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Objective: To assess efficacy and safety of High flow nasal cannula therapy (HFNC) as
primary mode of treatment for children with respiratory distress. Methods: Consecutive
patients (1 mo-16 years) with respiratory distress were assessed for respiratory clinical score,
COMFORT score and saturation to FiO, (SF) ratio. Results: A total of 188 (91.7%) patients
out of 205 responded to HFNC alone. The respiratory clinical score and COMFORT score
were lower with higher SF ratio in these than 17 patients who required ventilation (P<0.001).
Median (IQR) time to failure was 2 (1.75-24) hours. Air leak was seen in 2 (1%) patients.
Conclusions: HFNC is an effective and safe primary mode of respiratory support in children
with respiratory distress. Children who succeed on HFNC show a favorable clinical response
within first few hours.

Keywords: Comfort score, Mechanical ventilation, Non-invasive ventilation, SaO2/FiO2
ratio.
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cannula (HFNC) contraindications to HFNC, altered sensorium (GCS

delivers heated and humidified gas mixture at

a flow greater than patient’s inspiratory flow

demand and can provide intermediate level of
support between low-flow oxygen delivery and non-
invasive ventilation (NIV) in critically ill children [1].
Retrospective studies have shown that HFNC is useful for
conditions like bronchiolitis, asthma, pneumonia and
congenital heart disease [2]. The evidence for its safety or
usefulness in children is limited [3]. There is paucity of
prospective clinical trials on the effectiveness of HFNC
in respiratory failure (not due to bronchiolitis) in
pediatric intensive care unit (PICU).

This study aimed at assessing the efficacy and safety
of HFNC as a primary mode of treatment in respiratory
distress in children.

METHODS

This cross-sectional study was undertaken at an urban
tertiary care hospital of Western India from 1 January,
2018, to 31 December, 2018. The study was approved by
the institutional ethics committee and informed consent
from parents was taken prior to enrollment. Consecutive
patients with respiratory distress necessitating admi-ssion
to PICU, in the age group of 1 month to 16 years of age
were included. Children requiring immediate non-
invasive (NIV) or invasive ventilation and those with
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<12), apnea and catecholamine resistant shock were
excluded.

Respiratory distress was defined as hypoxia (SpO2
<94% in room air), tachypnea (as per age) and increased
work of breathing (chest wall retractions, use of accesssory
muscles of breathing and nasal flaring/grunting). HFNC
was started as the first line treatment if all the above
clinical signs were present. Primary outcome measure was
need for ‘NIV’ or invasive ventilation.

Bronchiolitis was defined as a clinical syndrome of
respiratory distress in children less than two years with
rhinorrhea followed by lower respiratory infection
resulting in wheezing and crepts. Children with fever,
respiratory distress, tachypnea and infiltrates on chest
radiograph were classified as pneumonia. Children with
fever, respiratory distress, tachypnea and chest signs of
wheezing and crepts but without infiltrates on chest
radiograph were classified as LRTI with wheeze.

A respiratory clinical score with the following
parameters was calculated: age specific respiratory rate
scores 0 to 3, retractions O to 3, dyspnea 0 to 3, and
wheeze 0 to 3. Total score ranged between 0 for normal
and 12 at the extremes [4]. FiO2 was adjusted to keep
arterial oxygen concentration between 92-97% to
calculate saturation to FiO2 (SF) ratio. HFNC tolerance
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was assessed using modified COMFORT scale [5]. The
scale estimates eight parameters with a 1 (low) to 5 (high)
score: alertness, calmness, respiratory response, physical
movement, mean arterial pressure, heart rate, muscle
tone, and facial tension. The total score can range
between 8-40 (score of 17-26 suggesting good comfort).
Respiratory clinical score, SF ratio and modified
COMFORT score were calculated before starting HFNC
treatment, at 60 to 90 minutes and 12-24 hours afterward.

HFNC system (Fisher and Paykel Healthcare, New
Zealand) with junior circuit 900PT501 was used. Infant
OPT316 or Pediatric OPT318 nasal prongs were selected
as per child’s age. Flow was initiated at 1-2 L/kg/min for
infants and 1 L/kg/min for pediatric patients and adjusted
according to patient response and tolerance (max 2 L/kg/
min). Failure on HFNC was defined as need for NIV or
invasive ventilation, when clinical deterioration was
present. Criteria for intubation were respiratory arrest,
refractory hypoxia (SpO2 <90% on 100% FiO2),
exhaustion due to increased work of breathing and
inability to protect airway. Criteria for switching to NIV
were left to discretion of the attending intensivist.

For calculation of sample size, a baseline risk for
need of ventilation as 16% was assumed in children with
respiratory distress presenting to the emergency. We
hypothesised that HFNC would reduce the risk by 50%
(absolute reduction of 8 percentage points). Using alpha
error of 0.05 and for 90% power, we calculated a sample
size of 178. To allow for potential 10% recruitment
failure rate, required sample size was increased to 200.

Statistical analyses were performed using IBM SPSS
23 version (IBM 2015), and significance was assessed at
0.05 level. Comparisons between two groups were made
using independent sample Mann Whitney U test and
Kruskall Wallis test for continuous measurements.
Univariable and multivariable Cox regression models
were used to assess the association of HFNC failure with
various clinical parameters.

RESULTS

A total of 205 (71 girls) children were commenced on
HFNC therapy. HFNC failure occurred in 17 (8.3%)
children at a median (IQR) time of 2 (1.75-24) hours.
Thirteen of these children required invasive ventilation.
Three children developed local erythema and two
developed airleak on HFNC. Clinical characteristics of
responders and non-responders to HFNC are presented in
Table I.

In univariate regression analysis, respiratory clinical
score [Hazard ratio (95% CI) 4.9 (2.1-11.2), P=0.001];
SF ratio [HR (95% CI) 0.94 (0.97-0.99), P=0.012]; and

INDIAN PEDIATRICS

HFNC IN RESPIRATORY DISTRESS

Table I Characteristics of Children as per Response to High
Flow Nasal Cannula (HFNC)

HFNC Non- Pvalue

responders  responders

(n=188) n=17)
Age, n (%)
<6 mo 38(90.4) 4(9.6) 0.01
6-23 mo 60 (90.9) 6(9.1) 0.001
2-5y 73 (94.8) 4(5.2) 0.001
6-12y 15(83.3) 3(16.7) 0.001
13-16y 2(100) 0 0.001
Diagnosis, n (%)
Bronchiolitis 37(97.3) 1(2.6) 0.001
Pneumonia 54(79) 14 (21) 0.001
LRTI with wheezing 17 (94.5) 1(5.5) 0.001
Acute severe asthma 15 (100) 0 0.001
Congenital heart disease 7 (100) 0 0.001
Septic shock 41(93.1) 3(6.9) 0.001
Others 15 (100) 0 0.001
FiO2 (%) 40 (35-45) 60 (55-70) 0.08
Flow (L/min)* 15 (11-20) 16 (13-22) 0.45
PIM2 score (%)* 2.7(1.1-6.4) 5(4-14.3) 0.01
Mortality 0 3(17.6) 0.001
Duration of HFNC (h)* 48 (41-75)  2(1.75-24) 0.001
Respiratory clinical score®
On admission 10 (9-11) 12 (11-12) 0.001
At 60-90 min 9(8-10) 12 (11-12) 0.001
At12-24h 7 (6-8) 12(11-12) 0.001
SF ratio®
On admission 316 (262-330) 260 (236-323)  0.03
At 60-90 min 333(281-346) 245(217-246) <0.001
At12-24h 360 (306-374) 245 (196-252) <0.001
COMFORT score®
On admission 31(29-33) 33(32-35) <0.001
At 60-90 min 29(27-30) 33(32-35) <0.001
At12-24h 25(24-26) 34 (32-35) <0.001

“Data presented as median (IQR); SF: Saturation to FiO2 ratio;
LRTI: Lower respiratory tract infection; Maximum HFNC parameters
— Oxygen flow rate (FiO2); PIM 2 score: Pediatric index of mortality

score.

COMFORT score, [HR (95% CI)1.99 (1.4-2.8), P=
0.001] on admission were associated with HFNC failure.
In multivariable regression analysis, none of these
parameters were associated with increased risk of HFNC
failure, respiratory clinical score [HR (95% CI) 2.26
(0.84-7.7), P=0.09], SF ratio, [HR (95% CI) 0.99 (0.97-
1.00), P=0.29] and COMFORT score [HR (95% CI) 1.39
(0.88-2.21), P=0.15].
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WHAT THIS STUDY ADDS?

» HFNC is an effective mode of respiratory support in children with respiratory distress with heterogenous etiologies.

DISCUSSION

HFNC was effective in preventing intubation in children
with respiratory distress in the present study with low
failure rate in patients with various respiratory etiologies.
The low failure rate on HFNC could be because was
started relatively early and preemptively, even in cases of
mild to moderate illness.

Patients with shock were also managed successfully
on HFNC in this study. The contribution of HFNC in
recovery of these patients cannot be quantified since
multimodal monitoring and management plays a more
important role. However, HFNC helps in decreasing work
of breathing in these patients by maintaining functional
residual capacity.

Patients who responded on HFNC had lower
respiratory clinical score and COMFORT score with
higher SF score at 60-90 minutes and at 12-24 hours.
These parameters suggest that patients who are likely to
succeed on HFNC would show favorable response within
first few hours which was sustained over 24 hours. Non-
responders had lower SF ratio, higher respiratory clinical
score and COMFORT score on admissions suggesting
that these children were sicker and more likely to need
NIV or invasive ventilation.

The complication rate was low with airleak seen in
only two patients with ARDS. The lower incidence of
airleaks may be due to the standard flow rates being used
in the study.

HFNC use requires additional treatment modalities
before invasive ventilation which can be associated with
adverse events [6] and additional costs. It may also be
associated with delay in intubation, which however, was
not seen in the present study.

The present study used easily reproducible tools for

assessment and monitoring of severity of illness in
children with heterogenous conditions making this
relevant in daily clinical practice. This was however, a
single center study using prespecified protocol, thereby
limiting its external validity. A control arm without HFNC
was not compared for ethical concerns.

To conclude, HFNC is an effective and safe primary
mode of respiratory support in children with respiratory
distress due to various causes. Children who succeed on
HFNC show favourable response within first few hours
and response is sustained over the next few days.

Contributors: SS: conceptualized the study, analysed the data
and wrote the manuscript; AK: assisted with the concept made
the study protocol and reviewed the manuscript; RB,GS: were
involved in data collection and reviewed the literature.

Funding: None; Competing interests: None stated.

REFERENCES

1. Frizzola M, Miller TL, Rodriquez ME, et al. High flow
nasal cannula: Impact on oxygenation and ventilation
in an acute lung injury model. Pediatr Pulmonol.
2011;46:67-74.

. Coletti K, Bagdure D, Walker L, Remy K, Custer J. High-
Flow nasal cannula utilisation in pediatric critical care.
Resp Care. 2017;62:1023-9.

3. Mayfield S, Jauncey-Cooke J, Hough JL, Schibler A,
Gibbons K, Bogossian F. High-flow nasal cannula therapy
for respiratory support in children. Cochrane Database Syst
Rev. 2014;3:CD009850.

. Liu LL, Gallaher MM, Davis RL, Rutter CM, Lewis TC,
Marcuse EK. Use of a respiratory clinical score among
different providers. Pediatr Pulmonol. 2004;37:243-8.

5. Ambuel B, Hamlett KW, Marx CM, Blumer JL. Assessing
distress in pediatric intensive care environments: The
COMFORT scale. J Pediatr Psychol. 1992;17:95-109.

6. Crulli B, Loron G, Nishisaki A, Harington K, Essouri S,
Emeriaud G. Safety of pediatric tracheal intubation after
non-invasive ventilation failure. Pediatr Pulmonol.
2016;5:165-72.

INDIAN PEDIATRICS

43

VOLUME 58—JANUARY 15,2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


