4 0.5 0.8 0.6
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that rehospitalization post-discharge might be partially 
treatable in the outpatient setting, possibly through bet-
ter interactions between hospitalization and ambulatory 
care and a care pathway adapted to each patient profile 
[31]. The median medical cost of the index sepsis-related 
hospitalization was slightly lower compared to previous 
studies conducted in Japan, the USA and France but the 
cost of hospitalization in the year post-sepsis was in line 
with studies in Germany [8, 30, 34, 36, 37]. Discrepancy 
in the cost of hospitalization for sepsis could be explained 
by the difference in sepsis selection, the method to cal-
culate costs and differences in healthcare systems, and 
possibly to the implementation of cost effectiveness strat-
egies in hospital management [8, 37].

Health impairment and healthcare consumption by patient 
profile
Patients with early and late 1‑year death
Our results indicate that about 20% of sepsis survivors 
died within one year of their index sepsis episode (clus-
ters 1 and 2), and that these patients tended to be older 
and have more comorbidities, especially cancer. Indeed, 
cancer but also cancer treatment are well known risk fac-
tors for sepsis and mortality, especially for the elderly 
[38–40]. A disproportionately large share of these 
patients had renal disease, chronic pulmonary disease 
and heart failure, which are also important risk factors 
for complications or death; new impairments post-sepsis 
might also have worsened their prognosis [3, 12, 29, 41–
45]. These patients also experienced more hospital-at-
home care post-sepsis than other clusters, which might 
have helped to limit further rehospitalization despite 
being unable to prevent death [40, 46, 47]. Patients with 
the earliest death spent more of their time spent at home 
with general practitioner visits, possibly associated with 
community-managed palliative care for some patients 
experiencing drastic declines [31, 48]. Additional studies 
are required to identify whether some of the late death in 
cluster 2 might have been preventable thanks to changes 
in post-discharge care, and also to assess the information 
flow and transition to palliative care when death was not 
preventable [17, 33, 48–50].

Patients with short‑ and long‑term rehabilitation
Survivors in short-term and long-term rehabilitation 
clusters (clusters 3 and 4) represented about 15% of the 
survivors. The relatively high three-year mortality in 
these clusters is consistent with the high comorbidity 
indices and the high prevalence of multiple sites of infec-
tion during the index hospitalization [44, 45, 51]. Patients 
characteristics in one or both of these clusters like 
advanced age, a higher proportion of patients with sep-
tic shock, paraplegia and hemiplegia (possibly resulting 

from previous stroke), diabetes with complications, or 
requiring dialysis or long-term mechanical ventilation 
post-sepsis (as possible sequelae of acute kidney injury or 
respiratory distress syndrome), as well as greater psycho-
logical impairment associated with medical and cognitive 
impairment might have put those patients at higher risk 
of complication or death [28, 42, 44, 52–59]. Notwith-
standing the relatively high mortality rate, further stud-
ies are required to assess the impact of rehabilitation on 
long-term survival and quality of life of these patients 
[28, 30, 31, 33, 34, 60, 61].

Patients returning home
Two-thirds of survivors, younger and with less comorbid-
ities and fewer sequels, returned home after sepsis (clus-
ter 5). Nevertheless, 73.1% of these patients developed a 
new medical impairment and 20% died in the 3 following 
years. The reduced amount of time occupied with nurs-
ing care/physiotherapy compared to other clusters could 
reflect better health status. However, substantial persist-
ing health issues are likely with 60% having nursing and 
physiotherapy, specialist or hospital outpatient visits 1 
year post-sepsis and 40% fully hospitalized in acute care. 
Moreover, hospital readmission in acute care represented 
the most important cost in the total care consump-
tion. Further studies are required, to assess if changes in 
short and long-term aftercare, including rehabilitation, 
advanced hospital-at-home care, specific post-sepsis 
follow-up or patient education initiatives to improve the 
transfer of critical medical information, could possibly 
reduce mortality or rehospitalization and its associated 
cost [30, 31, 34, 46, 47, 60, 62]. Indeed, a study conducted 
in Germany showed better 5-year survival for a group of 
patients transferred to rehabilitation compared to a simi-
lar group of patients discharged home or to self-care [34].

Limitations
This study is based on a secondary analysis of medi-
cal administrative data, and it was not possible to vali-
date sepsis diagnoses using clinical data. Moreover, this 
analysis was limited to sepsis of presumed bacterial etiol-
ogy. However, previous analyses have demonstrated the 
robustness of the selection algorithm used in this work, 
with a reasonable representativeness of all sepsis cases 
[5, 63]. Another limitation is that the available variable 
in our database used to calculate the cost of rehabilita-
tion tends to overestimate these costs compared to a 
newer variable implemented in 2017. Since our data col-
lection began in 2014, the cost of rehabilitation should 
be estimated again in future studies after 2017, and pre-
sent results should be interpreted with caution. Finally, 
working with secondary data, this cohort study could not 
prove causal relationship but provides a holistic approach 
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to the study of care pathway and interesting information 
to build further studies on specific patient profiles.

Conclusion
We have estimated high rates of post-sepsis mortality and 
sequels over 3 years as well as an increased usage and cost 
of healthcare services. Yet behind these general trends, 
our clustering analysis identified heterogeneous trajec-
tories of care after sepsis allowing to identify various 
patient profiles. This analysis highlighted the high cost 
of rehospitalization post-sepsis, moderate use of reha-
bilitation facilities and the high percentage of patients 
returning home with non-negligible health impairments, 
questioning whether sepsis aftercare could be improved. 
Several publications suggest that some of the deaths or 
rehospitalizations might be preventable. Targeted inter-
ventions and personalization of the healthcare pathway 
according to patient profile, in order to improve survival 
and quality of life and cost effectiveness of the healthcare 
system, should be further studied. Notwithstanding the 
persistently high death rate post-sepsis, more than 60% 
of the survivors were still alive after 3 years, most of them 
with new medical, cognitive or psychological impair-
ments. This highlights the importance to conduct fur-
ther studies on short- and long-term post-discharge care 
needs to reduce the sequels of sepsis.
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