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Abstract .

gained momentum and its use in nurseries around the world is also increased. This paper reviews various modalities of non-

In the era of gentle ventilation and open lung strategy noninvasive ventilatory support in neonates has

invasive respiratory support in some details and its relevance in the recent evidence based use. Continuous positive airway
pressure (CPAP) is a mode of ventilatory assistance in which positive pressure is delivered to the airway throughout the
respiratory cycle. It is also referred to as continuous distending pressure ( CDP) or positive end expiratory pressure
(PEEP) when applied through a ventilator along with intermittent mandatory ventilation (IMV ). Tt has been proven over
the years to be an effective mode of ventilatory support and as such has gained widespread use in the management of a variety
of neonatal respiratory diseases. It is relatively cheap and easy to apply and certainly feasible for routine use in
underdeveloped world. Besides improving oxygenation CPAP often functions as an airway stabilizer of the trachea thus helping
to decrease the frequency of neonatal apneas, particularly the obstructive variety. There is good to fair quality supportive
evidence from several studies that the use of primary CPAP can reduce the need for intubation and mechanical ventilation in
infants less than 32 weeks gestation. In this review, we will attempt to describe different delivery devices and pressure
generating systems and discuss different ways in which CPAP can be applied. Although it is unclear that primary use of CPAP
can reduce overall neonatal mortality and morbidity it is becoming increasingly clear that early CPAP use is less invasive,
baby friendly and decreases the need and frequency of the use of surfactants. Besides, clinical indications for CPAP, its

advantages and limitations will also be explored. CPAP adjuncts such as nasal intermittent positive pressure ventilation
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(NIPPV) and infant flow driver will also be discussed.
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Gregory et al'' first described continuous positive
airway pressure ( CPAP) in the neonatal literature in
1971. Although this mode of ventilation was first used
on large and relatively mature infants, over the years it
has been successfully applied to more premature and
even immature infants as well ”*’. Over the last few
years several strategies has been applied to neonatal
care in an attempt to decrease neonatal morbidities and
mortalities and noninvasive ventilation has been one of
them. It has been proven to be an effective mode of
ventilation in neonates and has secured a comfortable
position in the neonatal respiratory support technology.
Implementation of early CPAP in neonatal intensive care
units ( NICUs) will need experienced nurses and ex-
tended education and training programs. The use of

CPAP as a primary intervention and mode of respiratory
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support is indeed an option for relatively mature infants
ie greater than 32 weeks gestation. However this strate-
gy may also be successfully used to avoid intubation in

4 Sue-

infants born between 27 to 32 weeks gestation
cessful use of CPAP could avoid ventilator induced lung
injury and may decrease bronchopulmonary dysplasia (a
major NICU morbidity) and potentially decrease neonatal
care costs and as such is quite appealing to all neonatolo-
gists and newborn caregivers. Recent publications ™’
have tried to revisit these clinical issues reminding us that
traditional approach of neonatal respiratory management
can indeed be altered for the benefit of the ill neonates.
The majority of the studies published were observational
using historical controls or no controls with fair quality*’.
The dynamic nature of its use and its potential prompted

us to report the state of the art as it stands today.

[ Introduction to the first author ] Dr. K. SANKARAN MD, FRCP (C) FCCM, Professor of Pediatrics of University of Saskatchewan, Canada.
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1 Principles and mechanisms

The adult lung has 300 million alveoli and can be re-
garded as tiny air bubbles with around 0.3 mm in di-
ameter, so it is extremely unstable. Because of surfac-
tant and the fact that each wall can anchor and support
each other the stability of the alveoli is enormously in-
creased. However in disease states air spaces can col-
lapse or distend. In many neonatal diseases and even
in its absence the neonatal lung air spaces tend to col-
lapse causing hypoxemia and lung injury. Obviously
CPAP keeps the lung open. Additionally it supports
and anchors larger airways reducing obstructive apne-
as'”’. In the 1970's, CPAP was delivered through an
endotracheal tube as an adjunct to intermittent manda-
tory ventilation (IMV) and as the infant’s condition
improved, CPAP alone was used leading to extubation
and post extubation care. Over time, several other na-
sal delivery devices have been tried with varying de-
grees of success. Delivery devices that are now fallen
out of favor are the face mask and head box with neck
seal. The nasal route is preferred as newborns are ob-
ligate nose breathers.

Single nostril prong is usually an endotracheal tube
cut short and placed 1-2 e¢m inside the nose or in the
nasopharyngeal area''’. The disadvantage of this meth-
od is the leak of pressure out of the opposite nostril, ac-
cumulation of mucus and obstruction of the prong.

Binasal prongs are the most commonly used. They
are available in different sizes to ensure optimal fit to
the nostril. They have been found to be more effective
than the single nostril prong in ensuring extubation suc-
cess as well as improving oxygenation and weaning of

[

ventilation''") . An appropriate fit is essential to prevent

leakage around the device. Trauma to the nose may oc-
cur if too large or if improperly fitted' /.

Nasal masks are less traumatic to the nose internal-
ly. However, it can be difficult to maintain a seal, and
it has a tendency to cause nasal airway obstruction.
They often press very hard against newborns’ face'®’
causing pressure sores. Dermal protection can be
achieved using stoma care products.

Nasal canullae with an outer diameter of 3 mm and

flows up to 2 L/min can be delivered creating CPAP

with a mean pressure of 9. 8 c¢m of water in infants with
30 weeks gestation at 28 days of age'”'. This is an at-
tractive option as it is less traumatic to the nose. How-
ever, concerns have been raised about the possibility of
delivering too much pressure because the system is not
pressure regulated. As well there is a risk of tempera-
ture problems in the infant if the system is not heated
and humidified properly. It can also potentially cause
dryness, bleeding, obstruction to airway and sometimes

. .14
infection"

! The use of Vapotherm — a double lumen
tubing system, where high flow humidified heated air is
supplied through an inner tube while heated by warm
air running through an outer tube, may address some of
those concerns described.

All the nasal devices are limited in the fact that
pressure is lost if the mouth is kept open. Chin straps
and pacifiers have been tried to minimize this problem.
Also, the delivery of CPAP has to be interrupted for
suctioning of the airway. Secretions plugging the device
can be problematic with suboptimal pressures being de-
livered leading to clinical deterioration of the infant and
sometimes leading to intubation and mechanical venti-
lation. The most advantageous posture of the infant that
will ensure maximal delivery of CPAP to the lungs is
yet to be determined. Generally, infant positioning is
rotated according to nursing requirements.

There are several ways of generating CPAP. These
CPAP generating systems include a conventional venti-
lator, an underwater bubbling system, the infant flow

They work
by supplying a flow of gas that is used to generate the

driver (IFD) and Benveniste’s device ™",

needed pressures. The actual amount of gas that rea-
ches the alveoli is dependent on the amount of leak in
the system. These leaks could be through the nose and
around the delivery device or through the infant’s

[9]

mouth " . The amount of leakage can be quite signifi-

cant and has been indirectly measured by assessing the
esophageal or pharyngeal pressure while on CPAP''®’.
The optimal amount of flow required remains unknown
and ultimately depends on the condition of the lung that
is being treated, the size of the infant and the amount
of leak in the system''".

A CPAP generating system usually consists of a gas
flow source, oxygen blender, heated humidifier, an in-

spiratory and expiratory circuit and a manometer or a
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pressure detector. This system is then attached to the
delivery device of choice. The systems in use widely
differ mainly in the expiratory circuits.

CPAP using a conventional ventilator — the vent-
ilator delivers a fixed amount of flow to provide the de-
sired positive pressure. It is the most commonly used
mode of delivering CPAP in NICUs around the world.
Most standard ventilators have a CPAP feature. A flow
of 3-10 liters is needed to generate CPAP pressures of

3-10 cm of water'®’.

Underwater bubble CPAP has been used since the
early 1970s. It is the simplest method of generating
CPAP. The tubing is immersed in sterile water in a
transparent bottle to a specified depth to produce and
maintain the desired pressure. As gas flows through the
underwater seal, the bubbling of the water sets the gas
into vibration and is postulated to create an oscillatory
effect similar to, but of less amplitude than that seen in
high frequency oscillation mode of ventilation. The
CPAP bubble system was compared to ventilator derived
CPAP in intubated premature infants and was found to
augment ventilation and decrease respiratory rate and
thereby decrease the work of breathing and susceptibility

$197 " The studies have not yet been expanded

to infants using nasal delivery devices'®'. The underwa-

to fatigue'

ter bubbling in this mode of CPAP generation serves as
a visual cue that the intrathoracic pressure is being ap-
propriately supplied.

IFD has a unique patented design that works in syn-
chrony with the infant’s respiratory effort using the Flu-
idic Flip technology and the Coanda effect. This fairly
new discovery has been applied in the fields of aerody-
namics and jet engine design. The Coanda effect oc-
curs when a jet of fluid leaves a nozzle at high speed;
fluid from the body that it enters is entrained, or drawn
in by the momentum of the flow. If there is obstruction
to this action, such as a wall, there is less fluid to be
drawn in with resultant drop in pressure on one side of
the jet. This pressure drop causes a deflection in the
flow and redirects the jet until it attaches to the wall.
IFD generator demonstrates this effect by utilizing the
baby’s breathing effort to induce the Coanda effect and
trigger the Fluidic flip inside the device *.

When the patient makes a spontaneous inspiratory

breathing effort the flow driver senses this and the gen-

erator assists the patient by converting the air/gas mix
flow to pressure energy and delivers this via CPAP to
the lungs. This pressure energy is modifiable and the
rate of breaths is also adjustable. When the baby
makes a spontaneous expiratory effort, pressure at the
nasal attachment of the generator causes the flow to flip
around and leave the generator via the expiratory limb.
When expiration stops, the flow flips back to the in-
spiratory position. By so doing, there is no mechanical
impedance and interference of flow seen in convention-
al CPAP, hence the airway/system resistance is much
lower and the airway pressure remains constant'>' .
The expiratory limb of IFD opens to the atmosphere.
Potentially, the baby can inspire with higher flows than
that delivered through the inspiratory limb by drawing
extra gas from the expiratory limb, thus reduces the
chance of pressure falling within the system with large
inspirations. This is an added feature to maintain con-
stant pressure within the system.

IFD has been shown to reduce work of breathing
more effectively than conventional systems while provi-
ding greater and more stable lung recruitment. It also
has been shown to decrease respiratory rate and oxygen
requirement compared to conventional CPAP systems.
A non-statistically significant trend towards reduced
need for mechanical ventilation, shorter clinical recov-
ery time, shorter duration of treatment has also been
described. A comparison of IFD with a conventional
CPAP system however showed no statistically signifi-
cant difference in preventing re-intubation in extremely
low birth weight infants with birth weight less than
1000 g'*/.

lack of sufficient numbers, severity of illness etc. IFD

This may be for several reasons including

therapy in these infants was associated with fewer days
on supplemental oxygen and shorter lengths of hospital-

ization' .

This may be important in terms of further
reducing the cost associated with caring for these in-
fants.

Benveniste’s valve when applied to the nasal deliv-
ery device of choice, vents the expired air to the sur-
rounding atmosphere as soon as a pressure difference is
detected and works well with lower respiratory rates.
This device eliminates the need for expiratory tubing

and generates more constant pressure, may reduce

over-distension of the lungs and consequent complica-
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tions. There have been no studies comparing this de-
vice to other available CPAP systems or IFD.

The breathing pattern of the neonate with respiratory
distress is quite disorganized. Some of the observed
patterns in them include increased respiratory rate,
continued contraction of the inspiratory muscles during
expiration, active expiratory laryngeal narrowing and
tonic activity of the diaphragm and intercostal muscles.
Premature babies have compliant chest walls causing
“paradoxical breathing” where the ribcage collapses
inward with the contraction of the diaphragm'®".
CPAP works by improving the breathing pattern in neo-
nates. It achieves this by increasing functional residual
capacity and tidal volume thereby decreasing work of

2627]

breathing' It also helps to stabilize the upper air-

way thereby improving the function of the “bellow”

CPAP increases the

mean airway pressure and optimizes lung recruitment

(chest wall and diaphragm ).

and as such decreases ventilation-perfusion mismatch.
CPAP stents the upper airway, decreases proximal air-
way resistance, reduces the physiologic dead space,
improves synchrony of thoracoabdominal motion and
improves diaphragmatic function.

CPAP is therefore effective in the treatment of ob-
structive/mixed apnea of prematurity, respiratory dis-
tress syndrome, respiratory distress of other etiology,
atelectasis, tracheomalacia and other types of upper
airway obstruction, and ensures successful extubation.

In neonatal intensive case units across the world,
CPAP is being used more and more commonly as an al-
ternative to endotracheal intubation and intermittent
positive pressure ventilation. Obviously, by using
CPAP in the spontaneously breathing infant, the ad-
verse effects of intubation and mechanical ventilation
can be avoided. Laryngoscopy and intubation are asso-
ciated with untoward physiological responses such as
desaturation, bradycardia, increased intracranial pres-
sure and hypotension with the added risk of cerebral
hemorrhage and neuronal injury in premature infants.
Mechanical ventilation predisposes to lung injury; such
as atelectrauma, barotrauma, volutrauma, pneumotho-
rax, inadvertent hyperventilation and long-term airway
side effects such as stricture and subglottic stenosis.
Avoiding intubation can also minimize nosocomial in-

fections and ventilator-associated pneumonias.

2 Clinical application of CPAP

2.1 CPAP and respiratory distress syndrome

CPAP has been shown to be effective in the treatment
of respiratory distress syndrome (RDS) even in very low
birth weight infants. In particular, it has demonstrated
effectiveness in resuscitation, avoidance of intubation
and facilitating weaning from the ventilator. It is partic-
ularly attractive for the hospital settings of developing
countries due to its ease of use and low cost. Severe and
moderate surfactant deficiency will need more than
CPAP as treatment in such cases. And in and out intu-
bation for the purpose of surfactant delivery and extuba-
tion to CPAP has been proposed . The downside to
this practice is that laryngoscopy and intubation and
their untoward effects, however, the effects of long-term
ventilation may be avoided. The use of nebulized sur-
factant has been suggested as an alternative in the liter-
ature but the early studies did not show any benefit.
With more babies receiving antenatal steroids and im-
provement in antenatal and perinatal care, more babies
are likely able to tolerate CPAP alone. The idea of
CPAP only in the very premature infant is attractive be-
cause intubation and surfactant administration may be
traumatic and potentially dangerous.
2.2 CPAP and weaning from the ventilator

This is the area in which CPAP is mostly used usual-
ly with pressure support ventilation. CPAP has been
proven effective in preventing re-intubation' >’
2.3 CPAP and resuscitation

The effects of CPAP such as stenting upper airways,
increasing FRC, reducing airway resistance recruitment
of lung and decreasing work of breathing, is known to
keep an “open lung” strategy after birth. This will im-
prove the chances of success of resuscitation and allevi-
ate lung injury. The IFDAS trial published as an ab-
stract, randomized 234 premature babies from 27 to 29
weeks gestation into 4 arms: a) early CPAP following
intubation and surfactant, b) early intubation and ven-
tilation with prophylactic surfactant, ¢) early CPAP
with or without subsequent intubation and surfactant
and d) management at physician’s discretion. They
looked at the use of CPAP right from the delivery room

and found it to decrease the duration and need for me-
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chanical ventilation. However, there was no difference
in the incidence of chronic lung disease"*”’
2.4 CPAP and apnea of prematurity

The clinical management of apnea of prematurity is
not different today from what it was two decades ago.
Three types of apnea of prematurity have been de-
scribed , central, obstructive and mixed apnea. Central
apnea is continues to be treated with methylxanthines.
Nasal CPAP continues to be useful in the treatment of
obstructive or mixed apnea treatment. In milder cases,
cutaneous stimulation by the bedside nurse may help.
Alternative noninvasive modes of ventilation available
for treatment of AOP are nasal intermittent positive
pressure ventilation ( NIPPV) over CPAP and high flow
nasal canula (1-2 L/min).

NIPPV is a technique of noninvasive ventilations
where a higher level of CPAP is delivered at intervals to

simulate a ventilator breath'?"

often synchronous to a
spontaneous breath. It is used in conjunction with CPAP
to augment its effect. It is used to treat preterm infants
with resistant or severe apneas. Two Cochrane reviews
have found such use of NIPPV reduces the frequency of
apneas more effectively than CPAP alone ). Case re-
ports of gastrointestinal perforation have curtailed its use
to some extent, however there have been no reports of
this type of adverse event when the breathing rate is
synchronized with the infant’s breath. The mechanism
of action of NIPPV in improving apnea of prematurity is
still under investigation. NIPPV is not delivered directly
into the distal airways as in the case of endotracheally
intubated infants. It is possible that NIPPV may influ-
ence or alter respiratory mechanics, providing its benefit
in this way. More studies are needed to further define
its mode of action. NIPPV has also been used in infants
to provide respiratory support after extubation. Studies
show NIPPV to be more effective than nasal CPAP alone
in preventing extubation failure.
2.5 Limitations of CPAP

Similar to other neonatal therapies CPAP is also as-
sociated with problems. There is a risk pulmonary air
leak. Obstruction of the nasal device by secretions
needs to be watched for on a regular basis. Nasal irri-
tation or injury, gastric and intestinal distension may
occur and should be monitored. Over-distension of the

lungs may result from increased work of breathing and

struggling, causing hypercapnia, increased pulmonary
vascular resistance, decreased cardiac output, and in-
trapulmonary right to left shunts causing hypoxemia and
persistent apneas. CPAP and other airway distending
pressures have been implicated in inappropriate ADH
secretion and hyponatremia. It is worthwhile to remem-
ber that as lung conditions (e. g. RDS) improve the
applied pressure may be transmitted to the heart resul-
ting in increased secretion of atrial natriuretic factor. It
may also cause decreased venous return and or de-
creased stroke volume.
2.6 Contraindications to CPAP

Contraindications to CPAP include agonal respiration
(gasping) , secondary apnea, persistent cardiovascular
instability, upper airway abnormalities (such as cho-
anal atresia, tracheo-esophageal fistula, diaphragmatic
hernia ) %' ; congenital anomalies involving the face
such as choanal stenosis, micronostril, arhinia ( absent
nose ) , cleft lip and palate and unrelenting apneas.
2.7 An approach to the use of CPAP

® The first step in the use of CPAP is choosing the
right patient bearing in mind the indications, contrain-
dications and limitations of CPAP.

® Choose the right situation; resuscitation, long term
management of respiratory distress, post-extubation,
apnea of prematurity etc.

® Choose the right CPAP system and decide on
whether to augment CPAP with NIPPV. At our institu-
tion, we use conventional CPAP using Star ventilators.
We also use IFD in very low birth weight infants exhib-
iting multiple and frequent apneas and bradycardias.
The system should be with heated humidity (37°C) to
prevent damage to nasal mucosa and to decrease tem-
perature instability.

® Choose the right delivery device. The binasal
prongs are best supported in the literature for effective-
ness. New nasal masks work well. It is essential that
staff be trained in the correct placement and mainte-
nance of delivery devices to avoid unnecessary injury to
the infant and other problems.

® The pressure used is between 4-10 cm of water.
The determination of the pressure will depend on the
clinician’s familiarity and infant’s condition.

® Monitor work of breathing, respiratory rate and ox-

ygen requirements. If the infant’s clinical state deterio-
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rates a blood gas and chest X-ray may be indicated. It
is important to ensure that the equipment is working
appropriately and ensure potency of the upper airway
and the device before embarking on these investiga-
tions.

® There is no data available to guide the clinician in
weaning or discontinuation of CPAP. It is generally by
trial and error. The most prevalent approach is to con-
duct a weaning test by decreasing the distending pres-

sure and then on to high or low flows via nasal canula.

3 Summary and conclusions

In summary, CPAP is an effective, gentle mode of
ventilation. It is gaining widespread use in NICUs
around the world. Due to its ease of use and low cost,
it is particularly suited for units in the developing
world, with appropriate training and education. There
are different nasal delivery devices and CPAP systems
available for use. The infant flow system has been
shown to be more effective in lowering respiratory rate ,
oxygen requirement and work of breathing. For infants
with residual RDS or in early extubation cases, NIPPV
may be of additional help than CPAP alone. CPAP
should be considered for use in resuscitation rooms and
for treatment of mild to moderate respiratory distress
syndrome. It is effective in apnea of prematurity, and

to facilitate successful extubation.
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FUPRNLHT CPAP 2 RERSIEARORT A2 JLAE T4 K R 38 FL R M AN 200 48, HUI RS BR E 2 32T, 5 A Bl U L4, CPAP Xt
JURHBATI /DN , o — B DRy 485 3 R, H UL CPAP 3 gk /A it 96 362 18 % M I P B AU o 73 40, %308 A 4 CPAP
AR FHAEAE G S SR BRI , CPAP i A A5 X 22 55 ) B T B3 LA K% infant flow CPAP 3¢ 4%

(KRBT JOOVH B PIR SHy s 588 U I Mol s 3 A L

Gregory FF22 % T 1971 AR UHGE [ HRPEECEIE B T Wy i i P4 ot A6 1 A D B kA i o =2 18] Bl A A 52
(CPAP) (IS, E R CPAP () ] foe 90 FURTEADGS R 4%, PG, TE 5 BN Al 2 4 A R PEAT X R KT, 24
B L, JE A% G B R A W 3t B AR L SR A B A R IR A i P R AR SRR o HS A
R Lo FERGEIUAR, — 2o 2 4R I T REAORT A JLROBE [, 7 A JLR M2 430 45 i BECER B0 T, B 7 BOA BN 1)
TR AR A g sk, o 2 — WU N AR AR LTGRO0 T Il do 75 2 8 B 5 AR S AE A #5475 0 17 CPAP
AR . MRS O 2RSS, CPAP TR O BT A= LT %3 5t B 8y 78 WP I 45 37 1E TR 38 <, PR CPAP fifj I i
FR—MG TREE BOEE BREA RO SULE . A BT 5K, B IR 5 AN, CPAP a8 R 5K R T
Ao EAEFTELTAE Wi i 55 (NICU) |, FL40) CPAP RO FIAS - J8. DAL, CPAP (93 F AT D2 f8 L BH S I I B 452 F) K A
AT EEIN A R AR, X B4 N AT R i R, HAe 7E B Ah2e 70 454X, W CPAP R, 75 22064 UL UE I
WHAZR Y Ly S L. X TR KT 32 AR RS SHUE < (IMV) 77 8L U5 5 A ek <
JU, CPAP JCOIE < S 15 5675 I SRR, X —T0 AT SO Sl CPAP B Bl USC . BEE BHAHOR 1
BTG AT T 27 ~ 32 JE B 7L, LA SR G T B LA LA R S e A ) A B A [ R Y )
EREVMOE T T CPAP RN, B A FHTTA S AN EETE SRR Sk B CPAP A2 Bt O 8 0l Ik, &
BIE TR AR 7, AR T NICU 77 LS i S 28l U CPAP 3% B B Sz Wil 3 202 P 0 2L 2 0
BRI R ARG LRGTT SIS N izoi <y W SR 28l R A2 LT LA,
ZRHE LR R B A L BN R B S . it R 3R (1) A B AL 5 5 < e oH B 0 A 4 A I A
4 SCHRE XS TC B4 B il B LRTR TP RCR AT REVT S A LN 1 ~2 em SREIRER DI, EX R 5 7k sk 02 2L
LRI, LATEXR A LRI A B O BN XIS A S TR, HRJES B WY %E .

S A O BIE S, AT AT A B3 T B AR T (2) WG LG JE 2 F RS TG o 2 AR A8 LR R 19
RAE o FIXLESCHRICHR 7 g — JER0 e R BRI B A AL [ A A RS /NG B S o 5 00 B L 3 JE LR, WL AL
WM FEIEAL 1A B . AR SOXE CPAP f)— S8 Rk ) BBl U4 il U D ARG R AT, 30 )T U LALAA

VLM [ AT T — S8 IR AT f S A TR IR LA P — 5 S 1 28 e 38 K/ g 4
FELABT IR I, U050 4 26 K K R 438 5 5 5 | £ 6 4t
1 CPAP [ BRIBFnHLH i

(3) B B2 AN G454 S R I (EL B 02 [ 8 LA M, HL

BB IEA 24 30 ACA i, X Se il vl B VE BRI A Ty b FE B B A i 2 T B 3 B ) R, )

SRV S, AR 0.3 mm BF AR VER S . T S B A , L 5 P A AL B I A [ T
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BEkA o RENEL. X 5y K B CPAP 38 19 5 ) 5 8 18 5 %

(4) B T 30 Jl Ay B LTE 28 HRS, iR B
23 mm {15 A A TRV AL IR 2 L/ min B, 7] P4 P
¥19.8 em H,0 1) CPAP &7y XMl 548 45 S 0 ik M o
FE TR ARG/ (AL A = O X RGE Sk E T
VoA D73 8 T8 MR R 2 R SO Tyl &,
HMZIEARERT A AR IR, 25 5 S B T
S AN SE S I 3 58, L R . {HFE Vapotherm 78
TR AL 4 7 o] thE 5K — ) U7 DA A ke

TEN T CPAP % B il U, B4~ RGEHR 0 AL T A1 1
REABEARUEIE JT W1 E . A0S 8L 5K TF W) ] 35 g itk
%, PRI, 72 (8L Wb i T 2 22 St 3 W sl A 1 AN RE A
B OL T, FH—2ET7 35 A 155 [ E T 6, DL ORI U g
MIELAE . HAE CPAP % Bil <o % vy, A I U AR B 5
FELL FBLIRIR , X I CPAP 14 HE 7 R A3 R 4 I, TRk 76 £
JLMFIRE 43 A R 22 B, RIS S I T8 B8 R, 98 4 T 3 2
EIEFBOESES TR, AR LG RAR LA, A H
HRERHEVIMGE S . B, 7E%1 B LA CPAP 4 Bl <,
I, A PR A (67 2 (R S A B o R IR B b AR LIS o 3
WIKOLT AEHEAT CPAP H Bl <0, &8 L0y 4 AL L 75 1R 4%
PP R HEA T AR

A 1 LR AR CPAP JE I REAR 2, 40 431
W B 187 2 7K B Infant Flow %&£ (IFD) 1 Benveniste 2% &
& XL gy AR R F BRI — & AT B T AR
ST ES] o H SR I 0 S PR A & F BT
CPAP ¢ B A AT M 5 i, AR G B, 38 30K it v 1y A<
%o —WEOLT A EE 1) FEIRA RS )LEY O RS
WAL S R, 7R CPAP S Bl ~Un, il i b
IRFRAL Bk 55 A A A AR 2 DR, T 5 s 0 A i e
IS 4 1 g T 3 Aok i 2 0 AR U B PRI, W R | CPAP
i Wl SO T B G B AR T R, E IO T R LI
AR B ILA RN AT K A5 TR A I A B AF o

CPAP &0 3 45 LU T JUA #8202 IR G AL
PR IR B RIS E LR E R %E, K5 —
A SRS R U B E K, H T2 Fh A [F] f) CPAP 5
B H] Y 22 5 E A TR Y 22 5

(1) HHF ALY CPAP B . 4RI WAL AT 3 2o 3 57
SR EBE CPAP £ 77,3 & H Ei i S8 E M NICU 4
FHBIREE, R 2 HObRBC A IR AL B A CPAP LK, AR
3 ~10 L/min, #] 724 3 ~10 ¢cm H,0 LS,

(2) R Gk EH CPAP: M 1142 70 4RACR 8k O 4 HF
LRI, JE T 5 1 CPAP 268 . 7 ik W A B 18 12 B 7
—A~7 W IR 2R TO A T 3 K (R 7 B, CPAP s 7 (9 /1
B T8 IR A /KT T MR BE o 2 ST 35 2% P41 19 /K T
7 A AR AT A R AR 7 AR R AL R AR 3 PR R L
PR, (HIRIEA B2 SR AL, HI/K B TR 2 CPAP 25
PR ILE a4 B, 5 R U IR AL SE G T CPAP 4 B
SRR HAT LB R B, 1l 2 7T 3G I3 &, R A 0 43
2, Tl 26 L P W AR ) T W 57, F I JURIE 5 o AR 7

TEK TR EAR K,

(3) IFD Z 3B A — L Fl i, AR R S
AN L A BE S A, 368 5 1 R 4 4R ST L Y P i v g, DT
FEHLERBOE BN 5 LB PRI ] 20 o X FRop BT B 22
FEMLZS B) 072 BB SR B HL BT S AR B . SR A L)
e R L I S R A A RESZ B, S BUE I R B, IR
e S AL T 14 e 225 0 R BT 9 R, B S A A RE L X
A T M BE R AR A 53, TFD CPAP 3 8 i A 4 1 A i
P2 it A ) P B L B WP % v 8y 75 S5 S I B R AR fh
UM

B ILA D B FIFR RS, HLas 04 & 12 R 2 2
XA, SRV ES T LI S, S b s REUR G R
PRI i e 4 ), ok CPAP 25 B A% 3% 21 AL 2
LU HLAS Y FORT IR AR W] AR o 2L IR ITF S
I, A0TSR A2 B R 2 — Ik 84k, SR )5 2 1B
A PR OIS BN RE SR RE SRR o AP A, it i X Y)
R AALE X R IR AE T, 5 I AL R
CPAP BExCHUAL, TFD BEA MU A BH ) 5 0 T4, B LL<GE
BH O ARX AR, SOE S B AR A€ o T IFD (Y 3 2 I F
TR, T LA s LA R AR MR B A R, o T A i S B
b, R LIRA TR O A AR o R s T
PR R SR B ) R B AL, X L2 TFD REPRFF &
GE R 1B 1E E RS

A TFD RO H TR HL CPAP Lh#, A T3 AR
TR MM 5k AE T, ) G 0 SR LI PR AR .
AFFIAILIY) CPAP B2 L #5, IFD 38 AT FEAT AR L F) 2 MR 431 4%
FIERY R 25, A SCHRRIE th T CPAP {9 R T8 A T U
FEUGE TP TF4a5 T 2R I PR S AR Y7 I R] , {H 2%
ST E Lo ¥ IFD B3 RO 5 8 S IR AL CPAP
B LA, TERRAR Y A A /NT 1000 g AARATG H A= 1A e L
BB T 22 R G R S, FUR R AT R 5 il 2H 2R
BB A W 5 20 DA BB s 1 ™ 3 R B A5 O, X ik
Se 8 )L IFD B Wi <S4, Wb b4 RO 4 kAT e
IFIE], DA RAR AT B 2 AN/ AR DG I 22 L4 B 3%

(4) Benveniste's 25 & . 24 ] Benveniste’s CPAP 3@ < 35 &
2 BB LA T 48 B3 AU, WP ALK AT s 21 51 SR 5
I, 235 5 14 H 01 e 0 i P ke 0 383 o i 0 A8 4, AT 45 P
WA 14 £ LT WA B S 32 B AN o SR T
UL BB S 2R G A4 S A (14 s 7, DA TIT AR AR g ok 88 58 < S
FAS I R AE. H B #i & %A &K A UF 5% Benveniste' s
CPAP ¢ & 5 HoAh CPAP ¢ 5l IFD Y BCRIEAT H ALY STk
E{iS IR

W% T 1 9 A= J LT R R 2 BT X 22 B, an i It
SEAG R P [UT 6 I A< A e 758 e 24 i JUL R0 i) L 55
gk, S LT R B B I 2 ATLMAC A o 1) P 3
B0 IHT CPAP B Byis S 455 AT eiest (8L A I, oA F AL
1] 2 R 1Y NP BE AR AR AN AL, DT R AL
Yy, CPAP W] 3 o e | L H<0UHE, A B T M BE R IR LAY A=
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FE , CPAP [P35 538 £ 1, A B F A AL 2L &2 5k, A%
It £ 4R A B A A S LU R A . CPAP i AT AR S i
BEL7, i b AE R TC 80, (58 1 I W 0 iz 0 ) 20 , 338 R UL 2
o

CPAP fif Bl 38 S35 Iy A A < 7= L BHL 28 1k i TR A 78 I g
BE A LR B ZR A AE (RDS) B3 J5 -5 B i
PRI AR S AL R 2SR Y - SGE B % R R
WIS R4

H w7 558 [l M 19 NICU, CPAP i@ <R &
JZ N TR, HE &80 B S IR <o XA
B ERFIR 2 LR FH CPAP JG A3 S b A vl b S <A
PUBGE S EVER , B X 75277 )0, kg T B mE W 5
AR E TR O AR P FE I AR IR &, £ R L
PP H LR A5 4% A XU 3805 53 4h 55 CPAP i B3 <A
Lo, B DL R 5 2 BUW A5 1, 20 i 1 3 b 1 U
5 A A ) 4 5 A () 0T A R 7S 1] T A BE 45
FFRAE , ko SAE A0 P LA VR IR AL G i 48 0 5 79

Jﬁwf(\;%o

2 CPAP iRz

2.1 CPAP 5 RDS

KAl RS2 R W] CPAP J29R7T RDS [9A4 &UitE , B
SR ARG AR R L, CPAP JC A 4l B3 AN A] T 1
JUHS AR AT TS A, i vl e i A A A R0 L A D
T H B P, H CPAP 4% 5 B, Il R B2 I 45 5 2 4
FERIE R K R E SEHE) o (BT E I RDS, Haify
CPAP i Bl i AN A2 DA B Tt (AL, %o T AR L& RDS
SOLAT AT U 40 T il 2 T PR B, PR U A
AT CPAP HiiB il o IXARF AT BE 2317 of o ik B S U A A
PR B AR DG IR FF AAE , U A7 A X 28 XUB:, {HL T Ik
PO L I AL 9 B SRR o AT SRR A1 30 R 5 25 Ml 2
TET T P Jt 3 O AR L EL R BT A 9 AT e B 1 i
Ab o B R B 2 1) B LA P R R SR RS2 R AT, HAE
7 HEFIEE SR DL AT B, NI, AR 2 UL AR R A
SVEREHUNGE S, (X207 CPAP i Blyid ~U B AT, JE XS
TARMR R AR A 57 L, A )R I8 CPAP JE 81l <,
A A AR R A XS
2.2 CPAP 5RHAEE

FI A R _E 2 5K R AT CPAP 5 CPAP + & J) 32 F5 0 6
B BDIE A, VF 2 B R I B B R SR B R O I
WAHLE T L CPAP i TS, Al i L U i A 1Y
2.3 CPAP 5&%

CPAP VAT, anmly sk bl S i 20 210 D REAR <
PR ACERL Yy PR LRI A h 2 394 B T UL A s
TR 5K . CPAP I e FiT AT 48 g 8 LA 75 1) 1l 2 4
EeRZH A\, TFDAS 3R Mk RIS 5E, K 234 47274
27 ~29 JRR LG 4 e a) SRS + Il S R )

Ji (PS) J5 B CPAP 415 b) LA Wi 14 ) PS + HLAR
AL o) HH CPAP RS EEIRE [ PS 41;d) 7
I FE S R AT 57 LA HE ., DR 25 S0 R IR ih AR 5 R i
1T CPAP JCAHE Wl <, AT AR 8 LB S IL0E < bl
RAGREHUCE S R (ERBRFR I AEMEE AR
(BPD) [ R A3

2.4 CPAP FnE7=)LIEIRE=

AL IR L6 F 5 LT e 8 45 1 45 B 5 20 AR AT AN
[, = LR IR 4524y =28« bl B SEME AR A 10, X F
FRORR P P R B 55— AR A SRR 2 2 e R R Y, B
FE CPAP XJ T BH ZE M AR & BURT W BT 454 38 X 72 B 3 i
B P T A5 051, PR LS W 455 T A5 B A, (HLZ X
T TP 9], D0 L B K3 TF JR 3 S (NIPPY ) 32
el R 82 945 E4 (1 ~2 L/min) ,

NIPPV Jg:—F A [ 3 005 14 £ L [ 45 fih %% I 8% 14 G
QA A, B R CPAP JEftl & ik, 4 B T 5 4
Mo A, T FZAR A R L A O A
A~ Cochrane iR % ¥ 5 B Fl CPAP ik, i fil NIPPV 45
B FRARG 7 LI BT 452 1) 2% A 05 %, (E T B i 2 L i
BOLARIE T F NIPPV (AR 1R F AT, 10K I NIPPV 5|42
B HRIE , BV EETEALAS 502 B W 5 A8 LT [R] 45
WARILAELE . 5T NIPPV it 5% LI 0 %87 452 () o 170 L 7
AT 401 4 AR 5SS R G PUE SR [E, NIPPV R fg
SR A B, NIPPV 1] g FJ2 58 5o 5% i ak; i As
WAL, AT DR R N W B 457 o %o T FLYR YT LT o4 5 A T
HE— VR AIFESE . NIPPY 3 1] FH T4k A4 476 5 s I
WHLIE BLIIT I R . A B R E RG24 7 8L
NIPPV ME 3745, 5 6 9E CPAP L%, Rl BB L E BT
AL
2.5 CPAP BRI

S5HALMIAIT IEE—EE, CPAP thg HJFIRM:. 41 CPAP
o RN Y AT SO o I P 35 FEAGE B R 7 O
i A o I T i R LR e L S B
A5, 3 BEE A AT B AR HE i 2, S BURBR R I , o
Jii LA L T3 388 0, i S e AR 25, LA B PR A 1) P A3
AR SR IMLAE AN AR P 1 8 155

CPAP X L I 45 R B8 B 520 Al g5 B4 1K IR 1 5
A ADH (1953 MBS A AT A O , PR IH 7 A L S DT 6 A5
|, % RDS LI 5K i dlc 3% , CPAP 1 JE 77 7] f5 S 5.0
I, 5 2 0o 28 1A 43 A8 I, 33 55 9 CPAP T ) 3 Wyl >
ok 2 8 ML 150 80U EE | WA T 0820 U PO 98 1 A
2.6 CPAP ZZE

CPAP 28 S ALHE « Wik B VLTI 2k 5k WP BT 45 o i A
RGARE BRI (A5 PP & A )
W B e RAE I (U5 AL AL o8 | B ZY)
T P I 45545
2.7 CPAPHIEASE

(1) CPAP Hij i 46— B EH A E B IL, T
CPAP {36 BT 5 S AE Fl CPAP Ry B .
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(2) CPAP R T Rk LRI D0 - 22 5 S I35 | P R IR
A AL s BB SRS ORI SR 5 P LN I 4 46

(3) BEAEAIE Y CPAP 328 1 A A5 (o] Bl AR 00 T 5
He CPAP 575 NIPPV K3, 7EAE 3% B (e 9 NICU, >R ] Star
JEIF ALY CPAP B X TR AR i A= A T LA 2% R & 119
WFIET 4 0Bl id G2, i B HT IFD o IR PRTEGE ] CPAP I, if
B A RRAC IR (37°C) DU LB R A 81
X AR R 2

(4) PEEA I8 19 e P « STRRARE VU FERCR R i, BT U
S BLSCR A AN B {E i 0 R I R AN B AN ] 2 i
CPAP FILEAE T CPAP (452 72 b il o s 7 4L, DL PR IE £ £
R E TRCR , S AN B A 10475 M TR A ) R A

(5) CPAP fy s Jj — LB EAE 4 ~ 10 em H,0, Ik 3 A3
B AR PR B2 i CPAP 22 412 1) S4 25 7% B2 L e s L
P IRAR A AR DL o

(6) B VIS LAY W IR D WP I 01 3% | 40k 2 25,
S CPAP [ F 5 [ LR IR B0 BEAT B0, BE 4P N 0% 1 S
TRHLEH AR AT, i SR W | B R A
5 HEBRIX L R R, o 27 BRI A LAY I oA AR A
TR SR A O AL B A A DL

(7) B H BT 1k, 98 BEAT SCHRTE T R = Ui A 1 3 A1

CPAP [R5 R el f5 ] CPAP, HI W i I 5% CPAP #8 2k
PRI I PREE T o 3 A e R o jBU Ll AR DL el )5, o
IFEAR PEEP , SR 5 -FFZ 8 240 i 4 1 28 5 78 2 R 3

IO AL A A
3 NG

B, CPAP J2— Pl R AR G 045 103 /08 11 3o (A
G FEWFSE RN NICU e Z5 5 2 M. T HA
JRAISE , DRI T MO A 1 R i v I AT i R [ Uil 21 %
WSHRRERE R . HATIR Z IFIR LA IO A CPAP #5X, HAY
IRZ b G B AT (I e % RS TFD FEREARIT IR | Sk
JEFNREIR Ty EAG T HoAl CPAP 38, %F T RDS K &2 ] sk 4
FIIR L, NIPPY #5204 T+ CPAP, fE X LSt = B &2
i LA 0 R I DR X IR 4 26 ) L 7 L AT 45
CPAP Ji U304, CPAP [ H A Bl T sS4k AU A, 1
MRBLE B U LR .

(X %)

(AT X557 )

NILHBERRRRETEASS

° i% )%\ °

R RITHEFE S

1B AR BRI A BBt RIR BR B L0, DUB IS - PR f AR AR FE K ARS8 T H LI 2 RGP
LITENRERE RIRYT IS T HE) I H 45 2012 - 06 - 01 ~010(50) KT 2012 459 H 20 H 2 23 HAEIL AU RIBEE B
I RN AEIE A5 20T/ LK RGO T HE I I R e 52 K T ST I RE B O N O S g 1
B A B 2 A 22 UL I L B A 18 S i L SMRRATT SRR T AR BOR IR 374 . 1%
PREE /N LA ZE ARE MR BRAZ R ISR 4 B R

RN %ﬂuxﬁ% H

FEIRIFRANILH ALY B s I REREIT R IS RAERH RIS B H N

T EBRMES:

S 1200 JL( 220 JLPFLHR) o BIEG—%HE, PH A B JRE T EZRARSHT 12K 10 73 (30 221 o

=EHEEBER:
RN XBAL 4 e
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