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patients with sepsis syndromes: a pilot
randomised controlled trial

Abstract Rationale: Survivors of
sepsis syndromes have poor outcomes
for physical and cognitive function.
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Introduction

(81.8 ± 22.2 vs. 60.0 ± 29.4),
p = 0.04) and physical role
(61.4 ± 43.8 vs. 17.1 ± 34.4,
p = 0.005) for the SF-36 at 6 months
was found in the exercise group.
Physical function scores were not
significantly different between
groups. Muscle strength scores were
(51.9 ± 10.5 vs. 47.3 ± 13.6,
p = 0.24) with the standard care
mean Medical Research Council
Muscle Score (MRC) \48/60. The
mean change of Interleukin-10 increased and was significantly higher
in the exercise group (1.8 pg/ml,
180 % vs. 0.9 pg/ml, 90 %,
p = 0.04). There was no significant
difference between groups for lactate,
Interleukin-6, tumour necrosis factora, muscle strength, exercise capacity,
fat-free mass or hospital anxiety.
Conclusion: Implementation of
early physical rehabilitation can improve self-reported physical function
and induce systemic anti-inflammatory effects.
Keywords Physiotherapy 
Critical care  Exercise therapy

estimated to be between 50 and 100 cases per 100,000
people of the population in developed countries [1]. AsSepsis is defined as a powerful systemic response to sociated with this disease burden is the cost of ongoing
severe infection. The incidence of severe sepsis is disability and loss of productivity post-critical illness.

Patients with sepsis syndromes have significantly worse
outcomes particularly in the physical and cognitive domains compared to age-matched normal [2] and other
hospitalised patients [3]. A structured rehabilitation
pathway is proposed to prevent these persistent long-term
problems post-ICU discharge [4].
There is emerging evidence that early physical intervention in intensive care unit (ICU) can increase
ventilator-free days, improve peripheral and respiratory
strength, reduce length of ICU and hospital stay [5–7],
and improve long-term physical [8]. There are no randomised prospective trials specifically on the effects of
exercise in humans with sepsis. Animal models of sepsis
have indicated that physical exercise post-sepsis increased
bacterial clearance from blood and organs, decreased the
release of pro- and anti-inflammatory cytokines and improved survival [9]. Additionally, there is evidence for
preconditioning prior to the septic insult with less lung
and distal organ injury occurring following sepsis [10].
Physical training prior to sepsis prevented atrophy, lipid
peroxidation and protein oxidation in the skeletal muscles
of septic rats [11].
Retrospective cohort analysis found that increased
physiotherapy intervention in patients with sepsis resulted
in less ICU mortality [12]. In the absence of prospective
controlled trials specifically investigating early exercise
intervention in sepsis, we aimed to investigate whether
early physical rehabilitation improved physical function
and self-reported health-related quality of life and associated secondary outcomes in patients with sepsis
syndromes admitted to ICU.

hypotension not responding to fluid management) were
enrolled. Patients with head injuries, burns, spinal injuries, or multiple fractured lower limbs and those with
septic shock who were unresponsive to maximal treatment, moribund or had an expected mortality within 48 h
were excluded. Written informed consent was obtained
according to ethical guidelines. The study was approved
by The Human Research Ethics Committee at Royal
Brisbane and Women’s Hospital and the Medical Research Ethics Committee at The University of
Queensland.
Participant age, sex, co-morbidities, admission diagnoses, acute physiological and chronic health evaluation
(APACHE II) [16], Charlson comorbidity index (CCI)
[17], sequential organ failure assessment (SOFA) [18],
time on mechanical ventilation, ventilator-free days,
length of ICU and hospital stay, readmissions to ICU and
90-day mortality in hospital or home were recorded. Enrolled participants were randomised into an intervention
and standard care arm by computer generated randomisation http://www.randomization.com, using concealed
allocation (Electronic supplementary material, ESM,
Fig. S1).
ICU physical rehabilitation program

A prospective double-blinded randomised controlled trial
[13] (ACTRN 12610000808044) was conducted at a
single quaternary level, university-affiliated, general ICU
at the Royal Brisbane and Women’s Hospital, Brisbane,
Queensland, Australia. Methodology for this trial is detailed in the protocol article [13]. The study was
conducted according to CONSORT guidelines [14]. Participants, substitute decision makers, outcome assessors
and health care personnel except treating therapists were
blinded to group allocation.

Participants in the intervention arm underwent individualised early targeted physical rehabilitation program
prescribed by the ICU research physiotherapist for
30 min, one to two times daily until discharge from the
ICU within 48 h of the diagnosis of sepsis (ESM, Table
S1). Physical rehabilitation strategies included electrical
muscle stimulation (EMS), passive range of motion, active range of motion, sitting out of bed, transfers,
ambulation and other mobilisation techniques as appropriate. Targeted muscle groups for EMS were vastus
medialis, vastus lateralis, tibialis anterior and brachioradialis. A frequency of 40–45 Hz at 20–25 mA with pulse
duration at 400 ls of 12 s on and 6 s off was used. Participants in the standard care group received standard ICU
care which included physical therapy strategies provided
by the ICU physiotherapist. The physical rehabilitation
received by both groups was recorded (Fig. 1). A safety
audit was completed on patients in the intervention group
during treatment.

Study population

Primary outcomes

Participants C18 years who remained mechanically ventilated C48 h and diagnosed with sepsis [15] (C2 criteria
of a systemic inflammatory response plus proven or
strongly suspected infection), severe sepsis (sepsis plus
organ failure), or septic shock (severe sepsis with

Participants were assessed objectively for physical function using the acute care index of function (ACIF) [19]
and self-reported health-related quality of life was measured by the SF-36 medical short-form (SF-36) by
telephone at 6 months post-discharge from hospital [20].

Materials and methods

Fig. 1 Total frequency and
duration of physical
rehabilitation received by
participants in intervention and
standard care groups

Secondary outcomes

Sample size

Secondary measures included exercise capacity using the
physical functional ICU test (PFIT) [21], overall muscle
strength using the Medical Research Council Muscle
Score (MRC) [22] and psychological outcome using the
anxiety subscale of the Hospital Anxiety and Depression
Scale (HADS) [23] on discharge from ICU. Pro- and antiinflammatory activity were assessed objectively by
monitoring cytokines; Interleukin-6 (IL-6), Interleukin-10
(IL-10) and tumour necrosis factor-a (TNF-a). Blood
lactate (BL) concentration was assessed to determine
whether exercise was inducing anaerobic glycolysis. Fatfree mass (FFM) was assessed for lean tissue muscle mass
loss. Methodology for these measures is detailed in the
protocol article [13]. Reliability, validity and responsiveness in the ICU [20, 24] and sepsis population
[25, 26] for these measures are specified in the protocol
article [13].

Sample size calculations were based on physical function
outcome of ACIF using previously published minimally
clinical important differences and standard deviations
15.4 (SD 17) in an acute care trial [27]. A sample size of
35 per group (total 70) was calculated with an effect size
of 0.7 and 90 % power with a type 1 error rate of 0.05 and
0.025 with Bonferroni adjustment.
Statistical analysis
Data were analysed using intention to treat. Non-normal
data were log-transformed. Data were expressed as mean
[standard deviation (SD)] or median [inter-quartile range
(IQR)]. Single variables were compared using Student’s
t test and dichotomous outcomes were analysed using
a Chi-squared test or Fisher’s exact test as appropriate.

A mixed method ANOVA managed missing data and was
used to compare between/within groups at different time
points. If the overall model was significant, multiple
comparisons among pairs of means were analysed with
post hoc Bonferroni correction of the significance level
(p \ 0.05).

Adherence
There were no withdrawals during the conduct of the trial.
All participants adhered and remained enrolled in the
study for an average of 11.4 days. Figure 1 describes the
details of the duration and number of episodes of exercise
interventions administered to both groups.

Results

Physical function

Fifty patients (5.2 % of those screened) were recruited
with 26 and 24 participants randomised to the intervention and standard care group, respectively, during
the period December 2010 to August 2012 (ESM,
Fig. S1).

A total of 42 participants were assessed for physical
function on discharge from ICU using a t test for independent groups. Eight patients were not suitable for
assessment due to death in ICU (n = 4) and for the
presence of delirium or reduced level of consciousness
(n = 4). No differences were found in the physical
function ACIF final scores (61.1 ± 33.1 vs. 55.0 ± 24.4,
p = 0.45) and mobility scores (39.8 ± 38.2 vs.
34.5 ± 27.1, p = 0.67 (Table 2).

Demographics, ICU and hospital measures
The demographics of participants in the standard care and
intervention groups are reported in Table 1. There were
no significant baseline differences between the groups.
There was no statistical significance between groups for
duration of mechanical ventilation, ventilator-free days,
ICU and hospital length of stay, ICU readmission, ICU
and 90-day mortality and resuscitation (DNR) status
(Table 1).

Health-related quality of life
Thirty participants completed the SF-36 quality of life
survey at 6 months post-hospital discharge over the
telephone. Sixteen patients were lost to further follow-up
due to death (n = 12), non-contactable (n = 3) or

Table 1 Demographic clinical characteristics and intensive care unit and hospital measures

Age (years)
Female:male (%)
Weight (kg)
Height (cm)
CCI index
BMI (kg/m2)
APACHE II score
Sepsis category [n (%)]
Sepsis
Severe sepsis
Septic shock
SOFA score baseline
TOMV (days)
VFD (days)
ICU length of stay (days)
Hospital length of stay (days)
ICU readmission [n (%)]
ICU mortality [n (%)]
90-day-mortality [n (%)]
DNR status [n (%)]

Intervention (n = 26)

Standard care (n = 24)

62.5
8
74.50
171.4
3.0
27.9
28.0

65.5
10
79
170.3
2.0
28.1
27.0

1
6
19
11.1
8.0
20.0
12.0
41
1
3
8
9

(30–83)
(16 %):18 (36 %)
(44–130)
(10.1)
(0–8)
(17.9–52.6)
(7.6)
(3.8)
(23.1)
(73.1)
(3.2)
(4–64)
(0–24)
(4–45)
(9–158)
(2)
(6.0)
(16)
(18)

1
6
17
10.5
7.0
21.0
8.5
45
4
1
2
4

p value

(37–85)
(20 %):14 (28 %)
(50–130)
(9.2)
(0–6)
(20.5–36.2)
(6.8)
(4.2)
(25)
(70.8)
(2.5)
(2–30)
(0–26)
(3–36)
(14–308)
(8)
(2.0)
(4)
(8)

0.22a
0.71a
0.43a
0.80a
0.13
0.34
0.08
0.15

VFD ventilator-free days, ICU intensive care unit, DNR do not
Data are median (IQR), mean (SD) or n (%)
CCI Charlson comorbidity index, BMI body mass index, APACHE resuscitate
acute physiology and chronic health evaluation, SOFA sequential a Binomial regression, or Chi-squared test, ventilator-free days;
organ failure assessment, TOMV time on mechanical ventilation, from study day 1 to day 28

Table 2 Physical function, exercise capacity and muscle strength outcomes at ICU discharge according to study group
Physical function outcomes

Intervention (n = 19)
Mean (SD)

Standard care (n = 23)
Mean (SD)

p value

MRC scores (n = 42)
PFIT scores (n = 42)
ACIF final score (n = 42)
Mental status score
Bed mobility score
Transfer score
Mobility score

51.9
5.6
61.1
79.8
61.1
60.3
38.9

47.3
5.4
55.0
82.7
61.1
62.9
34.5

0.24
0.61
0.45
0.47
0.99
0.81
0.67

(10.5)
(2.1)
(33.1)
(35.8)
(32.8)
(40.1)
(38.2)

(13.6)
(1.7)
(24.4)
(31.6)
(26.1)
(31.4)
(27.1)

Data are mean (SD), independent samples t test
MRC medical research council, PFIT physical function ICU test, ACIF acute care index of function

readmitted to hospital (n = 1). An independent t test
comparison between groups found that patients in the
exercise group self-reported a significant quality of life
improvement in the domains of physical function
(81.8 ± 22.2 vs. 60.0 ± 29.4, p = 0.04) and physical
role (61.4 ± 43.8 vs. 17.1 ± 34.4, p = 0.005), compared
to those who received standard care. Patient report of
emotional role (63.6 ± 40.7 vs. 33.3 ± 45.8, p = 0.08),
vitality (45.9 ± 12.0 vs. 39.2 ± 7.7, p = 0.07) and general health (50.5 ± 11.9 vs. 41.8 ± 11.3, p = 0.06) all
showed a trend towards statistical significance. Early rehabilitation did not impact on reports of bodily pain,
social functioning or mental health (Table 3).

the MRC scale consistent with the criteria for ICUAW
[28] (Table 2).
Inflammatory biomarkers
Interleukin-6

The pro-inflammatory cytokine; IL-6 was measured on
days 1, 3, 5, and 7 upon initiation of the trial and at ICU
discharge. A reduction in IL-6 mean scores was observed
in the intervention group pre- and post-exercise across
days 1, 3, 5 and 7 but no statistically significant differences were found between groups. There was a trend
towards significance for mean change from baseline to
ICU discharge where the decrease was greater (5.2 pg/ml,
Hospital anxiety
55 % vs. 20.4 pg/ml 120 %, p = 0.07) (ESM, Table S2)
in the intervention group with a mixed model ANOVA
Thirty-five participants were able to complete the HAS
(Fig. 2).
assessment at ICU discharge. Fifteen participants were
not successful in testing due to death (n = 4), inability to
converse or delirium (n = 11). A t test for independent
Interleukin-10
groups found no statistically significant changes between
mean scores with ICU early exercise; however, a ChiThe anti-inflammatory cytokine, Interleukin-10, was
squared crosstabs found that there was a trend for a
measured on days 1, 3, 5, and 7 and at ICU discharge.
greater number of patients in the intervention group
Overall mean change of IL-10 from baseline to ICU
having low levels of anxiety (25 vs. 14 %, p = 0.09)
discharge was significantly higher in the intervention
(Table 3).
group (1.8 pg/ml, 180 % vs. 0.9 pg/ml, 90 %, p = 0.04)
(ESM, Table S2) than in the standard care group (Fig. 2).
Exercise capacity and muscle strength
Tumour necrosis factor-a
A total of 42 participants were tested for exercise capacity
and overall muscle strength at ICU discharge. No differences were found in ICU exercise capacity using the
interval PFIT score (5.6 ± 2.1 vs. 5.4 ± 1.7, p = 0.61).
Although not statistically significant, the standard care
group recorded a mean MRC score of less than 48/60 for

The pro-inflammatory cytokine, tumour necrosis factor-a,
was also measured on days 1, 3, 5, and 7 and at ICU
discharge. There were statistically significant findings
between groups from baseline to ICU discharge with a
greater percentage decrease in the standard care group

Table 3 Quality of life and anxiety outcomes according to study group
Quality of life outcome
SF-36 scores (n = 30)
Physical function
Role physical
Bodily pain
General health
Vitality
Social functioning
Role emotional
Mental health
Anxiety outcome
HAS (n = 35)
Normal
Borderline abnormal
Abnormal

Intervention (n = 11)
Mean (SD)

Standard care (n = 19)
Mean (SD)

p value

81.8 (22.2)
61.4 (43.8)
70.9 (20.7)
50.5 (11.9)
45.9 (12.0)
71.6 (37.1)
63.6 (40.7)
38.6 (11.5)
Intervention (n = 16)
Mean (SD)

60.0 (29.4)
17.1 (34.4)
64.7 (22.5)
41.8 (11.3)
39.2 (7.7)
73.7 (37.2)
33.3 (45.8)
37.3 (7.4)
Standard care (n = 19)
Mean (SD)

0.04*
0.005**
0.46
0.06
0.07
0.88
0.08
0.71
p value

9 (25 %)
1 (3 %)
6 (17 %)

5 (14 %)
6 (17 %)
8 (22 %)

0.09a

Data are mean (SD)
SF-36 short-form 36, HAS hospital anxiety scale
* p \ 0.05, ** p \ 0.01
a
Independent t test, or Chi-squared test
Fig. 2 Inflammatory biomarker
changes with early physical
rehabilitation

(2.5 pg/ml, 100 % vs. 2.5 pg/ml, 75 %, p \ 0.01) (Table groups at week 1 and reductions at ICU discharge
from baseline (4.4 vs. 2.5 %, -1.2 vs. -5.1 %, p = 0.93)
S2) (Fig. 2).
(ESM, Fig. S2b).
Fat-free mass
Percentage fat-free mass was measured at recruitment
(n = 44), week 1 (n = 32) and at ICU discharge
(n = 17). Six patients were ineligible for the use of BIS at
recruitment due to missing a limb, presence of metal
implants or peripheral or generalised oedema. Fat-free
mass increment at week 1 was noted but the groups were
not significantly different (ESM, Fig. S2a). Percentage
changes in fat-free mass showed increments in both

Safety measures
Blood lactate
Blood lactate concentrations were determined pre- and
post-exercise as a safety marker for exercise. Lactate
showed significant effects for time and decreased in both
groups over the course of the week (p = 0.04). It did not
increase post-exercise in the intervention group (ESM,
Table S3).

Vital signs
As a further measure of safety, arterial blood pressure,
heart rate, respiratory rate and oxygen saturation were
monitored during all sessions of exercise. There were predetermined alterations which would define an adverse
event [13]. No session of exercise resulted in an adverse
event.

Discussion
Early physical rehabilitation for critically ill patients with
sepsis resulted in a significant health-related quality of
life improvement in self-reported physical function and
physical role at 6 months post-hospital discharge. In addition, there were trends towards improvement in
emotional role, vitality and general health and less anxiety
on ICU discharge. There were significantly larger increases in the early exercise group for the antiinflammatory cytokine IL-10. There were no significant
effects on physical function, exercise capacity or fat-free
mass on discharge from intensive care.
Previous studies in intensive care have reported positive outcomes for general patients with a combined
intervention of early rehabilitation [5, 29, 30]. A number
of studies have not shown a difference between groups
[31, 32], but it can be noted that the group of ‘‘standard
care’’ received a high level of exercise due to existing
local practices. Our study differed, in that we investigated
a discrete group of patients with sepsis syndromes. This
group have been shown to have worse physical and
cognitive deficits than other diagnostic groups in ICU, so
there may have been more potential for improvement [2,
3]. Additionally, we provided intervention such as EMS
and passive exercise in the early stage when patients were
sedated and unable to participate in active movement. The
dose of early physical rehabilitation provided in this trial,
i.e. 30 min a day, is a feasible treatment to be delivered in
typical intensive care settings.
Specific studies have been undertaken utilising EMS
with contradictory outcomes [6] with preservation of
muscle mass found in long-stay ICU patients. Studies that
targeted patients with sepsis [33, 34] did not find
preservation of their muscle mass. However, this may
have occurred as sepsis is a systemic inflammatory disease and exercise lowers overall inflammatory activity,
hence exercising one part of the body with the other leg
serving as a control may not be effective.
Our study included a high proportion of those receiving EMS or passive exercise when patients were high
acuity, or when sedation produced a decreased level of
co-operation. This was more common early in the admission; however, some patients deteriorated and passive
manoeuvres were substituted for more active forms of

exercise. We are of the opinion that providing some form
of exercise at these stages as well as more active interventions produced a higher level of physical function
overall in the later stages as determined from the improved HrQOL. Recent studies using a deeply sedated and
mechanically ventilated experimental ICU rat model [35,
36] found preservation of muscle mass and muscle force
generation after passive mechanical loading.
In addition, a number of factors in sepsis predispose
towards greater potential loss of muscle mass and force
which were reported as secondary measures in this study.
The pro-inflammatory cytokines; Interleukin-6 and tumour necrosis factor-a, are involved in muscle
degradation, myocyte degeneration and muscle atrophy,
inhibition of protein synthesis and apoptosis [37–41].
Significant muscle wasting from bed rest occurs early in
critical illness [42], which results from increased proteolytic degradation as well as decreased protein synthesis.
The anti-inflammatory cytokine, Interleukin-10 (IL-10), is
considered to inhibit proteolysis [43]. In this study, the
rate of increase of IL-10 was twice the rate in the exercise
group. Although novel and preliminary, this may contribute to some pertinent information relating to the
mechanism underlying the effect of exercise on the systemic inflammatory response.
The ACIF score was an objective measurement used to
assess basic physical function change at ICU discharge
(short term) and the SF-36 assessed self-reported quality
of life at 6 months (long term) by telephone. As many
subjects were discharged to rural areas, a remote form of
assessment was required at 6 months during which ICU
survivors may exhibit physical- and emotional-related
difficulties [44]. Although the SF-36 indicated increased
self-reported physical function, we could not conclude
that it directly translated into demonstrably improved
physical function, as a physical function assessment or
muscle strength assessment was not performed at
6 months to confirm this. However, a self-perception of
improved physical function would assist in increasing
participation and aid recovery as per the international
classification of functioning, disability and health (ICF)
[45].
Previous studies have found a correlation between
strength and function [26, 46] in general ICU patients;
however, the timing of the assessment in our study, i.e. on
discharge from ICU, may have influenced the results. The
blinded assessor reported that, although able to complete
a simple strength assessment, patients were not able to
complete transfers due to problems with initiation of
movements. Baldwin et al. [47] noted the same difficulties
in a similar population. Deficits in motor control neural
programming may have resulted in adequate strength not
translating to efficient motor functioning, and repeating
the tests at a later date may have shown significance between groups [48]. Additionally, we did not see a
significant difference in exercise capacity (PFIT)

consistent with the limitations of this ICU exercise capacity test [49].
Patients post-sepsis have been reported to have problems with cognition, anxiety, and post-traumatic
syndromes as well as physical problems. We did not
specifically address these in this study. However, there
was a trend towards fewer patients in the intervention
group reporting severe anxiety and a trend towards a
higher score in the emotional role (SF-36). Exercise has
frequently been reported to lessen anxiety [50–52]. A
recent study has combined both physical and cognitive
interventions with no differences found [32]. Although
early cognitive intervention may aid in improving postcritical illness outcomes [53], larger numbers may be
required to demonstrate an effect.
Blood lactate concentration was used in the study as a
safety measure to ensure that exercise did not result in
clinically significant anaerobic glycolysis. Pilot data of
other secondary outcome measures of mitochondrial
DNA, muscle oxygenation and microcirculation obtained
during this main randomised trial will be reported in future manuscripts.
Limitations

outcomes due to the small sample available at 6 months
from early deaths. Basic physical function as measured by
the ACIF score was not assessed at the long-term stage.
Hospital readmission was not monitored, and there was
also a lack of baseline data on physical function, muscle
strength and exercise capacity as is the nature of a critical
care admission.

Conclusion
Early ICU exercise can moderate the detrimental effects
of sepsis. It can improve self-reported quality of life in the
physical domains and induce anti-inflammatory effects.
Further research is required to look at the detailed
mechanisms behind these effects in order to refine and
tailor approaches to physical rehabilitation in the
critically ill.
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