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Diagnostic and Therapeutic Methods —

Efficacy of Nasal Intermittent Positive Pressure
Ventilation in Treating Apnea of Prematurity

Chyi-Her Lin, mp,** Shan-Tair Wang, php,? Yuh-Jyh Lin, mp,* and Tsu-Fuh Yeh, wmp!

Summary. The efficacy of nasal intermittent positive pressure ventilation (NIPPV) in treating
apnea of prematurity was evaluated. Apneic preterm infants were randomly assigned to receive
either NIPPV or continuous positive airway pressure (NCPAP) for 4 hr when they failed to
respond to conservative therapy. The amount of reduction in apneic spells and bradycardia in
the two groups after treatment was compared. Thirty-four infants (18 with NIPPV, 16 with
NCPAP) were enrolled. Their birth weights ranged from 590-1,880 g (mean, 1,021 g) and
gestational ages from 25-32 weeks (mean, 27.6 weeks).

The baseline characteristics were comparable in the two groups. Frequency of apnea and
bradycardia was reduced during both forms of treatments. However, the infants receiving NIPPV
had a greater reduction of apneic spells (P = 0.02) and a tendency to greater decrease in
bradycardia (P = 0.09) than those receiving NCPAP. We conclude that NIPPV is more effective
than NCPAP in reducing apnea in preterm infants. NIPPV may reduce bradycardia; however,
this needs to be validated by a larger number of observations. Pediatr Pulmonol. 1998; 26:
349-353.  © 1998 Wiley-Liss, Inc.
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INTRODUCTION study, Ryan et al.compared the efficacy of NIPPV with
nasal continuous positive airway pressure (NCPAP) in
Apnea occurs in approximately 25% of preterm infanisfants with idiopathic apnea, and they concluded that
during the first 10 days of lifé.Its incidence increasesNIPPV had no advantage over NCPAP. Unfortunately,
with decreasing gestational ag&he diagnosis of apneathe criteria for enrollment of their subjects were not clear,
of prematurity (AOP) is made when no known cause favhich may have affected their results.
apnea other than prematurity can be identified. Apnea iSNIPPV creates intermittently higher pharyngeal pres-
classified into obstructive (10-20%), central (10-55%ure than NCPAPand, by intermittent inflation of the
and mixed (33-71%) typ€esS Infants with intractable
apnea may require endotracheal intubation and mechalni- o . ,
cal ventilation. This procedure is invasive and has begpgpartment of Pediatrics, College of Medicine, National Cheng Kung
. . L . niversity, Tainan, Taiwan.
associated with complications such as subglottic stenosis,
tracheal stenosis, endotracheal tube displacement, aBghartment of Public Health, College of Medicine, National Cheng
infection®” Therefore, an alternative treatment modalitiung University, Tainan, Taiwan.
would be preferable if it could prevent the infants from ) ) _ o _
requiring endotracheal intubation. Moretti efaluccess- Presented in part at the meeting of Society for Pediatric Research in
. . Washington, DC, May 8, 1996.
fully treated 10 preterm infants with intractable apnea
with nasal intermittent positive pressure ventilatiogrant sponsor: Chinese Premature Baby Foundation; Grant number:
(NIPPV). However, it was an uncontrolled trial, and thes-01.
definition of apnea was not mentionéd-urthermore, § 0: Dr. Chyi-Her Lin. Department of Pediatrics. N
i~ Ho *Correspondence to: Dr. I-Her Lin, Department of Pediatrics, Na-
.70% Of. th.e apneic infants ha.d s_eps!s in that Stu.d.y Apn.t‘:%:al Cﬂeng Kung Universii/y Hospital, 158 Sheng-Li Road, Tainan
in septic infants should be distinguished from |d|opathtg.‘04’ Taiwan.
apnea, and sepsis requires special treatment in addition to
management of apnea. In a randomized crossover conteteived 17 October 1997; accepted 22 May 1998.

© 1998 Wiley-Liss, Inc.
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pharynx during airflow, it may activate the dilatortherapy. Aminophylline was administered intravenously

muscles of the pharynx and respiratory drives to abort theé a loading dose of 5 mg/kg. Its serum levels were de-
apneic spell$:1° We, therefore, hypothesized thatermined 30 min later and maintained within the range of

NIPPV would be more effective than NCPAP in reducc5-15 mg/L. Infants with apnea related to IVH, sepsis,

ing the incidence of apnea in preterm infants. The stu@jectrolyte imbalance, or congenital anomalies were ex-
here reported is an open and randomized controlled tr@lided.

to answer this question. Infants meeting the enrollment criteria received a

number sealed in an envelope drawn by an administrative
assistant and were randomly assigned to either the
SUBJECT.S AND METHODS NIPPV or the NCPAP treatment group. Thorough nasal

Study Design and oral suction was performed before the application of

Premature infants admitted to the neonatal intensi¢éher NCPAP or NIPPV, and repeated oral suction was
care unit (NICU) of our hospital were attached to cadone as needed during the study period. NCPARas
diorespiratory monitors (Hewlett-Packard, Boeblingef€livered at a constant pressure of 4-5 cpgOHNIPPV
Germany). Apneic spells were detected by the monit$f@s started at the peak pressure of 12 cpOHnd in-
with a standard thoracic impedance technique and cd#gased progressively to 20 cmy®i until the excursion
firmed visually by an assigned nurse. Heart rate w&§ the chest wall became observable. End-expiratory
measured by the same monitor. Arterial oxygen satuf@€Ssure was maintained at 4-5 ciHventilation rate
tion was monitored constantly by a pulse oximeter (Bio¥@s Set at 20 per min and flow rate at 8 L/min. Both
3700, or 3760, Ohmeda, Boulder, CO) and maintainéﬁethOds were admlnlstered by the Bear-(_:ub Infant Ven-
between 85-95%. Apnea was defined as the absencéltor (Bear Medical Systems, Inc., Riverside, CA)
respiratory efforts for more than 20 sec, or less than Jgrough nasal prongs of various sizes (Hudson RCI, In-
sec when associated with bradycardia (heart rate <1¢@nt Nasal CPAP Cannula, Temecula, CA) according to
min) or with hypoxemia (Q saturation <85%). The ces-the S|ze_of the mfants. The ventllator pressure settings
sations of respiratory movements or bradycardia occlyere calibrated with an RT-200 callbrat!on analyzer (Al-
ring during nursing care were not included. Apnea withed Healthcare Products, Inc., St. Louis, MO), and the
no known etiology except prematurity was termeBréssure was determined at the pr_oxw_nal part of t_he nasal
“AOP.” We observed the apneic infants for 4 hr. The’rongs. Att_empt was made to maintain the_ arterial oxy-
4-hr observational period was selected because it p&n satu_ratlon levels between 85—_95%. All mfants had an
vided better means of enumeration of episodes of aprif@9astric tube placed for gastric decompression, and
and bradycardia from hard copies provided by the morii€y were not fed during the 4-h study period. They
tors. Each infant with apnea was evaluated for the fopayed in a supine position, and the mandible was held
lowing etiologies: patent ductus arteriosus (PDA), intrdVith @ strap to prevent air leakage.
ventricular hemorrhage (IVH), hypoglycemia, hypocal-
cemia, electrolyte imbalance, anemia, and sepsis. P
and IVH were confirmed by echography, and chest X-

rays were performed to identify possible pulmonary dis- Based on a frequency of apneic episodes of 3-4 per
eases. Environmental temperature was controlled to Fyur, we determined that 17 infants in each group were
main within the range of a neutral thermal environmengeeded to achieve 80% statistical power to demonstrate a
Informed consent was obtained from the parents prior 4994 difference in the reduction of the incidence of apnea

the stuc_iy. _ _ ~or bradycardia between the two groups. Type | error was
Only infants who had apneic episodes more than twiegt at 5%.

per hour in the preceding 4 hr and who failed to respond
to the following treatments were included: 1) tactile
stimulation and oxygen supplementation, which was a@utcome Variables

ministered via oxygen hood; and 2) aminophylline i o ) ,
Arterial or arterialized capillary blood gas tensions

were determined at time 0 and 4 hr after the start of

mple Size Calculation

Abbreviations treatment. The frequencies of apneic spells and brady-
AOP  Apnea of prematurity cardia over 4 hr bgfore and after the therapy were re-
Fi,O,  Fraction of inspired oxygen corded by the cardiopulmonary monitors and printed out

IVH Intraventricular hemorrhage by a think-jet printer (Hewlett-Packard, Singapore). The

NCPAP Nasal continuous positive airway pressure hard copy of the heart rates and apneic spells were evalu-
NIPPV Nasal intermittent positive pressure ventilation ted b f th th h blinded to th

PDA Patent ductus arteriosus ate . y_one 0 € authors, who was blinded 1o the ran-

domization.
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TABLE 1—Clinical Characteristics of Infants Treated With TABLE 2—Comparison of Responses Between Infants
Either Nasal Intermittent Positive Pressure Ventilation Treated With Either Nasal Intermittent Positive Pressure
(NIPPV) or Continuous Positive Airway Pressure (NCPAP) 1 Ventilation (NIPPV) or Continuous Positive Airway
1
NIPPV NCPAP Pressure (NCPAP)

(N = 18) (N = 16) P values* NIPPV NCPAP
BW (g) 1020+£327  1022+174 NS (N=18 (N=16) P values*
GA (weeks) 27.8+2.2 27.3+1.4 NS  Apneic spells (times/hour) 0.02
Age at entry (days) 155+10.1 15.7+£10.2 NS Before 3.5(2.3-6.8) 2.6 (2.3-9.0)
Fi,O, at entry 0.35+0.16 0.31+0.07 NS After 0.8 (0.0-5.0) 1.5 (0.0-6.5)
Hb (g/dL) 12.8+5.1 12.3+2.6 NS Bradycardia (times/hour) 0.09
Theophylline {.g/mL) 79+2.3 7.7+3.4 NS Before 2.6 (0.3-3.8) 2.3 (0.3-3.8)
IN, case number; BW, birth weight; GA, gestational age; Fifeac- Pc':A\(];tze(rmm Ho) 0.5(00-23) 1.1(0.0-4.8) NS
tion of inspired oxygen; data were expressed as mean * SD. Before 495+115 51.8+9.4

*Between-group comparisons were made using Wilcoxon rank SUM pgror

test 50.2+13.3 49.4+9.6

est. PO, (mm Hg) NS
et ; Before 50.3+14.1 49.2+104

Statistical Analysis After 65.2+29.4 59.6+19.5

(?ontmuous variables such as gestational age, b“iW, case number. All continuous data were expressed as either median
weight, age at enroliment, whole-blood Hb levels, thgrange) or mean + SD.

ophylline levels, and fraction of inspired oxygen (F)O *Analysis of covariance was performed to compare the therapeutic
at entry were compared between the NIPPV and NCPARects of NIPPV and NCPAP.

groups by the Wilcoxon rank sum test. Changes in epi- o )
sodes of apneic spells and bradycardia before and 43pup € = 0.02). A similar tendency was observed in
after treatment were compared between the two grouis® episodes of bradycardi® (= 0.09). There were no
using analysis of covariance. Log transformation of tHigme effects on the response to therapy in either group.
data was performed before conducting the analysis duédg€ infant receiving NCPAP failed to respond as his
the skewed nature of the data. Unless indicated oth&lco, '0S€ t0 65 mm Hg, thus requiring endotracheal in-
wise, data were expressed as mear SD. AP value of tubation (see Fig. 2). All infants started with values

less than 0.05 was considered significant. within reasonable ranges; there was an increase in the
mean R, by 14.9 mm Hg and 10.4 mm Hg in the NIPPV
RESULTS and NCPAP groups, respectively. However, the differ-
nce in the increments ingPwas not significant between

Ninety infants were observed during the study perio oth groups

24 of whom were excluded due to coexisting conditions : . o
. biphasic response was observed in infants treated
such as sepsis (11 cases), PDA (9 cases), IVH (3 Cas@xﬁﬁl NIPPV, which indicates that a positive pressure

and respiratory failure (1 case). Thirty-two (49%) repreath may induce sighing (Fig. 1). Figure 2 shows the

sponded to aminophylline therapy and were eXC|Ud§f£s . : : .

. . . . piratory impedance of an infant who gradually failed
leaving 34 infants (18 in NIPPV group, 16 in NCPAF, '\ 1ppy. The chest wall movements were noted during
iPPV, but the tracing progressively diminished in am-

clinical features are summarized in Table 1. The bir itude and finally led to apnea.

weights ranged from 590-1,880 g (mean, 1,021 g), ges
tational ages ranged from 25-32 weeks (mean, 27
weeks), and mean age at entry to this study was 15.6 d §CUSSION
(3-36 days). There was no difference in the amount of Henderson-Smart et &t reported that one third of
oxygen required or the hemoglobin levels between bopheterm infants have bradycardia, with apnea spells de-
groups at entry to the study. The average theophyllifi@ed as cessation of breathing lasting longer than 20 sec.
concentrations were maintained within the therapeut8maller preterm infants may develop hypoxemia or bra-
range in both groups; two infants, one in the NIPP¥Yycardia even with shorter cessation of respiratory move-
group, and the other in the NCPAP group, had theopments! With the monitor used in this study, we were
ylline concentrations lower than 5 mg/L, requiringinable to differentiate which types of apnea the infants
booster doses to maintain the appropriate blood leved. However, with concomitant monitoring of heart
before they entered the study. One infant receivimate, respiratory impedance, and arterial oxygen satura-
NCPAP therapy was noted to have a mild nasal abrasitton at bedside, we could detect significant apneic epi-
during the study period. sodes irrespective of type. Aminophylline is effective
Table 2 shows the infants’ responses to treatment. Tagainst central and some mixed types of apnea that
reduction in apneic spells (times/hour) was significantlgtarted with a central element. Since we only enrolled
greater in the NIPPV group compared to the NCPAIRfants who did not respond to aminophylline therapy,
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Fig. 1. Respiratory impedance of an infant receiving nasal in- Fig. 2. Respiratory impedance measurements of chest wall ex-
termittent positive pressure ventilation (NIPPV). There is a bi- cursions indicate that nasal intermittent positive pressure ven-
phasic wave after the positive pressure breath. Arrows indicate tilation (NIPPV) fails to maintain adequate ventilation. The trac-
administration of NIPPV. ing progressively diminishes in amplitude. Arrows indicate ad-

ministration of NIPPV.

we might have studied infants who primarily had ob-
structive apneas. our study may be related to the decrease in apneic spells

Apneic episodes associated with severe bradycar@iad improvement in oxygenation. The failure to observe
may induce fluctuation in the blood presstité* and statistically significant decreases in bradycardia is likely
have potential deleterious hypoxic-ischemic effects afue to the small number of infants and a small decrease
the brain'4 For example, severe apnea and bradycardia bradycardia. A larger number of observations will
may well be related to the higher incidence of abnormalobably make the observed trend significant.
neurologic status observed at follow-tfp.Therefore, In contrast to our results, Ryan et®ateported that
more aggressive treatment is recommended when infaNi$*PV had no significant edge over NCPAP in reducing
have frequent apnea, especially when it is accompanitée incidence of apnea. The peak pressure they used (20
by bradycardid:#*6:1” NCPAP administered by nasalcm H,O) was similar to our settings, yet was lower than
prongs is an effective method to reduce the frequency thiose (20-35 cm kD) used in the study of Moretti et &l.
mixed or obstructive apnea in preterm infafits!®How- It has been noted that higher flow rate may produce a fast
ever, in 18 preterm infants with clinical conditions simifise in the airway pressure so that the soft palate could be
lar to those enrolled in the present study, Kattwinkel gushed against the tongue and seal the oral céuity.
al.*6 demonstrated that the frequency of apnea could oriipth Moretti et aB and our present study, NIPPV was
be reduced by 70% following application of NCPAP. delivered at a flow rate of 8 L/min. The flow rate in

Miller et al.* proved that NCPAP is selectively effec-Ryan, et aP however, was not defined. In addition, in-
tive in reducing the incidence of mixed and obstructiviants in the present study had more frequent episodes of
apneas. NCPAP splints the airway throughout the respipnea and bradycardia than in Ryan ePalhich could
ratory cycle, increases functional residual capacitgJso have contributed to the discrepancy in results.
eliminates the Hering-Breuer reflex, and stabilizes the Increase in chest wall excursions and sigh breathing
chest wall of the infant®=2°Its application reduces thewere observed when the infants responded to NIPPV.
need and duration of mechanical ventilation as well &ghs were not noted in infants given NCPAP. Rigatto
the mortality rate of the infant®2*Our study shows that and Brady* reported that the frequency of sighs in-
NIPPV is more effective than NCPAP in treating apneareased during hypoxia or airway occlusion. Sighs may
We speculate that NIPPV may provide infants witlplay a physiologic role in inflating atelectatic areas of the
higher airway pressure than NCPAP, and this may alkmgs?°-2®
contribute to the higher response rate in the former. SinceThe evidence that a sigh was induced by NIPPV sug-
the duration of observations was relatively short, a fogests that sighing is one of the mechanisms involved in
low-up study is warranted to reveal the long-term outnaking NIPPV an effective treatment. NIPPV could in-
come of these infants. fluence the tracing of thoracic impedance and reduce

Dransfield et aP? monitored a group of preterm in-apneic episodes in NIPPV infants. However, we ob-
fants recovering from respiratory distress syndrome asdrved gradual airway closure in those infants who failed
reported that all types of apnea are associated with bNIPPV treatment. Gauda et #&l.evaluated the function
dycardia. There was a close relationship between braaj-the genioglossus dilator muscle of the upper airway
cardia, apneic spells, and hypoxerfitalherefore, a ten- and the diaphragm during the apneic episodes. They
dency to decrease bradycardia in the NIPPV infants found that all types of apnea were associated with a



reduction in the contraction of the diaphragm and dilator
muscles of the upper airway.

Vocal cords dilate during inspiration so that positivéo'
pressure can be effectively transmitted to the distal air-
way. If NIPPV is delivered in the expiratory phase it may
increase the work of breathing. Furthermore, it may ad.
versely induce high airway pressure and result in pneu-
mothorax2® Administration of NIPPV that works in syn-
chrony with the infant’s inspiratory drive may reduce the
work of breathing® and improve pulmonary functiot?. 13.
Amitay et al° showed that there is an improvement in
tidal volume and minute ventilation, and less variabilit
in arterial blood pressure during synchronous ventilation.”
We did not have a device that could deliver NIPPV syn-
chronized with the infant’s respiration. Its applications.
may further increase the success of NIPPV in reducing
apneic episodes.

In summary, the evidence, though not conclusive, i
highly suggestive that NIPPV benefits infants with AOP.
However, the duration of observations was too short to
extrapolate long-term outcome. The mechanisms for ef-
fectiveness of NIPPV may be related to the triggering &f -
sigh. Failure to prevent closure of the upper airway ma)
be the cause of occasional failure to NIPPV. NIPPV may
reduce the frequency of bradycardia; however, this can
only be validated with larger numbers of observations19.
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