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Abstract
Objective: Application of Continuous Positive Airway Pressure (CPAP) in neonate with respiratorydistress is associated with reduction of respiratory failure, reduced complications and mortality.Bubble CPAP (B-CPAP) and ventilator-derived CPAP (V-CPAP) are two most popular CPAP modes.We aimed to determine whether B-CPAP and V-CPAP would have different survival rate andpossible complications.
Methods: This prospective clinical trial was performed on 50 preterm neonates weighing 1000-2000 gr who were admitted to the neonatal intensive care unit of Afzalipoor Hospital because ofrespiratory distress between June 2009 and May 2010. Patients were randomly allocated intotreatment groups using minimization technique. Survival analysis was applied to estimate andcompare survival rates. Duration of oxygen therapy, hospital stay as well as hospitalization costswere compared using independent sample t-test.
Findings: Estimated survival rates at 24 hours in B-CPAP and V-CPAP groups were 100% and 77%respectively. Corresponding figures at 48 hours were 100% and 71%. In addition thehospitalization cost in V-CPAP group was significantly higher than in B-CPAP group.
Conclusion: According to our results, B-CPAP was effective in the treatment of neonates who weresuffering from respiratory distress and reduced the duration of hospital stay. In addition tomentioned benefits, its low cost may be the reason to use B-CPAP broadly compared with V-CPAP.
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IntroductionNeonatal respiratory failure is a serious clinicalproblem[1–3] associated with high morbidity,

mortality, and cost[4–6]. The major risk factor is lowbirth weight[7,8], which is more prevalent amongthe poor, and the uninsured[9–12]. The standardmethod of management for respiratory failure is
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supportive care with mechanical ventilation andhigh concentration of inspired oxygen. A study inthe United States reports a mechanical ventilationrate of 18 per 1,000 live births and the total cost of$4.4 billion for treating respiratory failure[13].There is increasing enthusiasm for non-invasiverespiratory support of preterm infants. Devicesused to generate CPAP include conventionalventilators, the “bubbly bottle” system and theinfant flow driver[14]. The Infant flow driver hasbeen shown to be a feasible device for managingrespiratory distress syndrome in preterminfant[15]. CPAP is used in infants with respiratorydistress and apnea[16,17].CPAP supports the breathing of preterm infantsin a number of ways. It splints the upper airwayand reduces obstruction and apnea, assistsexpansion of the lungs, and prevents alveolarcollapse[14].Underwater bubble CPAP (B-CPAP) andventilator-derived CPAP (V-CPAP) are two of themost popular CPAP modes, and they use differentpressure sources. In V-CPAP, a variable resistancein a valve is adjusted to provide resistance to theflow of air[18]. In B-CPAP the positive pressure inthe circuit is achieved by simply immersing thedistal expiratory tubing in a water column to adesired depth rather than using a variableresistor[19,20].Lee et al[19] demonstrated the superiority of B-CPAP as compared to V-CPAP in prematureinfants. Teresa et al[21] showed that the use of B-CPAP is a potentially useful practice among verylow birth weight infants with RDS.Although these two different pressure sourcesfor CPAP delivery have been used for threedecades, surprisingly there are no largerandomized trials of B-CPAP vs conventionalmanagement with mechanical ventilation, a factthat reflects the common dilemma in clinicalresearch. Conducting a large trial too early risksfailure due to both inadequate knowledge ofoptimal treatment strategy to design the trialcorrectly and lack of expertise in the use of thenew technique/device[22]. What is clear, however,is that in resource-limited settings B-CPAP is aneffective and inexpensive way to providerespiratory support that appears to be at least asgood as the respiratory support generated by farmore expensive equipment[23].

Whether B-CPAP has any advantages overstandard CPAP remains to be determined. Theobjective of the present study was to compare thesurvival rate of neonates with respiratory failuretreated with application of B-CPAP vs V-CPAP andto study any possible complications caused bythese methods.
Subjects and MethodsThis study was conducted at a level III neonatalcare unit of Afzalipoor Hospital between June2009 and May 2010 in Kerman University ofMedical Sciences. The aim of this study was tocompare the effectiveness of B-CPAP and V-CPAPin the treatment of neonates with respiratorydistress syndrome. All of the patients were inborn(gestation 28 to 36 weeks).All consecutively born preterm infants withbirth weight between 1000 and 2000 grams whohad respiratory distress and a Silverman-Anderson retraction score[24] of 6 and 7 wereincluded. Babies were excluded if there wassignificant morbidity apart from RDS includingcardiac disease (not including patent ductusarteriosus [PDA]), congenital malformationincluding congenital diaphragmatic hernia,tracheoesophageal fistula, and cleft lip/palate, andbabies who had either respiratory distresssecondary to severe asphyxia (Apgar score3 at 1and 5 minute or pH7.12), cardiovascular orrespiratory instability because of sepsis, anemia,or severe intraventricular hemorrhage (IVH) onadmission.Setting the power and type-one error at 80%and 5%, we have estimated that the total numberof patients required was 50 (i.e., 25 per treatmentgroup).To randomly assign patients into treatmentgroups, the minimization technique was appliedwith respect to baby's gender and birth weight(1500 vs >1500 grams). By implementing thismethod, we balanced the gender and weightdistribution in treatment groups. In both groupsCPAP was implemented nasopharyngeally.Indication for CPAP included (i) FiO2 >0.4 tomaintain PaO2 ≥60 mmHg associated with
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pH<7.25; and (ii) PaCO2 <50 mmHg[25]. The Fisherand Paykel Bubble-CPAP (BC161, New Zealand.
UK) involves a source of gas flow (6-8 L/min), anair oxygen blender (Biomed Devices Belendez.
USA), humidifier (MR410, Fisher & Paykel Health
Care. New Zealand), and a respiratory circuit. Theexpiratory hose is inserted in a bottle of water.CPAP level delivered is equivalent to the distancethat the distal end of expiratory tubing isunderwater, which was submerged under 5 cm ofwater to obtain 5 cm H2O of CPAP in our study.The Bear 750 PSV (Bear Medical System, Inc. US)Ventilator-derived CPAP also provided base flowof gas at a rate of 5 L/min; however, its hose wasconnected to the exhalation valve of the ventilator.The pressure tube was connected to the Y-pieceand the pressure was adjusted at 5 cm H2O.CPAP was considered to be successful if therespiratory distress improved and the baby couldbe successfully weaned off CPAP. The criteria forweaning was absence of respiratory distress(minimal or no retractions and respiratory ratebetween 30 and 60 per minute) and SpO2>90% onFiO2 <30% and PEEP <5 cm of water. Mechanicalventilation was considered for failure of CPAP; i.e.,in babies with PaO2 <50mmHg or PaCO2 >60mmHg and pH<7.25 with FiO2 >0.6; or those withclinical deterioration (increased respiratorydistress) including severe retractions on PEEP >7cm of water; or prolonged (>20 seconds) orrecurrent apneas (>2 episodes within 24 hoursassociated with bradycardia) requiring bag andmask ventilation[26,27].Infant variables evaluated included birthweight, gestational age, Apgar score at 1 minute,delivery room management (oxygen, bag andmask, intubation), chest X-ray, arterial blood gas,FiO2 requirement and treatment with surfactant(Survanta).The main outcome of this study was survivalrate. We applied survival analysis to compare thesurvival rate in the treatment groups at differenttime points. By definition the survival function isthe probability of observing a survival timegreater than some stated value X. This indicatesthat being event free all the way to the end of Xthyear depends on no event in any of the precedingyears, and also none in the Xth year, so this methodconsiders aging information.To display the results graphically, Kaplan-Meier

curves were plotted. The Log-Rank test wasapplied to compare survival curves acrosstreatment groups.We also compared treatment options in termsof duration of oxygen therapy, duration of hospitalstay, and hospitalization costs. We reported theincidence of neonatal morbidities in 2 treatmentgroups: pneumothorax, PDA by echocardiography
(Spacelabs Medical. USA), IVH by cranialultrasonography (Accuvix10) performed by ourneonatologist who was blinded to failure as anoutcome which was typically performed onadmission day, day 7, and when the baby failedeach mode of treatment, severe IVH (grades III-IV), chronic lung disease (CLD), and trauma tonasal septum and nostrils.Independent sample t and Chi-square testswere used to compare continuous and categoricalvariables between treatment groups, respectively.All analyses were performed using SPSS version15 at a significance level of 0.05.The study protocol was approved by the localethical committee of Kerman University of MedicalSciences (Ethic Code: K-88-235). All parentssigned informed consent forms beforeparticipating in the study. This study has beenregistered in Iranian Registry Clinical Trail(IRCT.ir) (Irct ID: IRCT13890208325 0N2).

FindingsAs summarized in Table I, the B-CPAP and the V-CPAP groups had comparable demographiccharacteristics. Bubble-CPAP proved to beeffective in 24 (96%) babies; only 1 baby requiredmechanical ventilation on the 6th day. Ventilator-derived CPAP was effective in 18 (72%) patients.A total of 25 babies received surfactant(Survanta): 12 in B-CPAP and 13 in V-CPAP groupwith no significant difference. A total of 4 neonateshad IVH: 1 in B-CPAP group and 3 in V-CPAPgroup. None of the babies developedpneumothorax. Nasal trauma was seen in 12% ofpatients, but this did not include trauma toseptum; the only complication was minimal nostrillesions all of which had improved beforedischarge.
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Table 1: Patient characteristics in B-CPAP and V-CPAP modes
Variables B-CPAP(n=25) V-CPAP(n=25) P-value

Gender
Male 13(52%) 12(48%) 0.8Female 12(48%) 13(52%)

Gestational age (wk)

<=28 1(4%) 5(20%) 0.129-31 10(40%) 12(48%)32-36 14(56%) 8(32%)
Birth Weight (g)

1000-1500 10(40%) 11(44%) 0.81501-2000 15(60%) 14(56%)
Response to treatment

No (failure) 1(4%) 7(28%) 0.02Yes (Survive) 24 (96%) 18 (72%)
Duration of treatment (hr)[Mean ± SD] 39.8±38.04 49.4±33.7 0.3
Duration of hospital stay (d)[Mean ± SD] 8.9±3.4 10.6±7.3 0.3
Complications

CLD 0 1PDA 1 0IVH 1 3Nasal trauma 3 3
Mean treatment duration in B-CPAP was notstatistically significantly different from V-CPAP(39.8h vs 49.4h). Focusing on patients whoresponded to treatment, the mean duration oftreatment for the two groups was 35.5±31.92hand 57.5±33.99h respectively and the differencewas statistically significant (P=0.04). Also, wefound a significant difference between B-CPAP andV-CPAP for the mean duration of hospital stay(8.7±3.3 vs 11.9±7.8 days, respectively). Thecharacteristics of patients who did not respond toV-CPAP are given in Table 2.Neither sex nor birth weight influenced theresponse to treatment. No similar analysis wasperformed for the B-CPAP group since only 1patient did not respond to the treatment applied.We also compared the survival rates between thetwo treatments every 12 hours (Table 3). In the

first 3 days, the estimated survival rate in the B-CPAP group was 100%.However, in the V-CPAP group a decrease insurvival rate was seen. In the first 24 hours thedifference between survival rates was about 25%(100% in B-CPAP vs 77% in V-CPAP), indicatingthe vital importance of the first hours ofmanagement of patients. The survival rate ofneonates who received V-CPAP was 59% at theend of the 3rd day and remained constantafterward (Fig 1). The Log-Rank test confirmed asignificant difference between the survival curves.It should be noted that when we developed amultifactorial Cox regression to adjust thetreatment effect in the presence of other variables,the model did not converge to a solution. This wasbecause only one event occurred in the V-CPAPgroup.
Table 2: Patient characteristics by failure of treatment in V-CPAP group

Variables
V-CPAP

P-value
Success (n=18) Failure (n=7)

Gender
MaleFemale 8(44.4%)10(55.6%) 4(57.1%) 0.5683(42.9%)

Gestational age (wk)
<=28 4(22.2%) 1(14.3%) 0.3329-31 7(38.9%) 5(71.4%)32-36 7(38.9%) 1(14.3%)

Birth weight (g)
1000-1500 6(33.3%) 5(71.4%) 0.181500-2000 12(66.7%) 2(28.6%)
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Table 3: Comparison of estimated success rate in survival
Group 12h 24h 36h 48h 60h 72h

B-CPAP 100% 100% 100% 100% 100% 100%
V-CPAP 88% 77% 77% 71% 71% 59%

The mean duration of hospital stay andtreatment time were similar in the 2 treatmentgroups in neonates weighing <1500g (P-values=0.84 and 0.63, respectively); however, the meanduration of hospital stay and treatment time ofneonates weighing >1500 g were significantlylonger in the V-CPAP group (25.26±17.09 h and7.2±2.6 d in B-CPAP vs 47.2±30.24 h and 9.5±2.9 din V-CPAP).The mean cost of hospitalization in the B-CPAPand V-CPAP groups was $947.3±726 and$1436.7±934, respectively, and the difference wassignificant (P=0.04).
DiscussionThe main goal of this study was to compare theeffectiveness of and complications associated withB-CPAP and V-CPAP. The role of CPAP in treatingthe neonatal respiratory distress was already wellknown. Different modalities of ventilators and

systems producing CPAP have providedopportunities to compare these methods.Our findings showed that the failure rateassociated with B-CPAP was lower than thatassociated with V-CPAP, which was inconsistentwith the results of the study carried out by Tagareet al[28]. Likewise, Lee[19] showed that B-CPAP wassignificantly more effective than V-CPAP. On theother hand, the studies by Morley[29] and Pillow[30]demonstrated that B-CPAP increases therespiratory effort in the neonate more so than V-CPAP.We observed only one single failure in the B-CPAP group in our study; we did not investigatethe cause for this failure. However, in the study byAmmari[31] the CPAP failure observed wasassociated with positive pressure ventilation atdelivery and severe RDS. Also, Urs[26] noted thatthe chance for success was limited to patients withmild to moderate RDS.In our survey the hospital stay and treatment inneonates weighing more than 1500 g differedbetween the B-CPAP and V-CPAP groups andthis was not shown in patients weighing less than
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Fig. 1: Survival rate of neonates in B-CPAP (top line) and V-CPAP (bottom line)
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1500 g. In another study[32] the positive effect of B-CPAP was seen in neonates weighing more than1250 g, and in the study by Tagare[28] the hospitalstay was longer in the B-CPAP mode than V-CPAP.B-CPAP delivers mechanical oscillatoryvibrations that simulate waveforms produced byhigh-frequency ventilation (HFV)[19,33].Accordingly, B-CPAP may possess thecharacteristics of CPAP and HFV at the same time.It has been reported that hemodynamics is betterpreserved during HFV than during conventionallycontrolled mechanical ventilation[34,35], and alsowhen using B-CPAP[36].In this study we did not investigate thehemodynamic changes in the two groups but thatmay be why we saw fewer IVH cases among thosewho were under B-CPAP.Several studies have shown that the “Columbiaapproach”[37,38], in which B-CPAP is used early inthe course of respiratory distress in bothpremature and term-gestation infants, caneffectively lower the incidence of CLD[39-41]. AtColumbia University, the early initiation of nasalprong B-CPAP in combination with a tolerance toelevated PCO2 levels has been shown to reducethe incidence of CLD to <5% in infants weighingless than 1500 g[42], consistent with our findings.The mean cost of hospitalization was loweredby using B-CPAP in our study. Lanieta et al[43] havesuccessfully demonstrated the usefulness of B-CPAP in a developing country, and have alsoreported the cost effectiveness of B-CPAP. Pieperet al[44] have shown the importance of CPAP in theabsence of neonatal intensive care and also theimproved outcome in neonates treated with CPAPprior to transfer to a tertiary unit.The small sample size of this study does limit itsapplicability. A multicenter randomized controlledtrial is needed to further confirm these findings.
ConclusionBased on our results B-CPAP seems to be superiorto V-CPAP in terms of treatment of RDS in preterminfants due to fewer complications, shorterhospital stay, and lower cost. The simplicity andlow cost of B-CPAP compared with V-CPAP makesit an attractive option in resource-poor setups.
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