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OBJECTIVES: To characterize trends in noninvasive ventilation (NIV) and inva-
sive mechanical ventilation (IMV) use over time in children with hematologic ma-
lignancy admitted to the PICU with acute respiratory failure (ARF), and to identify 
risk factors associated with NIV failure requiring transition to IMV.

DESIGN: Retrospective cohort analysis using the Virtual Pediatric Systems (VPS, 
LLC) between January 1, 2010 and December 31, 2019.

SETTING: One hundred thirteen North American PICUs participating in VPS.

PATIENTS: Two thousand four hundred eighty children 0–21 years old with he-
matologic malignancy admitted to participating PICUs for ARF requiring respira-
tory support.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: There were 3013 total encounters, 
of which 868 (28.8%) received first-line NIV alone (NIV only), 1544 (51.2%) re-
ceived first-line IMV (IMV only), and 601 (19.9%) required IMV after a failed NIV 
trial (NIV failure). From 2010 to 2019, the NIV only group increased from 9.6% 
to 43.1% and the IMV only group decreased from 80.1% to 34.2% (p < 0.001). 
The NIV failure group had the highest mortality compared with NIV only and IMV 
only (36.6% vs. 8.1%, vs. 30.5%, p < 0.001). However, risk-of-mortality (ROM) 
was highest in the IMV only group compared with NIV only and NIV failure (me-
dian Pediatric Risk of Mortality III ROM 8.1% vs. 2.8% vs. 5.5%, p < 0.001). NIV 
failure patients also had the longest median PICU length of stay compared with 
the other two study groups (15.2 d vs. 6.1 and 9.0 d, p < 0.001). Higher age 
was associated with significantly decreased odds of NIV failure, and diagnosis of 
non-Hodgkin lymphoma was associated with significantly increased odds of NIV 
failure compared with acute lymphoid leukemia.

CONCLUSIONS: For children with hematologic malignancy admitted to the 
PICU with ARF, NIV has replaced IMV as the most common initial therapy. NIV 
failure rate remains high with high-observed mortality despite lower PICU admis-
sion ROM.

KEYWORDS: endotracheal intubation; hematologic neoplasm; intensive care 
units; noninvasive ventilation; pediatric; respiratory failure

Pediatric patients with oncologic disease account for 4% of all PICU 
admissions but represent 11% of PICU mortality. Compared with chil-
dren with solid tumors, children with hematologic malignancy have 

higher illness severity, infection rates, and PICU mortality. Many are admitted 
to the PICU with acute respiratory failure (ARF) requiring advanced respira-
tory support (1). Noninvasive ventilation (NIV) is increasingly used for the 
initial temporization and treatment of acute respiratory failure in the PICU 
(2). NIV has emerged as a means to stave-off invasive mechanical ventilation 
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(IMV) and avoid barotrauma, ventilator-associated 
events, and intubation-related complications (3). Adult 
oncology data suggest a survival benefit when NIV is 
first-line therapy in patients admitted to the ICU with 
ARF; however, data in children are lacking (4).

Immunocompromised children, including those with 
malignancy, admitted to the PICU with ARF requiring 
respiratory support have worse overall clinical outcomes 
compared with children with a functional immune 
system (5). The initial choice of respiratory support mo-
dality for patients with compromised immune function is 
not standardized and there is significant center-to-center 
variation in the choice of first-line modality (6, 7). Despite 
the suggested efficacy of NIV in pediatric patients with 
all-cause ARF admitted to the PICU, there is a paucity of 
recent data on NIV usage in pediatric oncology patients. 
It is unclear how NIV and IMV use have changed over 
time for children with hematologic malignancy admitted 
to the PICU with ARF. The purpose of this study was to 
investigate the rates of IMV and NIV use over time for 
pediatric patients with hematologic malignancy admitted 
to the PICU with ARF, and to identify risk factors associ-
ated with NIV failure.

MATERIALS AND METHODS

A retrospective cohort study of pediatric oncology 
patients admitted to participating PICUs between 

January 1, 2010, and December 31, 2019, with ARF 
was performed. Patients with hematologic malignan-
cies were identified using codes from the International 
Classification of Diseases, ninth Revision (ICD-9) 
and ICD-10 corresponding to “malignant neoplasms 
of lymphoid, hematopoietic, and related tissue” 
(Supplemental eTable 1 http://links.lww.com/CCX/
B329). Only those admitted to a PICU with the diag-
nosis of ARF (ICD-10 = J96.X or ICD-9 = 518.XX) were 
included. Postoperative, planned, post-hematopoietic 
stem cell transplantation admissions and patients with 
chronic respiratory failure or tracheostomy before 
PICU admission were excluded. Only the first use of 
respiratory support during any PICU admission was 
analyzed. Deidentified data were obtained from the 
Virtual Pediatric Systems (VPS) database and included 
demographic, admission characteristics, respiratory 
support modality, diagnosis codes, risk-of-mortality 
(ROM) scores as measured by the Pediatric Index of 
Mortality (PIM) 2 and Third-Generation Pediatric 
Risk of Mortality (PRISM III), and clinical outcomes 
at PICU discharge (8–10).

NIV was defined as the use of continuous positive 
airway pressure (CPAP), bilevel positive airway pres-
sure (BiPAP), or heated humidified high flow nasal 
cannula; IMV use was defined as endotracheal intu-
bation and mechanical ventilation. Three study groups 
were created based on the respiratory support mo-
dality received. Patients who received IMV only or re-
quired IMV less than 2 hours after initiating NIV were 
grouped as “IMV only.” Those who received more than 
2 hours of NIV before IMV were grouped as “NIV 
failure.” Two hours was chosen as the cutoff to allow 
for NIV usage in preparation for intubation after ar-
rival at the PICU. Patients who received only NIV 
without IMV were grouped as “NIV only.”

Trends in use over time were assessed by comparing 
annual rates of the three groups. Multivariable logistic 
regression analysis of factors associated with each of 
the study groups was performed to identify risks asso-
ciated with each strategy. Specifically, two models were 
analyzed: one comparing the NIV failure and NIV only 
groups, and the second comparing the NIV failure and 
IMV only groups.

Age, race, oncologic diagnoses, PICU length of 
stay, mortality, and ROM scores were compared be-
tween study groups using chi-square tests. Median and 
range of continuous variables were compared using 

 
KEY POINTS

Question: How does the choice of first-line res-
piratory support in children with hematologic ma-
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113 PICUs, children with hematologic malignancy 
who failed a trial of noninvasive ventilation (NIV) 
and required invasive mechanical ventilation (IMV) 
had worse clinical outcomes compared with those 
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Wilcoxon rank-sum tests. Logistic multivariable re-
gression models were used to predict failure outcomes. 
Analyses were performed in SAS, version 9.4 (Cary, 
NC). The institutional review board at the University 
of Chicago exempted this study (IRB22-0116).

RESULTS

After application of inclusion and exclusion criteria, 
there were 3013 encounters across 113 PICUs. The 
largest study group was IMV only group (51.2%), 
followed by NIV only group (28.8%), and finally 
NIV failure group (19.9%) (Table 1). Median PIM 
2 ROM was significantly higher in the IMV only 

group (6.1%) compared with the NIV only and NIV 
failure groups (4.6% and 4.7%, p < 0.001). Median 
PRISM III ROM was also significantly higher in the 
IMV only group (8.1%) compared with the NIV only 
and NIV failure groups (2.8% and 5.5%, p < 0.001). 
However, the NIV failure group had significantly 
higher observed PICU mortality compared with the 
NIV only and IMV only groups, respectively (36.6% 
vs. 8.1% and 30.5%, p < 0.001). The NIV failure 
group also had longer median PICU length of stay 
compared with the NIV only and IMV only groups 
(15.2 vs. 6.1 and 9.0 d, p < 0.001).

Compared with 2010, the percentage of NIV only 
encounters in 2019 increased from 9.6% to 43.1% (p 

TABLE 1.
Characteristics of Individual PICU Encounters

Characteristics Subcharacteristic
All Encounters 

(n = 3013)
NIV Only  
(n = 868)

IMV Only  
(n = 1544)

NIV Failure 
(n = 601) p

Sex, n (%) Female 1369 (45.4) 397 (45.7) 690 (44.7) 282 (46.9) 0.63

Age distribution, 
n (%)

0–23 mo 302 (10.0) 66 (7.6) 175 (11.3) 61 (10.1) < 0.001

2–5 yr 613 (20.4) 161 (18.6) 345 (22.3) 107 (17.8)

6–11 yr 738 (24.5) 204 (23.5) 379 (24.6) 155 (25.8)

12–17 yr 1016 (33.7) 312 (35.9) 495 (32.1) 209 (34.8)

18–21 yr 344 (11.4) 125 (14.4) 150 (9.7) 69 (11.5)

Diagnosis,  
n (%)

Acute lymphoid leukemia 1628 (54.0) 436 (50.2) 887 (57.5) 305 (50.8) < 0.001

Acute myeloid leukemia 714 (23.7) 248 (28.6) 306 (19.8) 160 (26.6)

Chronic myeloid 
leukemia

31 (1.0) 10 (1.2) 13 (0.8) 8 (1.3)

Non-Hodgkin lymphoma 283 (9.4) 70 (8.1) 143 (9.3) 70 (11.7)

Hodgkin lymphoma 64 (2.1) 27 (3.1) 26 (1.7) 11 (1.8)

Burkitt lymphoma 65 (2.2) 16 (1.8) 35 (2.3) 14 (2.3)

Other 228 (7.6) 61 (7.0) 134 (8.7) 33 (5.5)

Severity, median 
% (range)

PIM 2 ROM 5.1 (0.2–99.6) 4.6 (0.2–48.9) 6.1 (0.2–99.6) 4.7 (0.2–37.9) < 0.001

PRISM III ROM 5.0 (0.1–99.9) 2.8 (0.2–66.3) 8.1 (0.1–99.9) 5.5 (0.3–92.8) < 0.001

Duration of  
respiratory 
Support

Days of NIV, median 
(range)

N/A 2.6 (0.0–72.0) N/A N/A

Days of NIV before IMV, 
median (range)

N/A N/A N/A 1.0 (0.1–53.2)

Days of IMV, median 
(range)

N/A N/A 3.5 (0.03–135.7) 6.3 (0.03–71.7)

Outcomes PICU length of stay  
median days (range)

9.1 (0.1–248.1) 6.1 (0.11–115.8) 9.0 (0.1–248.2) 15.2 (0.5–115.8) < 0.001

Mortality, n (%) 761 (25.3) 70 (8.1) 471 (30.5) 220 (36.6) < 0.001

IMV = invasive mechanical ventilation, NIV = noninvasive ventilation, PIM 2 = Pediatric Index of Mortality 2, PRISM III = Third-
Generation Pediatric Risk of Mortality, ROM = risk-of-mortality.
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< 0.001), and the percentage of IMV only encounters 
decreased from 80.1% to 34.2% (p < 0.001). There was 
an increase in the percentage of NIV failure encoun-
ters from 12.1% in 2012 to 22.1% in 2013, which was 
relatively stable for the remainder of the study period, 
ranging from a low of 19.2% in 2015 to a high of 22.7% 
in 2019 (Fig. 1). There was also notable center-to- 
center variation in first-line respiratory modality 
choice (Supplemental eFig. 1, http://links.lww.com/
CCX/B329).

When stratified by survival to PICU discharge, me-
dian PIM 2 and PRISM III scores were higher in the 
nonsurvivor group (5.6% and 26.6%) compared with 
survivors (5.0% and 3.5%, p < 0.001) (Supplemental 
eTable 2, http://links.lww.com/CCX/B329). Study 
group distribution was significantly different between 
the survivors and nonsurvivors, with a higher per-
centage of IMV only or NIV failure in nonsurvivors, 
and a higher percentage of NIV only in survivors.

Based on the multivariable logistic regression 
analyses, compared with NIV only, increasing age 
was associated with significantly decreased odds of 
NIV failure.(Supplemental eTable 3, http://links.
lww.com/CCX/B329) Likewise, higher PRISM III 
score, but not PIM2 score, was associated with sig-
nificantly higher odds of NIV failure. Compared 
with acute lymphoid leukemia, non-Hodgkin lym-
phoma was the only cancer diagnosis significantly 
associated with odds of NIV failure.

DISCUSSION

Over the past decade, NIV has been replacing IMV as 
the first-line respiratory support for pediatric patients 
with hematologic malignancy admitted to the PICU 
with ARF, which is similar to other PICU cohorts with 
ARF (5, 11, 12). Also, we observed an initial increase 
in the percentage of NIV failure encounters which 
then remained stable between 2013 and 2019. Because 
patients with unsuccessful NIV had worse PICU out-
comes compared with the other groups, these data raise 
concern about patient selection for first-line respira-
tory support. Additionally, patients with NIV failure 
had lower predicted ROM but higher observed mor-
tality compared with the other groups, which could 
suggest unrecognized clinical factors that contribute 
to failure, such as iatrogenic positive pressure-induced 
lung injury with NIV, or a delay in initiation of IMV 
when clinically indicated. The higher-than-predicted 
mortality in the cohort of NIV failure patients identi-
fies a target population for additional study identifying 
risk factors associated with poor outcomes.

These data reveal differences in clinical outcomes 
for critically-ill children with hematologic malignancy 
based on initial respiratory support. Previous data 
identified any IMV as an independent risk factor for 
mortality in children with various hemato-oncologic 
disease but did not include unsuccessful NIV in the 
analysis (13). Children who fail their NIV and require 

intubation have higher rates 
of PICU mortality com-
pared with those who tol-
erate NIV or IMV alone. 
Similar findings have been 
described in adult ICU 
oncology patients where 
patients who failed NIV 
and required IMV had high 
mortality overall and spe-
cifically those who failed 
NIV and subsequently re-
ceived IMV (71.3%) had 
the highest mortality com-
pared with those receiving 
IMV only (61.5%) and 
NIV only (28.2%) (14, 15). 
Additionally there are data 
to suggest that use of CPAP 

Figure 1. Percentage of patients in each study group by year. Stacked bar graph of respiratory 
support as a percentage of the total cohort over time. IMV = invasive mechanical ventilation, NIV = 
noninvasive ventilation.
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as a form of NIV may increase risk of IMV in pediatric 
patients with impaired immunity (16). Overall, any 
pediatric patient admitted to the PICU with ARF who 
fails NIV has worse outcomes than those who require 
only IMV (5–7, 14, 15, 17, 18). In our study, advancing 
age decreased odds of NIV failure, whereas a diagnosis 
of non-Hodgkin lymphoma increased odds of NIV 
failure. Specific non-Hodgkin lymphoma tumor sub-
type may have influenced this finding. Finally, these 
data suggest an association between failed NIV and 
increased mortality, and thus critical evaluation of pa-
tient candidacy for an NIV trial to stave-off IMV may 
be warranted.

This study has several limitations. First, the data 
from VPS may be subject to data entry errors, but 
strict quality control around data entry may ame-
liorate that risk. Additionally, respiratory support 
use before or after PICU admission is not captured 
by VPS. Furthermore, the IMV only group included 
patients with less than 2 hours of preintubation NIV 
to account for cases of planned intubation with NIV 
use only to temporize patients. Patient-specific phys-
iologic variables (such as partial pressure of oxygen 
or co2) were not included in the multivariable regres-
sion due to a high percentage of missing data. PIM/
PRISM risk of mortality scores are validated for the 
general PICU population and not specifically for 
those with hematologic malignancy and thus may 
not accurately capture PICU admission risk of mor-
tality in this population. It is also important to note 
that both PIM/PRISM are coded at the time of PICU 
admission and thus patients whose disease state pro-
gresses despite critical care interventions may have 
lower initial predicted ROM than their ultimate mor-
tality. Additionally, a database coding change with 
BiPAP designation occurred in the VPS dataset in 
2012 which likely accounted for the sharp increase 
in NIV failure between 2012 and 2013. Finally, these 
results may not be generalizable to PICUs dissimilar 
to those participating in VPS.

CONCLUSIONS

NIV has become the most common first-line respi-
ratory modality for pediatric patients with hemato-
logic malignancy admitted to the PICU with ARF. 
NIV failure rates have remained elevated, with high 
mortality in those who fail a trial of NIV before IMV 

despite lower predicted mortality. Standardized and 
objective criteria for a trial of NIV may be prudent to 
avoid untoward outcomes in PICU patients with he-
matologic malignancies admitted with ARF.
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