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Abstract

Objective: In this study, the gap was addressed in effective rehabilitation methodologies 
for preventing sepsis sequelae utilising a novel, two-way, diagnostically-monitored 
personalised rehabilitation model implemented to enhance quality of life (QoL) among 
sepsis survivors.
Methods: Of 66 sepsis survivors post-hospital discharge, and those who met the 
inclusion criteria, 30 were eventually allocated into three groups: a control group 
(Group C, n = 10, no rehabilitation) and two intervention groups undergoing three- 
-month, diagnostically-monitored rehabilitation programmes. Group E (n = 10) received 
personalised aerobic and functional training, while Group H (n = 10) underwent 
intermittent hyperbaric oxygen therapy as a novel rehabilitative treatment alternative. 
QoL was evaluated at hospital discharge and again after 3 months using the newly 
developed Life After Sepsis Survey.
Results: After three months, statistically significant (p < 0.05) improvement was 
observed in QoL among sepsis survivors from both intervention groups concerning the 
significant parts of the assessed physiological, physical and psychological functions.
Conclusions: The personalised, patient-centric and supportive approach significantly 
improved QoL among sepsis survivors, highlighting the potential effectiveness of this 
rehabilitation model. The Life After Sepsis  proved to be a practical assessment tool 
and currently stands as a uniquely suitable measure for evaluating sepsis rehabilitation 
outcomes.

keywords

hyperbaric oxygen therapy, rehabilitation, sepsis, sepsis survivors, quality of life

Received: 07.12.2024
Accepted: 23.12.2024
Published: 27.12.2024

CITE THIS ARTICLE AS: 
Wojcik B, Superata J, Nguyen B, 
Piwowar MW, Szygula Z,
“Increased quality of life 
indices among sepsis survivors 
rehabilitated in the RehaSep trial,” 
Bio-Algorithms and Med-Systems 
vol. 20, no. 1, pp. 146-158, 2024, 
DOI: 10.5604/01.3001.0054.9272

AUTHORS’ CONTRIBUTION:
A. Conceptualization
B. Data Curation
C. Formal Analysis
D. Funding Acquisition
E. Investigation
F. Methodology
G. Project Administration
H. Resources
I. Software
J. Supervision
K. Validation
L. Visualization
M. Writing – Original Draft
N. Writing – Review & Editing

CORRESPONDING AUTHOR: 
Barbara Wójcik; Department of 
Clinical Rehabilitation, University of 
Physical Education in Kraków; Al. 
Jana Pawla II 78, 31-571 Kraków, 
Poland; 
E-mail: rehasep1@gmail.com

COPYRIGHT:
Some rights reserved: Jagiellonian 
University Medical College. Published 
by Index Copernicus Sp. z o. o.

OPEN ACCESS: 
The content of the journal “Bio-
Algorithms and Med-Systems” is 
circulated on the basis of the Open 
Access which means free and limitless 
access to scientific data.

CREATIVE COMMONS CC BY:
Attribution. It is free to copy, distribute, 
present and perform the copyrighted 
work and derivative works developed 
from it, provided that the name of the 
original author is cited.

ORIGINAL  ARTICLE

www.bamsjournal.com
http://orcid.org/0000-0003-0761-581X
http://orcid.org/0000-0002-1297-6639
https://orcid.org/0000-0003-4645-8730
http://orcid.org/0000-0002-6685-6579


Bio-Algorithms and Med-Systems, 2024; (20): 146-158 147

Barbara Wójcik, Jerzy Superata, H. Bryant Nguyen, MONIKA WERONIKA Piwowar, Zbigniew Szyguła: 
Enhanced QoL for sepsis survivors: RehaSep trial

highlighted, as well as the necessity for tailored interventions, 
confirmed this point [20, 21]. Consequently, this study was devoted 
to assessing the efficacy of an innovative, personalised, multi-
parameter-monitored rehabilitation model to enhance quality 
of life for sepsis survivors, employing the novel Life After Sepsis 
Survey as an evaluative tool.

METHODS
Study design and participants

The RehaSep study, conducted from 2017 to 2022, was 
a prospective, observational/interventional trial, employing 
a pragmatic, patient-centred approach rooted in personalised 
medicine [22]. Participants were recruited at discharge from 
7 hospitals in the Małopolska region of Poland.

Ethical compliance

Ethical approval was obtained from the Local Bioethics Committee 
at the Regional Medical Chamber in Kraków (136/KBL/OIL/2015). 
The study adhered to the 1964 Declaration of Helsinki and was 
registered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12618000347268). 

Inclusion and exclusion criteria

Inclusion criteria were being an adult between the age of 30 and 
80 years, and with a Sepsis-3-defined sepsis episode. To 
minimise confounding factors of age and/or malignancy or 
trauma on interpretation of the results, patients with a history 
of sepsis following trauma, cancer or burn injury were excluded. 
Exclusion criteria also included patients who had undergone leg 
amputations, require palliative care and those with psychiatric 
or mental disabilities making it impossible to cooperate and/or to 
perform the initial ECG cycle ergometer exercise test.

Qualification

Prior to hospital discharge, potential subjects were informed 
about the study objectives and provided written informed 
consent for participation. A comprehensive assessment of each 
patient’s medical history and clinical status was conducted by 
a multidisciplinary team, including project team members and 
hospital ward physicians. A consensus-based decision was made 
to assign each patient to the most suitable treatment group: 

– �Personalised rehabilitation training group (E) – as standard 
treatment;

– �Hyperbaric oxygen therapy group (H) – chosen as the alternative 
for patients with contraindications to exercise training (e.g., 
unhealed wounds, severe pains, etc.) and/or predicted too little 
benefits from exercise therapy;

– �Control group (C) – for patients who declared (for different reasons) 
inability to follow the rehabilitation regimen but agreed to undergo 

LIST OF ABBREVIATIONS
COVID-19 – Coronavirus Disease 2019 
EQ5D – EuroQoL-5D 
GCA – Gradational Correspondence Analysis 
ICU – Intensive-Care Unit 
PICS – Post-Intensive Care Syndrome 
PROMIS – Patient-Reported Outcomes Measurement 
Information System 
PSS – Post-Sepsis Syndrome 
PTSD – Post-Traumatic Stress Disorder 
QoL – Quality of Life 
SF-36 – Short Form 36-Item Health Survey 
SSEP – Sepsis Survivors Engagement Project 
WHA – World Health Assembly 
WHO – World Health Organization

INTRODUCTION
Each year, over 49 million individuals globally are impacted 
by sepsis [1, 2], a life-threatening condition precipitated by 
a dysregulated host response to infection, leading to organ 
dysfunction as delineated by the Sepsis-3 criteria [3]. Notably, 
a substantial fraction of these patients face rehospitalisation 
or succumb within 90 days post-discharge, with these figures 
escalating [4, 5]. Despite the growing body of research quantifying 
the morbidity and mortality associated with sepsis, there remains 
a conspicuous scarcity of literature on effective therapies to mitigate 
these outcomes [6, 7] alongside a deficiency in robust evaluative 
research tools [8]. In 2017, the World Health Organization (WHO), 
acknowledging this severity, designated sepsis as a global health 
priority, urging enhanced recovery outcomes for survivors [9].

The increasing prevalence and recognition of post-sepsis syndrome 
(PSS) have accentuated the post-recovery challenges of sepsis 
[10]. The narrative has evolved to understand that clinically 
recovering from sepsis is merely the inception of a protracted 
recuperative trajectory [11]. This sentiment was echoed by 
Iwashyna [12], who observed sepsis survivors as being “grateful 
to be alive but desperate for help in regaining their pre-sepsis 
quality of life”.

Survivors often endure persistent organ failure [7], chronic pain 
[13], post-traumatic stress disorder (PTSD) [14], along with 
cognitive and functional disabilities, which can persist for extended 
periods post-hospitalisation, impeding autonomous living [15]. The 
progression of these conditions not only exacerbates the risk of 
mental health disorders, such as depression and anxiety [16–18], 
but the persistent inflammation, immunosuppression and 
heightened catabolism observed in sepsis survivors also further 
aggravate their prognosis [19].

The litany of unsuccessful, large-scale, radomised controlled trials 
related to sepsis underscores the imperative for a paradigm shift. 
Recent studies in which the heterogeneity of sepsis has been 
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multiparameter diagnostic monitoring for a 3-month follow- 
-up period (according to the RehaSep study protocol [22]).

Treatment of all the participating patients started as soon as 
possible, up to 1 month after hospital discharge.

Interventions

Either of the rehabilitation programmes, carried out individually 
for each patient, comprised 36 therapeutic sessions; 3 per week, 
for 12 weeks.

The programme for the E group was conducted face-to-face by 
a physiotherapist and based on semi-recumbent cycle ergometer 
training (KETTLER RE-7), which provides a safe and comfortable 
approach for patients with post-sepsis functional limitations. The 
exercise programme lasted 1.5 hours and included a 15-minute 
warmup, 30-minute semi-recumbent cycling, 15-minute cool- 
-down with stretching and breathing relaxation and 30 minutes of 
personalised exercises, tailored to patient needs with a purposed 
focus on improving the most impaired physical function. Individu-
alised exercise intensity was determined based on an initial ECG 
cycle-ergometer stress test and the Borg Rating of Perceived Ex-
ertion (RPE) scale. The target exercise intensity was set within the 
moderate intensity range, corresponding to a Borg RPE of 11–13.

After clinical evaluation by an experienced HBOT physician and 
exclusion of possible contraindications, the patients assigned 
to group H underwent 36 sessions of intermittent (i.e., on alter-
nate days) hyperbaric oxygen therapy, with each session lasting 
90 minutes, involving inhalation of 100% oxygen at 2.5 atmospheres 
in a multi-place chamber, supervised by medical professionals. In col-
laboration with a plastic surgeon, dressing changes and wound heal-
ing assessment with photographic documentation were performed 
for patients with wounds and undergoing HBOT.

Patient safety

All participants were subjected to comprehensive diagnostic 
monitoring according to the RehaSep study protocol [22]. This 
was done to enable timely adjustments to treatment plans and 
mitigate potential risks, thereby enhancing overall patient safety.

All rehabilitation interventions were conducted in close collabora-
tion with the patients’ treating physicians. The hyperbaric cham-
ber and exercise room were situated at a location that was easily 
accessible by ambulance and isolated from high-traffic areas, thus 
reducing the risk of secondary infection in immunocompromised 
post-sepsis patients. To further minimise infection risk, indepen-
dent ambulance transport was provided for patients coming for 
the rehabilitation sessions.

Quality of life assessment

The evaluation of quality of life (QoL) in sepsis survivors was 
conducted using the Life After Sepsis Survey, a comprehensive 

tool designed specifically for this population. Developed as part of 
the Sepsis Survivors Engagement Project (SSEP) [23], this survey 
integrates a broad spectrum of questions addressing physiological, 
functional and psychological aspects that are often noted post- 
-sepsis. Questions regarding functional and mental capacities were 
adapted from the well-established Patient-Reported Outcomes 
Measurement Information System (PROMIS)-29 Profile v1.0 [24]. 
The adaptation process involved selecting and modifying items 
that reflected the common post-sepsis challenges as identified 
by sepsis survivors participating in the SSEP. For this study, the 
survey underwent further modifications to better capture 
the specific outcomes related to the interventions being tested. These 
changes are documented in the 'Supplementary material' section.

The survey was administered at 2 critical time points: at hospital 
discharge (time point 0) and after 3 months of the intervention/
observation (endpoint). This timing was chosen to capture the 
immediate post-discharge baseline and to assess the impact of 
the rehabilitation interventions on survivors’ QoL.

Adapting to the local participant demographic, the survey was 
translated into Polish, following a rigorous process to maintain 
the semantic integrity of the questionnaire. The translation was 
verified through back-translation and pilot testing with a small 
group of sepsis survivors to ensure clarity and cultural relevance.

Responses to the survey were analysed quantitatively, with each 
item scored using the Likert Scale, allowing for nuanced analysis 
of the varied QoL dimensions. This approach facilitated detailed 
assessment regarding the effectiveness of the rehabilitation 
model in improving the holistic well-being of sepsis survivors.

All patient responses were cross-referenced with their medical 
records to validate the self-reported data, ensuring reliability and 
accuracy of the findings derived from the survey.

Data management and statistical analysis 

Data integrity and privacy were upheld through the use of coded 
identifiers for all patient-related records and questionnaires, which 
were then securely entered into the RehaSep database. This 
database was exclusively accessible to a limited number of project 
investigators to ensure confidentiality.

Descriptive statistics were utilised to outline the demographic 
and clinical characteristics of the participants. The collected 
data, particularly the results from the Life After Sepsis Survey, 
were analysed both quantitatively and qualitatively. Quantitative 
responses were summarised using medians and interquartile 
ranges, while categorical data were expressed in frequencies 
and percentages.

Gradational correspondence analysis (GCA) was applied to discern 
patterns and relationships within the dataset [25]. A GCA seeks 
regularities in data matrices and identifies correspondences between 
their rows and/or columns [26]. The method shows how the results 
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for individual groups rank against each other. For this study, the 
difference between the median scores at hospital discharge and 
3 months later served as the input matrix to GCA.

The Wilcoxon signed-rank test was employed to identify 
statistically significant changes within the groups over the study 
period, with p-values < 0.05 denoting statistical significance. This 
analysis was facilitated using the Statistica 13.5 software package.

Results
Study cohort and attrition

Initially, 66 patients were recruited for the study. Attrition was 
observed in 36 patients due to various factors: 11 were affected 
by the Coronavirus pandemic restrictions or could not perform 
qualifying tests; 10 declined consent for participation; 5 were 
diagnosed with cancer within a month post-discharge; 4 had 
numerous long-term re-hospitalisations; 2 voluntarily exited 

the study; 3 died within the first week post-discharge, and 
1 experienced sepsis relapse leading to loss of cognitive function. 
Ultimately, 30 patients with sepsis or septic shock completed the 
study, with 10 patients assigned to each study group.

Patient characteristics

The average age of the patients was 58.1 ± 14.7 in group E, 
52.5 ± 11.6 in H and 52.9 ± 12.9 in C. The majority of the partici- 
pants were male, with percentages ranging from 60–90% across 
the groups. While the term sepsis was widely recognised (60–80%), 
patients demonstrated a limited understanding of the condition 
(Tab. I.). The leading cause of sepsis was abdominal infections in 
E and H (50% each) and urinary tract infections in C (40%). 
A markedly greater percentage of patients in the intervention 
groups (90% in E and H compared to 50% in C) experienced the 
most severe form of sepsis – septic shock, resulting in prolonged 
hospital stay duration compared to the control group. Hospital stay 
durations varied, with 1 to 3 months being the most common in 
E (80%) and H (60%), and 1 to 4 weeks in C (50%).

Tab. I. Patient characteristics.

Group E (n = 10) Group H (n = 10) Group C (n = 10)

Age, years 58.1 ± 14.7 52.5 ± 11.6 52.9 ± 12.9

Female sex, n (%) 1 (10%) 2 (20%) 4 (40%)

Septic shock, n (%) 9 (90%) 9 (90%) 5 (50%)

Has blood relative to sepsis before, n (%) – 3 (30%) 1 (10%)

Knowledge of sepsis

Heard of sepsis before having it, n (%) 7 (70%) 6 (60%) 8 (80%)

Knowledge of sepsis before having ita 1.9 ± 0.831 2,4 ± 0.8 2.4 ± 0.92

Cause of sepsis, n (%)

Abdominal infection 5 (50%) 5 (50%) 2 (20%)

Urinary tract infection 2 (20%) 1 (10%) 4 (40%)

Pneumonia – – 1 (10%)

COVID-19 2 (20%) – 2 (20%)

Skin or muscle infection 1 (10%) 4 (40%) –

Mediastinitis – – 1 (10%)

Length of  hospital stay, n (%)

1–4 weeks 1 (10%) 3 (30%) 5 (50%)

1–3 months 8 (80%) 6 (60%) 5 (50%)

3–4 months 1 (10%) – –

8–9 months – 1 (10%) –

Survivors feel back to “normal” after 3 months (at endpoint), n (%) 8 (80%) 8 (80%) 1 (10%)

*Likert scale: 1 = not at all; 2 = a little bit; 3 = somewhat, 4 = quite a bit, 5 = very much.
aFor physical function, Likert Scale: 1 = without any difficulty; 2 = with a little difficulty; 3 = with some difficulty; 4 = with much difficulty; 5 = unable to 
do so. 
*Statistically significant difference (p < 0.05).
Number in parentheses is % of total.
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Unique improvement in Group E included better breathing and sex 
drive (p = 0.0180), enhanced kidney and joint function (p = 0.0431, 
p = 0.0117 respectively), improved reading and memorisation 
abilities (p = 0.0431), and less numbness as well as overwhelming 
anxiety (p = 0.0277, p = 0.0431).

In group H, significant reductions were observed in swelling 
(p = 0.0117), hair loss (p = 0.0431) and mood swings (p = 0.0277).

Contrastingly, the control group (C) showed significant improvement 
in only two areas: fatigue (p = 0.030) and anxiety reduction 
(p = 0.0431), with no significant changes or worsening in any of 
the other assessed functions post-discharge.

These changes in physiological, physical and psychological functions, 
from discharge to 3 months later, are presented in Tab. II., III. and 
Fig. 1.–3.

Satisfaction with hospital services

The Life After Sepsis Survey revealed critical insights into patient 
satisfaction with hospital services, excluding the RehaSep team’s 
care activities. These findings, demonstrated in Fig. 4., underscore 
the need to enhance patient education and support services on 
the post-sepsis care continuum.

Each bar represents the percentage of survivors who were 
'somewhat' to 'very dissatisfied' (Likert score 1–2), 'neutral' (3), and 
'somewhat' to 'very satisfied' (4–5) with the service or expressed 
that they ‘do not remember or did not receive the service’ at all 
(6–7). The median (and interquartile range) Likert score is shown 
above each bar.

A significant 60% of participants reported not receiving adequate 
information about sepsis during their hospital stay. Furthermore, 
70% stated they were not educated on post-sepsis care proce-
dures, and 73.3% indicated no improvement in their understand-
ing of sepsis upon discharge.

Regarding psychological support, only 10% of the survivors ex-
pressed satisfaction with the counselling received during their hos-
pital stay, with 90% not receiving such support post-discharge. 
The lack of social service support was evident, with 80% of pa-
tients not receiving any assistance in this regard. Physical thera-
py satisfaction was mixed, with half of the respondents content 
with the services provided, while 20% reported receiving no re-
habilitative support.

GCA results

GCA was employed to systematically examine the data, aiming 
to optimise the arrangement of rows and columns in the data 
matrix. This analysis facilitated the identification of the strongest 
dependency and regularity patterns among the studied variables 
(E, H, C), employing correlation measures such as Spearman’s ρ* 
and Kendal’s τ (illustrated in Fig. 5.). GCA mathematical operation 

Medical interventions and treatments

Diagnostic approaches to sepsis included blood tests (100%), 
radiography (86.7%), CT scans (76.7%) and wound swabs (70%). 
Less frequently used tests were urine (23.3%), sputum (16.7%), 
abdominal fluid analyses (20%) and COVID-19 antigen tests 
(13.3%). A significant proportion of the intervention group patients 
(70–90%) and 40–50% of the control group underwent mechanical 
ventilation, surgery and dialysis. Notably, 30% of group H patients 
required amputations.

Discharge medications and therapies

At discharge, the majority of patients received anticoagulants (70% in 
E and H, 60% in C) and pain relief medications (70% in H, 50% in E). 
Probiotic therapy, antibiotics, antidepressants and anxiety medications 
were prescribed to only 10–30% of patients across all groups.

Quality of life outcomes

Significantly, 80% of participants in groups E and H reported 
resuming normal life within 1 to 3 months post-rehabilitation. In 
stark contrast, 90% of control group patients did not return to 
their usual life activities, highlighting the potential impact of the 
rehabilitation interventions.

Physiological, physical and psychological 
function improvements
After 3 months of targeted rehabilitation, participants in the 
experimental groups (E and H) exhibited significant improvement 
across various domains:

Physiological functions:
– Improved skin condition (E: p = 0.0180, H: p = 0.0277);
– Muscle function enhancement notable in both groups (p = 0.005);
– Reduction in stomach issues (E: p = 0.0277, H: p = 0.0077);
– Lessened eating difficulties (E: p = 0.0117, H: p = 0.0431);
– Decrease in experienced pain (E: p = 0.0117, H: p = 0.0180);
– Markedly reduced fatigue (E: p = 0.0077, H: p = 0.0050).

Physical functions:
– Enhanced ability to perform chores (E: p = 0.0050, H: p = 0.0077);
– �Improved capacity to run errands and shop (E: p = 0.0050, 

H: p = 0.0117);
– �Increased ability to ascend and descend stairs (E and 

H: p = 0.0050);
– Longer walking distances achieved (E and H: p = 0.0050).

Psychological functions:
– Decreased anxiety levels (E and H: p = 0.0431);
– Reduction in fatigue (E: p = 0.0050, H: p = 0.0077);
– �Decreased feelings of being rundown (E: p = 0.0050, 

H: p = 0.0077);
– Less trouble starting tasks due to fatigue (E and H: p = 0.0077);
– Improved sleep efficiency (E: p = 0.0117, H: p = 0.030).
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changes) were distinguished from the rest – they were a kind of 
marker of the analysed healing process.

showed which variables among all those taken into account in 
the research (physiological, physical and psychological function 

Tab. II. Physiologic and physical problems at discharge from hospital (time point 0) and after three months (endpoint).

Group E Group H Group C

Physiologic and Physical Problems Time Point 0 Endpoint Time Point 0 Endpoint Time Point 0 Endpoint

Sensory problems

Vision 2 (1) 2 (1) 1 (1) 1 (0) 1 (2) 2 (2)

Hearing 1 (1) 1 (0) 1 (0) 1 (0) 1 (2) 1 (1)

Taste 1.5 (2) 1 (1) 1 (0) 1 (0) 1 (1) 1 (1)

Smell 1 (2) 1 (0) 1 (0) 1 (0) 1 (0) 1 (0)

Numbness 3.5 (3) 1.5 (2)* 2 (1) 2 (2) 1.5 (1) 2 (2)

Integumentary problems

Hair loss 2 (3) 1.5 (1) 2 (3) 1 (1)* 1 (2) 2 (2)

Nails 1 (0) 1 (0) 1.5 (2) 1 (1) 1 (0) 1.5 (2)

Skin 3.5 (2) 1 (0)* 4 (4) 1 (0)* 1 (1) 1 (0)

Swelling 2 (3) 1 (1) 4 (1) 1 (1)* 1 (0) 1.5 (2)

Digestive problems

Dental 1.5 (2) 1 (0) 1 (0) 1 (0) 1 (1) 1 (0)

Eating 4 (1) 1.5 (2)* 1.5 (2) 1 (0)* 1.5 (1) 1 (0)

Stomach 3 (3) 1.5 (2)* 3 (0) 1 (1)* 1.5 (3) 3 (3)

Breathing problems 3 (2) 1 (0)* 1 (2) 1 (0) 2 (3) 1.5 (1)

Palpitations/chest pains 2 (2) 1 (1) 1 (0) 1 (0) 1 (1) 1 (1)

Kidney problems 1.5 (3) 1 (0)* 1 (0) 1 (0) 2 (3) 2 (4)

Musculoskeletal problems

Muscle 4.5 (1) 2 (2)* 3 (1) 1 (0)* 2.5 (2) 2.5 (2)

Joint 3 (3) 1 (1)* 2.5 (1) 2 (1) 1 (1) 2.5 (3)

Body pains 3.5 (2) 1 (1)* 3 (1) 1.5 (1)* 2.5 (3) 4 (4)

Neurologic problems

Tiredness 4.5 (1) 2 (2)* 4 (2) 1 (1)* 3.5 (1) 4 (2)

Mood 1.5 (2) 1 (1) 2.5 (2) 1 (1)* 3 (1) 2 (2)

Memory loss 2.5 (3) 1 (1)* 1 (1) 1 (0) 2 (2) 2.5 (2)

Physical functiona

Able to do chores such as vacuuming or garden work 5 (0) 2 (1)* 4 (2) 2 (2)* 3.5 (3) 3 (2)

Able to go up and down stairs at a normal pace 5 (2) 1 (1)* 3 (1) 1.5 (1)* 3.5 (1) 3 (2)

Able to go for a walk for at least 15 minutes 4.5 (1) 1 (0)* 3.5 (1) 1 (1)* 3.5 (1) 2 (3)

Able to run errands and shop 5 (1) 1 (0)* 4.5 (2) 1.5 (2)* 3.5 (3) 2 (3)

Able to spell adequately when writing or typing 1 (3) 1 (0) 1 (0) 1 (0) 2 (1) 1 (1)

Able to read for at least 15 minutes 1.5 (3) 1 (0)* 1 (0) 1 (0) 1.5 (1) 1 (1)

Able to have a satisfactory sex drive 5 (2) 2.5 (4)* 3.5 (3) 2.5 (4) 2 (3) 2.5 (4)
 
Results are based on Likert Scale: 1 = not at all; 2 = a little bit; 3 = somewhat; 4 = quite a bit; and 5 = very much. 
aFor physical function, Likert Scale: 1 = without any difficulty; 2 = with a little difficulty; 3 = with some difficulty; 4 = with much difficulty; 5 = unable to 
do so. *Statistically significant difference (p < 0.05).
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Numbness, Mood, Joint, Hair loss, Tiredness, Body pains, Swelling 
and Stomach. Conversely, the control group participants showed 

Significant variances were noted between the experimental 
groups (E and H) and the control (C) in specific domains such as 

Fig. 1. �Changes in physiological and physical functions in all groups (E, H, C) at discharge from hospital (time point 0) and after three months 
(endpoint).

Legend: Each bar represents the percentage of survivors with an improved Likert score of 1–4, no change, slightly less than Likert score or markedly 
worse with ≥ 2 Likert score after 3 months.

Tab. III. Psychological problems at discharge from hospital (time point 0) and after 3 months (endpoint).

Group E Group H Group C

Psychological Challenges – Part a Time Point 0 Endpoint Time Point 0 Endpoint Time Point 0 Endpoint

Felt fearful 2 (2) 1 (1) 2.5 (2) 1 (1) 2 (1) 2 (3)

Hard to focus due to anxiety 2(1) 1 (0)* 1 (1) 1 (1) 2.5 (1) 1.5 (2)

Worries are overwhelming 2.5 (2) 1 (1)* 2.5 (3) 1 (2) 3 (1) 2 (3)*

Felt uneasy 2.5 (2) 1 (1)* 2 (3) 1 (1)* 3 (1) 2.5 (3)

Felt helpless 2 (3) 1 (0)* 1 (0) 1 (0) 3 (1) 1.5 (3)

Felt depressed 2.5 (2) 1.5 (1) 1.5 (2) 1 (1) 3 (1) 2 (3)

Felt hopeless 1 (0) 1 (0) 1 (0) 1 (1) 2.5 (1) 1.5 (2)

PSYCHOLOGICAL CHALLENGES – PART B

Felt fatigued 5 (1) 2 (0)* 3.5 (3) 2 (1)* 4.5 (1) 3 (2)*

Trouble starting things due to fatigue 4 (2) 1 (1)* 2 (1) 1 (0)* 3.5 (2) 2 (3)

Usually felt rundown 4 (1) 1.5 (1)* 3 (1) 1.5 (1)* 4 (1) 3 (2)

Sleep was not refreshing 4 (0) 2 (1)* 4.5 (3) 2 (1)* 3.5 (3) 3.5 (4)

Problem with sleep 3 (1) 1.5 (1)* 2.5 (2) 2 (2) 2 (3) 2.5 (3)

Difficulty falling asleep 2 (2) 1.5 (1)* 1.5 (2) 1 (2) 1.5 (3) 2 (2) 
Results are based on Likert Scale: 1 = not at all; 2 = a little bit; 3 = somewhat; 4 = quite a bit; and 5 = very much. 
*Statistically significant difference (p < 0.05).
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Fig. 2. �Psychological challenges (Part A) in all groups (E, H, C) at discharge from hospital (time point 0) and after 3 months (endpoint).
Legend: �Each bar represents the percentage of survivors experiencing the symptom based on Likert scale: 1 = never, 2 = rarely, 3 = sometimes, 

4 = often, 5 = always; or 1 = not at all, 2 = a little bit, 3 = somewhat, 4 = quite a bit, 5 = very much. The median (and interquartile range) Likert 
score is shown above each bar.

Fig. 3. �Psychological challenges (Part B) in all groups (E, H, C) at discharge from hospital (time point 0) and after 3 months (endpoint).
Legend: �Each bar represents the percentage of survivors experiencing the symptom based on Likert scale: 1 = never, 2 = rarely, 3 = sometimes, 4 = 

often, 5 = always; or 1 = not at all, 2 = a little bit, 3 = somewhat, 4 = quite a bit, 5 = very much. The median (and interquartile range) Likert 
score is shown above each bar.
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comparable or superior outcomes in areas: i.e., Focus, Reading 
endurance, Depression, as well as Olfactory and auditory functions. 
This trend was attributed to the baseline status of the E and H 
groups, in which initial problems in these areas were minimal, 
hence, the observed improvements were less pronounced.

DISCUSSION
Currently, the assessment of sepsis survivors’ outcomes 
predominantly relies on generic instruments such as the Short Form 
36-Item Health Survey (SF-36) and the EuroQoL-5D (EQ-5D). 

Fig. 4. �Survivor satisfaction with hospital services. Each bar represents the percentage of survivors who were somewhat to very dissatisfied (Likert 
score 1–2), neutral (3), somewhat to very satisfied (4–5) with the service or expressed that they ‘do not remember or did not receive the 
service’ at all (6–7). The median (and interquartile range) Likert score is shown above each bar.

Fig. 5. GCA results (ρ* = 0.2548, τ = 0.4683).
Legend: �On the right, a graph is presented of the largest differences in 3 groups, i.e. group E, H and C using the gradational sorting method.
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27.9% of survivors reporting they received no guidance on 
managing post-sepsis life [23].

In the RehaSep trial, the Life After Sepsis Survey was adapted 
and utilised as a novel clinical trial tool not only to detect 
specific problems in several physiological and physical functions 
after sepsis, but also to assess the impact of two distinct, 
multiparameter-monitored rehabilitation interventions on the 
quality of life of sepsis survivors. This initiative marked the first 
application of the survey in a clinical trial, offering a detailed 
evaluation of the rehabilitation model’s efficacy. The trial’s 
outcomes demonstrated significant improvements (p < 0.05) across 
a majority of the measured physiological and physical domains, 
validating the utility of the survey in capturing meaningful changes 
in the survivors’ quality of life and underscoring the effectiveness 
of personalised rehabilitation approaches.

In both the research conducted by Huang et al. and our study, 
sepsis survivors consistently reported experiencing a range 
of psychological challenges, such as anxiety, depression, 
fatigue and sleep disturbances. Huang et al. found that nearly 
half (49.7%) of the participants were dissatisfied with the 
psychological counselling provided during their hospital stay, 
and a significant portion (26.7%) either did not recall receiving 
any psychological support or confirmed they had not received 
such support at all [23].

These findings resonate with our observations, noting that 
the psychological aftermath of sepsis emerged as a significant 
concern among survivors. The prevalent dissatisfaction with 
psychological support underscores a critical gap in the holistic 
care of sepsis survivors, highlighting the necessity for integrated 
mental health services in post-sepsis care protocols. Our study 
further substantiates the need for comprehensive support systems 
that address not only the physical but also the mental health 
challenges faced by sepsis survivors, ensuring a more rounded 
recovery process.

In the present research, a substantial 90% of sepsis survivors did 
not receive specialised psychological care post-hospitalisation. 
Despite this, the integrative and personalised approach of the 
RehaSep trial, which combined coordinated care with monitored, 
tailored therapy, led to notable improvement in mental health 
outcomes. Statistically significant reductions in anxiety, fatigue 
and feelings of depletion were observed (p < 0.05), alongside 
enhanced sleep quality in both intervention groups. Particularly 
in the E group, participants reported a significant decrease in 
feelings of overwhelming anxiety and helplessness (p < 0.05), 
demonstrating the potential of targeted physical rehabilitation 
to positively impact psychological well-being.

Our findings expose a critical gap in the educational aspect 
of sepsis care. A majority  of patients (56.7%) lacked a clear 
understanding of their condition upon hospital discharge, and 
70% were not briefed on post-sepsis self-care, underscoring an 
urgent need for comprehensive patient education on the sepsis 

These tools are used by experts for their broad applicability and 
have been widely supported as the most suitable for evaluating 
health-related quality of life in diverse patient populations, 
including those recovering from sepsis [27–29]. However, these 
instruments were developed based on general population norms 
and without direct input from sepsis survivors, raising concerns 
about their suitability and sensitivity in capturing the unique and 
multifaceted sequelae of sepsis [30, 31].

The core issue with these standardised measures lies in their 
limited ability to reflect specific, often complex, post-sepsis health 
issues. They may not adequately capture the nuanced changes 
in quality of life that are particular to sepsis recovery, such as the 
lingering effects of organ dysfunction, the psychological impact 
of prolonged ICU stays and long-term rehabilitation needs [8, 
32]. This disconnect highlights a critical gap in the post-sepsis 
care continuum, on which the tools used to measure recovery 
outcomes may not fully align with the actual experiences and 
challenges faced by sepsis survivors.

König et al. [32], through collaborative research on 15 sepsis 
survivors, identified 11 crucial domains for assessing QoL post- 
-sepsis. Their findings revealed that only 4 of these domains – 
psychological impairment, fatigue, physical impairment and coping 
with daily life activities – are somewhat covered by established 
tools such as the SF-36 or EQ-5D. Nonetheless, a significant 
oversight was underscored in the study, as seven key domains, 
namely Return to normal living, Mobility, Cognitive function, Self- 
-perception, Autonomy, Family support and Quality of healthcare 
delivery were absent from these conventional instruments.

This discrepancy points to a broader issue in the post-sepsis 
assessment landscape, for  which the depth and breadth of 
survivors’ experiences are not fully captured. Similar critiques 
have been echoed by other researchers [33, 34], who have 
noted the inadequacy of generic questionnaires in reflecting 
the multifaceted challenges faced by sepsis survivors. These 
instruments, while useful in general health assessments, fall 
short in addressing the specific, often long-term repercussions of 
sepsis, including cognitive decline, diminished physical abilities, 
altered self-identity and the need for strong support systems as 
well as healthcare interactions.

Critical care research has traditionally prioritised reducing mortality 
rates in sepsis survivors [35–37]. However, the broader impact 
of sepsis, encompassing both physiological and psychological 
dimensions, has received less attention. The lived experiences of 
sepsis survivors has only been delved into in a limited number of 
studies, employing interviews with patients and their caregivers to 
uncover the unique challenges encountered post-sepsis [34, 38, 39]. 
Notably, a substantial study involving 1,731 Life After Sepsis 
Surveys from participants across 41 countries unveiled significant 
ongoing difficulties in physiological and physical functions, 
alongside psychological adversities post-sepsis. In this study, 
widespread dissatisfaction with hospital support services and 
a notable gap in post-sepsis education were highlighted, with 
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that can be adapted to individual patient needs, providing a more 
nuanced and patient-centric form of evaluation and care.

The alignment of our work with that of Born et al. (2023) [47], who em-
phasized the need for early, needs-specific rehabilitation and enhanced 
post-sepsis education, further corroborates the necessity for a para-
digm shift in post-sepsis care. The RehaSep trial not only adhered to 
these principles but also set a precedent by demonstrating substantial 
QoL improvements through personalised rehabilitation and after care.

Moreover, our findings and methodologies are in accordance with 
the resolutions put forward by the World Health Organization 
(WHO) and the World Health Assembly (WHA; Reinhart et al., 
2017) [9], advocating for global standards in sepsis management 
that prioritise improved survivor outcomes. Our project’s success 
in enhancing the QoL of sepsis survivors is a testament to the 
potential efficacy of these international guidelines when applied 
through personalised, patient-centric care frameworks.

CONCLUSIONS
The RehaSep trial has validated the personalised rehabilitation 
model, incorporating aerobic and functional training alongside 
intermittent hyperbaric oxygen therapy, as a substantial enhancer 
of life quality among sepsis survivors. This model’s success in the 
trial underscores its potential for broader application and suggests 
that such tailored rehabilitation strategies should be integrated 
into standard post-sepsis care practices.

Additionally, the Life After Sepsis Survey emerged as a pivotal 
tool in our study, demonstrating its effectiveness in capturing the 
challenging aspects of sepsis survivors’ experiences. Its ability to 
assess both the quality of life and therapeutic impact of interventions 
makes it a valuable resource for clinicians and researchers alike. The 
survey’s detailed insights into the multifaceted challenges faced 
by survivors post-sepsis advocate for its widespread adoption in 
future sepsis research and clinical evaluations.

Moving forward, it is imperative to expand upon the foundational 
work of the RehaSep trial. Future studies should be aimed at involving 
larger and more diverse patient populations, exploring the long-term 
sustainability of rehabilitation outcomes and further refining the 
intervention models based on comprehensive, real-world data. The 
ultimate goal is to enhance the post-sepsis recovery process, ensuring 
that survivors can reclaim their quality of life and thrive post-recovery.
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care continuum. The risk is especially pronounced for individuals 
with compromised immune systems, who face heightened risks 
of secondary infections and re-hospitalisation [40–44].

In our study, the beneficial role of personalised education is also 
highlighted, as the beneficial role of personalised education, 
as the majority of patients gained insight into sepsis and post- 
-discharge expectations, primarily through their involvement in 
the research project. This points to the necessity of individualised, 
clear and accessible educational interventions for sepsis survivors, 
particularly considering potential cognitive impairments post- 
-sepsis [45, 46]. Notably, participants in the E group reported 
significant improvement in memory function (p < 0.05) following 
personalised aerobic and functional training, reinforcing the 
argument for a holistic, patient-centred rehabilitation model that 
addresses both physical and cognitive recovery.

We contend that relying solely on generic QoL questionnaires such 
as the SF-36 and EQ-5D in post-sepsis assessments may lead to 
suboptimal outcomes in clinical trials. These tools, while broadly 
validated, fall short of capturing the nuanced experiences and specific 
challenges faced by sepsis survivors. Our use of the Life After Sepsis 
Survey in the RehaSep trial illustrates the value of a more targeted 
approach. This survey, tailored to the unique aspects of sepsis 
recovery, facilitates holistic evaluation of the survivors’ physiological, 
physical and psychological well-being. It emphasizes the necessity 
for rehabilitation treatments to be personalised, multidisciplinary 
and managed by professionals with expertise in sepsis care, moving 
beyond generic, primary care-based interventions [34–37, 39].

However, it is important to acknowledge the limitations of our 
study. The RehaSep trial was confined to a small cohort of 
30 patients, a constraint shaped by stringent inclusion criteria 
and challenging external conditions. Although we endeavoured to 
provide a comprehensive, multidisciplinary intervention, nutritional 
care and microbiological monitoring were not included in our 
study, highlighting a gap in addressing the gut microbiome’s role 
in sepsis recovery. The findings, indicating that only a minority 
of participants received probiotic therapy at discharge, align with 
the research results obtained by Huang et al. [23] and signal 
the immediate need to explore therapeutic options targeting 
microbiome restoration in sepsis survivors.

The RehaSep trial underwent rigorous “proof testing” in the 
real-world, challenging context of the overlapping COVID-19 
pandemic. This aspect of the study not only tested the resilience 
and adaptability of our intervention model but also demonstrated 
its effectiveness under stress, thereby validating our approach. 
QoL outcomes, while subjective compared to laboratory data, 
are crucial, as they reflect the patients’ perspectives and tangible 
impact of medical interventions on their daily lives.

The successful completion of the RehaSep trial, which led to notable 
improvement in the participants’ quality of life, reinforces our belief in 
the effectiveness of non-randomised studies for personalised medical 
care of sepsis survivors. This approach allows for tailored interventions 
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