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Respiratory distress of the newborn continues to ac- 
count for significant morbidity in the neonatal intensive 
care unit. The spectrum of disease ranges from mild dis- 
tress to severe respiratory failure requiring varying de- 
grees of support. The current modalities of ventilatory 
assistance range from the more benign but somewhat 
less effective continuous positive airway pressure 
(CPAP) to conventional mechanical ventilation, and on 
to high-frequency ventilation. It is a reasonable supposi- 
tion that the type of ventilatory assistance provided to 
these infants should be graded according to the severity 
of disease. However, there is no consensus regarding 
the most appropriate means of support that results in 
minimum barotrauma to the infant. 

At Babies' and Children's Hospital of New York, in- 
fants born with respiratory distress are placed on 
CPAP within minutes in an attempt to prevent progres- 
sion to more severe respiratory failure. This institu- 
tion's experience with early intervention since 1973 
and that of others [1] have suggested a resultant change 
in the severity and duration of illness. In many cases the 
treatment has avoided the subsequent need for intuba- 
tion and more traumatic mechanical ventilation (Ta- 
ble 1). The equipment required for CPAP is simple to 
use, has a greater cost benefit, and has a more universal 
application, which is of help to smaller units including 
those in developing parts of the world. Nursing support 
is not as labor intensive for those infants on CPAR and 
the patient: nurse ratio can be increased from 2 : 1 venti- 
lated patients per nurse to 3 : 1 for infants on CPAP sup- 
port. Indications for starting CPAP include tachypnea, 
inspiratory retractions, and grunting. CPAP is main- 
tained at 5 cmH20 and the FiO2 is adjusted to keep the 
PaO 2 above 50 mmHg. Usually, following the correct 
application of CPAR the infant breathes more easily 
and the respiratory rate and retractions improve. If 
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CPAP of 5 cm H20 is not sufficient to achieve a satisfac- 
tory PaO2 of 50-70 mmHg while breathing 80-100 % 
oxygen, the infant requires mechanical ventilation. 
Other indications for mechanical ventilation include 
marked retractions or frequent apnea while on CPAP, a 
PaCO2 greater than 65 mmHg, intractable metabolic 
acidosis, severe cardiac disease, or neuromuscular disor- 
ders. Other strategies have been employed with mixed 
success in other institutions, such as intubation and in- 
troduction of surfactant followed by extubation to 
CPAP [2]. Such manipulations of the airway of small in- 
fants in respiratory failure must be performed with cau- 
tion. 

Endotracheal intubation and mechanical ventilation 
are invasive and impose harm on the infant. The poten- 
tial complications of mechanical ventilation primarily 
involve the cardiovascular and pulmonary systems, 
with abolition of the thoracic pump mechanism leading 
to subsequent decrease of venous return and cardiac 
output. Tamponade of the heart and interference with 
pulmonary blood flow also occur. Pulmonary complica- 
tions are mainly those of barotrauma or "volotrauma", 
including air leaks and bronchopulmonary dysplasia 
(BPD). High stretching force applied repeatedly to 
even the normal lung increases permeability, leading to 
pulmonary edema [3-5]. Animal studies have shown 
that ventilation of healthy, paralyzed, and anesthetized 
sheep with peak inspiratory pressure of up to 
50 cmH20 results in death from respiratory failure in 
2-35 h [6]. Uneven ventilation, acid-base imbalance, ce- 
rebral vascular effects, and local complications from in- 
tubation are also seen. 

Although modern infant respirators have been avail- 
able since the late 1970s, functional characteristics of 
respirators and ventilation techniques are seldom 
taught to the professional staff who care for the new- 
borns. Among institutions, or even within the same insti- 
tution, there is little uniformity in the selection of the 
ventilator settings for even "standard conventional me- 
chanical ventilation". Most ventilator manipulations 
are performed by staff with varying degrees of training 
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Table 1. Respiratory distress of the newborn: outcome of 330 infants weighing 501-1500 g at birth without routine mechanical ventilation 
born at Babies and Children's Hospital, January 1990-October 1992 

Birth wt. n Survivors Mechanical ventilation CPAP PTX BPD a Surfactant 
(g) (n) (n) (n) (~) (n) (n) 
501-600 13 5 8 3 1 4 2 
601-700 26 19 17 9 4 10 3 
701-800 29 22 11 18 2 5 2 
801-900 35 29 10 25 1 3 2 
901-1000 35 32 7 27 3 3 2 
1001-1250 97 93 7 85 6 1 0 
1251-1500 95 91 6 82 6 1 2 
Total 330 291 66 249 23 27 13 

a Number of infants who developed BPD and required oxygen supplement for more than 28 days. 
CPAP, Continuous positive airway pressure; PTX, pneumothorax; BPD, bronchopulmonary dysplasia 

and experience, and many clinicians are concerned pri- 
marily with maintenance of normal blood gases, with 
somewhat less regard to barotrauma. These factors 
might account for the considerable variability in both 
the success of ventilation and the incidence of complica- 
tions seen in clinical practice [7]. 

The fundamental goal of mechanical ventilation is 
to assist ventilation in providing adequate tissue oxy- 
genation and eliminating carbon dioxide, with mini- 
mal cardiovascular depression and barotrauma. Proto- 
cols emphasizing modest but adequate ventilator set- 
tings should logically result in a lower incidence of 
complications. The intermittent mandatory ventilation 
(IMV) mode allows spontaneous breathing to continue 
during the expiratory phase of the respirator cycle and 
permits the gradation of ventilator support depending 
on the degree of respiratory failure. The ventilator cy- 
cling frequency can therefore be set at a lower rate 
for the same level of minute ventilation as long as the 
infant responds with an increase in spontaneous 
breathing. Using the IMV mode in conjunction with 
permissive hypercarbia [8] and a judicious but tolera- 
ble hypoxemia will reduce the danger of barotrauma 
and cardiovascular compromise. Weaning is also facili- 
tated. 

The use of muscle relaxants should be discouraged 
for the following reasons: First, spontaneous ventilation 
should be preserved, as it allows a better match be- 
tween ventilation and perfusion [9]; ventilator settings 
can thus be lowered. Second, the infant's well-being 
can be assessed from spontaneous movements. Third, 
the cause of agitation, such as mechanical obstruction 
of the endotracheal tube or pneumothorax, can be iden- 
tified earlier in the nonparalyzed infant. For the rare pa- 
tient who is agitated without a definable reason, mild se- 
dation with phenobarbital or a narcotic may be suffi- 
cient. Finally, long-term paralysis can result in atrophy 
of respiratory muscles, ultimately making weaning 
more difficult. 

Surfactant replacement therapy has been shown to 
improve gas exchange and is a valuable adjunct in treat- 
ing infants with RDS. However, increased incidences of 
patent ductus arteriosus and pulmonary hemorrhage 
have been reported, and there is stress associated with 
the instillation of 4 ml fluid per kg body wt. directly 

into the trachea. It is worth remembering that before 
the introduction of surfactant many premature infants 
with RDS survived without developing BPD. Further- 
more, not all premature infants have RDS, and not all 
infants with RDS will respond to surfactant therapy. 
Moreover, the financial cost (US $ 580 per 8-cc vial) at- 
tached to the use of surfactant should be taken into con- 
sideration. The necessity for routine liberal use of sur- 
factant for all premature babies is questionable. Future 
research could be directed toward better and earlier 
identification of those infants most likely to die from 
RDS or develop BPD, so that surfactant can be given 
early and judiciously to the population of sick infants 
most needful of this therapy. 

At our institution, exogenous surfactant replacement 
therapy is reserved for infants with severe RDS who re- 
quire high ventilator settings and a FiO2 of greater than 
80 % and who appear most likely to develop BPD or 
other respiratory complications. From January 1990 to 
October 1992, utilizing the strategies of ventilatory sup- 
port described before [10], 330 inborn premature infants 
weighing 500-1500 g were treated (Table 1): 291 infants 
survived (88.2 %), 249 infants (75.5 %) required CPAP 
only, and 66 infants (20 %) required mechanical ventila- 
tion. Thirteen patients were given surfactant. Thirty- 
nine patients died (11.8 %), ten of respiratory failure. 
Twenty-seven patients required oxygen supplementa- 
tion for more than 28 days. 

Much investigation remains to be done in order to 
better define the ideal ventilatory management for in- 
fants with respiratory distress, particularly in view of 
the disturbing trend toward more expensive, invasive, 
and hazardous treatments. While we await the optimal 
therapy, the following approach is suggested: 
1. Neonates with less severe respiratory distress should 
be treated with early CPAP. 
2. If adequate oxygenation or acceptable PaCO2 cannot 
be achieved, IMV is instituted and settings are graded 
according to degree of respiratory failure. 
3. Surfactant replacement therapy is limited to infants 
with severe RDS. 
4. High-frequency ventilation is reserved for infants 
who fail IMV, and the more expensive and labor-inten- 
sive extracorporeal membrane oxygenation (ECMO) 
should be maintained as a last resort. 



640 

References 

1. Kroushap RW, Brown EG, Sweet AY (1975) The early use 
of continuous positive airway pressure in the treatment of 
idiopathic respiratory distress syndrome. J Pediatrics 87: 263- 
267 

2. Verder H et al for the Danish-Swedish Multicenter Study 
Group (1994) Surfactant therapy and nasal continuous positive 
airway pressure for newborns with respiratory distress syn- 
drome. N Engl J Med 331:1051 

3. Webb HH, Tierney DF (1974) Experimental pulmonary edema 
due to intermittent positive pressure ventilation with high infla- 
tion pressures. Protection by positive end expiratory pressure. 
Am Rev Respir Dis 110:556-565 

4. Dreyfuss D, Bosset G, Soler R Saumon G (1985) Intermittent 
positive pressure hyperventilation with high inflation pressure 
produces pulmonary microvascular injury in rats. Am Rev Re- 
spir Dis 132:880 

5. Dreyfuss D, Soler R Bosset G, Saumon G (1988) High inflation 
pressure pulmonary edema. Respective effect of high airway 
pressure, high tidal volume, and positive end expiratory pres- 
sure. Am Rev Respir Dis 137:1159 

6. Kolobow T, Moretti MR Fumagalli R, Mascheroni D, Prato P, 
Chen V, Joris M (1987) Severe impairment of lung function in- 
duced by high peak airway pressure during mechanical ventila- 
tion. Am Rev Respir Dis 135:312-315 

7. Avery Met  al (1987) Is chronic lung disease in low-birth-weight 
infants preventable? A survey of eight centers. Pediatrics 79:26 

8. Tuxen DV (1994) Permissive hypercapnic ventilation (com- 
ment). Am J Respir Crit Care Med 150:870-874 

9. Froese AB, Bryan AC (1974) Effects of anesthesia and paraly- 
sis on diaphragmatic mechanics in man. Anesthesiology 41: 
242-255 

10. Wung JT (1993) Mechanical ventilation using conventional in- 
fant respirators. In: Pomerance JJ, Richardson CJ (eds) Neona- 
tology for the clinician. Appleton & Lange, Norwalk, CT 

Literature in pediatric radiology Continued from p. 637 

Archives of Orthopaedic and Trauma 
Surgery (Berlin/Germany) 
False-positive sonographic hip examinati- 

ons in newborns with congenital varus de- 
formity of the proximal femur. Haake, M. 
et al.(Dept, of Orthop. Surg., Klinikum 
Lahnberge, Philipps-Univ., Baldingerstr., 
D-35033 Marburg, Germany) 114:274 
(1995) 

European Journal of Pediatrics (Berlin / 
Germany) 
Recurrent suppurative thyroiditis due to 

pyriform sinus fistula: a case report. 
Schneider, U. et al. (Schober, E., Univ.- 
Kinderklinik, W~hringergtirtel 18-20, A- 
1090 Vienna, Austria) 154:640 (1995) 

Fetal brain disruption sequence in sisters. 
Alexander, I.E. et al. (Bankier, A., Mur- 
doch Inst., Flemington Rd., Parkville, 
Victoria, Australia 3052) 154:654 (1995) 

Transient foramen ovale incompetence in 
the normal newborn: an echocardiogra- 
phic study. Markhorst, D.G. et al. (Dept. 
of Paed., Free Univ. Hosp., PO Box 7057, 
NL-1007 MB Amsterdam, The Nether- 
lands) 154:667 (1995) 

Monatsschrift Kinderheilkunde (Berlin / 
Germany) 
Intracranial tuberculoma. Important diffe- 

rential diagnosis of intracranial space-oc- 
cupying lesions. [In German] Pillekamp, 
E et al. (Klinik und Poliklinik fur Kinder- 
heilkunde der Univ., Joseph-Stelzmann- 
Str. 9, D-50924 K61n, Germany) 143:670 
(1995) 

MacLeod-Swyer-James syndrome. Unilate- 
ral hyperlucent lung syndrome. [In Ger- 
man] Stephan, V. et al. (Univ.- Kinderkli- 
nik, Moorenstr. 5, D-40225 Dasseldorf, 
Germany) 143:675 (1995) 

Vascular neuroborreliosis with hemiparesis 
in a 9-year old boy. [In German] L~ingler, 
A. et al. (Gemeinschaftskrankenhaus, 

Beckweg 4, D-58313 Herdecke, Ger- 
many) 143:681 (1995) 

Ultrasound-guided percutaneous puncture 
of large ovarian cysts in 5 neonates. [In 
German] Bundscherer, E, Deeg, K.H. 
(Kinderklinik, Jakob Henlestr. 1, D- 
97066 Fttrth, Germany) 143:691 (1995) 

Das sog. Mittellappensyndrom. Teller, J., 
Griese, M. (Kinderpoliklinik der LMU, 
Pettenkoferstr. 8a, D-80336 Mttnchen, 
Germany) 143:701 (1995) 

Neuroradioiogy (Berlin/Germany) 
Moyamoya disease: diagnostic accuracy of 

MRI. Yamada, I. et al. (Dept. of Rad., 
Faculty of Med., Med. and Dental Univ., 
1-5-45 Yushima, Bunkyo-ku, Tokyo 113, 
Japan) 37:356 (1995) 

Hyperhomocysteinaemia; with reference to 
its neuroradiologieal aspects. Van den 
Berg, M. et al. (Dept. of Surg., Div. of 
Vascular Surg., Free Univ. Hosp., 
P.O.Box 7057, NL-1007 MB Amsterdam, 
The Netherlands) 37:403 (1995) 

A characteristic ventricular shape in myelo- 
meningocele-associated hydrocephalus? 
A C T  stereology study. Van Roost, D. 
et al. (Neurochirurg. Univ.-Klinik, Sig- 
round-Freud- Str. 25 , D-53127 Bonn- 
Venusberg, Germany) 37:412 (1995) 

The size of the intra-and extraventricular 
eerebrospinal fluid compartments in 
children with idiopathic benign widening 
of the frontal subarachnoid space. Prasso- 
poulos, P. et al. (Cavouras, D., Dept. of 
Med. Instruments, School of Techn. Ap- 
plications, Techn. Educational Inst., 37- 
39 Esperidon St., Kallithea, GR-17671 
Athens, Greece) 37:418 (1995) 

Pediatric Nephrology (Berlin/Germany) 
Azathioprine-induced pulmonary haemor- 

rhage in a child after renal transplanta- 
tion. Refabert, L. et al. (Bensman, A., 
Serv. de N6phrol. Pdd., H6pital d'enfants 

Armand Trousseau, 26 av. du docteur Ar- 
nold Netter, F-75012 Paris, France) 9:470 
(1995) 

Tuberculous osteomyelitis : an unusual case 
of tuberculous infection in a child under- 
going continuous ambulatory peritoneal 
dialysis. Yalqinkaya, E et al. (~inar Sitesi 
5. Blok No:62, Umitk6y, TR-06530 An- 
kara, Turkey) 9:485 (1995) 

Neonatal hydronephrosis- the controversy 
and the management. Tripp, B.M., Hom- 
sy, Y, L. (Homsy, Y.L., Children's Hosp., 
2300 Tupper St., Montreal, Queb., H3H 
1P3, Canada) 9:503 (1995) 

Pediatric Surgery International (Berlin / 
Germany) 
Enema reduction of intussusception with a 

small dose of iopamidol may have advan- 
tages over barium. Doi, O. et al. (Dept. 
of Ped. Surg., Kiyama Hosp., 219-1 Iida, 
Himeji City, 670 Japan) 10:332 (1995) 

Segmental small-bowel volvulus not asso- 
ciated with malrotation in childhood. Ki- 
tano, Y. et al. (Dept. of Ped. Surg., Univ., 
7-3-1- Hongo, Bunkyo-ku, Tokyo, Japan) 
10:335 (1995) 

Familial triad of anorectal, sacrococcygeal, 
and presacral anomalies that includes sa- 
crococcygeal teratomas. Crameri, J.A. 
etal. (Ford, W.D.A., Dept. of Paed. 
Surg., Women's and Children's Hosp., 72 
King William Rd, North Adelaide, SA 
5006, Australia) 10:350 (1995) 

Xanthogranulomatous cholecystitis. An 
unusual finding at laparoscopic cholecyst- 
ectomy in a pediatric patient. Ng, W.T. 
et al. (Dept. of Surg., Yan Chai Hosp., 
Tsuen Wan, Hong Kong) 10:386 (1995) 

Isolated splenic hemangioma presenting 
with bleeding into serous body cavities. 
Meera, A.V. et aI. (Sen, S., Dept. of Ped. 
Surg., Christian Med. College Hosp., Vel- 
lore 632004, Tamil Nadu, India) 10:389 
(1995) 

continued on p. 648 I 


