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Abstract
AIM
To characterize the clinical course and outcomes of
nasal intermittent mandatory ventilation (NIMV) use in
acute pediatric respiratory failure.

supported by NIH National Center for Advancing Translational
Science, no. UL1TR001881.
Institutional review board statement: This study was approved
by the UCLA Institutional Review Board.

METHODS
We identified all patients treated with NIMV in the
pediatric intensive care unit (PICU) or inpatient general
pediatrics between January 2013 and December 2015 at
two academic centers. Patients who utilized NIMV with
other modes of noninvasive ventilation during the same
admission were included. Data included demographics,
vital signs on admission and prior to initiation of
NIMV, pediatric risk of mortality Ⅲ (PRISM-Ⅲ) scores,
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unplanned admissions to the pediatric intensive care unit
(PICU) with 68% of these patients requiring advanced
[1-3]
respiratory support . While endotracheal intubation with
mechanical ventilation (MV) is the classic management of
respiratory failure, noninvasive ventilation (NIV) is rapidly
gaining acceptance as a first line intervention. Continuous
positive airway pressure (CPAP), bilevel positive airway
pressure (BIPAP), high flow nasal cannula (HFNC), and
nasal intermittent mandatory ventilation (NIMV) are
examples of NIV.
NIMV is a time-cycled, time-triggered pressure control
mode of non-invasive ventilation typically administered
through nasal prongs or nasal mask via mechanical
ventilator. Unlike BIPAP or endotracheal mechanical
ventilation, mandatory breaths on NIMV are often not
synchronized to patient breaths, though newer ventilators
may synchronize to diaphragmatic stimulation (e.g.,
Noninvasive neurally adjusted ventilatory assist) or when
a negative inspiratory pressure threshold is reached.
NIV modalities have been shown to prevent intubation
[4,5]
and reintubation in the adult and neonatal population .
Relatively few studies have assessed its efficacy in the
[6-10]
pediatric critical care setting
. NIMV in particular is
infrequently used outside of the neonatal intensive care
unit (NICU) and, to our knowledge, has not been studied
in the setting of acute respiratory failure in the PICU. In
the absence of data from robust studies, we reviewed
our experience with NIMV in critically ill pediatric patients
and describe the clinical characteristics and outcomes of
pediatric patients with acute respiratory failure who were
treated with NIMV.

complications, respiratory support characteristics, PICU
and hospital length of stays, duration of respiratory
support, and complications. Patients who did not require
escalation to mechanical ventilation were defined as
NIMV responders; those who required escalation to
mechanical ventilation (MV) were defined as NIMV nonresponders. NIMV responders were compared to NIMV
non-responders.
RESULTS
Forty-two patients met study criteria. Six (14%) failed
treatment and required MV. The majority of the patients
(74%) had a primary diagnosis of bronchiolitis. The
median age of these 42 patients was 4 mo (range
0.5-28.1 mo, IQR 7, p = 0.69). No significant difference
was measured in other baseline demographics and vitals
on initiation of NIMV; these included age, temperature,
respiratory rate, O2 saturation, heart rate, systolic blood
pressure, diastolic blood pressure, and PRISM-Ⅲ scores.
The duration of NIMV was shorter in the NIMV nonresponder vs NIMV responder group (6.5 h vs 65 h, p
< 0.0005). Otherwise, NIMV failure was not associated
with significant differences in PICU length of stay (LOS),
hospital LOS, or total duration of respiratory support.
No patients had aspiration pneumonia, pneumothorax,
or skin breakdown.
CONCLUSION
Most of our patients responded to NIMV. NIMV failure
is not associated with differences in hospital LOS, PICU
LOS, or duration of respiratory support.
Key words: Continuous positive airway pressure;
Pediatric; Noninvasive positive pressure ventilation;
Nasal intermittent mandatory ventilation; High flow
nasal cannula; Acute respiratory failure; Bilevel positive
airway pressure

Materials and Methods
Inclusion and exclusion criteria

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

We performed a retrospective chart review of children
between 1 d to 28 mo of age in acute respiratory failure
admitted to the PICU or intermediate-level pediatric unit
of two academic medical centers between January 2013
and December 2015. Institutional review board approval
was obtained at each site.
Patients were identified through ICD codes associated
with acute respiratory failure and CPT codes for
endotracheal intubation or NIV. NIV modalities reviewed
include NIMV, HFNC, CPAP, and BIPAP. All patients treated
with NIMV were individually reviewed. Due to the paucity
of patients utilizing NIMV alone, patients treated with
other modes of NIV in series with NIMV during a single
admission were included. Exclusion criteria were patients
who did not utilize NIMV during hospitalization, managed
in the NICU, chronic CPAP or BIPAP dependence,
tracheostomy dependence, and post-extubation NIV.

Core tip: In our cohort of patients between 0.5 and 28.1
mo of age with acute respiratory failure, the majority
of patients were successfully supported with nasal
intermittent mandatory ventilation (NIMV) alone or
NIMV in conjunction with other modes of noninvasive
ventilation (NIV). Use of NIMV with or without NIV was
not associated with significant differences in hospital
length of stay (LOS), pediatric intensive care unit LOS, or
duration of respiratory support. Failure of NIMV with or
without NIV was recognized in a median of 6.5 h.
Wang BC, Pei T, Lin CB, Guo R, Elashoff D, Lin JA, Pineda
C. Clinical characteristics and outcomes associated with nasal
intermittent mandatory ventilation in acute pediatric respiratory
failure. World J Crit Care Med 2018; 7(4): 46-51 Available from:
URL: http://www.wjgnet.com/2220-3141/full/v7/i4/46.htm DOI:
http://dx.doi.org/10.5492/wjccm.v7.i4.46

Materials

NIV and NIMV settings were initiated and titrated at
clinician discretion based on the patient’s clinical response.
NIMV was administered via RAM cannula (Neotech
Products, Valencia, CA) nasal prongs sized according to
the child’s age and weight and connected to a humidified

INTRODUCTION
Acute respiratory failure accounts for 46% to 59% of
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and frequency count (%) for categorical variables. Fisher’s
Exact tests were used for the comparison of categorical
characteristics and Wilcoxon rank sum tests were used
for the comparison of numerical characteristics. P values
less than 0.05 were considered statistically significant.
All statistical analysis was performed by a biomedical
statistician who utilized SAS v9.4 (SAS Institute Inc., Cary,
NC).

Total assessed
n = 1164

Site A

n = 492

Site B

n = 672
Met exclusion
criteria
n = 658

Met exclusion
criteria
n = 464
NIMV
n = 28

Results

NIMV
n = 14

During our study period, 1164 charts were initially
reviewed and 1122 were removed based on exclusion
criteria. Forty-two patients used NIMV during their hospital
admission. Figures 1 and 2 illustrate the selection process
and the sequence of escalation of respiratory support,
respectively.

Figure 1 Patient selection by institution.NIMV: Nasal intermittent mandatory
ventilation.

HFNC -> BIPAP -> NIMV (1)
HFNC -> CPAP -> NIMV (7)
HFNC -> NIMV (21)
CPAP -> NIMV (3)
NIMV (4)
HFNC -> CPAP -> NIMV -> MV (2)
NIMV -> MV (4)

36 NIMV responders

Comparison of NIMV responders and NIMV nonresponders

In our 42 patients who received NIMV, 36 (86%) were
successfully supported without further escalation, while 6
(14%) subsequently required endotracheal intubation and
MV after trial of NIMV with or without other modes of NIV.
Eight (19%) of the 42 patients used NIMV exclusively; of
these 8 patients, 4 (50%) failed and required mechanical
ventilation. Except for the patients requiring MV, NIMV was
used as the final mode of noninvasive respiratory support
in patients treated with more than one NIV modality
(Figure 2).
The median age of these 42 patients was 4 mo (range
0.5-28.1 mo, IQR 7). Half of the patients were males.
The leading discharge diagnosis was bronchiolitis (n =
31, 74%). Demographics (weight, age, gender), PRISMIII scores on admission, and vitals prior to initiation of
NIMV (heart rate, respiratory rate, blood pressure, oxygen
saturation, temperature) between these two subgroups
were similar (Table 1). The distribution of diagnoses
was similar between NIMV responders and NIMV nonresponders (Table 2).
We observed no significant difference in maximum
NIMV settings (delta P, FIO2, PEEP, and rate), time to
escalation to maximum settings, hospital and PICU length
of stay, or in total duration of all respiratory support
between NIMV responders and non-responders, or those
that required MV (Table 3). However, NIMV responders
remained on this mode of support for a greater length of
time than those who failed (65 h vs 6.5 h, p < 0.0005).

6 NIMV non-responders

Figure 2 Escalation of respiratory support modalities1. 1Progression of
respiratory support indicated by arrows and number of patients (in parentheses)
following each pathway. HFNC: High flow nasal cannula; BIPAP: Bilevel positive
airway pressure; NIMV: Nasal intermittent mandatory ventilation; CPAP:
Continuous positive airway pressure; MV: Mechanical ventilation.

Avea ventilator (CareFusion, Franklin Lakes, NJ) in NIMV
mode. This mode of ventilation was asynchronous to
patient breaths at both our institutions. The decision to
escalate to invasive mechanical ventilation was made at
the discretion of the physician.

Data

Data included (1) demographics--age in days, gender,
admission, discharge weight and discharge diagnosis; (2)
vital signs on initiation of and with any changes in NIV; (3)
characteristics of respiratory support--modality, length of
time on each modality, maximum settings (delta P, FIO2,
PEEP, and mandatory rate); (4) complications--aspiration
pneumonia, pneumothorax, skin breakdown; and (5)
outcome data-MV, mortality, pediatric risk of mortality Ⅲ
(PRISM-Ⅲ) scores, and hospital and PICU length of stay.
Respiratory support characteristics were recorded hourly
in PICU site A and every 4 h in the pediatric units of site A
and PICU site B.

Discussion

Statistical analysis

Successful NIMV treatment was defined as use of NIMV
without the use of invasive mechanical ventilation.
Patients successfully treated with NIMV (NIMV respon
ders) were compared to those unsuccessfully treated
with NIMV, which we defined as escalation to MV (NIMV
non-responders).
Standard descriptive statistics were reported. Medians
(min-max, IQR) were analyzed for numerical variables

WJCCM|www.wjgnet.com

In our cohort of pediatric patients with acute respiratory
failure treated with NIMV with or without other NIV
modalities, 86% did not require MV. This rate is similar
to data on heterogenous modes of NIV modalities in the
PICU described in separate studies conducted by Yaman
[7]
[8]
[11]
et al , Milési et al , and Wolfler et al in the PICU. To
our knowledge this is the first study that characterizes the
patients, pathologies, and clinical outcomes of NIMV for
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Table 1 Comparison of nasal intermittent mandatory ventilation responders to nasal intermittent mandatory ventilation non1
responders - baseline characteristics
Baseline characteristic

NIMV responders (n = 36)

Age (mo)
Admission weight (kg)
T Max in Celsius (range)
Respiratory rate (in breaths per minute)
O2 saturation (%)
Heart rate (beats per minute)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
PRISM-Ⅲ score

NIMV non-responders (n = 6)

4 (0.5-20, IQR = 6.4)
4.9 (2.3-12, IQR = 4.3)
38 (36.6-40, IQR = 1.6)
60 (24-97, IQR = 19)
98 (68-100, IQR = 5.5)
152.5 (95-205, IQR = 34.5)
100 (71-129, IQR = 21)
51 (37-84, IQR = 20)
0 (0-11, IQR = 0)

5.2 (0.5-28.1, IQR = 12.6)
7.1 (2.6-10.9, IQR = 4.8)
38.9 (37.4-39.7, IQR = 1.7)
56 (42-77, IQR = 32)
99 (98-100, IQR = 2)
158.5 (127-210, IQR = 24)
112 (81-120, IQR = 25)
59.5 (43-81, IQR = 25)
1 (0-7, IQR = 3)

Total (n = 42)

P value

4 (0.5-28.1, IQR = 7)
5.1 (2.3-12, IQR = 4.4)
38.1 (36.6-40, IQR = 1.6)
60 (24-97, IQR = 22)
98.5 (68-100, IQR = 5)
153.5 (95-210, IQR = 33)
103 (71-129, IQR = 20)
51 (37-84, IQR = 22)
0 (0-11, IQR = 0)

0.69
0.39
0.2
0.76
0.31
0.99
0.3
0.41
0.08

1

Vital signs were the last recorded values before initiation of NIMV. Values are presented as median (range, IQR). NIMV: Nasal intermittent mandatory
ventilation; PRISM-Ⅲ: Pediatric risk of mortality Ⅲ.

Table 2 Diagnoses causing acute respiratory failure in nasal intermittent mandatory ventilation responders vs nasal intermittent
1
mandatory ventilation non-responders
Diagnosis

NIMV responders n (%)

NIMV non-responders n (%)

Total (%)

P value

1 (3)
28 (78)
1 (3)
3 (8)
3 (8)

2 (33)
3 (50)
0 (0)
1 (17)
0 (0)

3 (7)
31 (74)
1 (2)
4 (10)
3 (7)

0.11

Asthma exacerbation
Bronchiolitis
Heart failure
Pneumonia
Viral syndrome
1

Values expressed as number (percent). NIMV: Nasal intermittent mandatory ventilation.

Table 3 Comparison of nasal intermittent mandatory ventilation responders to nasal intermittent mandatory ventilation non1
responders - maximum support and clinical outcomes
Support or outcome variable

NIMV responders (n = 36)

Max delta P of NIMV (cmH2O)
Max FIO2 of NIMV (%)
Max PEEP of NIMV (cmH2O)
Max rate of NIMV (breaths per minute)
Time to max FIO2 (h)
Time to max setting (h)
Hospital length of stay (d)
PICU length of stay (d)
Total duration of NIMV (h)
Total duration of all respiratory support (h)

NIMV non-responders (n = 6)

16 (6-26, IQR = 6.5)
40 (25-100, IQR = 22.5)
6 (5-8, IQR = 2)
30 (20-70, IQR = 3.5)
0 (0-119, IQR = 1.5)
1 (0-48, IQR = 9)
7 (3-30, IQR = 3.5)
6 (3-30, IQR = 3)
65 (5-240, IQR = 47.5)
94.5 (28-254, IQR = 60)

17.5 (10-30, IQR = 6)
42.5 (30-70, IQR = 10)
5 (5-8, IQR = 2)
30 (20-60, IQR = 5)
0 (0-29.5, IQR = 6)
3 (0-29.5, IQR = 20)
9 (4-14, IQR = 7)
6.5 (3-14, IQR = 5)
6.5 (0.5-30, IQR = 24)
115 (65-230, IQR = 31.5)

Total (n = 42)
16.5 (6-30, IQR = 6)
40 (25-100, IQR = 15)
6 (5-8, IQR = 2)
30 (20-70, IQR = 2)
0 (0-119, IQR = 2)
1 (0-48, IQR = 10)
7.5 (3-30, IQR = 4)
6 (3-30, IQR = 3)
59.5 (0.5-240, IQR = 53)
95.8 (28-254, IQR = 57)

P value
0.68
0.84
0.37
0.32
0.75
0.8
0.73
0.64
0.001
0.3

1

Values are presented as median (range, IQR). NIMV: Nasal intermittent mandatory ventilation; PICU: Pediatric intensive care unit.

[15]

acute respiratory failure in pediatric patients outside of the
NICU. The strongest evidence for NIMV in the pediatric
population to date are limited to pathologies encountered
in the NICU; for example, it shows significant clinical
benefit over other modes of NIV in neonatal respiratory
distress syndrome, apnea of prematurity, and the
[4,12,13]
prevention of post-extubation failure
. In discordance
with the NICU literature, a recent prospective study of
NIV for post-extubation support in the PICU showed no
difference in respiratory effort when compared between
NIMV, HFNC, and CPAP, though NIMV in this study was
[14]
synchronized to approximately 50% .
An ongoing concern of NIV is delay in endotracheal
intubation and MV that may lead to worsening physiologic
status at time of intubation and thus worse clinical

WJCCM|www.wjgnet.com

outcomes . Our data do not support this hypothesis.
We revealed substantially less time on NIMV in the cohort
that proceeded to MV compared to those that responded
successfully to NIMV. Our observed median time to
intubation of 6.5 h in NIMV nonresponders was similar
to treatment failure observed by another study utilizing
[11]
mask BIPAP in adults . Additionally, similarities in clinical
outcomes of hospital length of stay, PICU length of stay,
and complications suggest that recovery time may be
independent of the mode of respiratory support. There
was a single mortality due to an uncorrectable congenital
lung pathology.
MV is associated with a number of challenges and
complications such as sedation, paralysis, polyneuro
pathies, iatrogenic pneumonia, chemical pneumonitis,
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soft tissue trauma, pneumothorax, and other lung
[16]
injuries . Unlike MV, NIV modalities have three to fivefold
fewer rates of these complications, particularly ventilator
[17,18]
associated pneumonia and barotrauma
. Non-invasive
ventilation also reduces complications such as mortality
[7,17,19]
and nosocomial infections
. None of our patients had
aspiration pneumonia, pneumothorax, barotrauma, or
soft tissue injury associated with NIMV use. Additionally,
only one patient required mild sedation with an oral
benzodiazepine during NIMV support.
The clinical application of NIMV or any NIV is in the
hope of avoiding MV. The general practice in our two
divisions is to apply NIMV as a last-resort modality prior to
MV in young infants. We confirmed this practice pattern in
our observation that NIMV, when applied, was used as the
final means of noninvasive respiratory support (Figure 2).
Our study is limited in that this was a non-randomized,
non-protocolized, retrospective review of chart data with
a limited sample size, thus rendering the power of our
study low. Limitations in NIMV experience in our PICUs
precluded protocols for its application. There is no head-tohead randomization and comparison between other NIV
modalities. Treatment with several non-invasive modalities
limits the ability to extrapolate the contribution of each
mode to successful support or failure. This aspect also
limits our data on NIMV alone. Lastly, the criteria to initiate
NIV, modify mode of NIV, and decision to intubate was
based on clinician judgment and not protocolized.
Despite these limitations, our study provides the first
retrospective analysis of outcomes associated with NIMV
use in pediatric acute respiratory failure at two academic
institutions that are widely disparate geographically. Future
goals include verification of this data with a larger cohort
and protocolized escalation of respiratory support. Larger
and multicenter prospective studies may identify useful
clinical parameters that may assist in the identification of
patients who may benefit from NIMV. Future goals may
include randomization of patients to NIMV alone vs other
modes of NIV.
NIMV successfully supported 86% of pediatric patients
with acute respiratory failure. The remaining patients who
failed NIMV did not have a longer PICU, hospital LOS, or
total duration of respiratory support when compared to
those successfully supported with NIMV. NIMV failure was
recognized within a median of 6.5 h, therefore the use of
NIMV did not delay escalation to endotracheal intubation

The potential use of NIMV adds to the arsenal of respiratory support strategies.
Its success could obviate the need for mechanical ventilation in some patients.

ARTICLEHighlights
HIGHLIGHTS
Article

3

Research objective

Our primary objectives were to review our experience with NIMV-both alone and
in conjunction with other modes of NIV-and describe our patient outcome data
and compare with existing literature. In particular our interests were intubation
rate, PICU length of stay, hospital length of stay, duration of respiratory support,
and complications.

Research methods

During our study period, we identified all patients who utilized NIMV with or
without other modes of NIV at two academic institutions. We excluded patients
in the NICU, those dependent on chronic continuous positive airway pressure
(CPAP) or bilevel positive airway pressure or tracheostomy, and post-extubation
NIV. Data included demographics, vitals, characteristics of respiratory support,
diagnoses, complications, and outcome data. Patients who did not require
escalation to mechanical ventilation (MV) were defined as NIMV responders;
those who required escalation to MV were defined as NIMV non-responders.
NIMV responders were compared to NIMV non-responders. Standard
descriptive statistics are used. All statistical analyses were run by a certified
biostatistician using SAS v9.4.

Research results

We identified 42 patients during our three-year study period. Median age of
these patients was 4 mo. The majority of patients had a primary diagnosis of
bronchiolitis. Six failed NIMV. Baseline demographics, vitals, diagnoses, and
pediatric risk of mortality III scores were similar between NIMV responders and
NIMV non-responders. However, NIMV non-responders were on this mode of
ventilation for a significantly shorter period of time. Outcome data including
hospital length of stay, PICU length of stay, and duration of respiratory support
were similar between the two groups. No patients had aspiration pneumonia,
pneumothorax, or skin breakdown associated with NIMV. There was a single
mortality due to an uncorrectable and fatal lung pathology.

Research conclusions

NIMV was utilized in pediatric patients with acute respiratory failure and
successfully supported the majority of our patients. Failure of NIMV was quickly
identified in a median of 6.5 h. Patients who required intubation did not have a
longer PICU length of stay, hospital length of stay, or total duration of respiratory
support when compared to those successfully supported with NIMV.

Research perspectives

Based on our data, NIMV appears to be a promising mode of noninvasive
respiratory support. Future goals include prospective, and randomized studies
to describe and evaluate the efficacy of NIMV.

References
1
2

Research background

4
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