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Synopsis

While acute survival from sepsis has improved dramatically in recent years, a large fraction of
sepsis survivors experience poor long-term outcomes. In particular, sepsis survivors have high
rates of weakness, cognitive impairment, hospital readmission, and late death. To improve long-
term outcomes, in-hospital care should focus on early, effective treatment of sepsis; minimization
of delirium, distress, and immobility; and preparing patients for hospital discharge. In the post-
hospital setting, medical care should focus on addressing new disability and preventing medical
deterioration, providing a sustained period out of the hospital to allow for recovery.
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INTRODUCTION

Short-term survival from sepsis has improved dramatically in recent years:2. As a result,
there is a growing population of sepsis survivors3. These patients frequently experience new
symptoms, long-term disability?, worsening of chronic health conditions, and increased risk
for death following sepsis hospitalization®. In light of these poor outcomes, the Society for
Critical Care Medicine has defined “post-intensive care syndrome” as new or worsening
cognitive, physical, and mental health impairments that persist beyond acute
hospitalization8. Sepsis survivors are at particularly high risk for this syndrome.

Elderly sepsis survivors experience a 10% absolute increase in moderate-to-severe cognitive
impairment relative to their own pre-sepsis rates’, and middle-aged adult patients fare
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similarly8. Elderly patients also develop an average one to two new limitations of activities
of daily living (e.g. dressing, bathing) and instrumental activities of daily living (e.g. taking
medications, managing money) around the time of sepsis hospitalization’. Rates of anxiety,
depression, and post-traumatic stress disorder are higher than population norms®-11, For
these reasons, sepsis hospitalization often represents a pivotal downturn in patients’ ability
to function independently12,

These new disabilities after sepsis represent a significant public health burden, with an
estimated 500,000 older sepsis survivors with functional impairments in the United States
and 100,00 with moderate-severe cognitive impairment3. More than one in four older
survivors is discharged to a post-acute care facilityl4. Around 40% are readmitted to the
hospital at least once in the next 90 days®. One in five survivors has a late death that is not
explained by pre-sepsis health status®.

Not all sepsis survivors experience poor long-term outcomes. Of patients surviving
hospitalization, about one-third die during the following year416, one-sixth experience
severe persistent impairments, and one-half have a good recovery. The severity of
impairments immediately after hospitalization do not correlate well with later outcomes!’
since patients have different trajectories (e.g. progressive decline versus recovery) after
sepsis18. While there are no routinely used tools to predict long-term disability after sepsis,
several factors have been associated with worse outcomes (Box 1).

Box 1

Risk Factors associated with poor long-term functional outcomes

. Burden of chronic health conditions®?

. Duration of delirium during hospitalization83
. Hearing impairment84

. Immobility

. Frailty8°

. No spouse®2

. Older age

. Pre-morbid disability8®

. Prior nursing home care
. Severity of acute illness8?
. Vision impairment84

While the long-term burdens of sepsis survivorship are increasingly recognized, the best in-
ICU, in-hospital, and post-discharge practices for improving long-term outcomes after sepsis
are still evolving. In this chapter, we review the available evidence on management strategies
to improve long-term outcomes after sepsis hospitalization.
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MANAGEMENT GOALS

In the ICU

Delirium?9, acute distress2, and immobility have each been identified as a key in-ICU factor
that is associated with long-term cognitive impairment and physical disability?122. Thus, in
addition to rapid treatment of infection and support for vital organs, the ICU treatment of
septic patients should focus on limiting exposure to these risk factors. One evidence-based
approach is the “ABCDEF” bundle?3. This is a collection of multi-disciplinary practices for
mechanically ventilated patients (Box 2) that is designed to improve long-term outcomes by
minimizing exposure to delirium, distress, and immobility. Aspects of the ABCDEF bundle,
in its entirety or paired bundled components, have been shown to double the odds of walking
and halving the odds of delirium, without a subsequent increased risk for self-extubation or
reintubation2425, Newer evidence further suggests the ABCDEF bundle as newly
conceptualized 23, when implemented effectively, is associated with more days alive, free of
delirium and coma for patients cared for in 7 community hospitals in California26,

Box 2

ABCDEF bundle and selected evidence in support of each bundle element

Bundle Element Evidence

A Assess, Prevent, and Pain is a common memory of ICU survivors®%7 and increases risk for
Manage Pain post-traumatic stress disorder'%20, When pain is routinely assess using a

validated pain scale and controlled with intravenous narcotics, sedation
can often be avoided®878840,

B Both Spontaneous Spontaneous awakening and breathing trials are associated with shorter
Awakening and duration of mechanical ventilation, better gsg/chological outcomes, and
Spontaneous significantly improved 1-year mortality®6:57.68,

Breathing Trials

C Choice of Analgesia Non-benzodiazepine sedatives are associated with less delirium?888°,

and Sedation particularlg/ in septic patients. In general, patients do better with less
sedation®90, Less sedation may be achieved by spontaneous awakening
trials, bolus versus continuous sedation, and targeting a lighter depth of
sedation®990,

D Delirium Monitoring Delirium is associated with greater mortality and cognitive
and Management impairment®191, Screening for delirium with tools such as the

Confusion Assessment Method for the ICU (CAM-ICU) can increase
recognition of delirium®%2, prompting clinicians to address driving
factors such as medications, environment and medical conditions.

E Early Mobility and Skeletal muscle wasting begins within 24 hours of critical illness>6%7,
Exercise Early mobility, including walking patients during invasive mechanical

ventilation, has been shown to be safe and effective at reducing short-
term physical disability associated with critical illness, as well as at
reducing delirium>53545455,

F Family Engagement Families are important supports for 2patients’ recovery, also experience
and Empowerment poor outcomes related to ICU careb283, Family presence on ICU rounds

and open visiting hours are associated with improved satisfaction and
communication®> 6566,

In the Hospital

Patients’ risk for poor long-term outcomes does not end upon ICU discharge. Medical care
on the ward should focus on increasing mobility, preparing patients and caretakers both
medically and emotionally for hospital discharge, and determining the most appropriate
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discharge location. Patients frequently experience muscle wasting, weakness, and dysphagia
after critical illness 27. Evaluation by physical therapists and occupational therapist can be
helpful to determine whether patients require additional inpatient rehabilitation or home
therapy, while evaluation by speech language pathologists is important to determine whether
patients require dietary modification (e.g. pureed foods, thickened liquids) or nil per os
precautions.

At present, issues of survivorship are rarely discussed during hospitalization28, Many
patients are unaware of their sepsis diagnosis?®, and even fewer are aware of the potential
long-term sequelae. Ideally, this education regarding survivorship concerns should begin in
the hospital and continue in the post-discharge setting. Fortunately, there are now many
online resources where patients and families can learn about sequelae of sepsis and critical
illnesses (Box 3).

Box 3
Selected Online Resources for Sepsis Survivorship
Website Selected information available at the site
www.sepsisalliance.org . signs/symptoms of sepsis
. description of common sequelae
D over 400 “Faces of Sepsis” — written tributes to lost loved
ones and stories of survivors
www.myicucare.org/thrive . several white-board videos for patient an families,
including videos on preparing for hospital discharge after
critical illness, post- intensive care syndrome, and wellness
after critical illness
. information on virtual and in-person peer support groups
for critical illness survivors
Www.icusteps.org . information on in-person support groups in the United
Kingdom
. informational pamphlets for patients and families,
including a guide to the ICU
www.healthtalk.org . video interviews describing patient and family experiences
of the ICU
www.icudelirium.org/patients . information about common sequelae of critical illness,
including patient testimonials
. information about the Vanderbilt ICU recovery center

After Discharge

Management of sepsis survivors in the early post-hospital period should focus on ongoing
rehabilitation, adaptation to functional impairments, emotional support for patients and
caretakers, and active surveillance and prevention of further medical deterioration. Given the
high rate of death®, disability’, and healthcare utilizationl* in sepsis survivors, it is also
important to discuss overall goals of care. Patients with pre-sepsis disability and further
decline following sepsis hospitalization may be interested in transitioning to a palliative
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focus. But, despite reduced quality of life relative to age-matched population norms30-31,
long-term sepsis survivors are often satisfied with their QOL and would undergo ICU
treatment again32—so patient-specific conversation is needed.

PHARMACOLOGIC STRATEGIES

Treatment of Sepsis

We recommend rapid treatment with broad spectrum antibiotics, fluid resuscitation, source
control, and vasopressors, in accordance with the Surviving Sepsis Campaign32 guidelines.
We support shorter antibiotic courses for patients with rapid clinical resolution and/or
improved procalcitonin level in order to minimize microbiome disruption, which in turn
increases patients’ risk for recurrent sepsis34. Using procalcitonin to tailor antibiotics
duration results in less antibiotic exposure, without increased short-term mortality. In
observational studies, increased antibiotic exposure (both the duration of treatment and the
number of drug classes) is independently associated with increased risk of recurrent
sepsis3®. So, shortened antibiotic courses may also decrease patients’ risk for recurrent
sepsis, which is the most common reason for hospital readmission in this population.
Because exposure to an increased number of drug classes is also associated with increased
risk for subsequent sepsis, it is worthwhile to consider (and attempt to avoid) exposure to
additional drug classes during the process of antibiotic de-escalation.

Stress-ulcer prophylaxis

Stress ulcer prophylaxis is widespread in the ICU, but risk of bleeding is low, and
concentrated among patients with coagulopathy or respiratory failure36. Thus, we do not
recommend stress-ulcer prophylaxis in patients without either of these risk factors, as
maintaining acidic gastric acid is a protective factor against infection. Indeed, stress ulcer
prophylaxis, in particular proton pump therapy, has been associated with increased risk for c.
difficile infection and pneumonia3’. When stress ulcer prophylaxis is indicated (for
respiratory failure or coagulopathy), we recommend H2 receptor agonists over proton pump
inhibitors, in order to minimize risk for subsequent infection.

Pharmacological Management of Pain and Agitation

Patients frequently experience pain and discomfort during the ICU. Patients were
traditionally treated with deep sedation while mechanically ventilated, but this practice has
been associated with longer duration of mechanical ventilation, higher rates of delirium,
poor long-term cognitive function, and higher long-term mortality383°. Thus, the current
standard as described in the Pain, Agitation, and Delirium guidelines (and supported by the
Surviving Sepsis Campaign Guidelines33) is to use “lighter” sedation?C. This can be
achieved by a variety of strategies, including treating pain first in conjunction with routine
pain assessments using a validated pain assessment scale (and thereby limiting need for
sedation); using intermittent rather than continuous sedation medications; using a sedation
scale (e.g. Richmond Agitation Sedation Scale) to target light levels of continuous sedation;
and performing daily awakening trials during which continuous sedative medications are
turned off and restarted only if needed?C.
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Beyond treating pain and targeting light sedation, the choice of sedative agent is also
important. Benzodiezepines have been associated with increased risk for delirium, which is
in turn associated with worse long-term outcomes. Propofol and dexmedetomidine are short-
acting continuous sedative medications that are preferred over benzodiazepines for patients
requiring continuous sedation.

Medications associated with ICU-acquired weakness

Observational studies suggest that several medications (e.g. corticosteroids,
aminoglycosides, and in particular neuromuscular blocking agents (NMB)) may exacerbate
ICU-acquired weakness through direct toxicity to nerves, muscles, or both. However, the
quality of this data is low due to confounding by indication and other methodological
limitations*1. At present, the Surviving Sepsis Campaign guidelines have a weak
recommendations for using 48 hours of NMB in patients with sepsis-induced ARDS and
Pa0,/F10, < 150 based on a 340-person, multi-center RCT showing a mortality benefit33:42,
In this study, there was no increase in ICU-acquired weakness in the NMB arm, but all
patients were deeply sedated, half of the control arm received at least one dose of NMB, and
there was no long-term follow-up of weakness. Thus, considerable equipoise remains, and
uptake of NMB has been low*3. While we await further RCT data on the safety and efficacy
of NMB from the ongoing Reevaluation of Systemic Early Neuromuscular Blockade Trial
(ROSE)*4, we prefer to reserve NMB for only the sickest patients with sepsis-related ARDS
(e.g. those with PaO,/FIO, < 75).

Medication Reconciliation and Titration

Medication reconciliation at the time of hospital discharge is particularly important for
sepsis patients, who are likely to have had multiple medication adjustments during their
hospitalization*®. Chronic medications are frequently held and forgotten, while medications
to treat acute symptoms may be continued inadverently#®-48. In a recent prospective study,
24% of patients who were prescribed an atypical antipsychotic for acute delirium during
critical illness had the medication continued at discharge—despite a black-box warning for
long-term use and scant evidence that atypical antipsychotics are helpful for acute
symptoms*®. Beyond getting the medication list correct, it is important to consider that the
dosages of chronic medications may need to be adjusted as a result of physiologic changes
during sepsis hospitalization (e.g. reduced muscle mass or decline in glomerular filtration
rate).

NON-PHARMACOLOGIC STRATEGIES

ICU Diaries

ICU diaries are written accounts of a patient’s hospitalization, typically created by bedside
nurses and family members. They describe the hospital course in lay terms and often include
drawings or photographs, helping patients to understand what transpired while they were
sedated. Providing a diary at one month is associated with lower rates of PTSD in patients
and relatives at 3 months®9°1, While diaries are provided by many hospitals in Scandinavia
and western Europe®?, they are rarely used in the United States. Describing the hospital
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course in simple terms may provide similar benefit, and is commonly included in many ICU
follow-up clinics®3.

Early Activity and Mobility

Early mobility, including progressinvely increasing a patient’s activity level to the goal of
ambulation during invasive mechanical ventilation, has been shown to be safe and effective
at reducing short-term physical disability associated with critical illness, as well as at
reducing delirium®455, Patients randomized to early mobility interventions have better
physical function at ICU and hospital discharge. They may also more likely to be discharged
directly home (43% versus 24% discharged to home, p=0.06)>*. While early mobility
interventions have not been shown to improve long-term physical function, skeletal muscle
weakness has been associated with both early and late mortality after critical illness®. Thus,
it is reasonable to suspect that the improvements in functional status at discharge do indeed
translate to better long-term outcomes.

It is important to note that the main benefit of mobility interventions seems to be the
prevention of acute muscle loss. Skeletal muscle wasting begins within 24 hours of critical
illness®, so mobility interventions must occur as soon as possible. Interventions that begin
later in the ICU stay®®, after ICU discharge®®, or after hospital discharge®? have generally
not been successful.

Cognitive Therapy

In a single-center pilot feasibility study, ICU survivors randomized to cognitive and physical
rehabilitation showed improved executive functioning by three months51. However, another
single-center pilot study testing a multi-faceted intervention including early cognitive
therapy delivered twice a day during the ICU found no difference in cognitive function at
three months82. Larger studies are needed to assess early and later cognitive therapy.

Family Engagement

Family engagement has been recognized as an increasingly important goal in ICU care for
several reasons. First, family members often serve as surrogate decision-makers when
patients are unable to voice their own wishes. Second, families provide invaluable support
during a patient’s recovery. With increasing fragmentation of healthcare delivery, family
members may be the only people capable of placing the sepsis hospitalization within the
broader context of a patient’s overall recovery. Third, critical illness has a profound effect on
families, many of whom experience stress and depression as a result of the their caregiving
or surrogate decision-maker role29:63, Effective family engagement includes showing respect
for family’s values and goals, sharing information on a patient’s status in a timely fashion,
and actively partnering with families to develop treatment plans®4. Family presence on ICU
rounds and open visiting hours are increasingly accepted ways to incorporate families into
ICU caref5:66,

ICU Follow-up Clinics

Specialized post-1CU clinics have been proposed as a strategy for improving long-term
outcomes after critical illness®3. These clinics are common in the United Kingdom, where
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approximately one third of intensive care units run a follow-up clinic8”. Over the past few
years, there has also been growing interest in ICU follow-up clinics within the United States.
The first centers were the Critical Care Recovery Center at Indiana University and the
Vanderbilt ICU Recovery Center58, and several additional centers are now building similar
clinics. The exact organization of these clinics varies across centers, and no optimal model
has been identified’.

The evidence in support of ICU follow-up clinics is limited. The largest study to date
evaluated the impact of a self-directed physical therapy program and visits to a nurseled
follow-up clinic at 3 and 9 months®3. During the clinic visit, patients had a medication
review, discussion of their ICU course, physiological screen, evaluation for specialty
referral, a visit to their ICU, and a formal letter to their primary care physician. There was no
improvement in QOL, PTSD, depression, costs, or mortality among patients randomized to
the intervention®3. There are several possible explanations for this negative trial. The trial
enrolled unselected ICU survivors, did not formally integrate families into the intervention,
and did not see patients in clinic until 3 months after ICU discharge. Furthermore, the
medical complexity of ICU survivors may require an interdisciplinary approach, as is used
in many ICU follow-clinics®8,

SELF-MANAGEMENT STRATEGIES

Symptom Management

Patients often experience anxiety, fear, and agitation during ICU stays, but sedative
medications commonly used to treat these symptoms are associated with worse long-term
outcomes, particularly when given in high doses. There is a growing body of literature
supporting patient-controlled symptom management as an adjunct or replacement to nurse-
administered sedation. For example, in a 373-person RCT, patient-directed music therapy
resulted in reduced anxiety and reduced sedative dosing compared to usual care or noise-
cancelling headphones®. A current RCT is testing whether patient-controlled sedative
therapy with dexmedetomidine is safe and effective compared to nurse-administered
sedation’0,

Exercise and Rehabilitation

Evidence for self-directed rehabilitation is mixed. In a study of 126 ICU patients,
randomization to receiving a 6-week rehabilitation manual was associated with improved
physical function at 8 weeks and 6 months’L. However, in a study of 286 ICU patients
randomized to a 3-month rehabilitation manual coupled with referral to a nurse-run ICU
follow-up clinic showed no improvement in physical function at 6 months or 1 year. It is
possible that the benefit of self-directed rehabilitation does not persist more than a few
months. In older patients recently discharged from the hospital, self-directed exercise
programs have been associated with greater mobility, but also with an increased number of
falls—suggesting that self-directed rehabilitation programs are not without risk.
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Peer-to-Peer Support

There is a long tradition of peer support groups for chronic conditions such as cancer,
diabetes, mental health and substance disorders. Recently, peer support groups have also
been formed for critical illness survivors and families, such as ICUSteps’2 in the United
Kingdom and Society for Critical Care Medicine’s Thrive Network’3 in the United States. In
these support groups, critical illness survivors share their experiences, provide empathy, and
give and receive practical advice on navigating life with new disabilities’4. Patients and
caretakers benefit from giving and receiving support’4. These groups may also serve as a
venue to discuss the role of religion and spirituality in recovery, which are often neglected
clinicians”. While the peer-support model is appealing, the optimal structure and process of
these groups has yet to be determined.

EVALUATION, ADJUSTMENT, RECURRENCE

Evaluation

Adjustment

Recurrence

Sepsis survivors are at high risk for further medical deterioration in the weeks to months
following hospitals discharge. By three months, over 40% of older survivors are readmitted
to the hospital at least oncel® 7>, Many of these readmissions are for potentially preventable
causes—maost commonly infection, heart failure exacerbation, acute renal failure, chronic
obstructive pulmonary disease exacerbation, and aspiration pneumonial®. Thus, in addition
to addressing new disabilities, early outpatient care should focus on active screening for and
mitigating risk of these common problems.

As a result of impaired mobility, many patients are unable to continue previous activities and
hobbies. Patients may be newly dependent on spouses and family members to complete
activities of daily living, such as bathing and dressing. Because of this loss of independence,
patients may feel helpless, embarrassed, or angry22. Family members also experience
significant life changes following a loved one’s sepsis hospitalization. Family members have
new or growing responsibilities as a caretaker, and completing domestic chores that the
patient can no longer complete2®. These new responsibilities coupled with the stress of the
patient’s illness may lead family members to feel frustration, guilt, anxiety, stress, and
depression29:63, Beyond recognizing and validating patients’ and family’s experiences and
emotion, clinicians should refer interested patients and families to peer-to-peer support
groups and online resources (Box 3) where they can learn more about survivorship issues.

The most common cause of hospital readmission in sepsis survivors is infection. A full 6%
of older Americans who survive a sepsis hospitalization return to the hospital within three
months for another bout of sepsis—while nearly a quarter return for some sort of
infection®. However, on closer review of these readmissions (not merely examining the
principal diagnosis codes), as many as one-half to two-thirds of all readmissions appear to
be infection-related6.76.77.78 There is an even split between new infections and relapsed/
recurrent infections’®—suggesting that these readmissions are not merely treatment failures.
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There are many reasons for which sepsis survivors are at high risk for subsequent infection.
First, the demographic and health factors that placed patients at risk for their first episode of
sepsis are often still present. Second, sepsis is often followed by a period of relative
immune-suppression, during which time patients are at heightened risk for subsequent
infections”980. Third, as a result of both infection and its treatment, patients experience
microbiome disruption, which may further increase risk for subsequent sepsis3481,

Beyond standard infection-prevention measures (hand-washing, avoidance of sick contacts,
keeping vaccines up to date), there are no specific therapies to boost patients’ immune
system after sepsis. In the future, immune-therapy may be used to restore immune function,
while diet and probiotics may be used to restore the gut microbiome’8.

SUMMARY

While acute survival from sepsis has improved dramatically in recent years, a large fraction
of sepsis survivors experience poor long-term outcomes. In particular, sepsis survivors have
high rates of weakness, cognitive impairment, hospital readmission, and late death. To
improve long-term outcomes, in-hospital care should focus on early, effective treatment of
sepsis; minimization of delirium, distress, and immobility; and preparing patients for
hospital discharge. In the post-hospital setting, medical care should focus on addressing new
disability and preventing medical deterioration, providing a sustained period out of the
hospital to allow for recovery.
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Key Points

Acute survival from sepsis has improved dramatically in recent years,
resulting in a large population of sepsis survivors

Many sepsis survivors experience long-term sequelae of sepsis, including
weakness, cognitive impairment, frequent hospital readmission, and increased
risk for death

In-hospital care should focus on treatment of sepsis; minimizing exposure to
delirium, distress, and immobility; and preparing patients and families both
emotionally and physically for hospital discharge

Post-hospital care should focus on validating a patients’ experience, referral
to appropriate therapies (e.g. physical or speech therapy), and actively
screening for and preventing medical deterioration
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