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BACKGROUND: Noninvasive ventilation (NIV) has become more studied in immunocompro-

mised patients. However, it has not been studied in hematopoietic cell transplantation (HCT)

recipients, who have higher mortality and higher pulmonary complication rates than other immuno-

compromised patients. This population may be prone to negative effects from this treatment modal-

ity. The aim of this study was to determine whether NIV use is associated with worse outcomes in

this vulnerable patient population. METHODS: A secondary analysis of a retrospective multi-cen-

ter database was performed. Twelve pediatric ICUs across the United States enrolled HCT sub-

jects from 2009–2014 that were admitted to the pediatric ICU (PICU) with the diagnosis of

acute respiratory failure. Subjects exposed to NIV prior to intubation were compared against

those not exposed to NIV. Our primary outcome was all-cause mortality at 90 d; secondary out-

comes included ventilator-free days (VFD) at 28 d and development of pediatric ARDS.

Multivariable logistic and linear regression models were constructed using variables significant

on univariable analysis. RESULTS: Two-hundred eleven subjects were included. Of these, 82

(39%) received NIV prior to intubation. Those that received NIV prior to intubation were older

(13 vs 6 y, P < .001) and more commonly diagnosed with respiratory distress (90% vs 74%, P 5
.004). On multivariable analysis, NIV use prior to intubation was associated with a higher PICU

mortality (hazard ratio 1.51 [95% CI 1.18–2.28], P 5 .02) and fewer VFD at 28 d (b 23.50

[95% CI 26.09 to 0.91], P 5 .008). Those with NIV exposure prior to intubation also had higher

rates of development of pediatric ARDS (95% vs 78%, P 5 .001). CONCLUSIONS: In this

cohort of children post-HCT, NIV use prior to intubation was associated with worse outcomes.

The benefits and risks of NIV in this patient population should be carefully evaluated prior to

its use, and careful patient selection is crucial for its optimal utilization. Key words: hematopoietic
stem cell transplantation; noninvasive ventilation; artificial respiration; mortality; critical care;
pediatrics. [Respir Care 2022;67(9):1121–1128. © 2022 Daedalus Enterprises]

Introduction

Hematopoietic cell transplantation (HCT) is a potentially
curative therapy for a diverse array of diagnoses. Children
post-HCT, however, frequently have high rates of compli-
cations and toxicities that can limit treatment effects. In the
pediatric HCT population, pulmonary complications range
from 12–74% and are associated with high mortality.1-4

Multiple factors likely contribute to the high pulmonary
complication rate including conditioning regimens, disor-
dered immune regulation, infectious etiologies, and sys-
temic inflammation peri-engraftment. At various stages
post-HCT, there are differing mechanisms of injury, from

the initial conditioning regimens early to the later chronic
changes from fibrinolytic damage and idiopathic pneumo-
nia syndrome.5 The lung post-HCT is a vulnerable organ.
Careful consideration of supportive care is needed to miti-
gate further ongoing damage and improve survival. A large,
multi-center study examining respiratory parameters in
children post-HCT identified certain risk factors associated
with higher mortality rates.6 One such risk factor identified
was the utilization of noninvasive ventilation (NIV) in
HCT patients prior to invasive mechanical ventilation.

Noninvasive respiratory support, including bi-level posi-

tive airway pressure (BPAP) and CPAP, has been increas-

ingly utilized in both pediatric and adult critical care.7-9
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Whereas studies have demonstrated multiple beneficial

effects including decreased intubation rates and shorter length

of stays, its role in ARDS is less clear.10,11 In adults with

ARDS, there is a high rate of NIV failure, and NIV failure is

associated with worse outcomes in this population.12 Due to

this, the current European Respiratory Society and American

Thoracic Society (ERS/ATS) guidelines were not able to

make a recommendation for or against its use in de novo

acute respiratory failure.13 The pediatric literature is sparser,

with multiple single-center studies describing its utilization

and demonstrating its safety.14,15 However, a multi-center

randomized controlled trial examining early NIV in immuno-

compromised subjects demonstrated a higher mortality in the

NIV cohort.16 Whereas this study enrolled immunocompro-

mised subjects, it was, unfortunately, underpowered for the

primary outcome, and larger study of this at-risk group is

warranted. Also, a secondary analysis of the RESTORE trial

demonstrated that pre-intubation NIV was associated with

worse outcomes when compared to no pre-intubation NIV.17

Both of these studies were undertaken in immunocompro-

mised subjects and likely have significant differences from

the HCT patient population, which is predisposed to many

deleterious lung phenomena. Given the sparse pediatric data

regarding safety and timing of using NIV in the setting of pe-

diatric acute respiratory failure, we sought to investigate NIV

in a unique critically ill patient population with high mortality

rates. The objective of this study was to determine whether

NIV use prior to intubation is associated with worse out-

comes in this particularly susceptible patient population after

controlling for other important risk factors in order to add to

the growing literature about the use of NIV in immunocom-

promised children.

Methods

This was a secondary analysis of a multi-center retrospec-

tive cohort study of children and young adults that experi-

enced respiratory failure post-allogeneic HCT.6 Between

2009–2014, 12 centers contributed their 25 most recent sub-

jects. Regulatory approval was obtained at each individual

center prior to the start of data collection. Subjects were

included if they were age 1 month–21 y, had received an

allogeneic HCT for any indication, and experienced respira-

tory failure defined as the need for invasive mechanical ven-

tilation for critical illness. Patients intubated solely for

procedures and patients only requiring CPAP therapy were

excluded from study.

Demographic and transplant characteristic data were col-
lected. Diagnosis of respiratory distress, hemodynamic
instability, altered mental status, and fluid overload/renal
failure were documented if present on pediatric ICU
(PICU) admission. Granular data on vital signs and respira-
tory parameters were collected starting on the day prior to
intubation. NIV was defined as use of BPAP. Duration
of NIV was determined and reported in days. Subjects were
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categorized into those who received NIV prior to intubation
and compared to those who did not receive NIV prior
to intubation. NIV use following extubation was not consid-
ered. The primary outcome was all-cause mortality at 90 d.
Secondary outcomes included ventilator-free days (VFD)

at 28 d and development of pediatric ARDS. Both develop-
ment of pediatric ARDS and severity of pediatric ARDS
were defined using the Pediatric Acute Lung Injury
Consensus Conference (PALICC) criteria.18

Statistical Analysis

Data were summarized and distributions examined.

Nonparametric continuous variables were presented as

medians with interquartile ranges and compared with a

Mann-Whitney U test. Categorical variables were presented

as counts and frequencies. Comparisons of categorical varia-

bles were done using chi-square and logistic regression.

Multivariable logistic and linear regression models were con-

structed using variables significant on univariable analysis

(P < .05). Backward stepwise regression was utilized for

construction of multivariable models. Unadjusted and multi-

variable adjusted time-to-event analyses were performed

using Kaplan-Meier and Cox proportional hazards models,

respectively. Kaplan-Meier survival analysis was used com-

paring those who received NIV prior to intubation to those

who did not. Center effects were explored for the primary

outcome by adding center to multivariable models. A 2-tailed

P value< .05 was considered statistically significant.

Results

A total of 211 subjects, with a median age of 8.4 y (inter-

quartile range [IQR] 2.0–15.5) were included in the study.

See Figure S1 (see related supplementary materials at http://

www.rcjournal.com). Of these, 39% (n ¼ 82) received NIV

prior to intubation. There was no difference in sex, race,

underlying malignant diagnosis, or transplant characteristics

between those that received NIV prior to intubation compared

to those that did not; see Table 1. Those that received NIV

prior, however, were older (12.8 y vs 5.6 y, P < .001) and

weighed more (41.3 kg vs 21.3 kg, P < .001). Respiratory

distress was the most common diagnosis present on PICU

admission, affecting 80% of the entire cohort and was more

common in subjects that received NIV prior to intubation

(90% vs 74%, P¼ .004). Other diagnoses at PICU admission

were not different (Table S1, see related supplementary

materials at http://www.rcjournal.com). Vasoactive/inotropic

agents were utilized in more subjects that received NIV prior

to intubation (83% vs 68%, P¼ .02).

Duration of NIV was variable, with a median of 1 d
(IQR 0–5). Examining the 24 h immediately preceding
intubation, there was an increase in the percentage of sub-
jects that were exposed to NIV as the time got closer to

intubation (Fig. 1) (Table S2, see related supplementary
materials at http://www.rcjournal.com).

NIV Association With PICUMortality

PICU mortality was higher in those treated with NIV

prior to intubation (n ¼ 67, 81%) compared with those not

treated with NIV prior to intubation (n ¼ 85, 65%); P ¼
.01. Figure 2 illustrates the survival difference over time for

those that were exposed to NIV prior to intubation com-

pared to those who were not. On univariable analysis, sub-

jects with NIV exposure prior to intubation had increased

odds of PICU mortality (P ¼ .003). NIV exposure contin-

ued to be associated with PICU mortality on multivariable

analysis adjusting for age, respiratory distress at admission,

center, and vasoactive exposure (P¼ .02) (Table 2).

Time to Intubation Association With NIV and

Mortality

NIV use prior to invasive mechanical ventilation was

associated with a longer time between PICU admission and

intubation. Those exposed to NIV prior to intubation had a

median of 1 d (IQR 0–4) prior to intubation versus 0 d

(IQR 0–1) prior to intubation in those not exposed to NIV.

Longer time to intubation was also associated with

increased odds of mortality (P¼ .007).

NIV Association With Duration of Mechanical

Ventilation

Those exposed to NIV prior to intubation had fewer VFD;

median (IQR) of those with NIV prior to intubation, 0 (IQR

0), versus those without NIV exposure prior to intubation, 0

(IQR 0–19); P¼ .001. As the median is 0 in both groups, we

also report the mean (SD) to fully display the data: those with

NIV prior to intubation, 3.86 7.8 d, compared to those with-

out NIV exposure prior to intubation, 8.4 6 10.7 d. On uni-

variable analysis, exposure to NIV prior to intubation was

associated with fewer VFD at 28 d (b �4.5 [95% CI�7.2 to

�1.8], P¼ .001). Upon multivariable analysis after adjusting

for age, center, respiratory distress at admission, and vasoac-

tive exposure, exposure to NIV prior to intubation remained

associated with fewer VFD at 28 d (b �3.5 [95% CI�6.1 to

�0.9], P¼ .008). Therefore, NIV use prior to intubation was

associated with 4.5 and 3.5 fewer VFD at 28 d on univariable

and multivariable analyses, respectively.

NIV Association With the Development of Pediatric

ARDS

At time of intubation, subjects that were exposed to NIV

prior to intubation had a lower median peripheral oxygen sat-

uration (95 [IQR 92–99] %) compared to those without NIV
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exposure (99 [IQR 96–100] %, P < .001), although this is

likely not clinically important. Those exposed to NIV prior to

intubation had higher initial FIO2
(0.7 vs 0.6); P¼ .046. There

was a trend toward lower SpO2
/FIO2

(110 vs 124) in the NIV

exposed group, but this did not reach statistical significance;

P ¼ .08. In the 6 h prior to invasive ventilation, there was a

significant decrease in SpO2
/FIO2

scores in the cohort exposed

to NIV prior (117.5 [IQR 94.0–162.0] vs 133.0 [IQR 96.0–

323.0]); P ¼ .02; however, given the high number of satura-

tions > 97%, there were many SpO2
/FIO2

that were unable to

be measured (total n ¼ 108). During the PICU course, those

exposed to NIV prior to intubation had a higher rate of high-

frequency oscillatory ventilation use (55% [n ¼ 45] vs 29%

[n ¼ 38], P < .001) and inhaled nitric oxide use (38%

[n ¼ 31] vs 18% [n ¼ 23], P ¼ .001). All these parameters

together suggested worse oxygenation. Therefore, the occur-

rence of pediatric ARDS within the first 72 h of invasive me-

chanical ventilation was analyzed. Compared to those who

did not receive NIV, more subjects exposed to NIV prior to

intubation had presence of pediatric ARDS at 24 h of invasive

ventilation (95% vs 78%, P¼ .001), 48 h of invasive ventila-

tion (97% vs 81%, P¼ .004), and 72 h of invasive ventilation

(93% vs 78%, P¼ .01), (Table S3, see related supplementary

materials at http://www.rcjournal.com). Not only was there

an increase in the presence of pediatric ARDS, but there was

also more severe pediatric ARDS in the NIV group at all 3

Table 1. Subject Characteristics

NIV Prior to Intubation

(n ¼ 82)

No NIV Prior to

Intubation

(n ¼ 129)

P

Age, y 12.8 (5.6–16.3) 5.6 (1.5–14.5) <.001

Weight, kg 41.3 (19.5–69.2) 21.3 (11.6–48.7) <.001

BMI, kg/m2 20.6 (17.6–26.6) 19.9 (18.0–22.7) .13

Sex .94

Female 36 (43.9) 56 (43.4)

Male 46 (56.1) 73 (56.6)

Race .51

White 50 (61.0) 66 (51.2)

Black 9 (11.0) 16 (12.4)

Asian 3 (3.7) 10 (7.8)

Other 15 (18.3) 30 (23.3)

Unknown 5 (6.0) 7 (5.4)

Transplant reason .82

Acute lymphoblastic leukemia 23 (28.1) 28 (21.7)

Acute myeloid leukemia 20 (24.4) 23 (17.8)

HLH 6 (7.3) 14 (10.9)

Immunodeficiency 6 (7.3) 17 (13.2)

Bone marrow failure 8 (9.8) 12 (9.3)

MPS 1 (1.2) 2 (1.6)

Lymphoma 1 (1.2) 5 (3.9)

Metabolic 7 (8.5) 10 (7.8)

Hemoglobinopathies 4 (4.9) 6 (4.7)

MDS 3 (3.7) 4 (3.1)

Other 3 (3.7) 8 (6.2)

Cell source of transplant .15

Marrow 39 (47.6) 56 (43.4)

Cord 28 (34.1) 59 (45.7)

Peripheral blood 15 (18.3) 14 (10.9)

Related donor 18 (22.0) 21 (16.3) .30

Days post-HCT 44 (18–121) 41 (14–91) .33

Positive respiratory culture 33 (40.2) 44 (34.1) .37

Data are shown as n (%) or median (interquartile range).

NIV ¼ noninvasive ventilation

BMI ¼ body mass index

HLH ¼ hemophagocytic lymphohistiocytosis

MPS ¼ myeloproliferative syndrome

MDS ¼ myelodysplastic syndrome

HCT ¼ hematopoietic cell transplantation
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time points (Table S4, see related supplementary materials at

http://www.rcjournal.com). There was an increase in the risk

of pediatric ARDS development for subjects that were

exposed to NIV prior, particularly when isolating for severe

pediatric ARDS (Table 3) (Figure S2, see related supplemen-

tary materials at http://www.rcjournal.com). Upon multivari-

able analysis after adjusting for age, center, respiratory

distress on admission, and vasoactive exposure, NIV prior to

intubation was still associated with increased presence of pe-

diatric ARDS at all time points (Table 3).

Discussion

This is a secondary analysis of a large multi-center cohort

of children post-HCT that describes clinically relevant
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Fig. 1. Graphical representation of different respiratory support used in the preceding 24 hours prior to intubation. Higher rates of noninvasive

ventilation (NIV) are seen in the cohort who died at each time period documented. HFNC¼ high-flow nasal cannula.
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line denotes subjects who were not exposed to NIV prior to intubation. The solid line shows subjects who were exposed to NIV prior to intuba-
tion. Subjects exposed to NIV prior to intubation had higher odds of death as evidenced by log-rank P value .003.

Table 2. Increased Risk of Pediatric ICU Mortality for Those

Exposed to NIV Prior to Intubation

Unadjusted Cox Proportional Hazard Model

HR (95% CI) P

NIV prior to intubation 1.64 (1.18–2.28) .003

Multivariable Cox Proportional Hazard Model

NIV prior to intubation 1.51 (1.08–2.10) .02

Vasoactive exposure during

PICU course

2.18 (1.42–3.35) < .001

Multivariable model included the following variables: NIV prior to intubation, vasoactive expo-

sure during PICU course, respiratory distress at admission, center, and age. Stepwise backward

regression utilized with significant results reported.

NIV ¼ noninvasive ventilation

HR ¼ hazard ratio

PICU ¼ pediatric ICU
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outcomes related to pre-intubation NIV use. In this cohort,

the use of NIV pre-intubation was associated with higher

mortality, fewer VFD at 28 d, and the development and se-

verity of pediatric ARDS. Thoughtful consideration with a

focus on not delaying more definitive care should be priori-

tized when considering use of NIV in this particularly vulner-

able patient population.

This analysis demonstrates an increased risk of mortal-

ity in subjects who received NIV prior to intubation. In

the adult literature, the main risk of NIV for the indica-

tion of de novo acute respiratory failure is the delay in a

needed intubation.19 Our results further support these

findings given the longer time to intubation in the cohort

exposed to NIV, implying a delay in needed intubation.

Importantly in this cohort, the time to intubation was

also independently associated with mortality. Also, pre-

dictors of NIV failure in adults are severity of illness and

diagnosis of ARDS.20 This framework may explain the

increased risk of mortality in this patient population.

Previous work by Rowan et al21 described a high inci-

dence of pediatric ARDS diagnosis in this cohort, with

55% of subjects meeting severe pediatric ARDS criteria

per PALICC definitions. This cohort likely has much

higher severity of illness, higher rates of pediatric

ARDS, and is much more likely to ultimately need intu-

bation and invasive mechanical ventilation support. The

single-center SCARF trial in which immunocompro-

mised pediatric subjects were randomized to early CPAP

or standard care demonstrated higher mortality in those

receiving NIV.16 Our larger multi-center study also

shows an association with higher mortality in subjects

who received NIV. This study adds to the existing litera-

ture about the risk of NIV when utilized in patients with

higher severity of illness and pediatric ARDS.

The high preponderance of preexisting lung damage in

the HCT patient population may make this cohort

especially sensitive to ventilator-induced lung injury.

Animal models have demonstrated that lungs with preex-

isting injury are more susceptible to ventilation-induced

lung injury.22,23 This is coined the multiple-hit hypothe-

sis and is thought to be an important factor in ventilator-

induced lung injury.24 In adults, NIV can cause unregu-

lated changes in tidal volume and transpulmonary pres-

sures that could be lung injurious itself.25 It has also been

demonstrated that adults with ARDS who are managed

with NIV have higher tidal volumes per kilogram and

lower PEEP when compared to invasively ventilated

counterparts.25,26 Therefore, those managed with NIV

may be more likely to be exposed to ventilation strat-

egies not in line with lung-protective settings. Whereas

this study did not evaluate tidal volumes or PEEP on

NIV for this cohort, these same factors could be present.

These deleterious effects are likely more problematic in

the HCT patient with an already vulnerable lung and per-

haps account for some of the increased mortality, length

of mechanical ventilation, and severity of illness.

In this cohort, NIV use pre-intubation was associated

with fewer VFD at 28 days and was associated with

increased development and severity of pediatric ARDS.

The fewer VFD seen in the NIV cohort could be attrib-

uted to the deleterious effects as described above.

Another potentially important factor is the appropriate

selection of patients who will be good candidates for

NIV. The current PALICC guidelines recommend NIV

only for mild ARDS and recommend against its use in

moderate-to-severe ARDS.18 In previous work by Rowan

et al,6 only 19% of the subjects from this cohort would

have met the PALICC guidelines recommendations for

trial of NIV, whereas 41% of the cohort received NIV.

As the PALICC guidelines were released after this study

period, in the future careful patient selection may lead to

less of a difference between the cohorts.

There are some limitations of this study. In addition to

the typical limitations of a retrospective study, one of the

main limitations is that relevant information regarding

ongoing goals of care and possible end-of-life discus-

sions was not captured in this data set. The reason NIV

was used or not used is also unable to be determined.

There was a significant difference in age, and that could

be in part due to difficulty obtaining appropriately sized

masks for the younger subjects. Due to these important

topics, there may be selection bias in subjects who were

put on NIV versus those who were not. As this is a retro-

spective study, the precise indication for intubation is

challenging to determine. Therefore, there may be rele-

vant differences in the need for intubation between sub-

jects that were treated with NIV and those who were not.

Another limitation of this study is that this cohort did not

include patients who did not require invasive mechanical

ventilation; there is likely a subset of HCT patients with

Table 3. Odds of Pediatric ARDS and Severity at 24, 48, and 72

Hours of Intubation With the Use of Noninvasive Ventilation Prior to

Intubation

Unadjusted OR

(95% CI)
P

Adjusted OR

(95% CI)
P

Any Severity of Pediatric ARDS

24 h 5.32 (1.78–15.91) < .001 4.77 (1.58–14.40) .006

48 h 7.38 (1.62–33.62) .002 5.36 (1.13–25.45) .035

72 h 4.07 (1.28–12.94) .009 4.07 (1.28–12.94) .02

Severe Pediatric ARDS Only

24 h 2.48 (1.39–4.41) .002 2.23 (1.23–4.04) .008

48 h 3.89 (1.85–8.18) < .001 3.65 (1.71–7.81) .001

72 h 3.86 (1.83–8.17) < .001 3.83 (1.77–8.29) .001

Backward stepwise regression performed for multivariable models and included the following

variables: noninvasive ventilation prior to intubation, vasoactive exposure during pediatric ICU,

respiratory distress at admission, center, and age.
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acute respiratory failure who may benefit from use of

NIV that is not captured in this data set. Recent work by

Rowan et al27 have examined NIV failure and proposed a

model to inform the use of NIV in this unique cohort.

Another limitation of this study is that the parent study

did not collect severity of illness scores, and therefore,

we were not able to compare baseline severity of illness

in the cohorts. Due to this, we adjusted for exposure to

vasoactive medications as a surrogate for severity of

illness scores to attempt to adjust for patient acuity.

Future prospective study that accounts for the indication

of why or why not NIV was utilized will be extremely

important.

Conclusions

As the incidence of pediatric HCT continues to rise, and

outcomes improve, we will continue to have to investigate

best practices in the management of these medically complex

patients. In this multi-center, retrospective analysis of pediat-

ric subjects who underwent HCT, the use of NIV was associ-

ated with higher mortality, fewer VFD, and higher incidence

and severity of pediatric ARDS. Thoughtful and judicious

use of this respiratory modality in this patient population is

warranted until more prospective studies can be done to

examine the clinical utility of NIV in the HCT patient popula-

tion. The benefits and risks of NIV along with appropriate

patient selection, timing of initiation, and frequent assess-

ments for NIV failure should be carefully considered in this

at-risk patient population.
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