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ABSTRACT

Background: This study was carried out to compare high flow nasal cannula (HFNC) and nasal
intermittent mandatory ventilation (NIMV) in respiratory support of one day-old neonates with
respiratory distress syndrome (RDS).

Methods: This was a clinical trial conducted in neonatology wards of two university affiliated
hospitals from Sep 2013 to Dec 2014. Inclusion criteria were gestational age of 30 to 35 weeks,
appropriate weight for gestational age, clinical signs and symptoms of RDS, and RDS suggestive
chest-X ray. All patients with RDS were treated with NIMV for one day. Those requiring NIMV
respiratory support more than one day and showed the signs of respiratory distress were
randomized into two groups of NIMV and HFNC. Each group consisted of 30 patients. Outcome
measures included chronic lung disease, mechanical ventilation, failure to treatment, the time to
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establish full enteral feeding and the mortality rate. In addition, all complications were recorded.
Characteristics of the two groups were compared at baseline and after the intervention.

Results: Mean gestational age of patients in NIMV and HFNC groups was 31.81 (1.83) and 31.83
(1.39) weeks, respectively. Distributions of sex, gestational age, height, head circumference, and
Apgar scores at the first and fifth minute after the birth were not significantly different between the
two groups. Mean (SD) duration of respiratory support after the 1* day was 16.48 (7.80) hours in
NIMV group and 18.46 (6.95) in HFNC group (P=0.3). Mean (SD) duration of hospitalization in
NICU was 3.24 (0.68) days in NIMV group and 3.2 (0.06) in HFNC group (P=0.8). Mean (SD) age
when oral feeding was started, was 23.37 (5.78) hours in NIMV group and 20.13 (5.38) hours in
HFENC group (P=0.03). Eleven patients (36.7%) in NIMV group vs. 2 patients in HFNC group
required free oxygen therapy (P=0.005). No treatment failure, chronic lung disease, mechanical
ventilation or endotracheal intubation was observed in any group. 100% vs. 10% in NIMV and
HFNC groups, respectively, experienced grade 3 and 4 nasal mucosal damage (P<0.01).
Conclusion: HFNC was more tolerable than NIMV in the treatment of RDS in premature neonates'
=230 week-old when applied after the first day of life.
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1. INTRODUCTION

Non-invasive respiratory supports require no
insertion of endotracheal tube. They have been
recognized as the proper substitute for
mechanical ventilation in neonatal respiratory
distress syndrome (RDS). Three well-recognized
non-invasive methods are continuous positive
airway pressure (CPAP), nasal intermittent
positive airway pressure (NIPPV) and humidified
oxygen delivered by high flow nasal cannula
(HFNC) [1,2].

The effectiveness of NIPPV as the primary mode
of support in neonatal RDS has been established
[3,4]. HENC was applied mostly for therapeutic
measurement of viral upper and lower airway
infections in older children and especially in
recent years in the neonatal intensive care unit
(NICU) [5-9]. More recently it has been also
employed as the principal support for RDS in
preterm neonates [10-13]. Both NIPPV and
HFNC can also support the preterm neonates
after extubating and can treat apnea in
premature neonates [14,15]. The difficulty of
NIPPV application, the small size of neonatal
nostril and the risk of damage to the nasal
mucosa by NIPPV led the researchers to find
more feasible alternatives [6,16]. The Cochran
review on HFNC concluded that there are not
enough evidences to show the safety and
effectiveness of HFNC in respiratory support of
preterm neonates [17].

The current study was conducted to evaluate the
safety and efficacy of HFNC compared with
nasal intermittent mandatory ventilation (NIMV)
in respiratory support of one day-old neonates
with RDS.

2. METHODS
2.1 Study Design and Patients

The current study was a clinical trial carried out
in neonatology wards of two different hospitals
(Beheshti and Alzahra) affiliated with Isfahan
University of Medical Sciences from Sep 2013 to
Dec 2014 (Fig. 1). The ethical committee of the
Isfahan University of Medical Sciences approved
the study protocol (Iranian clinical trial ethical
code, 393515). An informed written consent was
obtained from all parents whose newborns were
enrolled in the study.

Newborns with the following inclusion criteria
were included in the study: Gestational age of 30
to 35 weeks, appropriate weight for gestational
age, clinical signs and symptoms of RDS such as
grunting, cyanosis, intercostal and subcostal
retraction, and RDS suggestive chest-X ray.

2.2 Intervention

All patients with RDS were treated with NIMV
during first 30 minutes after birth. The goal was
to maintain the oxygen saturation (SPO2)
between 92 to 95 percent. The right hand SPO2
was measured in all patients. NIMV was started
with PIP of 14 to 20 cmH20, flow of 6 to 10
litymin, PEEP of 4-6 cm H20, respiratory rate of
15-30 per minute and inspiratory time (Ti) of
0.45. To maintain appropriate SPO2, the
pressure (PEEP and PIP) was gradually
increased to the maximum level and
consequently, the FIO2 was increased. If
FI02>35% was necessary, the patient would be
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placed under the administration of surfactant
with  INSURE method. Before surfactant
administration, arterial blood gas (ABG) was
measured.

In all patients, caffeine was administered
intravenously. The loading dose was 20 mg/kg,
and the maintenance dose was 5 mg/kg/d. The
criteria of NIMV failure and the indications for
mechanical ventilation were as follow: presence
of apnea, blood PH<7.2, PC02>60 mmHg and
respiratory failure.

NIMV discontinuation was done according to the
clinical picture when SPO2 was between 92 and
95%, respiratory distress was absent, PIP was
<14 cmH20, PEEP was <4 cm H20 and FIO2
<30%. If oxygen therapy was necessary, it would
be continued by oxy-hood or through incubator to
keep the oxygen saturation between 85 and
92%.

Patients who required NIMV respiratory support
>24 hours and showed signs of respiratory
distress plus FIO2 230% were randomized into

two groups. Simple randomization was employed
to allocate the neonates within each group. NIMV
group involved those who received continual
NIMV support until the criteria of NIMV failure
were met. HFNC group included those who
received no more NIMV support. Their oxygen
therapy was provided by HFNC system. Each
group consisted of 30 patients. Patients with
pleural effusion, congenital pneumonia,
chromosomal abnormalities, anatomical
anomalies or cyanotic heart disease were not
included in the study (Fig. 1).

In HFNC group, oxygen was heated to 37°C by
oxygen humidifier. The circuit was RT329 (Fisher
and Paykel Healthcare, Salter Lab, Arvin,
California). The external diameter of the nasal
cannula was 2 mm. The nasal cannula was
attached to the specific circuit and was
connected to the chamber exit while the entrance
of chamber was adjusted by the blender through
a pressure manifold. The humidifying system
attached to the circuit through a heater wire and
temperature probe.
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Fig. 1. Consort flowchart of the study
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The minimum respiratory flow rate of oxygen was
2 L/min and the optimum was calculated based
on the patient’'s weight [0.68W (kg) + 0.92] [14].
Therefore, based on weight of neonates, the
minimum and maximum of flow rate in HFNC
group were 2 and 2.41 L/min, respectively. When
oxygen saturation was 21% and the patient had
no more respiratory distress, HFNC was
discontinued.

2.3 Outcomes

The following outcomes were measured in all
patients: chronic lung disease, mechanical
ventilation, failure to treatment, the time to reach
full enteral feeding and the mortality rate.
Furthermore, the complications of each treatment
were recorded and compared including
pneumothorax, pneumopericardium, nasal
trauma, nosocomial sepsis, necrotizing
enterocolitis, pulmonary hemorrhage, cerebral
hemorrhage and patent ductus arteriosus (PDA).
The patient was considered to have chronic lung
disease when supplemental oxygen was
continued after 36 week postconceptional age
(PCA) of the baby who was born before 32 week
of gestational age.

Nasal mucosa was examined and the level of
nasal trauma was determined based on the
following grading system: level 1, completely
healthy, level 2, erythematous, level 3,
erythematous and edematous, level 4,
erythematous, edematous and thickening, and
level 5, erythematous, edematous, thickening,
and obstruction with or without bleeding.
Nosocomial sepsis was diagnosed when the
culture of blood or cerebrospinal fluid (CSF)
taken five days after birth was positive.
Necrotizing enterocolitis was established when
the patient was diagnosed with pneumatosis
intestinalis or required the related surgical
intervention. Intraventricular hemorrhage was
detected by brain ultrasound carried out by a
trained neonatologist within the first 72 hours,
and at 7" and 14" days after birth. PDA was
suspected by the clinical picture and was
confirmed by echocardiography.

The nurses were also surveyed to compare the
difficulty of the two methods.

2.4 Statistical Analysis

Characteristics of the two groups were compared
at baseline and after intervention. For
nonparametric variables, Mann-Whitney U test

was used and for parametric variables, student t
test was applied. P values less than 0.05 were
considered significant. SPSS version 17
(Chicago, IL) was used for data analysis.

3. RESULTS

30 patients were enrolled in each study group
which included 31 female and 29 males. The
mean (SD) gestational age of all neonates was
31.82 (1.60). Distributions of sex, gestational
age, height, head circumference, and Apgar
scores at the first and fifth minute after the birth
were not significantly different between the two
groups (Table 1). Furthermore, the arterial
blood gas parameters and the therapeutic
measurements before intervention were not
significantly different between NIMV and HFNC
groups (Table 1).

No death was recorded during the study period.
Other outcome measures and the complications
of interventions are summarized and compared
in Table 2. The mean duration of respiratory
support was not significantly different between
the two groups (Table 2). Likewise, the mean
(SD) duration of hospitalization in NICU, the
mean (SD) duration of post-NICU hospitalization,
and the mean (SD) age of full oral feeding were
similar between NIMV and HFNC groups (Table
2). But, the mean (SD) age of patients when oral
feeding was started was significantly lower in
HFNC group. No treatment failure was recorded
in both groups. No patient had chronic lung
disease and no one required mechanical
ventilation or endotracheal intubation.
Interestingly, 11 patients (36.7%) in NIMV group
required free oxygen therapy. Two patients were
treated with oxy-hood and 9 ones with incubator.
On the other hand, only 2 patients (6.7%) in
HFNC group required oxygen therapy which was
conducted by incubator (P=0.005). The mean
(SD) time of oxygen therapy after discontinuation
of intervention was 11.22 (7.00) hours in NIMV
group and 13.5 (14.84) hours in HFNC group
(P=0.72). No neonate required NIMV or HFNC
again after discontinuation of intervention.

The ease of intervention was significantly
different between the two groups (Table 2). The
prevalence of intraventricular hemorrhage, 72
hours and one week after the birth, neonatal
infection, PDA, and apnea were not significantly
different between the two groups (Table 2). But,
damage to the nasal mucosa was significantly
more severe in NIMV group than in HFNC group
(Table 2). No neonate developed pneumothorax,
NEC or pulmonary hemorrhage.
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Table 1. Demographic and baseline characteristics compared between the two groups

Newborn demographic factors and characteristics NIMV group  HFNC group P-value
N=29 N=30

Sex Female, n (%) 18 (58.1%) 13 (41.9%) 0.19

Male, n (%) 11 (39.3%) 17 (60.7%)
Gestational age, mean (SD), weeks 31.81 (1.83) 31.83(1.39) 0.95
Weight, mean (SD), g 1624 (319.32) 1626 (280.91) 0.98
Height, mean (SD), cm 42.10 (4.38) 42.03 (3.78) 0.94
Head circumference, mean (SD), cm 30.34 (2.11) 29.96 (1.66) 0.44
1° minute Apgar score, mean (SD) 6.03 (1.59) 6.13 (1.61) 0.81
5th minute Apgar Score, mean (SD) 8.31 (0.84) 8.33 (1.09) 0.92
PO2 before starting the treatment, mmHg, mean (SD) 58.19 (17.85) 59.56 (13.80) 0.74
PCO2 before starting the treatment, mmHg, mean (SD)  42.92 (7.93) 44.79 (8.40) 0.38
BE before starting the treatment 5.96 (1.80) 4.94 (2.26) 0.06
PH before starting the treatment 7.28 (0.04) 7.30 (0.05) 0.12
Prenatal steroids, n (%) 15 (44.4) 19 (55.9) 0.36
Surfactant, n (%) 22 (53.7) 19 (46.3) 0.22
Age when received surfactant, mean hour (SD) 1.57 (0.58) 1.56 (0.61) 0.95
Number of surfactant doses, mean (SD) 1.13 (0.35) 1.31(0.67) 0.28
Surfactant type Survanta 8 (66.7) 4 (33.3) 0.11

Curosurf 8(88.1) 13 (61.9)

Bovine lipid extract (bLES) 6 (75) 2 (25)

Table 2. Outcome measures and complications compared between the two groups

Outcome measures & complications NIMV group HFENC group P- value
Total respiratory support, mean hours (SD) 40.06 (7.70) 42.46 (6.95) 0.21
Respiratory support after the 1°* day, mean hours 16.48 (7.80) 18.46 (6.95) 0.30
(SD)
NICU hospitalization period, mean days (SD) 3.24 (0.68) 3.20 (0.06) 0.81
Post-NICU hospitalization period, mean days (SD)  6.79 (2.69) 6.4 (2.22) 0.54
Age when oral feeding began, mean hours (SD) 23.37 (5.78) 20.13 (5.38) 0.032
Age when full oral feeding established, mean hours 133.66 (30.03) 135.33 (22.85) 0.80
(SD)
Nurses survey on Easy 0 (0) 30 (100) P<0.01
the ease of Moderate 22 (75.9) 0 (0)
Intervention, n (%) Difficult 7 (24.1) 0 (0)
Intraventricular Normal 29 (93) 26 (86.7) 0.35
Hemorrhage, Grade 1 0 3 (10)
72 hours after the Grade 2 2(6.9) 1(3.3)
Birth, n (%) Grade 3 0 0
Intraventricular Normal 26 (89.7) 29 (96.7) 0.29
Hemorrhage, Grade 1 1(3.4) 0
One week afterthe  Grade 2 2 (6.9) 1(3.3)
Birth, n (%) Grade 3 0 0
Damage to the Grade 1 0 3 (10) <0.01
Right nasal Grade 2 0 24 (80)
Mucosa, n (%) Grade 3 22 (75.9) 3 (10)

Grade 4 7(24.1) 0
Damage to the Grade 1 0(0) 4(13.3) <0.01
Left nasal Grade 2 0 (0) 23 (76.7)
Mucosa, n (%) Grade 3 19 (65.5) 3 (10)

Grade 4 10 (34.5) 0
Neonatal infection, n (%) 2(6.9) 0 (0) 0.23
PDA, n (%) 1(3.4) 0 (0) 0.49
Apnea, n (%) 1(3.4) 2(6.7) 0.50
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4. DISCUSSION

The current study demonstrated that HFNC and
NIMV were similarly effective in the treatment of
premature one day-old neonates with RDS.
Outcome measures including the duration of
respiratory support, the duration of
hospitalization in NICU, the duration of post-
NICU hospitalization, the age of full oral feeding,
the number of treatment failures, occurrence of
chronic lung disease, and the requirement for
mechanical ventilation or endotracheal intubation
showed no significant difference between the
patients in NIMV group vs. those in HFNC group.
Patients in HFNC group were significantly
younger when started the oral feeding. Moreover,
more than a third of patients in NIMV group vs.
<7% of those in HFNC required oxygen therapy.

Woodhead et al. [18] compared neonates
supported with standard HFNC group with those
who were supported by Vapotherm in a cross-
over study. They showed that the latter group
had significantly lower respiratory efforts and
nasal injuries. Iranpour et al. and Abdel Hady et
al. each conducted a randomized clinical trials to
compare HFNC vs. NCPAP [19,20]. They found
no specific difference in outcomes between the
two groups. Similarly, Sasi's retrospective study
showed the same results [12]. In Abdel Hady
et al. study, NCPAP group had shorter duration
of oxygen therapy and respiratory support [20]. In
Campell et al. [21] clinical trial, more neonates on
HFNC required reintubation than the neonates of
NCPAP group. Furthermore, after extuabtion,
HFNC group experienced apnea and bradycardia
more frequently than the other group.

Two important characteristics of HFNC in our
study which were significantly different than
NIMV were the ease of application of respiratory
support system and the severity of damage to
nasal mucosa. None of the nurses who applied
both methods rated NIMV as an easy method of
treatment whereas all of them considered HFNC
as an easy therapeutic measurement. All of the
neonates who had respiratory support through
NIMV, experienced grades 3 or 4 of nasal
mucosal damage whereas only 10% of those in
HFNC group had either grade 3 or 4 of nasal
mucosal damage. Similarly, two clinical trials and
a review article of HFNC method pointed out the
growing evidence of the preference of nurses for
HNFC and its higher feasibility compared to other
methods of neonatal non-invasive ventilation
[11,22,23].

The current study had some limitations. It was
conducted in two university-affiliated hospitals.
Then, the study population was homogenous
which limited the external validity of the results.
The sample size was small and the patients were
not followed up after hospital discharge. We
suggest to include large number of patients and
to follow up them after hospital discharge in
multiple centers in the future investigations.

5. CONCLUSION

HFNC was more tolerable than NIMV in the
treatment of RDS in premature neonates' =30
weeks after the first day of life.
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