
UCSF
UC San Francisco Previously Published Works

Title
Recovery after critical illness: putting the puzzle together—a consensus of 29

Permalink
https://escholarship.org/uc/item/6t37k723

Journal
Critical Care, 21(1)

ISSN
1364-8535

Authors
Azoulay, Elie
Vincent, Jean-Louis
Angus, Derek C
et al.

Publication Date
2017-12-01

DOI
10.1186/s13054-017-1887-7
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6t37k723
https://escholarship.org/uc/item/6t37k723#author
https://escholarship.org
http://www.cdlib.org/


REVIEW Open Access

Recovery after critical illness: putting the
puzzle together—a consensus of 29
Elie Azoulay1* , Jean-Louis Vincent2, Derek C. Angus3, Yaseen M. Arabi4, Laurent Brochard5, Stephen J. Brett6,
Giuseppe Citerio7, Deborah J. Cook8, Jared Randall Curtis9, Claudia C. dos Santos10, E. Wesley Ely11, Jesse Hall12,
Scott D. Halpern13, Nicholas Hart14, Ramona O. Hopkins15,16, Theodore J. Iwashyna17, Samir Jaber18,
Nicola Latronico19, Sangeeta Mehta20, Dale M. Needham21, Judith Nelson22, Kathleen Puntillo23, Michael Quintel24,
Kathy Rowan25, Gordon Rubenfeld26, Greet Van den Berghe27, Johannes Van der Hoeven26, Hannah Wunsch28

and Margaret Herridge29

Abstract

In this review, we seek to highlight how critical illness
and critical care affect longer-term outcomes, to
underline the contribution of ICU delirium to cognitive
dysfunction several months after ICU discharge, to give
new insights into ICU acquired weakness, to emphasize
the importance of value-based healthcare, and to
delineate the elements of family-centered care. This
consensus of 29 also provides a perspective and a
research agenda about post-ICU recovery.

Keywords: Mechanical ventilation, Sedation, Delirium,
Weakness, Intensive care, Muscular disorder, Cognitive
dysfunction, Depression, Traumatic stress

Background
Over the past 25 years there has been a burgeoning crit-
ical care literature addressing the issue of longer-term
outcomes, including survival, quality of life, morbidity,
functional status, joblessness, and costs of care for ICU
survivors [1]. Attention has also focused on ICU-
acquired weakness as a generalized neuromuscular
disorder that may dominate the longer-term trajectory,
increase ventilatory dependence, and impede survival
and ability to return to baseline functional status [2, 3].
These observations have prompted studies of mobilization
at an early stage of critical illness and post-critical illness
rehabilitation. The international critical care community
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has become increasingly aware that bed rest and
immobilization in patients with sepsis or respiratory or
multiple organ failure and post-ICU inflammatory states
are associated with skeletal muscle wasting and increased
weakness and impaired longer-term physical and neuro-
cognitive function. In this review, we seek to highlight
how critical illness and critical care (for example, sedation
practices) affect longer-term outcomes, to underline the
contribution of ICU delirium to cognitive dysfunction
several months after ICU discharge, to give new insights
into ICU acquired weakness, to emphasize the importance
of value-based healthcare, and to delineate the elements
of family-centered care. Longer-term outcomes are ana-
lyzed as the result of both the acute illness (pneumonia,
trauma, stroke, anoxic brain injury, myocardial infarction,
spinal cord injury, burn, etc.) and the critical care
experience and related burden. It is likely that most of the
deleterious effects of critical care also apply to acute care,
with regard to both the prevalence and the mechanisms
that lead to weakness, delirium, cognitive impairment,
worsening of chronic organ dysfunction, or any other
significant sequels. The severity of acute illness determines
the degree of impairment (with age and length of ICU
stay) and the chronic disease status determines the
trajectory of recovery.

Longer-term outcomes
There is no doubt that critical illness causally affects long-
term outcomes. However, additional research is warranted
to account for existing gaps and limitations in the litera-
ture. For example, age, frailty, and comorbidities are risk
factors for critical illness but also modulate its longer-
term impact. By collecting data on longer-term morbidity
without being aware of pre-existing comorbidities, studies

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Azoulay et al. Critical Care  (2017) 21:296 
DOI 10.1186/s13054-017-1887-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-017-1887-7&domain=pdf
http://orcid.org/0000-0002-8162-1508
mailto:elie.azoulay@sls.aphp.fr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


often provide a biased picture of ICU survivors. Validation
of proxy reports may be important to understand pre-ICU
status, such as the physical aspect of frailty, cognitive and
mental health, as well as psychological and social status,
and identify adequate targets for improvement [4]. Pre-
morbid physical, cognitive, and mental health status must
be considered for patients and caregivers. Studies report
that, regardless of age, appreciable numbers of survivors
of critical illness have acute severe cognitive deficits
(affecting memory, attention, processing speed, and ex-
ecutive function) that improve only slightly after several
months [5]. However, severe cognitive defects may affect
primarily the sickest critically ill patients.

ICU delirium and cognitive dysfunction
Guidelines for the management of pain, agitation, and
delirium have highlighted the need to recognize delir-
ium, an acute disorder that may be present in up to 80%
of mechanically ventilated patients. Delirium and its dur-
ation are associated with neurocognitive dysfunction and
may be associated with mortality over the first year after
critical illness [5]. However, in observational studies de-
lirium has been identified by clinicians in one-third of
cases at best [6]. The ABCDEF bundle (assess, prevent,
and manage pain, perform both SAT and SBT with
safety screens and failure criteria, adequate choice of
analgesia and sedation, delirium assessment and man-
agement, early mobility and exercise, and family
engagement and empowerment) recognizes the inter-
connectedness of cognitive, physical, and psychosocial
issues and is attracting attention to help address these
issues around recognition [7]. Data from a multi-
hospital quality improvement initiative in California
incorporating >6000 patients demonstrated a dose re-
sponse for compliance such that for every 10% increase
in compliance with the ABCDEFs, there was an
independent increase in both survival and reduction in
delirium/coma days even after adjusting for age, acute
severity of illness, and being on or off mechanical
ventilation [7].
Post-ICU psychological morbidity persists over time.

One year after ICU discharge, up to one-third of patients
have symptoms of depression [8], but pre-illness psychi-
atric history can be found in only 11–38% of patients
[9]. The link between pre-illness and post-ICU psychi-
atric disorders is not yet completely understood.

ICU-acquired weakness
Physical weakness, the ability to exercise and return to
work, is severely impaired in more than half of ARDS
survivors [3, 10]. Polyneuropathy, myopathy, and disuse
atrophy can be detected early using clinical testing and
electrophysiology, develop in approximately 25% of pa-
tients requiring prolonged mechanical ventilation, and

are associated with increased mortality [11]. Respiratory
muscle weakness, and more particularly diaphragmatic
dysfunction, has been reported in about half of patients
at the time of ICU admission and are associated with
increased mortality [12]. Ventilation-induced diaphrag-
matic dysfunction occurs in half the patients after pro-
longed controlled mechanical ventilation or ventilation
with high-level support, but can also be caused by sepsis
alone (without prolonged mechanical ventilation) [13,
14]. Diaphragmatic weakness follows muscle fiber in-
jury, atrophy, and remodeling and is associated with
asynchrony, weaning failure, prolonged ventilation,
and ICU and hospital readmission [15, 16]. Weakness
may not be documented at clinical examination a
long time after ICU discharge; however, all patients
report varying levels of perceived weakness that pre-
vents them from performing vigorous exercise [3, 10].
Studies have assessed benefits from interventions to

avoid immobilization, bed rest, and muscle atrophy.
Trials have evaluated early mobilization and rehabilita-
tion, neuromuscular electrical stimulation (NMES), cycle
ergometry, and functional electrical stimulation assisted
cycling. In an early trial by Morris et al. [17] mobility
therapy translated into reduced time to first getting out
of bed and shorter ICU and hospital length of stay. The
intervention was also associated with lower 1-year mor-
tality or readmission. In a seminal trial performed at
three ICUs, early physical and occupational therapy re-
sulted in a shorter duration of mechanical ventilation
and delirium and increased proportions of patients
returning to pre-ICU functional status or returning
home [18]. However, more recent studies have reported
a lack of clinical benefits from exercise rehabilitation or
intensive physical therapy [19–21]. One randomized trial
of 240 patients discharged from ICU found that
hospital-based rehabilitation, including increased phys-
ical and nutritional therapy plus information provision,
did not improve physical recovery or quality of life, but
improved patient satisfaction with many aspects of re-
covery [21]. However, early application of standardized
mobilization has been recently reported to be effective
in improving patients’ functional mobility at hospital dis-
charge in surgical ICU patients [21].
The role of nutritional support in reducing ICU-

acquired weakness remains unclear. One RCT indicated
an increased weakness and delayed recovery with early
parenteral nutrition [11]. Further work is needed to in-
vestigate the role of high- compared to low-dose protein
combined with active and passive mobilization during
the acute phase and post-acute phase of critical illness in
recovery [22]. Evidence is needed to reconcile the lack of
clinical benefit from nutritional interventions and the
high probability that increasing substrate (protein) may
actually enhance muscle proteolysis [23].
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Role of sedation
A major challenge in assessing shorter- and longer-term
physical and psychological morbidity in ICU survivors is
the use of early and prolonged sedation. Sedation has an
effect on time to weaning, clinician’s ability to imple-
ment early mobilization, cognitive dysfunction, health-
related quality of life (HRQOL), and mortality [24]. In
the SLEAP trial, lack of recall of ICU events was re-
ported by 26% of patients at day 28 [25]. However, delu-
sional memories that have been associated with altered
HRQOL and post-traumatic stress symptoms were
reported in 70% at day 28. In this study, lack of recall of
ICU events was independently associated with the use of
midazolam and fentanyl, but delusional memories were
not. Other studies reported variable results. Treggiari
and colleagues conducted a randomized trial indicating
that light, compared with deep sedation, reduced ICU
length of stay and duration of ventilation without nega-
tively affecting subsequent patient mental health or pa-
tient safety [26]. More studies are needed to improve
our knowledge of the merits and potential harms from
light sedation.

Pain control
Specific attention to the diagnosis, prevention, treatment,
and control of pain is a major component of high-quality
care, as pain increases physiologic stress response, nega-
tively affects HRQOL, and can become chronic. Develop-
ment of chronic pain is associated with a number of
patient-related psychological factors and predisposing fac-
tors (older age, female gender). In addition, chronic pain
depends on initial pain management and is more common
when pain lasts for a long time or is of high intensity or
uncontrolled [27, 28]. The current US opioid crisis, how-
ever, serves as a reminder of the potential for development
of opioid use disorder in the context of prolonged, pre-
scribed analgesia. The concept of eCASH (early Comfort
using Analgesia, minimal Sedatives and maximal Humane
care) was recently developed [29] wherein analgesia is
considered first, and sedation kept minimal, unless abso-
lutely necessary. Better humanity of care with improved
communication may minimize the need for sedation. At-
tention to pain control and opioid-sparing behaviors may
have the potential to decrease in ICU-acquired weakness
and delirium, but also to mitigate the opioid crisis and its
serious moral, social, and cultural impact.

Other long-term effects
In the frailest patients (such as those suffering acute
exacerbations of COPD, heart failure, and cirrhosis),
critical care illness could be a precipitating event for the
late life spiral. Persistent multisystem organ dysfunction,
persistent immune dysregulation, atrial fibrillation,
stroke, residual end-organ damage, chronic kidney

failure, exacerbation of pre-existing chronic disease, and
microbiome alterations may all contribute to the increased
morbidity and mortality of ICU survivors [30]. For
instance, persistent elevation of IL-6 and IL-10 at ICU
discharge is associated with cause-specific mortality,
chiefly from cardiovascular disease (accelerated atheroma)
and cancer [31], with persistent inflammation associated
with muscle weakness [32]. Along the same lines, the
prevalence of endocrinopathy is high after critical care
illness, with potentially long-lasting (if not indefinite)
alteration of cortisol, anterior pituitary hormones, or tar-
get organ hormones [33].

Person-centered care
Critical illness triggers existential questions and invokes
matters of spirituality—a core dimension of health accord-
ing to the World Health Organization (http://www.medizin-
ethik.ch/publik/spirituality_definition_health.htm). ICU cli-
nicians are increasingly aware of the way in which
psychological, social, cultural, spiritual, behavioral, and
economic factors influence how illness affects our lives—a
concept satirically labeled “personomics” [34]. Explicit
incorporation of personomics and patient-centered care in
educational curricula and at the bedside during direct pa-
tient care is beginning to be accorded increasing import-
ance. Many nurses, doctors, spiritual care clinicians, and
other professionals are aware of the value of presencing—-
being physically and emotionally available to patients and
families, treating them with dignity, and helping to them
address the powerlessness and the learned helplessness
they often experience. Compassion has emerged among
the most important attributes for critical care clinicians
[35]. Acts of compassion are crucial for those likely to live
as well as for the dying. Person-centered healthcare from
the perspective of the critically ill means understanding
“what matters most” to individuals not only while they are
critically ill but also afterwards, including the relative im-
portance of living independently, having a social role, be-
ing cognitively intact, being pain-free, and/or resuming
the ability to work.

Family-centered care
Family outcomes are also of paramount importance [36].
Increasing attention is being given to improving clini-
cians’ skills with regard to eliciting and exchanging infor-
mation, non-verbal communication, conflict prevention
and resolution, end-of-life care, and grief counseling.
Unfortunately, to date, the results of interventions to im-
prove family outcomes have been mixed.
In a single-center, before–after study design, a day-3

family conference reduced the number of days without
consensus between ICU clinicians and family members
and decreased ICU length of stay [37]. A multicenter, ran-
domized trial indicated that a proactive communication
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strategy that includes end-of-life family conferences and a
bereavement leaflet significantly reduces, in family mem-
bers, symptoms of anxiety, depression, and post-traumatic
stress 3 months after a patient’s death [38]. Participation of
a nurse or social worker trained for 2 days to facilitate com-
munication within the ICU team and address communica-
tion needs and conflicts has been associated with reduced
symptoms of depression at 6 months, as well as reducing
ICU length of stay and costs [39]. However, a multi-faceted,
nurse-focused, interprofessional quality improvement inter-
vention on end-of-life care proved ineffective in one of the
largest and most generalizable studies to date [40].
In a multicenter randomized clinical trial among patients

receiving 7 days of mechanical ventilation, one or two
structured family meetings led by palliative care specialists
(without formal palliative care consultation) demonstrated
no benefits, and possibly greater post-traumatic stress
symptoms in the intervention group [41]. Another trial in-
vestigated the effects of an eight-session, simulation-based
communication skills intervention for internal medicine
and nurse practitioner trainees on patient- and family-
reported outcomes. The intervention was associated with
no change in the quality of communication, but signifi-
cantly increased patient depression scores [42]. Finally,
increased rates of post-traumatic stress and depression
symptoms were found in bereaved relatives randomized to
receive a condolence letter [43]. These studies highlight
the need to better identify those family members in need
of intra and post-ICU interventions, to identify measures
of caregiver outcomes that are responsive to intervention,
and to continue to evaluate both short- and long-term out-
comes of our interventions before including them in the
standard of care. Finally, an extended family visitation pol-
icy in the ICU can be associated with reduced occurrence
of delirium and shorter length of delirium/coma and ICU
stay [44].

Multidisciplinary approaches
For the immediate future, the research agenda is rich and
challenging. Ample data on the long-term (years) adverse
effects of relatively short periods (weeks) of critical illness
are available. Additional trials based on the insights gained
should be conducted and could be designed with reason-
able equipoise. Studies to date suggest that early interven-
tions may be beneficial, and later interventions less so.
Yet, we also need to better understand whether there is a
vulnerable period during which damage could result from
an intervention being “too early”. Common definitions
need to be better developed to create a shared glossary of
terms related to ICU recovery.
Collaboration is essential between scientists and clini-

cians define the cerebral and neuromuscular complications
of critical illness in terms of the pathophysiologic and
pathobiological mechanisms. Further studies focused on

early physical therapy are needed to determine the most
appropriate target population who are most likely to bene-
fit with attention paid to the specific comorbidities or diag-
noses to facilitate risk stratification and to promote
response to treatment. Residual axonal loss should be eval-
uated in patients with critical illness polyneuropathy and
persistent physical impairment and fatigue. Altered muscle
regeneration should be examined in patients with critical
illness myopathy and persistent physical impairment and
fatigue. These collaborative efforts may lead to promising
novel treatments such as mesenchymal cell therapy [45].
Perhaps most importantly, effective interventions must

be developed, tested, and implemented, at various levels,
to improve patients’ and caregivers’ abilities to cope with
critical illness and its sequelae (prevent tissue impair-
ment, rehabilitate activity limitations, compensate limita-
tions, or adapt with reduction in quality of life). Some
evidence exists that rehabilitation should start early
during critical illness, but modalities of rehabilitation re-
main to be tested and clarified. Although additional
studies are needed to reconcile uncertainties about early
physical and occupational therapy, addressing the detri-
mental effects of immobilization and sedation is urgent
as they are already known to impair physical and cogni-
tive status. Whether weaning strategies should be
tailored based on respiratory muscle monitoring prior to
extubation requires further evaluation. More research is
needed to further document the (non)recovery of the
neuro-endocrine alterations that occur during critical
illness and on how these correlate with/affect the legacy
of an ICU stay.

Future perspectives and research agenda
In the near future, we are committed to sharing practical
strategies to increase the rigor, efficiency, and impact of
individual observational studies and randomized trials.
We are also committed to ensuring that key training and
relevant practical experiences for junior investigators,
clinical researchers, and scientists from diverse disci-
plines are encouraged to help build more and better
multicenter and multinational collaboration. In future
studies, proper use of statistical methods will be required
(i.e., informative censoring, the competing risk and
time-dependent nature of covariates, such as the occur-
rence of infection or delirium). Moreover, publicly dis-
closing adjustment models with the coefficients and the
variables used will help reconcile apparent paradoxes in
the literature. Lastly, access to data from large prospect-
ive studies for secondary analysis, single patient metaa-
nalysis, etc. may also provide additional evidence to
guide practices at the bedside. Long-term chronic pain,
addiction, and dependencies need to be studied in ICU
survivors using valid tools that help us understand pre-
dictors of ICU-related opioid dependency, and the
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complex relationship between post-ICU chronic pain
and opioid use and dependency. Moreover, multimodal
analgesic interventions to avoid ICU opioid dependency
and empirically validated psycho-social protocols to ad-
dress opioid use disorders are much needed. Also, be-
cause delirium has a longer-term impact on mortality
and cognitive function, and because drug therapy alone
will likely be insufficient to prevent or treat it fully,
priority should be given to testing on a large scale the
clinical impact of the ABCDEF bundle and the ICU
Liberation Initiative, as well as how the overall manage-
ment of the human body affects that of the brain [6].

Conclusions
Systematic post-ICU follow-up may assist patients and
family caregivers with their perspective of recovery. They
need to know what to expect, so as to understand the path
to recovery, to acknowledge uncertainties, and to be
equipped to adjust to the later sequelae. More research is
needed to help determine what interventions can usefully
be implemented in ICU follow-up clinics and the appro-
priate physical intervention programs. Furthermore, pa-
tients’ and family members’ experiences should be used to
guide effective interventions to provide the best comfort
and holistic care, to better address the needs of patients
and their families, and improve our ability to alleviate the
post-ICU burden for surviving patients and their loves
ones, as well as the grief symptoms of bereaved family
members. Finally, elements of palliative care need to be in-
tegrated early into the care of the sickest critically ill pa-
tients, whatever the goals of care, with the sole aim of
improving the ICU experience for those who are dying
and for those who will face the challenging period of post-
ICU recovery. ICU clinicians should be trained in struc-
tured communication approaches, multidisciplinary inter-
ventions to increase the emphasis on patient values for
supporting preference-sensitive decisions in the face of
uncertainty, delivery of support aids such as printed mate-
rials and diaries, and dignity-conserving care.
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