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Summary

Past research in chronic critical illness has been effective in defining the population and identifying
unique aspects of their outcomes and resource needs, but there has been little research focused on
interventions to improve outcomes. This review discusses some research priorities that could have
immediate impact on patient outcomes. General topics include prevention or limiting the incidence
of chronic critical illness; specific topics related to patient management, such as interventions for
weaning, rehabilitation, nutrition or infections; and methods to enhance communication and end-
of-life care. In addition to specific patient management interventions, further comparative effec-
tiveness research on care settings is indicated, considering the expected growth in the patient
population and the substantial resource needs. Key words: chronic critical illness; mechanical ven-
tilation; outcomes. [Respir Care 2012;57(6):1014–1018. © 2012 Daedalus Enterprises]

Introduction

Research opportunities in the field of chronic critical
illness (CCI) are numerous. Most of the research to date

has focused on epidemiology, outcomes, and costs. This
has been effective in defining the population and some of
their problems, which is the first step in furthering re-
search interest. But little has been accomplished in design-
ing and studying interventions to improve patient outcomes
or effectively reduce costs of care. This paper will review
some research topics that should be of high priority for
investigators and funding agencies. As in any field of med-
ical research, the number of questions can be large, and it
will not be possible to consider all of them. But some
immediate issues will be reviewed in areas of prevention
through dissemination of evidence-based practices, patient
management, communication and end-of-life care, and care
settings (Table 1).

Prevention of Chronic Critical Illness

Prevention of CCI should be a priority of every ICU,
and a number of management principles have been proven
efficacious for reducing duration of ventilation and the

Shannon S Carson MD is affiliated with the Division of Pulmonary and
Critical Care Medicine, University of North Carolina School of Medi-
cine, Chapel Hill, North Carolina.

Dr Carson presented a version of this paper at the 49th RESPIRATORY

CARE Journal Conference, “The Chronically Critically Ill Patient,” held
September 9–10, 2011, in St Petersburg, Florida.

Dr Carson was partly supported by grants from the National Heart, Lung,
and Blood Institute and the National Institute of Nursing Research, and
has disclosed a relationship with RTI International.

Correspondence: Shannon S Carson MD, Division of Pulmonary and
Critical Care Medicine, University of North Carolina School of Medi-
cine, 4125 Bioinformatics Building, CB#7020, Chapel Hill NC 27599.
E-mail: scarson@med.unc.edu.

DOI: 10.4187/respcare.01910

1014 RESPIRATORY CARE • JUNE 2012 VOL 57 NO 6



likelihood of CCI. Perhaps one of the most important is
normal tidal volume in acute lung injury, which improves
mortality in addition to ventilator days and ICU stay.1

Other practices associated with reduced mortality and ICU
stay include daily interruption of sedation combined with
spontaneous breathing trials.2 Early goal directed therapy
improves mortality and reduces ICU stay in patients with
severe sepsis; multicenter trials are underway to confirm
these findings.3 Conservative fluid management in acute
lung injury reduces ventilator days,4 and prevention of
ventilator-associated pneumonia and catheter associated
line infections may also be associated with improved out-
comes.5 The difficulty lies with translation of all of these
principles into daily practice. Numerous studies indicate
that, despite the evidence base, clinicians are slow to put
them into practice.

There are evidence-based approaches to disseminating
knowledge and changing behavior of clinicians, and im-
plementation research is needed in critical care to improve
practice. A recent study by Scales and colleagues6 pro-
vides an excellent example of how multiple approaches
to dissemination can be combined in an effective inter-
vention, and their innovative study design has advanced
research in the field of implementation. Investigators
conducted a cluster-randomized pragmatic trial to assess
the benefit of a quality improvement intervention at 15
community hospitals in Ontario, Canada. ICUs were ran-
domized into 2 groups, each group receiving interventions
to improve one of 2 care practices while serving as a
control for the other group receiving the other care prac-

tice intervention. The trial consisted of 3 phases, for a total
of 6 interventions. The interventions consisted of educa-
tional outreach using telecommunications, audit and feed-
back, and reminders. During each phase they determined
the difference in the change in proportion of patients receiv-
ing each targeted care practice in the intervention ICUs,
compared with the same practice in the control ICUs. The
primary outcome of the trial was the summary of odds
ratios for all practices, calculated by pooling the ratios
of odd ratios for individual practices. Patients in ICUs
receiving active intervention were more likely to receive
the targeted care practice than those in contemporaneous
control ICUs (summary ratio of odd ratios 2.79, 95% CI,
1.00–7.74, P � .05). Greatest improvements were noted
in processes to prevent catheter related bloodstream in-
fections and assessment of decubitus ulcer risk. This
study design is complex, but the advantages are that the
infrastructure developed to improve one process of care
can be used to introduce and study multiple additional
interventions with fewer numbers of institutions and
patients.

Other practices that have the potential to reduce the
incidence of CCI are currently under study. One of the
most important is the concept of early versus late tra-
cheostomy. Early clinical trials indicated that early
tracheostomy for patients at risk for prolonged venti-
lation results in fewer ventilator days and decreased ICU
stay, despite no clear benefit in mortality.7 Recent multi-
center randomized trials have confirmed that there is
no mortality benefit for early tracheostomy, but results
for ventilator days and ICU stay are conflicting.8 They
also indicate that early prediction of prolonged mechan-
ical ventilation is challenging, so a large number of
patients in the early tracheostomy groups received tra-
cheostomies but did not need them. A similar large
multicenter randomized controlled trial has not been per-
formed in North America. However, such a clinical trial
should await further research on developing effective sys-
tems to predict prolonged mechanical ventilation. Another
informative topic would be qualitative studies asking pa-
tients how many extra days of mechanical ventilation they
would be willing to undergo to avoid a tracheostomy,
assuming there is no survival benefit, as recent trials
indicate.

Another area of future research to help reduce ICU stay
should be better approaches to the prevention or treat-
ment of delirium. It is evident that benzodiazepines, espe-
cially long-acting types, are associated with increased risk
of delirium and more ventilator days.9,10 However, more
comparisons between shorter acting sedatives, including
propofol and dexmetatomidine, are needed, and further
research into management of comfort without sedatives is

Table 1. Research Needs in Chronic Critical Illness

General Topic Research Priorities

Prevention of chronic
critical illness

Effective dissemination and implementation
of evidence-based practices

Early versus late tracheostomy
Prevention and treatment of delirium
Early ICU mobility

Management of the
chronically critically

Patient specific protocols for physical
therapy and rehabilitation

ill patient Weaning protocols
Noninvasive ventilation for weaning
Tracheostomy decannulation protocols
Prevention and treatment of nosocomial

infections
Nutrition and glucose control
Inflammation and immune exhaustion

Communication and Scheduled standardized family meetings
end-of-life care Outcome prediction and prognosis

Palliative care consultation or protocols
Decision aids

Care settings Comparative effectiveness studies
Cost-effectiveness studies
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necessary. A clinical trial is underway to study the efficacy
of antipsychotics for the treatment of delirium, and drug
development research should focus on finding alternative
agents.

The great promise of early mobility in the acute ICU
should be confirmed in additional multicenter randomized
trials.11 Special attention should be given to distinguishing
the impact of better sedative interruption/elimination from
the benefits of exercise. Early mobility is also a topic for
implementation research and cost-effectiveness studies,
which would aid ICU directors in securing the necessary
resources.

Patient Management

Many of the practices that are targets for implementa-
tion studies and quality improvement efforts in acute ICUs
to reduce the incidence of CCI are targets for refinement
and study in settings that focus on the care of CCI pa-
tients.12 Aggressive rehabilitation has been an important
cornerstone to the special care unit/long-term acute care
hospitals (LTAC) model, and many are already skilled in
mobilizing ventilated patients. However, this may not be
uniform, so dissemination efforts should be undertaken,
with research conducted to confirm effectiveness. It is
possible that the primary reason for neuromuscular weak-
ness is systemic inflammation in the acute phase of critical
illness and that active physical rehabilitation during the
CCI phase does not reverse that injury or significantly
improve outcomes. In fact, overly aggressive physical
therapy could interfere with weaning and extend the acute
care stay. More likely, there may be subgroups of CCI
patients who benefit from physical therapy more than oth-
ers, and identification of those subgroups could help direct
resource use.

Because of tracheostomies and time away from their
acute event or injuries, CCI patients do not usually need as
much sedating medication. However, pain, anxiety, and
depression are still common,13–15 and research is needed
on effective treatment regimens that are targeted to objec-
tive assessments of need. There has been some interest in
the past in stimulant medications to improve motivation of
depressed patients during weaning, but this should be stud-
ied for efficacy and potential complications. Similarly, the
prevention of delirium can be modeled on effective ap-
proaches in the acute ICU and hospital ward, but unique
needs of CCI patients may warrant specialized approaches.
The concept of cognitive rehabilitation during CCI is par-
ticularly intriguing.

Specialized care units and LTACs specialize in weaning
the CCI patient, so it is striking that there are few com-
parisons of weaning approaches.16 Many centers have

substantial experience with established protocols, so effi-
cacy studies require only organization and funding. Pro-
prietary concerns are almost certainly overrated, as every
center would benefit from what can be learned from clin-
ical trials. Aggressive weaning approaches based on daily
spontaneous breathing trials currently favored in the acute
ICU patient may be detrimental to the debilitated CCI
patient. However, the degree and length of work/rest cy-
cles of more deliberate weaning approaches are intuitive
at best. Randomized comparisons of clinical protocols
would be useful. The best clinical protocols could then be
compared to newer closed-loop ventilation modes that may
be more sensitive to the tenuous balance of strength and
load in the CCI patient. The role of noninvasive ventilation
as an adjunct to weaning protocols beyond patients with
COPD is also an important topic.

Nosocomial infections are the most common immediate
cause of death in CCI patients, so care would certainly
benefit from research into prevention and treatment of
these complications.17 While ventilator-associated pneu-
monia is surely an issue, catheter related blood stream
infections and urinary tract infections are more common.
A checklist approach to central line insertion may be help-
ful in the acute setting, and similar approaches should be
studied for insertion of peripherally inserted central cath-
eter lines and tunneled catheters in the CCI patient. Re-
search is needed on whether these lines should be changed
periodically and what type of infections can be effectively
treated through the lines. Similar protocols regarding in-
dication and timing of changes for indwelling bladder cath-
eters should also be studied.

Tracheobronchitis is common in CCI patients, but its
clinical importance, including risk of progression to ven-
tilator-associated pneumonia, is unclear. The indications
for and duration of therapy are worthy research questions.
Standard definitions and enrollment criteria should first be
established. New formulations of inhaled antibiotics may
present useful treatment options, but efficacy should be
established with assessments of complications such as an-
tibiotic resistance in individual patients and in hospital
flora. The high prevalence of multiple-drug-resistant or-
ganisms in patients admitted to LTACs warrants research
into the cost-effectiveness of routine surveillance and man-
datory isolation on admission until patient specific resis-
tance patterns are known. The value of rotating hospital
wide antibiotic regimens has not been established in acute
hospital ICUs, but this question should be studied in the
high risk LTAC setting.

The literature on proper nutrition in the acutely ill pa-
tient is complex, and although research in nutrition for
the CCI patient is most likely to be just as complicated, it
is essential.18 Along with reducing inflammation and re-
versing the catabolic state, nutrition coupled with exercise
is likely to be the primary avenue to restoring muscle
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function. Patient specific approaches that account for
where a given patient is on the continuum of acute to
chronic critical illness are needed. Parallel research on
factors associated with nutrition, such as ideal glucose
control, is also important. Ideal regimens may need to be
balanced by resource issues. For example, long-term in-
sulin infusions are impractical and possibly harmful, so
implementation of proven subcutaneous insulin regimens
should be studied for outcomes and complications. The
role and timing of nutritional supplements such as vita-
min D are topics of interest, and the role of anabolic ste-
roids is worthy of further study, since initial studies were
inconclusive.

Strong anti-inflammatory agents such as steroids, and
other agents such as non-steroidal anti-inflammatory drugs
are not clearly effective in acute lung injury or sepsis, but
observational data suggest that statin medications are as-
sociated with better survival in patients with sepsis.19,20

Randomized trials are underway to assess the efficacy of
statins to improve survival in sepsis and acute lung injury.
Regardless of the outcome of those studies (unless there is
clear harm), the efficacy of statin administration through
the phase of CCI should be studied, because current stud-
ies of statin use in the acute phase mostly employ limited
courses of therapy.

Recent data have advanced the concept that acute crit-
ical illness is associated with immune exhaustion.21 These
findings strengthen hypotheses that immune enhancement
or supplementation could improve outcomes from acute
and chronic critical illness. More basic science is needed
to identify potentially successful interventions, but this
represents a very important shift in focus on how patient
outcome can be impacted.

Communication and End-of-Life Care

Studies involving surrogate decision-makers for patients
with CCI have indicated that they receive insufficient in-
formation regarding prognosis and options for care.22–24

This is especially true for long-term survival and func-
tional outcomes. Further research is needed regarding
whether the gaps in understanding relate to deficiencies
in communication on the part of clinicians or to difficulties
in understanding by the surrogates. Regardless, there ap-
pears to be ample need for effective interventions to im-
prove communication between clinicians and patients
and their surrogates.25 Improvements in existing models
of outcome prediction are necessary, especially for pre-
dicting functional outcomes in long-term survivors. A
multicenter randomized trial is underway to determine if
additional support and information provided by clinicians
trained in palliative care can improve patient- and family-

centered outcomes. A pilot study will soon be published sug-
gesting that such outcomes can be improved with the use of
a decision support tool targeted to individual patients requir-
ing prolonged mechanical ventilation.26 This should be con-
firmed in a larger multicenter clinical trial.

Evidence has been increasing on the benefit of palliative
care medicine for patients with advanced illnesses who are
at the end of life.27,28 Importantly, palliative care can im-
prove patient-centered outcomes, even when patients are
not at the end of life. There is clearly a role for palliative
care specialists and protocols in any care setting for pa-
tients with CCI, considering their high symptom burden
and high mortality. It will be quite some time before there
are enough palliative care specialists available to consult
on every CCI patient, much less all of the other hospital-
ized patients and out-patients with symptomatic advanced
conditions. In the meantime, palliative care specialists
should be recruited to help design protocols and educa-
tional interventions for bedside nurses and clinicians that
can be studied for impact on practice patterns and patient
outcomes.

Care Settings

Ideal care settings for CCI patients will remain a topic
of interest due to their unique care needs and the high
costs associated with their management. The rehabilitation
model of care for CCI patients is well accepted, and
some evidence exists supporting this model in different
settings (LTACs and other specialized weaning centers,
dedicated units in acute hospitals, dedicated teams in
acute ICUs). Current observational studies are small, and
results of population based studies using administrative
data sets conflict with prospective observational studies.29,30

Large multicenter randomized trials would be ideal to
compare costs and outcomes in different settings, but this
would be logistically very difficult unless major payers
such as the Centers for Medicare and Medicaid Services
are committed to such a project. In the meantime, addi-
tional multicenter observational studies (using large data
sets and prospective cohorts) with advanced modeling to
adjust for patient selection should be conducted to add to
the growing literature on this topic.

Summary

Many of the existing research programs in the acute
care setting have potential to impact the field of CCI by
reducing the incidence of CCI or improving the condition
of patients as they evolve into the chronic phase of critical
illness. Research into improving dissemination and im-
plementation of evidence-based practices that reduce the
degree of organ failure or prolonged brain or muscle dys-
function could reduce the downstream burden of CCI.
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There are numerous potential interventions that could
improve the management and outcome of patients who
have developed CCI. Concentration of patients within wean-
ing facilities presents excellent opportunities to compare pro-
tocols for weaning, nutrition and glucose control, infection
control, and palliation of symptoms. Basic science research
should advance to better characterize the biological transfor-
mations in immune function, as well as muscle, brain, and
lung function. Communication of prognosis and establish-
ment of patient goals of care can be improved by exploring
different approaches to presenting and receiving information
during interactions between clinicians and surrogate deci-
sion-makers. Finally, health services research should con-
tinue attempts to provide a logical framework for efficient
systems to manage the increasing patient needs and resources
presented by CCI.
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Discussion

MacIntyre: That was a nice wrap-up
of where we need to go. There’s a lot
to do, isn’t there? If I may ask my 3
industry colleagues here, is it feasible
that you could work together to do
some of these large scale trials?

Bertuola:* We definitely would like
to get involved. We’d have to decide
what it is we want to look at.

MacIntyre: This always involves
money, but is the corporate culture in
your institutions such that an invest-
ment into looking at best practices
would be viewed as something worth-
while?

Muldoon:† We are certainly open to
talking about it, but in our previous
attempts to do clinical research we
were not able to put together the
magic 5 “P”s: physicians, patients,
place, protocols, and pesos. But that
doesn’t mean it can’t be done! As
Shannon said, there would have to be
a real coming together that we haven’t
had before.

Snyder:‡ I would like to think that
it’s hopeful. I think all the companies
talk about it. We talk about it at our
industry society meetings, that it needs
to be done. Maybe we can start look-
ing at that and see if we can cross
some of those barriers. We have al-
ready started to work with some large
university settings to try and get re-
search on the board so that we have
the expertise from the university re-
searchers to really make the projects
credible and valid. I think this is a
great springboard for us to continue to
work on that.

MacIntyre: Shannon, you brought
up trying to get propensity scores as a
poor man’s surrogate for randomized
controlled trials. It seems that there’s
a long track record that this is often
not a good idea. The ARDS Network
did a study on pulmonary artery cath-
eters versus central venous lines be-
cause Al Connor’s propensity scores
implied that we were killing people
with pulmonary artery catheters. A lot
of people argue with that, saying that
propensity scores can lead you down
the wrong path. And, sure enough, the
study found that pulmonary catheters
didn’t kill.1 They may not help, but
at least they won’t kill you. Is there
a valid role for propensity score sub-
stitution for randomized controlled
trials?

1. National Heart, Lung, and Blood Institute
Acute Respiratory Distress Clinical Trials
Network; Wheeler AP, Bernard GR, Thomp-
son BT, Schoenfeld D, Wiedemann HP,
deBoisblanc B, et al. Pulmonary-artery ver-
sus central venous catheter to guide treat-
ment of acute lung injury. N Engl J Med
2006;354(21):2213-2224.

Carson: Yes, you’re going to see
more of it because of the renewed em-
phasis on comparative effectiveness
research in everything. The patient-
centered outcomes research initiative
is part of the health care plan that is
going to fund comparative effective-
ness research, and the reality is that
most effectiveness research can only
be done in observational settings. Most
people will say that observation stud-
ies with propensity matching and other
forms of matching is hypothesis-gen-
erating; you can’t evaluate interven-
tions effectively with it: you need a
randomized controlled model for that.
But when you talk about effectiveness,
a randomized controlled model is not
practical in many settings. You have
to look carefully at what goes into the
propensity score and is it enough?

My worry from the beginning on
the propensity scoring approach was,
in both instances, you just can’t mea-
sure the sense of “does this patient

need prolonged critical care?” This can
only be done on the spot, prospec-
tively, and that would be a very dif-
ficult type of study to do. In some
settings propensity scoring matching
is very good, and in others challeng-
ing and difficult. This one I think falls
into challenging and difficult.

Snyder: As was highlighted in the
very first talk, we talked about defi-
nitions, which is a great way to start.
And as we continue down the educa-
tion continuum of CCI, it’s my hope
that we will move towards a clinical
data set. A clinical definition as op-
posed to an administrative data set,
for the reasons that you’ve highlighted,
as far as what the limitations are. I
liked the idea of the tracheostomy be-
ing a trigger point, but that’s for the
patients who are CCI on a ventilator.

I think we still need and are still
searching for the trigger to call a CCI
patient when they’re not tracheos-
tomized and not on a ventilator, and
we know that those patients definitely
exist. It’s another challenge we have
on the research side; the clinical side
is to figure out what that trigger may
be.

Our definitions are going to be im-
portant as we try to do research. In the
study from the RTI [Research Trian-
gle Institute] that you highlighted,1

what was the end point in the differ-
ence in days? What stopped the day
calculation? Was it home? Was it to a
skilled nursing facility or another post-
acute care facility?

1. Kandilov AMG, Dalton K. Utilization and
payment effects of Medicare referrals to
long-term care hospitals (LTCHs). Final Re-
port June 2011. http://www.rti.org/reports/
cms /HHSM-500-2006-00008I /PDF/
CMS_LTCH_Referral_Effects.pdf. Accessed
March 30, 2012.

Carson: I believe it was discharge
from acute care, meaning either short-
term or LTAC hospital was the end
point for measurement costs. You raise
an important question: if they’re dis-
charged from short-term acute care, is

* Lorraine Bertuola RRT, Genesis Healthcare,
Kennett Square, Pennsylvania.
† Sean R Muldoon MD MPH, Kindred Health-
care, Hospital Division, Louisville, Kentucky.
‡ Lisa Snyder MD MPH, Select Medical, Me-
chanicsburg, Pennsylvania.

RESEARCH NEEDS AND STRATEGIES FOR CHRONIC CRITICAL ILLNESS

RESPIRATORY CARE • JUNE 2012 VOL 57 NO 6 1019



the patient going to a nursing home
and receiving institutional services
there? I believe there was no differ-
ence between the groups in nursing
home days, or that it was small, by
3 days or so. I think they thought of
that and looked at it.

White: Shannon, there’s no measure
of function of a patient at the time of
discharge in the RTI database, because
it is an administrative database and
none of that information is available.
We have a small research center in the
LTAC where I work, and it really takes
a champion and somebody in that in-
stitution to drive it forward and to have
the weekly meetings and twist the arms
of the hospital into providing the
money for a research assistant. I think
it would be great if we could form a
CCI network, like the ARDS Network,
and link all of us together to define
what data we want to collect and what
questions we want to ask.

Carson: I agree, and such a network
does not have to be huge. The key is
commitment and dedication of the cen-

ters involved. And then, once you’re
up and running, you can apply for fed-
eral funding the same way an academic
hospital does. In fact, the way things
are going, with so much more focus
on effectiveness and real-world care, I
think they’d be excited to get a dedi-
cated academic-based network out in
the real-world setting. You introduced
yourself as being from an academic
LTAC: that’s what we want to hear.

Nelson: Universities are not going to
be able to do this research on their
own, and LTACs can’t do it alone.
Most CCI patients are being cared for
in LTACs, so it makes sense to have a
collaborative effort between the aca-
demic research community and the
LTAC community. Ideally, LTACs
would contribute some resources, form
an alliance with academic research-
ers, and make a commitment to a re-
search network that could seek extra-
mural funding.

Muldoon: That’s a much more do-
able first step. On the CCI front, do
we separate from or join with the

Society of Critical Care Medicine,
which is working and publishing on
something called post-intensive-care
syndrome? Are these likely to come
together or stay as separate entities,
from both a common language per-
spective and research objective?

Carson: If there are opportunities to
learn and benefit from cooperation
with others on what’s pretty much a
common cause, getting in line with
that effort could be beneficial. What
they describe in the post-acute-care
syndrome is a lot of what we’re de-
scribing here, but here there’s more
severity: the patient is still dependent
on a life support system of some
sort, and even if they get off it, they
still need considerable specialized
care.

I was struck by the data from the
Pittsburgh cohort, where the 3-month
physical limitations of patients with
short-term ventilation were still pretty
high. There are a lot of common themes
here and probably a lot that can be
beneficial for all patient groups.
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