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Abstract. Fifty-eight long-term survivors of  mechani- 
cal ventilation have been traced and examined for 
evidence of auditory, visual, behavioural,  develop- 
mental and central nervous system abnormalities. 
There were four children with serious neurological or 
intellectual handicaps, the causes of  which did not 
seem to be related to deficiencies of  their ventilator 
t reatment  but rather to events preceding ventilation or 
to the disease which had necessitated ventilation. 
There were an additional eight children who may have 
some intellectual damage. The occurrence of convul- 
sions or hypoxic episodes during or preceding the 
period of  t reatment  was significantly more common 
among the 12 children with a poor  outcome, than 
those with a good outcome. 
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Introduction 

The results of  mechanical ventilation in infancy have 
been reported in several studies [ 1 -  11] but most  in- 
vestigations have been related to the treatment of  
neonates suffering f rom the respiratory distress syn- 
drome (RDS). The results of  using mechanical venti- 
lation in treating a wider range of  diseases and age 
groups have been reported less frequently [8]. 

This paper  presents the results of  a follow-up sur- 
vey of the survivors of  mechanical ventilation who 
were treated in a paediatric intensive care unit over a 
period of  7 years. 

Methods of Respiratory Support and Ventilation 

The criteria for starting mechanical ventilation in this 
heterogeneous group in the course of  7 years have 

v a r i e d  considerably. In some cases this depended on 
clinical indices, but most  often the decision was in- 
fluenced by deteriorating blood gas values. The tech- 
niques of  respiratory support  and ventilation have 
changed and evolved during this time and have been 
described in greater detail elsewhere [ 1 2 -  14]. 

In many  instances mechanical ventilation was pre- 
ceded by other methods of respiratory support,  e. g. 
oxygen enrichment of  the inspired gases, chest physio- 
therapy, or endotracheal intubation and suction with 
or without continuous positive airways pressure 
(CPAP).  I n  some cases, where respiratory assistance 
was required post-operatively, ventilation was con- 
tinued f rom the time that surgery was completed. All 
mechanical ventilation in the intensive care unit was 
carried out via nasal endotracheal tubes except, on 
rare occasions, when this was impossible, and then 
oral endotracheal or t racheostomy tubes were used. 
All the long-term endotracheal tubes were 'Por tex '  
PVC 'Blue Line' tubes and the tracheostomy tubes 
were the Aberdeen Great  Ormond Street pattern 
made by 'Franklyn ' .  

Nasal intubation was nearly always preceded by a 
brief period of  oral intubation with a latex armoured 
tube to control the airway. The nasal tube was cut to 
length, for small infants, by reference to Coldiron's  
chart relating head circumference to the distance 
between the nares and the mid-trachea [15]. The 
endotracheal tube was then connected by means of  a 
7-mm Penlon 'Oxford '  connector to a Newcastle 
breathing circuit [12] which was attached to the 
infant 's  head by an arrangement of  sticking-plaster 
and plastic adhesive tape [12] which provides an ex- 
tremely secure method of  tube fixation. In the cases 
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which required a tracheostomy the same breathing 
circuit was used, connected by means of  a polycar- 
bonate tapered fitting [16]. 

In most cases the Newcastle Infant Ventilator [12, 
13] was used to provide intermittent positive pressure 
ventilation (IPPV). This is a fluid logic driven ventila- 
tor which is able to deliver a constant volume of  
sterile, completely humidified gas with a known 
oxygen content. On a few occasions a T-occluder 
system was used. 

The duration of  IPPV in the group of  survivors 
varied from three hours to seven weeks, with a mean 
time of  5 days. During this time the level of  ventila- 
tion was assessed using capillary blood gas samples 
and, more recently, the level of  oxygenation has been 
monitored using skin PO 2 electrodes. Tracheal 
aspirates were cultured three times a week and great 
care taken not to contaminate the endotracheal tube 
during suction. All the small infants who required 
ventilation were nursed in IMI Infant Care Centres 
(Becton Dickinson UK, Ltd.) which incorporate over- 
head infra-red heaters. 

The decision to wean the patient from IPPV was 
made on clinical, radiological and biochemical 
grounds and at this stage the breathing circuit was 
connected to a large flow of  gas of  the same quality as 
before, usually with the addition of  various levels of  
CPAP Progress was assessed clinically and by 
changes in serial blood gas values. At no time was the 
endotracheal tube removed before the infant had 
demonstrated an ability to breathe reliably for several 
hours. This allowed mechanical ventilation to be 
restarted, if necessary, without delay. After extuba- 
tion the infant was often placed in a head-box to 
provide increased oxygen and humidity in the inspired 
gas. 

Patients 

The authors '  intensive care unit is a referral centre for 
neonatal and paediatric surgery, excluding cardiac 
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Fig. I. Number of patients ventilated each year and their 070 mor- 
tality, 1971 - 1978 

surgery. It opened in September 1971 and takes a high 
proport ion of  surgical cases but it also admits some 
medical referrals. 

During the seven years up to September 1978, 
there were 966 admissions to the intensive care unit, 
including some re-admissions. The numbers and types 
of  cases are shown in Table 1, together with the 

n u m b e r s  dying in each category. 132 infants, whose 
ages ranged from a few hours to 7 years, were ventila- 
ted. Four children were ventilated during two separate 
admissions, so that a total of  136 episodes of  ventila- 
tion were involved. At the start of  ventilation, 111 
(81%) of  the children were neonates. The numbers of  
children ventilated each year (September to Septem- 
ber) varied from 23 in the second year to 15 in the 
sixth year and the yearly mortality rate varied from 
87% in the first year to 27~ in the sixth year (Fig. 1). 
This improvement occurred entirely within the 
neonatal group. 

Sixty-six children were discharged from hospital 
after being ventilated but eight of  these subsequently 
died, leaving 58 long-term survivors, and these cases 
are the subjects of  this follow-up survey. 

All the 58 long-term survivors were traced and 48 
were examined in a special clinic; the remaining 10, 
most of  whom had moved away from the region, were 

Table I. Numbers and types of admissions to the intensive care unit 1971 - 1978 

Diagnosis Numbers in group Deaths Ventilated Deaths 

Tracheo-oesoph. Fistula 73 (807o) 21 (29o7o) 20 (27%) 11 (55070) 
Cong. Diaph. Hernia 24 (2%) 13 (54070) 19 (79%) l l  (58%) 
Exomphalos 54 (6%) 15 (280/o) 21 (39%) 9 (43%) 
Intestinal obstruction 298 (31070) 48 (16%) 26 (9%) 17 (65%) 
Miscellaneous surgical 420 (43%) 34 (8070) 18 (4%) 10 (56%) 
Medical non-respiratory 15 (2%) 4 (27%) 2 (13%) 1 (50%) 
Medical respiratory (RDS) 11 (1%) 4 (3607o) 10 (91%) 4 (40%) 
Medical respiratory (non-RDS) 71 (7%) 3 (4%) 20 (28%) 7 (35070) 

Total 966 142 (15~ 136 (14%) 70 (51%) 
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contacted by post or via their general practitioners. 
Their ages at follow-up ranged from one year to 11 
years. 47 of the long-term survivors had been neo- 
nates at the start of ventilation (81%). This group had 
a mean birth weight of 2.48 kg (1.25- 5 kg) and a 
mean gestational age of 36 weeks (28-  42 weeks). 

Method of Examination 

The intensive care records of each patient were scrun- 
tinised in order to identify events which, it was 
thought, might have significance for later develop- 
ment e.g. convulsions, apnoeic attacks before or after 
ventilation, clinical or biochemical evidence of 
hypoxia and metabolic abnormalities e.g. hypo or 
hypernatraemia, hypochloraemia or uraemia. 

The 48 children who were followed up at the clinic 
were seen with their parents from whom a history was 
taken of their progress since leaving hospital. The ex- 
amination of the children was carried out in the fol- 
lowing sequence, the Denver Developmental Screen- 
ing Test (DDST) [17], the Goodenough Draw-a-Man 
Test [18], the Stycar hearing test [19], the Stycar 
vision test [20] and a general physical examination 
and standard neurological examination [21]. The 

speech pattern was observed throughout the inter- 
view. Any patient suspected of hearing abnormalities 
was referred for audiometric examination and 19 
patients underwent special examinations to detect any 
evidence of visual problems. 

Information about the 10 children who were not 
seen at the special clinic and the eight children who 
had died after discharge from hospital was obtained 
from their hospital and intensive care unit records, 
correspondence with their general practitioners, other 
paediatricians involved and examination of post 
mortem reports. 

Results 

The type and distribution of all the abnormalities 
found at the follow-up is shown in Table 2. 

Auditory Complications 

Four children had hearing problems, but of these, 
three had chronic otitis media severe enough to ac- 
count for their deafness. 

Table 2. Diagnosis and types of abnormalities of long-term survivors 

Diagnosis Auditory Visual Behavioural FITS DDST CNS 

Tracheo-oesophageal fistula 
Tracheo-oesophageal fistula 
Congenital diaphragmatic hernia 
Congential diaphragmatic hernia 
Exomphalos 
Exomphalos 
Exomphalos 
Exomphalos 
Exomphalos 
Intestinal obstruction 
Intestinal obstruction 
Intestinal obstruction 
Miscellaneous surgical Spina bifida 

Cerebral abscess 
Medical non-respiratory Gastroenteritis 
Medical respiratory (RDS) 
Medical respiratory (RDS) 
Medical respiratory (RDS) 
Medical respiratory (RDS) 
Medical respiratory (RDS) 
Medical respiratory (RDS) 
Medical respiratory (non-RDS) Bronchiolitis 

Bronchiolitis 
Bronchiolitis 
Croup 
Apnoeic attacks 

• 

• 

• • 

x 

x 

• 

? 
? 

? 

x x • 
• x 

F 
F 

x 
F 
F 

? 
• 

F = febrile convulsion; ? = questionable DDST score 
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Visual Complications 

Seven children had visual disabilities. Of these, four 
cases had strabismus, one case, with hydrocephalus 
and meningomyelocele had cortical blindness, anoth- 
er had moderate hypermetropia and the remaining 
child had congenital lamellar cataracts which were 
causing no impairment of vision at the time of ex- 
amination. There were no cases of retrolental fibro- 
plasia. 

Behavioural Status 

The diagnosis of behaviour problems was made large- 
ly on the history given by the parents, but of eight 
children with behaviour problems four had problems 
severe enough to have needed referral to a child psy- 
chiatrist. 

Incidence of Convulsions 

Eight children had a history of convulsions since 
being ventilated; of these, three children had recur- 
rent, afebrile fits with abnormal electroencephalo- 
grams (EEGs) and required regular anticonvulsants. 
The remaining five had had febrile convulsions, and 
in only one case did these recur. This child had a 
normal EEG and did not require anticonvulsants. 

Developmental Status 

The DDST was scored as normal, questionable, or ab- 
normal according to Frankenburg's criteria [22]. 
Three children had abnormal scores which correlate 
with an IQ of less than 70. Eight had questionable 
DDST scores which correlate with an IQ of between 
70 and 80. It should be emphasised, however, that the 
DDST is merely a screening test to identify children 
who need fuller testing and it is not an accurate meas- 
urement of IQ. 

Central Nervous System Abnormalities 

Two of the three children with abnormal DDST's also 
have severe central nervous system (CNS) abnormali- 
ties. One has a spastic quadriplegia, has recurrent 
convulsions and is severely subnormal and the other 
has a flaccid paralysis of both legs, cortical blindness 
and recurrent convulsions associated with hydro- 
cephalus and meningomyelocele. A third child has a 
mild left hemiparesis, which causes her little dis- 
ability, and recurrent convulsions which require 
regular anticonvulsants to control them. 

Deaths 

Some details of the eight children who died after leav- 
ing hospital are shown in Table 3. Seven of these chil- 
dren had severe, often multiple congenital abnormali- 
ties and the remaining one had severe cystic fibrosis. 
Three were considered to be developmentally retard- 
ed. 

Discussion 

When the disabilities discovered in the children in this 
follow-up are assessed there are two other aspects that 
must be considered. The first is the nature and prog- 
nosis of the original illness and the second is the inci- 
dence of the same disability in a similar population. 
In the latter context the results of this follow-up have 
been compared, where possible, with those reported 
in "The School Years in Newcastle upon Tyne 
1952- 1962" [23]. 

Auditory Complications 

The incidence of deafness (8%) among the children 
Of the follow-up is less than that reported in "The 
School Years in Newcastle upon Tyne" (23 %). 

Table 3. Diagnoses and development of patients dying after discharge from hospital 

Diagnosis Cause of death Age at death Development 

Tracheo-oesoph. fist. and Subdural haematoma 9 months Retarded 
Cong. heart disease ? non-accidental inj. 

Tracheo-oesoph. fist. ? Gastric aspiration 4 years 

Hypoplastic lobe of lung Chest infection 1 year 

Tracheo-oesoph. fist. ? Gastric aspiration 2 years 

Vater syndrome Not known 2 years 

Pierre Robin syndrome ? Upper airways obstruction 221-- years 

Cystic fibrosis Chest infection 4 months 

Apnoeic attacks and Respiratory failure 3 months 
abnormal cervical spine 

Normal 

Retarded 

Normal 

Retarded 

Normal 

Normal 

Not known 
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Visual Complications 

The frequency of strabismus in the follow-up (7%) is 
comparable to that reported in "The School Years in 
Newcastle upon Tyne" (9%). The girl with cortical 
blindness has severe hydrocephalus and had become 
blind after a period of raised intracranial pressure, 
unrelated to her episode of  mechanical ventilation. 

Behavioural Status 

There were more hehaviour problems (14%) among 
the follow-up children than among the children in 
"The School Years in Newcastle upon Tyne" (4%). 
This may be a reflection of subtle brain damage but is 
more likely to be a result of  parental separation from 
a critically ill child at an important  stage in the devel- 
opment of  the parent offspring bond. Seven of these 
eight children were neonates at the time of their ill- 
ness. 

Convulsions 

The incidence of all types of convulsion (14070) is twice 
as high as that reported in "The School Years in 
Newcastle upon Tyne" (7%), but the proport ion hav- 
ing febrile convulsions (9o7o) is also higher (4O7o). Of 
the three children with recurrent afebrile fits, one is 
the girl with a spastic quadriplegia, the second is the 
child with cortical blindness and severe 
hydrocephalus, and the third has had a cerebral 
abscess. 

Developmental Status 

Of the three children with abnormal DDST scores, 
one is the girl with spastic quadriplegia, the second is 
the girl with cortical blindness and severe hydrocepha- 
lus but the third is a girl without other obvious neurol- 
ogical abnormalities, although she has some behav- 
iour problems. She had been born after a gestation of 
36 weeks, weighing 2.06 kg and at the age of six weeks 
had developed recurrent apnoeic attacks which 
continued for five days and for which no cause was 
found. She is now thought to be educationally sub- 
normal (moderate) at the age of  4~  years. 

Central Nervous System Abnormalities 

The girl with spastic quadriplegia is now aged eight. 
She was six weeks of  age when she first presented with 
bronchiolitis, and prior to being transferred to the in- 
tensive care unit for ventilation, was severely acidotic 
with a capillary blood pH of  6.96 and PCO 2 of 20 Kp. 
She was also hyponatraemic with a plasma sodium of  

108 mmol/1. She is now severely abnormal and lives in 
an institution. Before the illness she was thought to be 
developmentally normal. 

The girl with hydrocephalus and- a meningomye- 
locele is now aged five years and has a flaccid paraly- 
sis of both legs. She was ventilated because of epiglot- 
tiffs and her neurological abnormalities are thought to 
have no relation to her episode of mechanical ventila- 
tion. 

The third child with the mild left hemiparesis is 
now aged eleven years. At the age of seven she devel- 
oped a cerebral abscess secondary to pyelonephritis, 
and was ventilated because of a respiratory arrest fol- 
lowing a convulsion. 

Correlation of  Outcome with Events During 
Mechanical Ventilation 

Among the 58 long term survivors there are four chil- 
dren (7%) with definite neurological or intellectual 
handicaps. There is a second group of eight children 
(14%) with questionable DDST scores who may have 
intellectual damage and there is a third group of 46 
children (79%) with no apparent neurological or intel- 
lectual damage. 

The children were classified as normal or ab- 
normal according to whether any neurological or in- 
tellectual handicap, however minor, was discovered at 
the follow-up. Associations were then sought between 
(a) convulsions, (b) hypoxic episodes or (c) metabolic 
upsets occurring during the initial illness and a poor  
outcome. The exact probability test for 2 x 2 contin- 
gency tables was used, and as a basis for statistical 
analysis it was assuemd that convulsions, etc., would 
not increase the likelihood of  a good outcome. 

In the group with a poor outcome there was a sig- 
nificantly higher incidence of  convulsions (p < 0.05) 
and hypoxic episodes (p < 0.01) than might have oc- 
curred by chance. The incidence of metabolic upsets 
in this group was not significantly increased. 

Conclusions 

Most of  the 58 children followed up in this survey 
would not have survived without the assistance of  me- 
chanical ventilation. The brain damage sustained by 
the four most severely handicapped children was not 
related to any deficiency in the course of the ventila- 
tion therapy which they received, but rather to their 
presenting illness or to events that occurred before 
referral to the intensive care unit. Among the children 
not suffering from diseases which are known in them- 
selves to produce brain damage there seems to be no 
absolutely reliable way of predicting the quality of 
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survival, although the occurrence of  convulsions or 
hypoxic episodes appears to be associated with a poor  
outcome. 

There seems to be little possibility of eliminating 
the occurrence of brain damage among children sur- 
viving mechanical ventilation. Avoiding the use of  
mechanical ventilation as a method of  treatment 
would seriously reduce the number of  survivors from 
respiratory failure without offering any guarantee of  
reducing the number handicapped, indeed the authors 
believe that the number of  handicapped children 
would considerably increase. 
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