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ABSTRACT

Background: Respiratory	distress	syndrome	(RDS)	 is	a	common	lung	problem	in	neonates	born	before	28	weeks	of	pregnancy. The current study aimed to assess the clinical outcomes of Nasal Continuous Positive Airway Pressure(NCPAP), as compared to humidified high flow nasal cannula (HHFNC) in the treatment of premature neonates withRDS.
Methods: This	randomized	control	trial	was	conducted	on	60	preterm	neonates	(gestation	<34	weeks	and	birth	weight<2,000	g)	with	mild	to	moderate	RDS	(respiratory	severity	score	of	4	to	7)	and	oxygen	requirement	60%	or	less.	They	were	 randomly	 assigned	 to	 either	 NCPAP	 or	 HHFNC	 groups.	 Treatment	 failure	 in	 the	 irst	 72	 h	 after	 birth	 was	 the	primary outcome. Secondary outcomes included Pneumothorax, patent ductus arteriosus (PDA), chronic lung disease,surfactant injection, tracheal intubation, necrotizing enterocolitis (NEC), several days of delay in establishing fullenteral feeds, extended length of hospital stay and oxygen therapy days, and death. Data were analyzed in SPSSsoftware	(version	16)	using	 independent	 t-test, chi-square,	and	 logistic	regression	statistical	 tests	at	95%	signi icant	level.
Results: There were no significant differences in primary and secondary outcomes, including pneumothorax, patentductus arteriosus (PDA), chronic lung disease, surfactant injection, tracheal intubation, death, necrotizing enterocolitis(NEC),  days of delay in establishing full enteral feeds, duration of hospitalization, and the number of the days foroxygen requirement between NCPAP and HHFNC groups.
Conclusion: HHFNC and NCPAP techniques have the same efficacy in the treatment of RDS in neonates, and there wasno difference between the two techniques in terms of treatment failure and clinical outcomes. Since HHFNC is lessinvasive with the same efficacy compared to CPAP, we recommend that it can be used as a primary modality in pretermneonates with RDS.
Keywords: HHFNC, NCPAP, Premature neonate, Respiratory Distress Syndrome

IntroductionRespiratory distress syndrome (RDS) is acommon	lung	problem	in	neonates	born	before	28	weeks	 of	 pregnancy	 (1).	 This	 disease	 can	 be	followed by several complications, such as chroniclung	disease	(2),	and	increased	neonatal	mortality
(3).	 Moreover, RDS imposes a high economicburden on patients and society. For instance, thecost of respiratory care for newborns with RDShas	 been	 reported	 at	 $	 4.4	 billion	 a	 year	 in	 the	United	States	(4).	Although	Mechanical ventilation
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(MV) is one of the main RDS treatment methods,neonates under MV are always at risk for lunginjury,	 and	 about	 up	 to	 30%	 have	 the	 chronic	pulmonary disease, and sometimes lung damage isso severe that it impairs the growth anddevelopment	 of	 neonates	 (5).	 Therefore,	therapeutic approaches should be sought withminimal clinical complications. Based on studies,the use of nasal Continuous Positive AirwayPressure (NCPAP) in the first minutes after birth,accompanied by a reduction in the use ofmechanical ventilation, can reduce the chance ofdeath, brain hemorrhage, and complications ofthe RDS (7-9). The NCPAP is designed to deliver apredetermined oxygen concentration to breatheairborne neonatal airways. The main objective ofthis method is the application of minimumrelaxation pressure during the respiratory cycleto prevent alveolar and airway collapse(especially when exhaling) (10). The NCPAP isnon-invasive respiratory support in thetreatment of preterm neonates which can beperformed without endotracheal intubation.Consequently, continuous airway positivepressure distends the lungs which led to thepromotion of ventilation (11). The positiveeffects of NCAPA on premature infants includethe stabilization of breathing patterns, as well asthe reduction of respiratory apnea and airwayresistance (12). Nevertheless, it should be notedthat unnecessary use of NCPAP can be followedby several complications, such as air leaksyndromes, intraventricular hemorrhage (IVH),decreased cardiac output, as well as adverseeffects on the digestive system and abdominaldistension (13, 14).The humidified high-flow nasal cannula(HHFNC) is another widely used method forthe treatment of infant RDS (15-17). The use oflighter and easier cannula in HHFNC may befollowed by positive outcomes, such as less nasalinjury and ease of care, in comparison to theNCPAP (18, 19).Several studies have indicated the efficacy ofHHFNC in the early treatment of RDS amongpremature infants (19). However, today'schallenge is to choose the best method to achievePositive End-Expiratory Pressure (PEEP) in theneonate, with the least side-effect and the bestclinical outcome for the treatment of newbornswith RDS. In this regard, the main goal is to choosethe most non-invasive and effective method ofrespiratory support (20).The current study assessed the outcomes ofNCPAP, compared to HHFNC, in the treatment of

premature neonates with RDS. Treatment failurein	 the	 irst	 72	 h	 after	 birth	 was	 the	 primary	outcome.
Methods
ParticipantsThis randomized control trial was conductedon	 60	 newborns	 suffering	 from	 RDS	 in	 the	neonatal intensive care unit (NICU) of ImamKhomeini Hospital Complex, Valiasr Hospital,Tehran,	in	2018.	The sample size was calculated at60	 cases	 according	 to	 the	 results	 of	 a	 previousstudy (21). Thereafter, the newborns wererandomly assigned to two NCPAP and HHFNCgroups	 (n=340).	 They	 entered	 one	 of	 the	 NCPAP	and HHNFC treatment groups at birth withoutreceiving any specific treatment. The allocatedtreatment, HHFNC or NCPAP, was startedimmediately. The assigned mode of support wascontinued until the improvement of respiratorydistress. The design of the study population ispresented	in	Figure	1.
Inclusion and exclusion criteriaNeonates with mild to moderate RDS, birthweight	 <2000	 grams,	 gestational	 age	 <34	 weeks,	respiratory	severity	score	within	4-7,	and	oxygen	requirement<	 60%	 were eligible to participate inthe current study.On the other hand, d cardiac, gastrointestinal,and respiratory anomalies, intraventricularhemorrhage (IVH) at birth, positive blood culturewhen	 admitted	 to	 NICU,	 and	 5-minute Apgarscore <5	 were	 regarded	 as	 exclusion criteria.Moreover, the neonates whose parents didnot provide consent or refused to allowtheir participation were excluded beforerandomization.RDS was classified according to Downes et al.scoring system (22). Accordingly, mild, moderate,and severe RDS were defined as respiratory score<4,	4-7,	and	>7,	respectively	(Table	1).
ProcedureBefore the admission of the newborns,informed consent was obtained from theirparents. Initially, these parameters were studied:mother’s age, newborns’ weight, length, headcircumference,	gestational	age,	APGAR	score	at	1	and	5	min	after	birth,	and	need	of	oxygen.	A	chest	X-ray was used to reject another differentialdiagnosis of respiratory distress. Brainsonography was also used to diagnose ventricularhemorrhage. Both treatment methods wereperformed by one pediatrician or neonatologist. If
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persistent respiratory distress occurred in spite ofNCPAP/HHFNC, surfactant (Curosurf®/Survanta®)was administered in the first two h after birth.This was performed via INSURE method(intubation, surfactant administration, rapidextubation). Thereafter, the previous treatmentmethod (NCPAP/HHFNC) was continued.NCPAP was delivered by the Infant Flow CPAPsystem or ventilator using short single nasal prongwith different sizes pursuant to weight. This groupinitially received positive end-expiratory pressure(PEEP)	 of	 5	 cmH2O which was adjusted between4-6	cmH2O according to the neonate's respiratorycondition. A fraction of inspired oxygen (FiO2) of0.4	was	initiated,	and	it	was	adjusted	until	SpO2 of92-6%	was	maintained.	Weaning	was	started	with	a progressive reduction of the set FiO2 to	0.25	and	PEEP	to	4	cmH2O.HHFNC support was delivered using theMedin© blender System. We used the short

binasal cannula as an interface with differentsizes according to weight. The neonates onHHFNC	 received	 a	 low	 of	 5	 L/min	 initially,	 and	it	was	adjusted	between	3-7	L/min	according tothe newborn's respiratory condition (to ensureblood gas analysis results within normalranges).	 FiO2	 of	 0.4	 was	 initiated,	 and	 it	 was	adjusted	until	SpO2	of	92–96%	was	maintained.	Weaning was started with a progressivereduction	 of	 FiO2	 to	 25% and	 low	 to	 3	 L/min.	Oxygen was heated with a blender unit at atemperature	of	32-35°C.

WeaningRespiratory supports were stopped when theneonates showed no signs of respiratory distressand	SpO2	>	92%,	PCO2	<	60	mmHg	with	FiO2	of	0.25	 and	 HHFNC	 low	 rate	 of	 3	 L/min	 or	 NCPAP	PEEP	 of	 4	 cmH2O.	 The	 newborns	 then	 received	oxygen by Head box or free-flow oxygen.

Figure	1. Design of the study population
Table	1. Modified Downes et al. scoring system (24)Score 0 1 2Cyanosis room	air	(21%)	in FIO2≤%40 FIO2	>40%Retraction No Mild Moderate to severeGrunting No Audible with Stethoscope Audible without StethoscopeAir Entry (crying) Clear Delayed or decreased Barely audibleRespiratory Rate (breaths/min ) <60 60-80 >80Gestational age (weeks) >34 30-34 <30

109	infant’s	birth	with	RDS
49	Ineligible	33	 neonates	 who	 had	 cardiac,	gastrointestinal, respiratory anomalies orIVH at birth16	 neonates	 have	 a	 persistent	 air	 leak	 or	blood culture positive at hospitalization inNICU,	or	Apgar	score	less	than	5	at	5	minutes	

60	eligibleInfants with mild to moderateRDS,	 birth	 weight	 less	 than	 2000	grams, gestational age less than34	 weeks,	 respiratory severityscore	 	 within	 4-7,	 and	 require	oxygen	60%	or	less
60	neonates	eligible	and	randomized

30	newborn	assigned	to	NCPAP 30	neonates	assigned	to	HHFNC
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Treatment failureRespiratory	 acidosis	 (PaCO2	 >	 65	 mmHg	 with	pH	<	7.2)	at	the	maximum	setting	of	the	allocated	device,	 low	 7	 L/min	 or	 PEEP	 6	 cmH2O,	 hypoxia	(FiO2	 >	 0.6	 to	 maintain	 SpO2	 92-96%)	 or	 apnea	(>2–3	episodes	of apnea/hour requiring repeatedstimulation or bag-and-mask ventilation) despiteadequate prong fixation and flow or PEEPdelivery, were considered as the criteria fortreatment failure.
OutcomesThe primary outcome was treatment failurein both NCPAP and HHFNC group. Secondaryoutcomes included pneumothorax, patent ductusarteriosus (PDA), chronic lung disease, surfactantinjection, tracheal intubation, necrotizingenterocolitis (NEC), several days of delay inestablishing full enteral feeds, extended length ofhospital stay and oxygen therapy days, anddeath.
MeasuresThe data which were collected by trainednurses included mother age (years), the gender ofneonates (male, female), gestational age (week),weight (gram), length (centimeter), headcircumference (centimeter),	 Apgar	 at	 1	 and	 5	min after birth (score). Primary and secondaryoutcomes were recorded by participatingneonatologists.
Ethical approvalEthical approval was obtained from theResearch Ethics Board of Tehran University ofMedical Sciences	 (IR.TUMS.IKHC.REC.1395.1477).	Written informed consent was obtained fromneonates’ parents.

Data analysisAge of mothers, weight, length, headcircumference,	 gestational	 age,	 Apgar	 at	 1	 and	 5	min after birth, number of days to full enteralfeeding, the length of hospital stay, and number ofoxygen therapy days between two groups wereanalyzed using Student’s t-test. Comparisonsbetween neonates’ gender and treatment failureamong groups were conducted using the chi-square test. Multivariable logistic regressionmodels were performed to predict secondaryoutcomes between groups. The obtained datawere	 analyzed	 in	 SPSS	 software	 (version	 16.0)	(SPSS Inc., Chicago, IL, USA). A p-value less than0.05	was	considered Statistically significant.
ResultsThe mean age of mothers was reported as32.16	 years	 [SD:	 5.73]	 ranging	 from	 18-years.CPAP	 group	 included	 15	 (50%)	 female	 newborns	and	 15	 (50%)	 male	 neonates,	 while	 the	 HHFNC	group	 consisted	 of	 17	 (56.7%)	 	 female	 neonates	and	 13	 (43.3%)	 male	 cases.	 There	 were	 nosignificant differences in gender between the twogroups	(P=0.605).	In	addition,	Table	2	depicts	the	frequency of demographic data in NCPAP andHHFNC groups.Treatment failure rates are displayed in Table3.	 Based	 on	 the	 obtained	 results,	 there	 was	 no	significant difference in treatment failure betweenthe	two	groups.	Results	revealed	a	total	of	11.7%	(7.60)	of	treatment	failure	in	both	groups.The comparison of full feeding days, length ofhospital stay, and oxygen therapy days betweenNCPAP and HHFNC groups	is	reported	in	Table	4.	Our findings indicated no significant differences inthe number of days to full enteral feeding, lengthof hospital stay, and the number of oxygen

Table	2. Demographic	Data	in	NCPAP	(n=30)	and	HHFNC	groups	(n=30)Variables NCPAP GroupMean (±SD) HHFNC GroupMean (±SD) P-valueMothers’ Age (years) 31.57	(4.72) 32.79	(6.69) 0.424Weight (g) 1315.67	(417.49) 1181.17	(306.31) 0.160Length (cm) 39.17	(4.99) 39.00	(4.89) 0.897Neonates’ head circumference (cm) 27.71	(2.73) 26.82	(2.63) 0.199Gestational age (week) 29.50	(2.09) 30.40	(2.08) 0.065Apgar	at	1	min	after	birth 6.80	(1.99) 6.14	(2.91) 0.863Apgar	at	5	min	after	birth 8.40	(1.22) 8.17	(1.34) 0.638
Table	3. Primary outcome for neonates assigned to receive either HHFNC or NCPAP for the initial respiratory supportOutcomes NCPAP	(n=30) HHFNC	(n=30) P-valueTreatment failure 5	(16.7	%) 2	(6.7	%) 0.228ReasonsHypoxia 4	(13.3	%) 2	(6.7	%) 0.389Respiratory acidosis 1(3.3	%) 0	(0	%) 0.313
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Table	4. Comparison of days to full enteral feeding, length of hospital stay, and oxygen therapy days between NCPAP and HHFNC groupsVariables NCPAP GroupMean (±SD) HHFNC GroupMean (±SD) P-valueDays to full enteral feeding 18.50	(10.57) 18.73	(8.05) 0.930Duration of hospitalization 32.53	(19.86) 41.27	(22.46) 0.116Oxygen therapy days 10.34	(15.62) 14.76	(22.81) 0.839
Table	5. Multiple logistic regression analysis for clinical conditions related to NCPAP and HHFNC groupsClinical Conditions Odds Ratio	(95%	CI) P-valuePneumothoraxNCPAP 1.00 0.561HFNC 2.071	(0.178- 24.148)PDANCPAP 1.00 0.775HHFNC 1.179	(0.383- 3.629)Chronic lung diseaseNCPAP 1.00 1.000HHFNC 1.	00	(0.302- 3.308)Surfactant injectionNCPAP 1.00 0.837HHFNC 0.837	(0.260- 2.699)Tracheal intubationNCPAP 1.00 0.505HHFNC 0.322	(0.131- 1.951)DeathNCPAP 1.00 0.728HHFNC 0.781	(0.195- 3.137)NECNCPAP 1.00 0.452HHFNC 0.556	(0.120-2.569)therapy days between the NCPAP and HHFNCgroups.Finally, the assessment of secondary outcomeswith “treatment method” was performed usinglogistic	regression	analyses	(Table	5).	There	were	no significant differences in Pneumothorax, PDA,chronic lung disease, surfactant administration,tracheal intubation, NEC, and death betweenNCPAP and HHFNC groups.

DiscussionAs previously described, NCPAP and HHFNCas new methods for RDS support in neonatescarry some strengths and limitations. Thepresent study aimed to compare the efficacy ofNCPAP and HHFNC methods in the treatment ofIranian premature neonates with RDS. Theresults of the study indicated there was nodifference in treatment failure rate and clinicalconditions between NCPAP and HHFNC groups.This finding is similar to the results reported inother studies which suggested that both NCPAPand HHFNC techniques have the sametherapeutic effects (23-26). Evidence from otherstudies supports our findings. However, somestudies have pointed to some differences in theefficacy of these two methods in the treatment ofRDS among premature neonates. For instance,Vitaliti et al. carried out a study to identify the

most efficient treatment of RDS (NCPAP orHHFNC) in neonates and revealed that bothNCPAP and HHFNC techniques were efficient toimprove the clinical conditions, although NCPAPwas superior to HHFNC (24). Sreenan et al. foundno significant differences between NCPAP andHHFNC in the treatment of apnea andbradycardia among neonates (19). In addition,Fernandez-Alvarez et al. reported that theclinical outcomes of the HHFNC and NCPAP didnot show a significant difference. Nonetheless, incontrast to NCPAP, the HHFNC does not causenasal trauma and this could be considered anadvantage of HHFNC (18). Contrary to ourfindings, Yoder et al. reported that the length ofhospital stay among the neonates in the HHFNCtreatment group was significantly higher thanthat of newborns in the CPAP treatment group(25). Along the same lines, Milési et al. in Frenchuniversity hospital centers recommended thatNCPAP could be more efficient than HFNC forinitial RDS support (26).However, due to the lack of any significantdifference between the two techniques in terms oftherapeutic outcomes, the use of any techniquedepends on the expert’s opinion. In this regard,the initial conditions of the neonate, theexperience of the physician, the access to technicaltools, and the cost-effectiveness of the selected
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technique are important in prioritizing thetherapeutic approach.Furthermore, it should be noted that ourfindings indicated that the odds ratio for theclinical outcomes, such as tracheal intubation,death, surfactant injection, and NEC in theHHFNC method was lower, compared to theNCPAP method. Moreover, previous studies (19)denoted that HHFNC is less invasive, incomparison to  NCPAP. Therefore, consideringthe same efficacy, this method is recommendedfor the improvement of respiratory distress innewborns. However, neonates’ initial conditions,the physician’s experience, access to methodtools, and cost-effectiveness of the selectedmethod should be considered in prioritizing thetherapeutic approach. Shoemaker et al. reportedthat the main reason to use HHFNC was the easeof use and minimal nasal trauma, compared tothe NCPAP	(4).
Limitations and strengthsEvery study has some limitations which mustbe addressed in the paper. Firstly, the smallsample size does not provide enough study power.Secondly, some underlying variables were notassessed, including the level of physicianexperience in performing the NCPAP and HHFNCmethods or maternal disorders during pregnancy.Finally, the long-term follow-up of neonatestreated with these two methods is recommendedin a larger sample size.
ConclusionBased on the insight gained in the currentstudy, both NCPAP and HHFNC techniques havethe same efficacy in the treatment of RDS inneonates, and there is no difference between thetwo techniques in terms of in-hospital clinicaloutcomes. However, considering the sameefficacy of two methods and less invasiveness ofHHFNC, compared to NCPAP, it can be concludedthat HHFNC can be recommended for theimprovement of respiratory distress in pretermneonates.
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