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Introduction

Owing to advancements in oncology and critical
care, the outcomes of acute respiratory failure
(ARF) among cancer patients have improved sig-
nificantly over the last three decades [1-4].
However, patients with cancer have a higher mor-
tality rate than non-cancer cohorts (50-60% vs.
30-40%) in the setting of mechanical ventilation
[2, 3, 5]. In more recent years, intensive care unit
(ICU) mortality has continued to decrease
steadily for most subtypes of cancer; however, in
recent years, mortality across patients receiving
hematopoietic stem cell transplant (HSCT) (spe-
cifically allogeneic) has plateaued [4].
Compared to other hematological malignant
(HM) conditions and most other cancers, the
HSCT population experiences a higher frequency
of ARF necessitating ICU admission [6-8].
Approximately 25% of HSCT patients require an
ICU admission within 1 year of procedure [1, 9].
The predominant cause of critical illness remains
ARF. ICU mortality in this population in the set-
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ting of ARF ranges from 50% to 70%. Higher
mortality rates are often related to the presence of
invasive fungal infections or indeterminant ARF
[10-16]. This high mortality rate is in contrast to
32% ARF mortality in the general population
requiring ventilation [17] and 56% in an immu-
nocompromised population requiring ventilation
[18]. It remains unclear whether the higher mor-
tality is predominantly due to (1) patient factors
(e.g., greater propensity for frailty), (2) disease
factors (e.g., higher severity of illness/more chal-
lenging organisms), (3) physician factors (e.g.,
preconceived perception of poor prognosis driv-
ing end-of-life conversations), (4) difference in
mechanical ventilation practices (e.g., use of
noninvasive devices), or (5) pathophysiologic
differences in ARF.

This chapter will focus on respiratory support
for the HSCT population in the setting of ARF. It
is important to highlight that determining the
cause of ARF through a safe and precise approach
is possibly one of the most important principles
in managing these patients as delays in diagnosis
or indeterminant ARF carries a high mortality
rate for this population [19-21].
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Features of Pulmonary
Complications Following HSCT

There are distinct immunologic states that occur
post-HSCT that render patients susceptible to
specific etiologies of ARF following transplant
(see Chap. 3). The differential for causes of ARF
is vast with infectious and noninfectious causes
occasionally occurring simultaneously. Knowing
the timeline following transplant, prophylactic
therapy received, type of immunosuppression,
and duration of immunosuppression is impera-
tive to inform investigative workup and approach
to empiric therapy in the setting of severe illness.
An early (0-100 days post-HSCT) and late
(roughly beyond 100 days) timeline can be used
to approach the etiology. Early can be catego-
rized as pre-engraftment (first 30 days), peri-
engraftment (within 7 days of engraftment), and
early post-engraftment (30—100 days) [15, 22]. In
a recent cohort study that assessed post-HSCT
ARF in the first year, 65% were identified as
severe, and 69% occurred in the first 100 days
following the transplant. Occasionally, ARF can
progress to the more severe form known as acute
respiratory distress syndrome (ARDS). ARDS, as
a syndrome, is intended to identify a process that
results in diffuse alveolar damage. Neutrophil
activation is a core process in ARDS; however,
despite neutropenia, ARDS is known to occur in
the HSCT population. More research is needed to
inform whether the process of ARDS is similar in
the general population compared to the HSCT
cohort. This is imperative to informing support
ventilatory care and best ICU practices for this
population.

Noninvasive and Invasive
Respiratory Support

The goal of respiratory support is to improve
patient’s oxygenation, decrease respiratory work
of breathing, and reverse any ventilation impair-
ment. Respiratory support measures could be
roughly divided into two categories: noninvasive
respiratory support and invasive mechanical ven-
tilation. Noninvasive devices may include high-

flow nasal cannula (HFNC), continuous positive
airway pressure (CPAP), and noninvasive
mechanical ventilation (NIV).

The decision between noninvasive ventilation
and upfront invasive mechanical ventilation
(IMV) involves balancing the risks associated
with coupling a patient to a ventilator and
ventilator-associated lung injury against the risk
of prolonged exposure to potentially injurious
spontaneous breathing under a noninvasive strat-
egy. Deciding between noninvasive and invasive
may also be governed by the need for more inva-
sive procedures that can be more safely executed
under invasive mechanical ventilatory settings.

Noninvasive Respiratory Support

HENC uses a heated and humidified gas, provid-
ing a wide range of FiO, (0.21-1) and maximum
flow up to 60-80 L/min. The high flows help
minimize dilution of ambient air to ensure that
the intended oxygen is delivered to the alveoli.
An additional benefit is the creation of a low pos-
itive end expiratory pressure (PEEP), mucocili-
ary clearance given the humidification, CO,
washout from the upper airways, ease of use, and
patient comfort [23]. CPAP and NIV use positive
pressure ventilation through a tight-fitting face
mask (oronasal or total face) or a helmet (plastic
hood that is secured on the neck). Modes that are
mainly used are continuous positive airway pres-
sure (CPAP only), or pressure support (PS) venti-
lation in addition to CPAP, often termed bilevel
positive airway pressure (BiPAP).

Historically, invasive mechanical ventilation
in immunocompromised patients was associated
with high mortality and was considered an unfa-
vorable approach that should be avoided [24-27].
Given that historic trials demonstrated reduced
need for intubation and mortality with an upfront
approach of noninvasive ventilation, guideline
recommendations suggested the use of noninva-
sive devices for this population. In a secondary
analysis of a large epidemiologic study of ARDS,
upfront NIV was used at a higher frequency in
immunocompromised patients compared to non-
immunocompromised patients [18]. However,
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subsequent evidence reflecting contemporary
IMV and critical care practices have not shown
the same benefit of NIV in this population.

Non-immunocompromised Patient
Population

Outside of the immunocompromised population,
there has been a surge of evidence evaluating the
comparative effectiveness of different noninva-
sive respiratory devices. A series of systematic
reviews and meta-analyses have demonstrated
that HFNC and NIV decrease the risks of intuba-
tion compared to standard oxygen therapies. In a
comparative evaluation of HFNC, face mask
NIV, and standard oxygen therapies, HFNC
decreased the need for intubation in more
severely hypoxemic patients and decreased
90-day mortality compared to face mask NIV and
standard oxygen therapy [23]. Patients under
NIV with a high tidal volume 1 h after initiation
of NIV or more severely hypoxemic patients
(PaO,/FiO, < 200 mmHg) were more likely to be
intubated. Patients with high tidal volumes on
NIV had a higher mortality rate compared to the
other modes. These findings, in general, raised
enthusiasm for the use of HFNC and concern sur-
rounding the use of NIV.

Immunocompromised Patient

Population

The EFRAIM study assessed 1611 immunocom-
promised patients with ARF and the initial
approach of respiratory support [19]. The study
evaluated the association between initial oxygen
modality and need for IMV and in-hospital all-
cause mortality. Among these patients, 54.9%
were HM, 6.7% were post-auto-HSCT, and 9.7%
were post-allo-HSCT. Factors that were associ-
ated with IMV included age, day-1 severity of
illness, day-1 PaO,/FiO,, and ARF etiology
(Pneumocystis jirovecii pneumonia, invasive pul-
monary aspergillosis, and undetermined etiol-
ogy). Factors that were associated with increased
in-hospital mortality were age, indirect admis-
sion to the ICU, day-1 severity of illness, PaO,/
FiO, < 100, and indeterminate ARF etiology.
Initial oxygen strategy was not associated with
mortality [19].

Utility of face mask NIV and HFNC has been
specifically evaluated across the general immu-
nocompromised patient population. In a multi-
center randomized controlled study (INVICTUS
trial), the outcome of early face mask NIV vs.
standard oxygen therapy in 374 critically ill
immunocompromised patients with ARF did not
reduce 28-day mortality, nor did it show any sig-
nificant benefit for other secondary outcomes
(need for intubation, severity of illness at day 3 of
ICU admission, ICU-acquired infections, dura-
tion of mechanical ventilation, and ICU length of
stay) [28].

Contemporary studies have further demon-
strated that the frequency of face mask NIV fail-
ure is not uncommon, particularly across higher
severities of illness as well as in patients with
hematologic malignancies [28]. Furthermore,
face mask NIV failure is associated with poor
outcomes [19, 29]. In the large epidemiologic
study of ARDS (LUNG SAFE study), upfront
NIV was used in 15% of cases. NIV use was not
restricted to primarily mild ARDS and was seen
across all severities of ARDS: 22.2% of mild,
42.3% of moderate, and 47.1% of patients with
severe ARDS. Increasing ARDS severity was
associated with an increased incidence of NIV
failure. Hospital mortality in patients with NIV
success and failure was 16.1% and 45.4%,
respectively. In a propensity score-matched anal-
ysis, ICU mortality was higher in patients who
received upfront NIV compared to invasively
ventilated patients with a PaO,/FiO, lower than
150 mmHg [30]. A secondary analysis of this
study focused on immunocompromised patients
demonstrated that NIV was used more frequently
as first-line respiratory support compared to the
immunocompetent population [18]. While there
may be a role for NIV in less-severe ARF, its rou-
tine role as first-line therapy for immunocompro-
mised (and non-immunocompromised) patients
has been called into question.

HENC as compared to standard oxygen ther-
apy was evaluated in a trial across 778 immuno-
compromised patients with ARF (the HIGH trial)
[31]. Forty-five percent (348/778) of patients had
an underlying hematologic malignancy with 48
auto-HSCT and 61 allo-HSCT. In this popula-
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tion, HFNC was not found to significantly
decrease intubation or 28-day mortality [31].
Finally, a more recent trial by Coudroy et al.
comparing face mask NIV to HFNC across 300
immunocompromised patients with ARF did not
show any differences in 28-day mortality between
HFNC and NIV alternating with HFNC.

Placing Research into Context
for the HSCT Patient Population
The current state of the literature does not defini-
tively recommend one noninvasive oxygen strat-
egy over another across immunocompromised
patients. It is likely that there is not a one-size-
fits-all approach to noninvasive respiratory sup-
portacross patients (HSCT, immunocompromised
nor immunocompetent). Different respiratory
phenotypes likely exist and need to be tailored to
individual patients. Currently, these phenotypes
have not been defined, but future research should
be dedicated to evaluating these. It may also be
discovered that the clusters of phenotypes trans-
verse the historic “immunocompromised vs. non-
immunocompromised” categorization and even
“hematologic oncology vs. solid tumor.”
Evidence to date has demonstrated certain risk
factors more likely to be associated with noninva-
sive respiratory failure (particularly centered
around face mask NIV but not specific to the
HSCT or immunocompromised population).
Higher severity of ARF (i.e., PaO,/FiO, < 150-
200 mmHg), number of organs failed, and large
tidal volumes 1 h after initiation have been found
to be associated with face mask NIV failure and
higher risk of death. The HACOR score is a com-
posite score that considers heart rate, pH, level of
consciousness, severity of hypoxemia, and respira-
tory rate, and when measured 1 h after NIV treat-
ment, it may predict the need for intubation [32].
For HENC, the ROX index (SaO,/FiO./respi-
ratory rate (RR)) was a tool validated to predict
HENC failure leading to IMV across patients
with pneumonia [33]. As delayed intubation by
using HFNC may be associated with higher mor-
tality [34], it is of interest to develop a decision-
making supporting tool to predict high risk of
HFNC failure. The ROX index (SpO,/FiO»/RR)
found that a score over 4.88 within 2—-12 h of

starting HFNC is associated with a lower risk of
intubation (area under the curve [AUC] of the
receiver operating characteristic [ROC] curve in
the validation cohort was 0.703 [0.616-0.790] at
6 h and 0.752 [0.664-0.840] at 12 h) [33, 35].
The ROX index performance was also evaluated
in immunocompromised patients and found a
score of 4.88 still highly associated with HFNC
failure and need for intubation but with poorer
accuracy and predictability (AUC = 0.623) [36].

Spontaneous breathing may have beneficial
physiological effects; however, an emerging area
of interest surrounds the potential harm associ-
ated with spontaneous breathing. Large swings in
intrathoracic pressure with vigorous breathing
may also be injurious to the lungs. This concept
has been labeled patient self-inflicted lung injury
and is becoming increasingly recognized as a
potential contributor to noninvasive respiratory
support failure and/or mortality [37]. Ultimately,
patients with an ARF trajectory that is about to
peak/plateau and recover are likely the ones who
would most benefit from noninvasive respiratory
support compared to those who are still on their
trajectory of worsening. Accurately identifying
this cohort has not yet been accomplished; how-
ever, patients with more protracted ARF may be
less likely to benefit from an upfront noninvasive
device. Additional considerations specific to the
HSCT population surround the need for invasive
investigations to identify the cause of ARF for
treatment to be tailored. In cases of diagnostic
uncertainty, noninvasive techniques may lead to
delays in diagnostic measures [19]. If bronchos-
copy or computed tomography (CT) scans are
necessary for the diagnostic workup and cannot
safely be performed under noninvasive respira-
tory support due to hypoxemia risk, transitioning
to IMV may be necessary to both support the
patient and facilitate these investigations.

Future Role of Noninvasive Respiratory
Support

In addition to accurately identifying sub-
phenotypes, matching noninvasive devices to
these phenotypes, predicting trajectory of ARF,
and better describing how to measure patient
self-inflicted lung injury, new noninvasive



25 Respiratory Support of the Critically Il Hematopoietic Stem Cell Transplant Patient

331

devices are currently under evaluation with
promising preliminary data. One of the greatest
challenges with face mask NIV is patient toler-
ance. Helmet is a unique interface that can couple
a patient noninvasively to NIV or CPAP using a
transparent plastic hood. An exploratory trial
evaluating helmet NIV compared to face mask
NIV demonstrated improved mortality with the
helmet interface [38]. The authors theorized that
the mortality benefit might have been attributable
to more effective PEEP application and tolerabil-
ity with helmet compared to face mask. A net-
work meta-analysis evaluated 25 trials comparing
four different oxygen modalities (HFNC, face
mask NIV/CPAP, helmet NIV/CPAP, or standard
oxygen therapy). Helmet NIV (and face mask
NIV) reduced intubation and mortality compared
to the other modalities; however, this mortality
benefit was no longer true with face mask NIV
across patients with more severe ARF (studies
with PaO,/FiO, < 200 mmHg) [39]. The
HENIVOT study was a multicenter randomized
clinical trial that randomized 109 patients with
COVID-19 and moderate to severe ARF to hel-
met ventilation for at least 48 h eventually fol-
lowed by high-flow nasal oxygen (n = 54) or
high-flow oxygen alone (n = 55). The median
days free of respiratory support within 28 days
were not significantly different between groups
(primary outcome). The helmet group had sig-
nificantly lower rate of endotracheal intubations
and higher rate of days free of invasive mechani-
cal ventilation within 28 days [40]. The option of
helmet ventilation may offer some advantages in
immunocompromised patients, but evidence is
still lacking. Currently, there are a series of ongo-
ing trials evaluating helmet compared to other
modalities, and its role in immunocompromised,
cancer, and HSCT patients has yet to be reported.

Palliative Use of Noninvasive

Respiratory Support

Noninvasive devices also serve the purpose of
buying time for decision-making about escalat-
ing to IMV. Furthermore, an important aspect of
HENC specifically is its potential role in pallia-
tive care as it provides comfort and ease of use
[41, 42].

Invasive Mechanical Ventilation

Despite being a unique population, with distinct
causes and mechanisms of severe respiratory fail-
ure pathophysiology, general ARDS categoriza-
tion, prognostication, and management are
currently generalized to the HSCT population
[43]. However, as we better understand respira-
tory phenotypes, mechanisms of ARF across neu-
tropenic/non-neutropenic  patients, and their
impact on respiratory physiology, our manage-
ment may become more precisely tailored to the
unique features of the specific patient. This is
particularly important for patients with HSCT
given the very heterogeneous causes of ARF that
can develop post-transplant.

In a secondary analysis of the EFRAIM study
evaluating the cohort that fulfilled criteria for
ARDS, 52% were HM patients, 7% and 10%
allo-HSCT and auto-HSCT [44]. ARDS of unde-
termined etiology, need for vasopressors, and
need for renal replacement therapy were inde-
pendently associated with hospital mortality.
Higher plateau pressures (Pplat), higher driving
pressures (APrs), and lower compliance (Crs)
were associated with  higher mortality.
Interestingly, ARDS severity according to the
Berlin definition, neutropenia on admission, and
the type of underlying disease were not associ-
ated with mortality. These findings highlight the
importance of striving for a sound diagnosis and
the importance of implementing lung protective
ventilation strategy in all critical care patients
including in immunocompromised patients [44].
Interestingly, the lack of association between
ARDS severities and outcome highlights the
need for tailored evaluation of ARDS categoriza-
tion in this cohort. More specifically, an observa-
tional study of HSCT patients with ARF reported
contemporary outcomes in the setting of IMV
[12]. Seventy patients from two centers, who
needed IMV within 90 days of HSCT, were eval-
uated. ICU mortality was 63%, and 90-day mor-
tality was 73%. Mortality was higher in patients
who required a longer duration of MV with 76%
mortality for those requiring MV over 14 days
and 91% mortality for those requiring MV for
more than 21 days. Most of the patients were
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intubated within 30 days of the HSCT, emphasiz-
ing the vulnerability of these patients in the pre-
and peri-engraftment phases. Allo-HSCT
(OR = 11.3), higher illness severity, and longer
interval between HSCT and MV were found to
be independently associated with higher all-
cause mortality at 90 days. This study reflects
persistent poor outcomes seen in the setting of
IMV despite contemporary ICU practices across
HSCT recipients and in particular across allo-
HSCT patients.

Above all, a question that remains surrounds
whether higher mortality in patients treated with
IMYV has a causal relation or is merely a conse-
quence of a higher burden of disease and multior-
gan involvement [16]. Once decision has been
made to intubate and to proceed with IMV, the
principles of “lung protective ventilation” should
be followed to minimize the risk of ventilator-
induced lung injury (VILI) [45-49] along with
the emphasis on meticulous care and efforts to
prevent additional complications that would act
as a “second hit” such as preventing fluid over-
load and restriction of blood products, decreasing
the risk of aspirations, adequate empiric antimi-
crobial treatment with de-escalation when appro-
priate, daily assessment of ventilation weaning,
and early mobilization [49].

Given the conflicting body of evidence
described above, when approaching an HSCT
with ARF, considerations should include: patient
severity, comfort and safety, the need for prompt
diagnostic measures and associated safety, the
different options of noninvasive support and their
efficiency as well as the local experience, optimal
timing for intubation, and implications on other
aspects of care such as chemotherapy, nutrition,
etc.

Severe ARDS Adjunctive Measures

and Extracorporeal Life Support (ECLS)
Currently, the approach to severe ARDS manage-
ment in patients with HSCT is extrapolated from
management used in the general population, with
some exceptions. In the LUNG SAFE study of
patients with ARDS, the frequency of the use of
adjunctive measures such as neuromuscular
blockade, recruitment maneuvers, prone posi-

tioning, inhaled vasodilators, high-frequency
oscillatory ventilation, and extracorporeal life
support was described. The secondary analysis
focused on immunocompromised patients dem-
onstrated that the adjuncts were used at the same
frequency in the non-immunocompromised
cohort with the exception of increased use of
neuromuscular blockade. All adjuvants lack spe-
cific high-quality trial data evaluating their use
across immunocompromised and specifically
HSCT patients.

The one adjuvant measure that has been evalu-
ated in this cohort is the use of extracorporeal life
support (ECLS). ECLS is associated with signifi-
cant health-care resource implications. Given
this, most ECLS programs aim to restrict it to
patients who would derive the greatest benefit.
Historically, ECLS was discouraged in some pro-
grams across immunocompromised patients
given their higher ARF mortality; however, with
advancements in ARF outcomes and ECLS pro-
grams, its use has been expanded to select immu-
nocompromised cohorts.

Several cohorts reported that 19-31% of
ARDS patients treated with ECLS were immuno-
compromised [50-53]. A retrospective study that
evaluated outcomes of 203 adult immunocom-
promised patients that were supported with ECLS
for moderate to severe ARDS showed that 42%
of the patients were weaned from ECLS. The
overall survival rate was 30%. However, across
all subtypes of immunocompromised patients,
those with HM had the worse outcomes; 6-month
survival varied between different immunocom-
promised groups with a 24% 6-month survival in
the HM population. ECLS-related bleeding and
nosocomial infections were frequent. A recent
diagnosis of immunocompromised state, higher
platelet counts, lower CO,, and driving pressure
were associated with better prognosis [54]. These
findings have decreased enthusiasm for the appli-
cation of ECLS across HM patients in general
and specifically in the HSCT cohort. The more
prolonged immunocompromised state, low plate-
let counts, and high frequency of indeterminate
ARDS make this cohort less favorable candidates
for ECLS. A recent cohort study of 297 patients
with cancer who underwent veno-venous extra-
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Considerations in Respiratory Support of HSCT Patients with ARF

ARF in HSCT Early Acute Acute Respiratory Distress Syndrome
Patient Hypoxemia PIF = 200 Moderate PIF = :lou
I ‘ mmHg mmHg
Assessment: Key decision making: Support: Key decision making:

1. Consider early ICU
admission

Consider timing post
HSCT to inform
differential and
mechanisms of
immunosuppression

Age, etiology, time
from transplant, type
of transplant and 2.
compatibility,
myeloablative intensity,

GVHD, adherence to -
prediction.

If no unfavorable features, consider
time limit trial of NIV/HFNC with
frequent re assessment. If post 1 hour
— Pa0,/FiO, <200 mmHg and TV > 9
cc/Kg — consider IMV. Consider ROX
index for predicting HFNC failure

1. Consider IMV — high rate of NIV failure
2. If prolonged - reflect prognosis and match expectations

Ventilatory and adjunctive management :

1.LPV

2. NMBA for settings of severe ARDS or ventilator asynchrony
3. PP for moderate-severe ARDS

ECLS candidacy to be evaluated on a case by casebasis

1. Continuous oxygen therapy
2. May consider -HFNC, early
NIV in select patients without
severe ARF, or poor
prognostic features

Shock and need for
vasopressors, AKI + RRT)|
multiorgan failure,low
Pa0,//Fi0,, NIV failure,
invasive fungal infection
and unknown ARF
etiology.

prophylactic therapy,
underlying lung disease, 3. Concentrate on early
other comorbidities. imaging and noninvasive Balance benefit of non-invasive
» diagnosis device against need to transition to
4. Consider invasive invasive ventilation to facilitate safe
diagnostic procedure if diagnostic work up
no diagnosis-balance
against risk of IMV
Features A iated
with Higher Risk of ‘
Intubation: Support:

Preventive measures:

Avoid fluid overload, restrict transfusions, reduce risk of aspiration,
adequate antibiotic therapy with de-escalation practice, daily
assessment of weaning, ICU best practice.

AKI= acute kidney injury, RRT= renal replacement therapy, NIV=
noninvasive ventilation, LFT= liver function test, CBC= complete
blood count, RR= respiratory rate, IMV= invasive mechanical
ventilation, HFNC= high flow nasal cannula, PSILI= patient self
inflicted lung injury, LPV= lung protective ventilation, NMBA=
neuromuscular blocking agent, RM-recruitment maneuver, ECLS=
extra-corporeal life support.

Fig. 25.1 Considerations in respiratory support of HSCT patients with ARF

corporeal membrane oxygenation (ECMO) for
ARF demonstrated a 27% 60-day overall sur-
vival. In a propensity score-matched analysis to
patients who did not receive ECMO, there was no
significant survival advance for treatment with
ECMO [55].

For the HSCT population, Wohlfarth et al.
studied ECLS use after allogeneic HSCT in 37
patients and found only 19% survival rate.
However, ECLS survival was higher across
patients who were cannulated more than 240 days
post-transplant [56]. In a recent meta-analysis of
ECMO use in patients with HSCT, survival rates
were similarly low (13% in hospital mortality)
[57]. Overall, data are still limited, and the
approach to consideration should be taken on a
case-by-case basis by an ECMO expert. Tools of
prognostications, such as the RESP score (for
hospital survival) and the PRESERVE score (for
6-month survival), have been created by analyz-
ing an international ECLS registry or using a
program-based cohort, respectively [52, 58].
Both recognized immunocompromised as a bad
prognostic factor. However, the RESP score was
validated in 2012 in which only 5% of the patients
were diagnosed as immunocompromised and
HSCT patients are not reported, and the

PRESERVE score was validated in 2013, report-
ing 31% of patients who were immunocompro-
mised and 9% with HM [51]. The low survival
rates, the high rate of complications, and the high
burden of ECLS raise numerous ethical questions
about their use in this cohort, and more research
is needed to inform optimal patient selection for
severe ARF. Considerations for management are
outlined in Fig. 25.1.

Conclusion

Despite significant advances both in oncology
and critical practice, post-HSCT patients are at
high risk of developing ARF. While outcomes
have improved, severe ARF is still associated
with high mortality rates. Meticulous understand-
ing of the pathophysiology, the risk factors, and
cause is essential to tailoring effective therapy—
ideally before the need for IMV. Further research
of this unique population in critical care is needed
to further our understanding of the mechanisms
and causes of ARF. This is essential to develop
studies targeted at evaluating optimal approaches
to respiratory support (invasive and noninvasive)
in this population.
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