
Nicola Latronico
Margaret S. Herridge

Unraveling the myriad contributors
to persistent diminished exercise capacity
after critical illness

Received: 1 July 2015
Accepted: 2 July 2015
Published online: 10 July 2015
� Springer-Verlag Berlin Heidelberg and ESICM 2015

N. Latronico ())
Department of Medical and Surgical Specialties, Radiological
Sciences and Public Health, University of Brescia, Brescia, Italy
e-mail: nicola.latronico@unibs.it

N. Latronico
Department of Anesthesia, Critical Care and Emergency, Spedali
Civili University Hospital, Brescia, Italy

M. S. Herridge
University Health Network and Toronto General Research Institute,
Toronto, ON, Canada

M. S. Herridge
Interdepartmental Division of Critical Care, Institute of Medical
Sciences, Toronto, ON, Canada

M. S. Herridge
Department of Medicine, University of Toronto, Toronto, ON,
Canada

‘‘Lack of activity destroys the good condition of
every human being, while movement and methodi-
cal physical exercise save it and preserve it’’ (Plato).

In an article recently published in Intensive Care Medi-
cine [1], Cerqueira Borges and colleagues report their
results on measuring daily life physical activity levels,
muscle strength, and exercise capacity in survivors of
severe sepsis and septic shock. Measurements were taken
on the ward for 12 h after ICU discharge and then again at
3 months after discharge at the patients’ home and over a
time period of 2 days using physical activity monitors
worn by the patients. Various activities including sitting,

lying, standing, walking, and changes in body position
and energy expenditure were recorded. Values obtained
during this 2-day period were compared with those of a
control group of 50 healthy sedentary subjects. During
hospitalization, patients spent 90 % of their time lying in
bed or sitting. Physical activity improved to 3 months but
ICU patients achieved only 63 % of the walking time
compared to healthy sedentary subjects. Exercise capacity
was evaluated using the 6-min walk distance (6MWD)
test. Dominant upper (hand) and lower (quadriceps) limb
muscle strength was quantified using a digital
dynamometer, and inspiratory muscle strength was cap-
tured by measuring maximal inspiratory pressure. These
data were compared with age- and sex-matched control
reference data. Exercise capacity, limb and inspiratory
muscle strength were reduced by half compared to pre-
dicted values and improved to 70 % of predicted values
by 3 months. Therefore, even several months after dis-
charge from the hospital, the time spent in physical
activities and measured muscle strength were consider-
ably lower when compared to those of healthy people.

Similar data were obtained by Denehy and colleagues
in a prospective cohort study of 49 critically ill patients
with varied ICU admission diagnoses [2]. Twenty-four
percent of patients had significant weakness during the
ICU stay. At 2 months after discharge, participants
wearing an accelerometer for a mean of 13 h per day for
7 days spent 90 % of their time inactive and only 3 % of
their time was spent walking. The 6MWD was 64 % of
predicted normal values. Persistently diminished exercise
capacity may be a robust theme across different disease
states and not just affecting those patients after critical
illness. In a series of COPD patients suffering acute
exacerbations, patients had very low levels of physical
activity during and after hospitalization captured by
activity monitors [3]. The accuracy of these activity
monitors in detecting the time spent in walking, different
postures, counting steps, and estimating the energy
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expenditure is fairly good compared to video recording
and indirect calorimetry. Perhaps an important ‘next step’
is to better understand how to capture this persistent
reduction in exercise in a patient-centered manner. As one
example, a PROactive consortium (http://www.proactive
copd.com) is actively investigating ‘‘patient reported
outcome (PRO) tools to investigate dimensions of phys-
ical activity that are judged as being essential by patients’’
[4].

What does this study tell us? First, the authors provide
valuable, objective data to further support the persistence
of physical limitation after critical illness months after the
resolution of the aggressive and relentless muscle prote-
olysis documented in recent studies [5]; similar data have
been reported in survivors of acute lung injury even
5 years after hospital discharge [6]. Second, they confirm
that severe sepsis is an important cause of long-lasting
physical dysfunction and muscle weakness after acute
illness, as suggested by a recent official American Tho-
racic Society clinical practice guideline [7].

What does this study not tell us? It leaves unsettled
why septic patients remain so inactive and for so long.
Reasons for this may be several, as sepsis is associated
with the development of several neurologic complications
such as critical illness polyneuropathy and myopathy, and
muscle deconditioning—all of which cause muscle
weakness [8]. Sepsis is also frequently associated with
acute encephalopathy, delirium, and mood disorders and
each of these may also contribute to a decrease in
mobility [8]. Delirium and weakness can interact with
each other so that reduced mobility may be the culmi-
nation of concurrent physical and mental impairment [9].
Early exercise in the ICU is associated with reduced

occurrence of delirium [10]. Benefits of exercise on brain
health are well recognized, as regular physical activity
decreases the risk of stroke, dementia, and depression in
the general population. So perhaps we should encourage
our patients surviving the extraordinary insult of critical
illness to make a lifelong commitment to exercise, in
exactly the same way that cardiologists do with patients
after myocardial infarction. Whether exercise alone can
restore this decline in functional capacity is unclear and
individual factors that influence the severity of injury and
the innate resilience of repair play a central role as well.

Sepsis is associated with increased mortality in the ICU
and also for many years after hospital discharge [11]. The
neurological sequelae of sepsis—ICU-acquired weakness
(ICUAW) and delirium with cognitive impairment and
mood disorders—may contribute to the excess long-term
mortality that occurs after sepsis [11]. ICUAW has been
associated with increased 1-year mortality [12]. Although
outcome was influenced by myriad factors—and physical
dysfunction is no exception (Fig. 1)—in the recent
Prospective Urban Rural Epidemiology (PURE) longitu-
dinal study [13], grip strength, as simple as it is, predicted
all-cause mortality, cardiovascular and non-cardiovascu-
lar mortality, and occurrence of myocardial infarction and
stroke across a broad range of countries and spectrum of
income. So, skeletal muscle function is itself an important
determinant of health and disease.

The study by Cerqueira Borges and colleagues reminds
us that intensivists are no longer asked to simply save
patients’ lives. We are asked to minimize multisystem
morbidity; to help patients recover and/or adapt to
residual disability; and to assist families with new mood
disorders and the emotional and physical burden of
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Fig. 1 Contributors to the
persistence of diminished
exercise capacity after an
episode of critical illness.
Methodological aspects of
outcome assessment include
whether objective (i.e., manual
muscle strength, 6-min walking
distance) and/or subjective (i.e.,
health-related quality of life)
measures of muscle strength
and physical function are used,
and the method (i.e., clinical
visit or telephone interview)
and timing of assessment
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complex care delivery. Further, we need to lead and also
embrace interprofessional and interdisciplinary collabo-
ration to better understand and possibly modify the
complexity of factors that initiate and then sustain phys-
ical and cognitive dysfunction, chronic pain disorders,
sexual dysfunction, endocrinopathies, and the mental
health challenges of anxiety, depression, and post-

traumatic stress disorder [14]. We cannot do that alone.
We need to work together and to stay at the forefront. Our
patients ‘‘owe a debt to those outcomes-oriented inten-
sivists who care about full recovery’’ [15].
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