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Abstract. Previous  data  have suggested that  neonata l  
complications amongst  pre term ventilated infants increase 
with decreasing gestat ional  age and thus are likely to be 
greatest  among  venti lated infants of  less than 28 weeks 
gestat ional  age. The  aim of  this s tudy was to test that  
hypothesis ,  thus we repor t  the neonata l  complicat ions of  
175 ext remely  p re t e rm mechanical ly  venti lated infants 
(gestat ional  age _< 28 weeks) .  Of  the infants 152 were  
ventilated because of  respiratory distress syndrome (RDS) 
or  respira tory distress of  severe prematur i ty ,  41% of  
these infants died. A m o n g s t  infants with R D S  or respira- 
tory  distress of  ex t reme prematur i ty ,  morta l i ty  was sig- 
nificantly increased in infants of  gestat ional  age _< 24 
weeks and birth weight  <- 1000 g. In  this group 20% de- 
ve loped a pneumotho rax ,  and morta l i ty  was inversely 
related to gestat ional  age. In  infants with R D S ,  43% de- 
ve loped a per iventr icular  ha e m or rha ge  and 37% were 
still oxygen-dependen t  at 28 days of  age; nei ther  of  these 
complicat ions was significantly related to birth weight  or  
gestat ional  age. Of  infants with R D S  38% developed  a 
pa ten t  ductus arteriosus and 16% deve loped  re t inopa thy  
of  prematur i ty .  These  data  suggest that  even amongst  
very immature  infants there has been  an impressive re- 
duct ion in the neona ta l  complicat ions of  mechanical  ven- 
tilation. 
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Introduction 

Mechanical  venti lat ion is an essential par t  of  t rea tment  
for  very  immature  infants. Survival of  this group of  pa- 
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tients has improved  over  recent  years,  and as a conse- 
quence  even infants born  as early as 22 weeks gestat ion 
are considered viable. A review of  the neonata l  ou t come  
of  vent i lated p re t e rm infants, which mainly included 
those born  at a gestat ional  age greater  than 27 weeks,  
suggested that  the complicat ions of  mechanical  ventila- 
t ion may increase with decreasing gestational  age [6]. It  
seems likely that  infants born  at less than or  equal to 28 
weeks gestat ion,  who require  respiratory support ,  may  
be at higher  risk of  bo th  mortal i ty  and morbidi ty .  Unfor -  
tunately,  to date this hypothesis  has not  been  tested and 
al though there  are some data [2, 12] on the ou tcome  of  
very immature  infants, no  s tudy has concent ra ted  exclu- 
sively on infants born  very p re te rm who have required 
mechanical  ventilation. We  have now therefore  assessed 
the neonata l  ou tcome  of  such a group of  patients since 
these results have impor tan t  implications for counsell ing 
parents  and determining the intensive care needs  of  such 
patients in the future.  

Patients and methods 

The outcome of all inborn and outborn infants of -< 28 weeks ges- 
tational age was reviewed. They were admitted to and ventilated 
on the neonatal intensive care unit during the 3 year period January 
1987-December 1989 inclusive. Gestational age was determined 
from maternal menstrual dates, antenatal ultrasound examination 
and physical examination of the neonate using the Dubowitz score, 
if there was a discrepancy between these three methods, greatest 
reliance was placed on the data from the early antenatal ultra- 
sound examination. During the 3-year period the only major 
change in management policy was the introduction of surfactant 
replacement therapy in November 1989, but only six infants in- 
cluded in this report were recruited into that trial. 

On the neonatal intensive care unit (NICU) 175 infants of ges- 
rational age _< 28 weeks were ventilated. Their median gestational 
age was 26 weeks (range 22-28) and median birth weight 840 g 
(range 398-1710). Twenty-eight of the infants (median gestational 
age 28 weeks, range 25-28) were small for dates, that is, their birth 
weight was less than the 10th percentile when related to gestational 
age. During the same time period only nine infants admitted to the 
NICU of -< 28 weeks gestational age were never ventilated, their 
median gestational age was 28 weeks (range 26-28), none of this 
group died. 

The majority (87%) of infants (n = 152) were ventilated be- 
cause of respiratory distress syndrome (RDS) or respiratory dis- 
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tress of extreme prematurity (RDEP). RDS was diagnosed if the 
infant developed respiratory distress prior to 4 h of age, with a 
symmetrical ground glass appearance on the chest X-ray film [6], 
and no infectious agent was isolated in the first 48 h of life. If the 
infant fulfilled the above criteria but was less than 24 weeks gesta- 
tional age, he or she was classified as suffering from respiratory 
distress of severe prematurity. Congenital sepsis was diagnosed if 
a single bacterial species was isolated from the gastric aspirate and 
surface swabs, with or without positive blood cultures. This defini- 
tion was used as some of the mothers received antibiotics prior to 
delivery which may have interfered with the results of the neonatal 
cultures. Congenital pneumonia was diagnosed if the infant had re- 
spiratory distress, the chest X-ray film demonstrated asymmetrical 
shadowing and organisms were isolated from the tracheal aspirate. 
Apnoea was diagnosed if the infants had poor respiratory drive, as 
evidenced by repeated cessations of respiratory effort for 15-s in- 
tervals without a chest X-ray film abnormality. Pulmonary hypo- 
plasia was diagnosed if an infant required high peak pressures 
(> 30 cmH20) both for resuscitation and during ventilation for at 
least the 1st week of life and this was associated with a chest X-ray 
film demonstrating small volume lungs. In those infants who died 
the diagnosis was confirmed on post mortem examination by a re- 
duced lung weight and a radial alveolar count less than 4 [1]. Trfin- 
sient tachypnoea of the newborn was diagnosed if the infant's 
spontaneous respiratory rate exceeded 100/min and the chest X-ray 
film demonstrated prominent ill-defined vascular markings, oedem- 
atous interlobar septa and pleural effusions in the costophrenic ang- 
les and interlobar fissures typical of interstitial oedema, in the ab- 
sence of a cardiac abnormality. During the 3-year period, no infant 
of gestational age ~< 28 weeks was ventilated because of meconium 
aspiration syndrome, hypoxic ischaemic encephalopathy or surgi- 
cally correctable congenital abnormalities. 

The complications of mechanical ventilation were recorded. 
These included pneumothorax and chronic lung disease, defined as 
an oxygen requirement at 28 days of age in association with an ab- 
normal appearance of the chest X-ray film. Serial cranial ultra- 
sound scans were performed in the first 48 h of life and subsequent- 
ly, at least weekly, to diagnose periventricular haemorrhage. Pa- 
tent ductus arteriosus was diagnosed by clinical criteria [6] and 
then confirmed by echocardiography. All preterm infants who had 
been oxygen-dependent were examined by an ophthalmologist 
from 28 weeks postconceptional age to determine the occurrence 
of retinopathy of prematurity. Necrotizing enterocolitis was diag- 
nosed if the infant had abdominal distension, bloody stools and an 
abdominal X-ray film which showed distended loops with or with- 
out pneumatosis coll. 

Infants _< 28 weeks gestation were routinely ventilated in the 
labour suite unless they established vigorous respiratory efforts 
within 2 min with a heart rate > 100/rain. They would then remain 
ventilated until admitted to the NICU. Non-intubated infants 
would be ventilated on the NICU if they developed recurrent ap- 
noeic attacks or their blood gases deteriorated (pO2--< 50 mmHg 
despite a high inspired oxygen concentration FiO2-> 60% and/or 
pCO2 > 50 mmHg associated with a pH < 7.25). Infants were ven- 
tilated via oral 2.0 or 2.5 mm endotracheal tubes using Sechrist IV 
ventilators. Mechanical ventilation was commenced at a rate of 60 
breaths/min and a peak pressure sufficient to cause visible chest 
wall expansion [5]. Ventilator rates were increased if the infant's 
breathing was visibly asynchronous. Infants were only paralysed 
(pancuronium 100 gg/kg prn) if breathing remained asynchronous, 
despite increasing the ventilator rate up to 150 breaths/rain [7]. In 
paralysed infants the ventilator rate would then be reduced to 
60breaths/min to avoid airtrapping [15]. 

All infants were nursed in humidified incubators. During the 
acute phase of the respiratory illness they received intravenous 
fluids at an initial rate of 40 ml/kg per 24 h. Intravenous fluids were 
usually slowly increased guided by the urine osmolality, daily 
serum electrolytes and changes in body weight. In some very im- 
mature infants very large quantities of intravenous fluid were 
needed even in the first 48 h of life (up to 200ml/kg per 24 h to 
maintain appropriate fluid balance. Intravenous feeding was usu- 

ally commenced at 48h of age and, once the infant's respiratory 
status was stable, enteral feeding was started even in those who re- 
mained ventilated. The infants were fed with breast milk for at 
least the 1st week. Subsequently they would be continued on 
breast milk if in sufficient supply, if not, they would be changed to 
a low birth weight formula. 

Analysis 

The occurrence of major complications was related to the infant's 
gestational age, birth weight and diagnosis. To assess whether dif- 
ferences in the frequency of complications were statistically signif- 
icant in infants of different maturity and birth weight groups, the 
chi-square test or Fisher's exact test were used. To assess if the re- 
lationship of occurrence of a neonatal complication to birth weight 
or gestational age was significant, a Spearman's correlation coeffi- 
cient was calculated. 

Results 

Of the 175 infants  vent i la ted  f rom birth,  2 had recur ren t  
apnoea  and 5 had deter iora t ing b lood gases. Of  these pa- 
t ients,  152 infants  suffered from RD S  or R D E P ,  6 had 
p u l m o n a r y  hypoplasia  (conf i rmed on post m o r t e m  ex- 
amina t ion  in 4 cases), 4 had sepsis (all had posit ive b lood 
cultures) ,  3 p n e u m o n i a ,  5 apnoea  and  5 t rans ien t  tachy- 
pnoe a  of the newborn .  

The  overall  morta l i ty  was 41% and the morta l i ty  rate 
of the small  for dates infants  was 75%. Of the infants  
vent i la ted  for RD S  or R D E P ,  41% died (Table  1). In  
the R D S - R D E P  group morta l i ty  was inversely re la ted to 
gestat ional  age (Table  2), this t rend  reached statistical 
significance if infants  of 27 and  28 weeks gestat ion were 
compared  with those of --- 24 weeks (P = 0.003). Mortal-  
ity was significantly increased in infants  of bi r th  weight 
-- 1000g (P  = 0.006) (Table  3). 

Of  the infants  with RDS or R D E P  20% developed a 
pneumothorax .  There  was no t rend  towards a greater  
f requency  of air leak with decreasing matur i ty ,  however ,  
in infants  with p n e u m o t h o r a x  the morta l i ty  increased 
with decreasing gestat ional  age; 50% at 27-28  weeks 
gestat ion,  92% at 25-26  weeks and  100% at _< 24 weeks 
(Table  2). Though  the f requency of p n e u m o t h o r a x  was 
no t  significantly re la ted to bir th weight,  mor ta l i ty  in in- 
fants with p n e u m o t h o r a x  was significantly increased in 

Table 1. Causes of death (n) 

RDS or Other 
RDEP diagnoses 

Total number of babies 152 23 
Total number of deaths 63 9 
Extreme prematurity ~< 24 weeks 4 2 
Periventricular haemorrhage 9 1 
Respiratory failure 35 0 
Pulmonary haemorrhage 4 0 
Renal failure 0 0 
Necrotizing enterocolitis 5 0 
Septicaemia 6 1 
Pulmonary hypoplasia 0 4 
Congenital heart disease 0 1 



Table 2. Complications of respiratory dis- 
tress syndrome or respiratory distress of 
extreme prematurity related to gestational 
age 
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Gestational age (weeks) 

27-28 
(n=V2) 

25-26 
(n =50) 

--- 24 
(n=3o) 

Outcome 

Deaths 
Pneumothorax 
PVH 
CLD 
PDA 
Retinopathy of prematurity 
NEC 

21 (29%) 
16 (22%) (8) a 
26 (36%) (10) 
21 (29%) (4) 
28 (39%) 
5 (7%) 
7 (10%) 

23 (46%) 
12 (24%) (11) 
26 (52%) (15) 
22 (44%) (5) 
19 (38%) 
13 (26%) 
5 (lO%) 

19 (63%) 
3 (10%) (3) 

13 (43%) (6) 
13 (43%) (3) 
10 (33%) 
7 (23%) 
2 (7%) 

a ( ) Number of infants who died 

Table 3. Complications of RDS or RDEP related to birth weight 

Birth weight (g) 

1001-1500 501-1000 ~500 
(n =51) (n =96) (n=4) 

Outcome 

Deaths 13 (25%) 47 (49%) 3 (75%) 
Pneumothorax 14 (27%) (9)  a 17 (18%) (13) 0 
PVH 20 (38%) (9) 43 (45%) (21) 2 (50%) (1) 
CLD 15 (29%) (4) 40 (42%) (8) 1 (25%) (0) 
PDA 22 (42%) 35 (36%) 0 
Retinopathy of 

prematurity 3 (6%) 21 (22%) 1 (25%) 
NEC 4 (8%) 10 (10%) 0 

The outcome of the infant whose birth weight was > i500 g is not 
displayed on this table 
a ( ) number of infants who died 

infants with birth weights 1001-1500gms ( P =  0.001) 
and birth weights _< 1000 g (P = 0.02). 

Of infants with RDS or R D E P  43% developed peri- 
ventricular haemorrhage (PVH). The severity of PVH 
ranged from unilateral subependymal haemorrhage to 
bilateral intraventricular haemorrhage with ventricular 
dilation and parenchymal extension. There was no sig- 
nificant trend of the presence of PVH or the effect of 
PVH on mortality, with gestational age or with birth 
weight. 

Of infants with RDS or R D E P  37% developed chron- 
ic lung disease (CLD).  The development of CLD was 
not significantly related to either gestational age or birth 
weight, nor was mortality significantly increased in in- 
fants with CLD. Twenty-seven infants were still oxygen- 
dependent  at a postconceptional age of 36 weeks; the 
majority, 20, were born at a gestational age of less than 
27 weeks and 22 had a birth weight less than 1000 g. 

Of infants with RDS or R D E P  38% developed a pa- 
tent ductus arteriosus (PDA). The occurrence of P D A  
did not relate significantly to either maturity or birth 
weight. In 17 cases the PDA resolved spontaneously but 
33 infants required treatment with indomethacin and in 
seven infants the ductus was ligated. 

Of the infants with RDS or R D E P  16% developed 
retinopathy of prematurity and this was more common 
in infants -< 26 weeks than > 26 weeks gestational age 
(P = 0.006). Retinopathy of prematurity was more com- 
mon in infants with birth weight _< 1000 g compared to 
those with birth weight >1000g  (P=0 .018 ) .  Of the 
babies with RDS or R D E P  9% developed necrotizing 
enterocolitis (NEC). The occurrence of NEC was not 
significantly related to gestational age or to birth weight. 

Of the infants ventilated for diagnoses other than 
RDS or RDEP,  9 died, 5 developed pneumothoraces,  7 
PVH,  2 CLD, 2 P D A  and 1 retinopathy of prematurity. 
There were no cases of NEC in this group. 

Discuss ion  

The overall survival of the present group of infants who 
were ventilated for RDS was 59%, this is similar to the 
survival rate of 65% reported by Greenough and Rober- 
ton [6]. We included a greater number of infants born at 
less than 24 weeks of gestation, in whom mortality is 
higher, than the previous study [6] and this is likely to 
have influenced our results. Our infants were all venti- 
lated and thus likely to be sicker than those included in 
earlier studies which reported mortality rates of (55% 
in 1976-1980 [12]; 48% in 1980-1984 [2]; and 44% in 
1981-1985 [12]. These data suggest that survival rates of 
even very immature infants are continuing to increase 
slowly with time. 

Our incidence of pneumothorax (20%) contrasts very 
favourably with that reported previously (39%) [6]. It is 
tempting to speculate that this reduction in the occur- 
rence of air leak is due to the introduction of fast rate 
ventilation, to promote  synchrony [8-10] used in associ- 
ation with selective paralysis of only those infants who 
fail to synchronize despite increase of the ventilator rate. 

PVH remains a common complication in these pre- 
term infants. Phillip et al. [20] suggested the incidence of 
PVH in infants of less than 35 weeks gestational age and 
birth weight less than 1500 g is decreasing. Our incidence 
of 48% in infants of less than 27 weeks gestational age 
compared to 61% in a previous report  [6] supports that 
hypothesis. The occurrence of PVH was not related to 
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gestational age as had been found previously [4] but 
pneumothorax was a common association [15], 69% of 
infants with an air leak developing an PVH. 

Of our series 37% developed CLD. It is difficult to 
compare this figure to those reported from different 
series which have included different study populations. 
When related to birth weight, the reported incidence of 
CLD varies from 5% [2] to 75% [19]. Our infants were 
all very immature and ventilated and thus the highest 
risk group, we therefore feel our incidence is encourag- 
ingly low. However,  27 of our infants, were still oxygen 
dependent at 36 weeks post conceptional age. This group 
is likely to suffer chronic respiratory morbidity and may 
even need home oxygen therapy [11]. The prevention of 
such chronic oxygen dependency is thus a major chal- 
lenge. 

Previous reports have demonstrated that the incidence 
of P D A  in infants with birth weight less than 1000g 
is 77% [22] and 81% [3]. Only 38% of our infants devel- 
oped this condition, this may be explained by our policy 
of restricting fluid in the acute stage of RDS. Differences 
in the methods of diagnosis of P D A  may also account for 
differences in the incidence of P D A  in the present and 
previous studies [3, 22]. Administration of exogenous 
surfactant has recently been implicated in increasing the 
occurrence of P D A  [21]; only six infants were so treated 
in the present study. 

Retinopathy of prematurity has been reported to be 
especially common in infants of 29-33 weeks gestational 
age [17]. In the report a significant association was dem- 
onstrated with immaturity and low birth weight and the 
occurrence of retinopathy of prematurity. Our finding of 
only 16% of retinopathy of prematurity in infants of less 
than or equal to 28 weeks gestational age is therefore en- 
couraging. 

The occurrence of NEC is increased in infants of lower 
birth weight and gestation. This may explain the rela- 
tively large proportion of infants with NEC in the pre- 
sent study compared to the 0.95% reporting rate quoted 
by Palmer et al. [18]. Some of our infants were certainly 
from a high risk group [13], but we had hoped this may 
have been counteracted by our early use of small vol- 
umes of breast milk [16]. 

These results demonstrated that the majority of very 
immature infants survive and do not develop neonatal 
complications. The small group of infants who remain 
chronically oxygen dependent however have important 
implications for use of neonatal intensive care facilities. 
An accurate method of predicting the likelihood of this 
complications would be an extremely useful tool which 
would help to provide informed counselling of parents. 
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