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The Intersection of Health and Critical Illness: Preservation and
Restoration
Health is a state of “physical, mental, and social well-being” (1).
Critical illness, by its nature, is a threat to all domains of health.
Envision the innumerable patients laying in ICU beds across the
world. As they fight serious illness, and their care teams rally to battle
with them, their muscles atrophy. Their cognition falters. The fabric
of their social well-being is torn apart.

Days (or weeks) later, those who survive will emerge from the
hospital, in varied states of disability, to continue their recovery. What
is the long-term fate of these survivors?Will their health—their
physical, mental, and social well-being—be restored to live and
thrive? Does long-term recovery vary by the type of serious illness
that warrants ICU admission?

These and other fundamental questions have troubled us since
Dr. Ramona Hopkins and colleagues published the experience of 55
acute respiratory distress syndrome survivors in 1999 (2). At 1 year,
78% exhibited impaired attention, concentration, memory, and/or
mental processing speed, together with impairments in physical
health, pain, and general health. Nearly half were unable to resume
usual activities or return to work.

In the decades after this wake-up call, an expansive body of
literature has substantiated impairments in three domains—physical
function, mental health, and cognition—after sepsis, respiratory
failure, and other critical illnesses (3–5). Termed post–intensive care
syndrome (PICS), this constellation of impairments after critical
illness is remarkably common, and often severe and enduring (6, 7).

However, the epidemiology of PICS often lacked insight into
patients’ baseline health before ICU admission. Given that “asteroid
strikes are rare events in our medical ICUs,” accounting for pre-ICU
health trajectory is vital to our understanding of long-term
impairments (8). Furthermore, to personalize post-ICU care, a more
mature understanding of impairments for the surgical population was
warranted.

In this issue of the Journal, Geense and colleagues (pp.
1512–1521) provide important new insights into the trajectory of
health in the year after critical illness (9). The investigators conducted
a multicenter, longitudinal, prospective cohort study. The study
enrolled adults admitted to medical and surgical ICUs from four
hospitals in the Netherlands. Patients, or their proxies, completed
baseline health questionnaires before elective surgery or during
urgent surgical or medical ICU admissions. The investigators then
obtained follow-up measures 1 year after ICU admission.
Assessments obtained in the pre-ICU and post-ICU period included
measurement of frailty, fatigue, anxiety, depression, cognition, and
quality of life. New or worsened physical function and post-traumatic
stress symptoms were assessed at 1-year follow-up.

Of 3,320 patients who completed the baseline questionnaire,
2,345 (71%) completed the 1-year questionnaire. Most patients had
an elective surgical admission (60%), whereas the remainder
experienced medical (28%) or urgent surgical (12%) admissions.
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Importantly, most patients completed the baseline questionnaire
themselves—75% of medical patients, 71% of urgent surgical patients,
and 92% of elective surgical patients.

At 1 year, 43% of the elective surgical, 58% of the medical, and
64% of the urgent surgical patients had at least one new impairment
in physical function, mental health, or cognition. The authors detailed
a number of new or worsened physical impairments at 1 year post-
ICU, ranging from weakness—the most common impairment—to
uncommon symptoms such as loss of smell and swallowing
difficulties. As may be expected, poorer pre-ICU health (e.g., anxiety,
fatigue) was associated with an increased risk of long-term
impairments. Conversely, consistent with recent work byMarra and
colleagues (10), higher education level was associated with decreased
risk of new physical, mental, or cognitive health problems.

The trajectory of impairments differed by type of admission, as
did the ability to return to work. Specifically, urgent surgical patients
experienced more new impairments across all PICS domains when
compared with elective surgical patients, who actually experienced an
improvement in physical andmental health on average. Among those
employed, 34% of the elective surgical, 43% of the medical, and 54%
of the urgent surgical patients were unable to return to full
employment.

An important limitation of the study was the administration of
baseline questionnaires during the ICU stay (by either patients or
proxies), increasing the potential for recall bias. In addition,
approximately 30% of patients were lost to follow-up. The loss to
follow-up in a study of this nature may lead to overly optimistic
estimates of recovery, as patients with severe impairments may be less
likely to respond.

Wemust now consider how these lessons fromGeense and
colleagues can help us reduce the burden of long-term impairments

and restore health after the ICU. Fortunately, opportunities to
preserve health exist across the spectrum of care (Table 1). For
example, the striking contrast between outcomes after elective and
urgent surgical ICU admissions raises questions of whether timely
ambulatory care referral paired with access to care might preempt the
development of urgent surgical indications. As for medical critical
illness, a large claims-based study found that up to 15.8% of ICU
admissions may be potentially preventable with optimal outpatient
care for so-called ambulatory care–sensitive conditions (11). Together
with public health measures, incorporated into ambulatory practice,
the opportunity exists to reduce the growing population of ICU
survivors by reducing the development of critical illness.

During ICU admission, beyond prioritizing the
implementation of the ABCDEF bundle, the findings from Geense
and colleagues harmonize well with recommendations from the
Society of Critical Care Medicine’s international consensus
conference (12, 13). As summarized in Table 1, the consensus
statement recommends the practice of functional reconciliation,
coupled with serial, screening assessments to inform post–acute
care referral and identify and rehabilitate new impairments after
discharge. The recommended screening tools include many of the
measures used in the current study, and provide an opportunity to
standardize data across sites and studies. These include the
Montreal Cognitive Assessment Test; Hospital Anxiety and
Depression Scale; Impact of Event Scale-Revised (post-traumatic
stress disorder); 6-minute-walk distance; and/or the EuroQol-5D-
5L (health-related quality of life measure).

Health policy, and bundled payments, in particular, may serve as a
catalyst to implement these recommendations. As post–acute care use
(e.g., acute rehabilitation) varies by ICU type, future investigation is
warranted to determine the optimal approach to rehabilitate identified

Table 1. Opportunities to Prevent and Mitigate the Development of Long-Term Impairments after Critical Illness

Pre-ICU strategies to prevent
critical illness

Public health measures (e.g., vaccination, masks)

Population health efforts (e.g., education, housing)

Optimize ambulatory care practices, including advance care planning, preventive measures (e.g.,
vaccination), and timely evaluation and management of ambulatory care–sensitive conditions (11)

ICU strategies Standardize communication practices during critical illness (16), including introducing the concept of
survivorship before ICU discharge

Best practices to avoid preventable invasive mechanical ventilation (e.g., appropriate use of
noninvasive positive-pressure ventilation, high-flow nasal cannula, early sepsis treatment)

Assess, prevent, and manage pain
Both spontaneous awakening trials and spontaneous breathing trials
Choice of analgesia and sedation
Delirium: assess, prevent, and manage
Early mobility and exercise
Family engagement and empowerment (e.g., ICU diary) (12)

Functional reconciliation, wherein pre-ICU functional abilities are assessed and documented at ICU
admission and reported, together with current functional abilities, during ICU to floor handoff

Post-ICU strategies Hospital discharge functional impairment screening, linked to functional reconciliation, to inform
post–acute care referral

Engage post–acute care and ambulatory care setting to conduct after discharge screening
assessment 2–4 wk after discharge

Post-ICU clinics (15)

Peer support groups
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post-ICU impairments (14). Likewise, although conceptually appealing
as a strategy to accelerate recovery, the value of post-ICU clinics and
peer support groups for survivors requires further study (15).

In conclusion, the work by Geense and colleagues clarifies
several fundamental questions of life after critical illness. By
doing so, it lays the foundation toward a more coordinated
health system designed to preserve and/or restore health through
prevention of critical illness and more effective identification
and rehabilitation of long-term impairments among survivors of
critical illness. �
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The Future of Highly Effective Modulator Therapy in Cystic Fibrosis
The success of highly effective modulator therapy (HEMT) in cystic
fibrosis (CF) now illustrates two areas of deficiency: the lack of

HEMT for younger children and for approximately 10% of the CF
population without a qualifying mutation.

Inflammation, infection, and structural changes in the CF lung
start in infancy or the early preschool years (1). Computed
tomography scans of the chest and lung clearance index
measurements are abnormal early and are not clearly associated with
infection (1). The cardinal pulmonary lesion in CF, bronchiectasis,
can be detected on chest computed tomography in up to 30–40% of
children with CF aged between 3 and 4 years old with airway
dilatation and thickening reported as early as the first fewmonths of
life (1). Linked to early inflammation are poor growth and nutrition.
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