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Abstract
We studied 13 consecutive infants admitted to our Neonatal Intensive Care Unit over 37 months from 1 June 1994 to 30 June 1997, who

were diagnosed with severe persistent pulmonary hypertension (PPHN) meeting extracorporeal membrane oxygenation (EC&IO)  criteria
as defined by Bartlett and/or Short. They were managed with conservative ventilation strategy, with emphasis on the use of moderate
ventilator-y  pressures whilst avoiding paralysis. Peak inspiratory pressure (PIP) on intermittent mandatory ventilation was adjusted
according to adequate chest excursion. High PIP was avoided. Two main ventilatory techniques were used: 1) low ventilatory rate -aO/min,
PIP 20 to 30 cmH,O,  inspiratory time (IT) 0.5 seconds, positive end-expiratory pressure (PEEP) 5 cmH,O,  and 2) high ventilator-y  rate lOO/
min, PEEPOcmH,O, IT0.3seconds.  Theaim was to keeppreductalPaO,25OmmHg.  WedidnotsoughttoachievealkaloticpHorlow  PaCO,.
When PIP requirements exceeded 30 to 35 cmH,O,  the use of an alternative rescue therapy such as pulmonary vasodilator, high frequency
ventilation and/or surfactant were considered. Only 1 infant died of PPHN. Low mortality due to PPHN can be achieved using this strategy.
There is a need for a randomised controlled trial to compare this strategy with other alternative treatment strategies.
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Introduction

Persistent pulmonary hypertension (PPHN)  is an im-
portant cause of neonatal mortality amongst infants
who are of term or post-term gestation.*r2  The most
severely ill of these infants would meet the criteria for
the use of extracorporeal membrane oxygenation
(ECMO).  Indices of severity of illness have been devel-
oped by various authors* to predict a high probability of
mortality without ECMO intervention. Nevertheless
ECMO facilities are only available in a few centres
worldwide. It is an invasive, and expensive modality of
treatment, and concerns remain regarding the
long-term neurodevelopmental outcome of ECMO
survivors.3

The optimum management of infants with PPHN
is still controversial. In particular there is a lack of
consensus with regards to the ventilatory strategy to be
employed. Two main strategies are advocated-hyper-
ventilation2  and conservative ventilation.4

Materials and Methods

We studied 13 consecutive infants admitted to our
Neonatal Intensive Care Unit (I / Blue) from 1 June 1994

to 30 June 1997, with severe PPHN  meeting ECMO
criteria. They were managed with conservative ventila-
tion strategy, with emphasis on the use of moderate
ventilatory pressures, whilst avoiding paralysis. When
ventilatory pressure requirements were high, the use of
pulmonary vasodilators, surfactant and/or high fre-
quency ventilation was considered.

Infants meeting the following entry criteria were
studied:
1) inborn infants,
2) birth weight 22 kg,
3) diagnosed with PPHN  as defined below, and
4) meeting ECMO criteria as defined by Bartlett

et al5 and/or Short et a1.6
Diagnosis of PPHN  was based on 1 or more of these 3

criteria:
1) two-dimensional echocardiographic evidence of right

to left shunt, either at atria1 level or at the level of the
patent ductus  arteriosus;’

2) pre- postductal SaO, difference exceeding 5% or
PaO, difference of 215 mmHg;3 and

3) clinical lability* with echocardiographic evidence of
high pulmonary pressure.
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ECMO criteria based on Bartlett et a1:5
1) PaO, ~40  mmHg or pH ~7.15 for 2 hours, or
2) two of the following for at least 3 hours: PaO, ~55

mmHg,  pH ~7.4,  hypotension; or
3) four of 7 indicators of barotrauma occurring simulta-

neously: interstitial emphysema, pneumothorax,
pneumoperitoneum, pneumopericardium, subcuta-
neous emphysema, persistent air leak for 24 hours,
mean airway pressure >15  cmH,O. Two other crite-
ria, diaphragmatic hernia (no cases) and new-born
pulmonary
study.7

insufficiency index, were not used in this

ECMO criteria based on Short et al?j
1) AaDO, 2610 for 8 hours, or
2) AaDO, 2605  with peak inspiratory pressure (PIP)

238  cmH,O for 4 hours.

Treatment Strategy

Conservative ventilatory strategy4  was used. Two
ventilatory techniques were used in this strategy:
1. Low ventilatory rates (20 to 40 per min), PIP 20 to 30

cmH,O based on adequate chest excursion and posi-
tive end-expiratory pressure (PEEP) 5 cmH20,
inspiratory time (IT) 0.5 seconds. All infants were
initiated on this technique.

2. High ventilatory rates (lOO/min),  PEEP 0, IT 0.3
seconds; PIP was decreased by 3 to 5 cmH,O com-
pared to PIP whilst on low ventilatory rate strategy.
The indication for use of the high ventilatory rate
strategy is when PaO, 150  mmHg on low ventilatory
rate, or PIP requirements exceed 30 to 35 cmH,O. The
goal of treatment was to achieve PaO, 250  mmHg
whilst avoiding high ventilatory pressure (PIP). Low
PaCO, or alkalosis was not an objective of treatment.
We stressed the use of moderate ventilatory pres-
sures based on adequate chest excursion. High PIP
which gave excessive chest excursion and which
clinicians used if they wish to achieve low PaCO, and
respiratory alkalosis was avoided. If the infant re-
sponded to the high ventilatory rate (lOO/min),  they
were kept on this ventilatory rate. As they improved,
PIP was gradually decreased until 20 cmH,O and
ventilator rate would then be decreased.

When PIP requirements exceed 30 to 35 cmH20, other
alternative rescue strategies were considered. These
included:
1. Use of pulmonary vasodilator: We used tolazoline

(test dose 1 mg/ kg) followed by continuous infusion
of 1 mg/kg/h if there was a positive response to the
test dose. Also intravenous magnesium sulphate
(MgSO,)  had been used. The dose of intravenous
MgSO, is 200 mg/kg  loading dose over 20 to 30
minutes followed by continuous infusion at a rate of
20 to 50 mg/kg/h.  The vasodilator is given over the

upper limb or scalp veins.
2. High frequency ventilation: We have in our unit

during this study period the Infant Star@  ventilator
which was adapted to provide high frequency
interruptor ventilation.

3. Surfactant: This is considered when the diagnosis is
hyaline membrane disease or severe meconium aspi-
ration syndrome (MAS). Survanta@  is used.

Results

There were 13 cases of severe PPHN  meeting ECMO
criteria as defined by Bartlett et al5 and/or Short et a1.6

Demographic data and characteristics of these infants
are shown in Table I. The mean birth weight of the
patients was 2871 f 481g  and their mean gestational age
at birth was 38.2 + 2.4 weeks. Their mean Apgar scores
were 6.2 k 2.9 and 7.5 + 2.0 at 1 and 5 minutes, respec-
tively. The mean first arterial pH was 7.065 f 0.287. Ten
of the 13 patients satisfied both Bartlett at e15 and Short
et al6 ECMO criteria, while 2 patients satisfied Short et al
but not Bartlett et al criteria and 1 patient satisfied only
Bartlett et al criteria.

The treatment variables are shown in Table II. The
mean duration of ventilatory support (IMV)  was 10.6 f
7.2 days (range 1.5 to 21.0 days). One infant who died
from PPHN  was ventilated for 1.5 days. The mean
maximum PIP was 36 f 7 cmH,O; all 13 infants had a trial
of high ventilatory rates (lOO/min)  but only 9 infants
responded. High frequency ventilation was used in 4
patients with good response in only 1 of them. Ionotropic
support was needed in all of our patients; 1 required
only dopamine while the other 12 required both
dopamine and dobutamine. Tolazoline, intravenous
magnesium sulphate and surfactant were used in 62%,
54% and 23% of the patients, respectively. No patient
was paralysed and all except 2 of the patients were
sedated using intravenous phenobarbitone.

The outcome data are shown in Table III. Only 1 of the
13 infants died of PPHN.  Three (23%) infants had oxy-
gen dependency beyond 28 days of life.

Discussion

This study describes our experience in the manage-
ment of infants with severe PPHN  meeting ECMO crite-
ria. Only 1 of the 13 infants died of PPHN  despite the
severity of the illness.

Bartlett et al5 and Short et al6 predicted high mortality
in these infants (80% or more) without the use of ECMO.
In our discussion of this conservative treatment strategy,
we would like to focus on 3 aspects of treatment:

1) ventilatory strategy,
2) use of alternative “rescue” strategies, and
3) paralysis.
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TABLE I: MEDICAL DEMOGRAPHIC DATA AND CHARACTERISTICS

S/N Birth G e s t a t i o n a l  Sext Race+ Underlying
weight (g) age (weeks) diagnosis**

Apgar at Apgar at 1st Arterial Maximum ECMO ECMO
1 min 5 min PH AaDO,* (Barlett et a15) (Short et a16)

1 2830 40 M C Primary PPHN 9 9 7.237

2 3713 40 M I MAS 4 7 7.358

3 2280 36 F M Pneumonia 7 9 7.199

4 2305 35 M C MAS 2 8 7.213

5 3178 35 M C Pneumonia 2 4 7.380

6 3400 39 F C Perinatal asphyxia 8 8 6.486

7 2440 40 F M MAS 5 7 7.020

8 2470 34 M C Pneumonia 9 9 6.918

9 3000 38 M M Perinatal asphyxia 9 9 7.119

10 3600 41 M C MAS 6 7 6.68 1

11 2592 40 M M MAS 9 9 7.430

12 264 1 40 F M MAS 2 3 7.041

13 2880 39 M M Perinatal asphyxia 9 9 6.760

t M: Male, F: Female $ C: Chinese, M: Malay, I: Indian
** PPHN: persistent pulmonary hypertension of newborn, MAS: meconium aspiration syndrome
* Maximum AaDO, whilst on FiO, = 1.0

TABLE II: TREATMENT VARIABLES

634 Yes
638 Yes

>610 Yes
643 Yes

>610 Yes
644 Yes
637 No
626 Yes

>610 Yes
637 Yes
631 No
632 Yes
657 Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

S/N

2
3
4
5
6
7
8
9

10
11
12
13

Ventilation Max PIP Max rate Response to high High frequency Tolazoline Magnesium Surfactant Paralysis Ionotropes*
days (mm&) (per min) ventilatory rates ventilation sulphate

9 39 100 Yes No Yes No No No Dopa,  Dobut
9 40 100 Yes Yes (responded) Yes No No No Dopa,  Dobut

13 41 100 Yes No Yes No No No Dopa,  Dobut
21 35 100 No No Yes No Yes No Dopa,  Dobut
21 31 100 Yes No No No Yes No Dopa,  Dobut

7 32 100 Yes No No Yes No No Dopa,  Dobut
5 29 100 Yes No No Yes No No Dopa,  Dobut
5 44 100 Yes Yes (no response) No Yes No No Dopa,  Dobut
2 44 96 . No Yes (no response) Yes Yes No No Dopa,  Dobut

19 45 100 No Yes (no response) No Yes Yes No Dopa,  Dobut
4 30 100 Yes No Yes Yes No No Dopa,  Dobut
4 22 100 Yes No Yes No No No Dopa

19 36 100 No No Yes Yes No No Dopa,  Dobut

PIP: peak inspiratory pressure *Dopa:  dopamine; Dobut:  dobutamine

TABLE III:  OUTCOME DATA

S/N Airleak Duration of oxygen
dependency (days)

Cause of death

1 No 15
2 Yes 16
3 No 60 Congenital CMV
4 No Home oxygen
5 No 21 Coronary aneurysm
6 No 7
7 No 6
8 No 11

9 No 2 PPHN
10 Yes Home oxygen
1 1 Yes 5
12 Yes 8
13 No 25

CMV: cytomegalovirus; PPHN: persistent pulmonary hypertension

Ventilatory  Strategy

There is to date no uniform agreement amongst
neonatologists as to the optimum ventilatory approach.
Hyperventilation is used widely.8  In hyperventilation,
high ventilatory pressures and rates are used to induce
low PaCO, and respiratory alkalosis.2  It is thought that
the alkalosis will have the desired effect of pulmonary
vasodilatation. However, concerns have been expressed
regarding the effects of low PaCO, and cerebral vaso-
constriction as well as neurosensory hearing
deficits.9

Since June 1994, we have used conservative ventila-
tion as advocated by Wung et a1.4 In this strategy, high
PIPS are avoided. There is no attempt made to achieve
low PaCO, or alkalosis (even though this is sometimes
observed with the high ventilatory rate technique). The
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goal is to achieve PaO, 250 mmHg.  There is some evi-
dence that the application of high ventilatory pressures
may lead to compression of the pulmonary vasculature
which envelop the alveoli. This may adversely affect the
pulmonary vascular resistance and thus exacerbate the
PPHN. Thus in our treatment strategy, avoidance of high
PIPis the key feature of treatment. The target set is pH >7.2,
preductal PaO,  250 mmHg  and PaCO,  ~60 mmHg.

In conservative ventilation, two ventilatory techniques
are utilized. All infants are initiated with low ventilatory
rate strategy (rate 20 to 40 per minute, PIP 20 to 30
cmH,O).  High ventilatory rate (100  per minute, PEEP 0)
is used if PaO, 150 mmHg on optimum low ventilatory
rate or PIP >30  to 35 cmH,O. In this series all 13 infants
had a trial of high ventilatory rate. Nine infants re-
sponded. Infants who did not respond to high ventilatory
rate were switched back to low ventilatory rate and
other rescue therapies (see below) were considered.
With high ventilatory rate technique, sometimes low
PaCO, is seen. This is however, not the objective. The
goal is to achieve PaO, 250 mmHg at lower PIP.

In severe cases, we aim for preductal PaO, 245 to 50
mmHg.  A lower postductal PaO, may be accepted. This
is especially when PIP used is 235 cmH,O. The preductal
SaO,/PaO, reflects the circulation to the brain and the
postductal SaOJPaO,  reflects the circulation reaching
the gut, kidneys and lower part of the body. From
experience in severe birth asphyxia, these organs (intes-
tines, kidneys) usually recover even after a severe hy-
poxic insult. lo The brain, however, may suffer irreversible
damage and thus, preductal SaO,/PaO, should not be
compromised. Neurodevelopment outcomes in infants
managed by conservative ventilation are encouraging.”

The use of lower ventilatory pressures also reduces the
risk of airleak  and barotrauma. In addition, venous
return will not be so compromised. This is important in
maintenance of a satisfactory systemic blood pressure.12

Use of Alternative Rescue Therapies

Three forms of rescue therapies are used, especially
when the ventilatory pressure requirements are high:
a) Use of a pulmonarv vasodilator

Tolazoline and MgSO,, l3 the 2 vasodilators used in this
study, are non-specific for the pulmonary circulation
and thus may be complicated by systemic hypotension.
Inhaled nitric oxide,14  which is specific to the pulmonary
vasculature, is now considered a superior alternative
and we are actively exploring its use in our unit.

In order for the pulmonary vasodilator to have the
desired effects, it should be used when PIP is not too
high. Too high ventilatory pressure may mechanically
compress the pulmonary vessels hence negating any
effects of the pulmonary vasodilator. Recent evidence of
the failure of action of inhaled nitric oxide with high
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ventilatory mean airway pressure (MAP) has been re-
ported.‘”

We give our intravenous pulmonary vasodilator in the
upper limb or scalp veins. This is to take advantage of the
pulmonary distribution of the venous return from the
upper limbs and scalp veins to the pulmonary artery like
in the case of the foetal circulation.
b) High frequencv ventilator

Clark et all6 have reported the use of high frequency
oscillatory ventilator in the rescue of infants with severe
PPHN.  We have only available in our unit an Infant Star@
ventilator which has been adapted to provide high fre-
quency interruptor ventilation. One of 4 infants actually
responded to this modality of treatment.
c) Surfactant

This is considered when a diagnosis of respiratory
distress syndrome is made. Also severe MAS may ben-
efit from surfactant therapy.17  We use Survanta@.

Use of Paralysing  Agents
We do not use paralysis in our strategy for managing

PPHN.  In the hyperventilation strategy, infants are com-
monly paralysed. By avoiding paralysis, spontaneous
ventilation in the infant is maintained. This spontaneous
respiration will contribute to the overall ventilatory
needs of the infant and would reduce the mechanical
ventilatory requirement, and its associated risks. Also
the relative negative intrapleural pressure generated by
spontaneous breath (inspiration) will promote systemic
venous return to the heart. This will contribute to the
maintenance of systemic blood pressure.12

Paralysis may further impair the ventilation-perfusion
balance by redistributing the pulmonary blood flow to
more dependent areas which are less well aerated. In a
child who is not paralysed, his/her activity status may
give valuable clues to the state of the child as well as
alerting one early to the possibility of a partially blocked
endotracheal tube.

ECMO has been used in many cases of severe PPHN.
However it is not widely available, and it is an expensive
as well as an invasive modality of treatment. Concerns
remain regarding the long-term outcome of survivors.3
Also with the successes reported with inhaled nitric
oxide,14  it is possible that the need for ECMO may be
reduced even further.

In conclusion, we report here our experience in the
management of 13 infants with severe PPHN  meeting
ECMO criteria. Our treatment strategy involves the use
of conservative ventilation, no paralysis and use of
alternative rescue therapies if high ventilatory pressures
are needed. Low mortality due to PPHN  can be achieved
using this strategy. There is a need to conduct a properly
randomised controlled trial to compare this strategy
with alternative treatment strategies.
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