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Abstract

Objective: to verify if the strategy of reduction of the ventilatory parameters decreases the occurrence
of pneumothorax in preterm newborns with respiratory distress syndrome.

Methods: a longitudinal prospective study of preterm newborns with respiratory distress syndrome
was carried out at the Pediatric Intensive Care Center of Hospital Santa Casa de Misericórdia of Franca,
from July 1999 to June 2000. One hundred and twenty-seven female and male newborns between the 25th
and the 37th week of gestation, with birthweight varying from 625 g to 2,500 g were studied. The ventilatory
parameters were analyzed during the assisted mechanical ventilation in two groups of patients: the
controlled group and the other group, in which the parameters were reduced, by investigating and
comparing the occurrence of pneumothorax. The association of data was verified through chi-square test;
level of significance α = 0.05 and 0.01, and the difference among the studied parameters was obtained
through the Student’s t test.

Results: the results show lower parameters of inhalation flow and shorter period of inhalation,
generating minor tidal volume, decrease of the occurrence of pneumothorax (8.1% compared to 24.5% of
the controlled group), with statistical significance (χ2 = 6.545; p < 0.05), and without significance related
to mortality and hospital discharge (χ2 = 0.736; p = 0.391).

Conclusions: this study verified that lower inhalation flow and shorter period of inhalation in preterm
newborns with respiratory distress syndrome were associated with the decrease of the occurrence of
pneumothorax.

J Pediatr (Rio J) 2003;79(1):75-80: pneumothorax, preterm newborn, respiratory distress syndrome,
protective ventilation strategy.
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Introduction

The respiratory system of newborns (NBs) presents a
few peculiarities that make them more susceptible to the
need of ventilatory support.1 A few anatomical and
physiological factors, such as small airways, cylindrical
thorax, horizontal ribs, a large amount of type IIa muscle
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fibers, predominance of REM sleep and central nervous
system (CNS) immaturity, provide a certain inefficiency in
respiratory mechanics, favoring thoracic distortion with a
greater incidence of respiratory muscle fatigue and
pulmonary collapse, making NBs more susceptible to the
need of mechanical ventilation.2-6

Given the great incidence of complications with
mechanical ventilation, we decided to study the therapeutic
strategy to minimize potential risks such as pneumothorax
(PTX).

The main purpose of mechanical ventilation in NBs with
respiratory distress syndrome (RDS) was to maintain blood
gases within normal levels by using high tidal volumes with
consequent high peak inspiration pressures, which increases
the risk of pneumothorax.7 These high peak pressures lead
to mechanical ventilation-induced lung injury, which is
characterized by damage to the lung parenchyma, thus
worsening the tissue injury caused by RDS, and predisposing
to pneumothorax.8

This preexisting injury to the alveolocapillary membrane
caused by RDS, which also occurs in mechanically-ventilated
patients, is best defined as mechanical ventilation-associated
lung injury.9

Clinical studies have verified different lung protective
strategies through the reduction of ventilatory parameters
such as the decrease of tidal volume and of peak inspiratory
pressure (PIP). A few of these studies suggest beneficial
effects such as the reduction of parenchymatous lesion and
mortality.10,11

Due to the difficulty in determining alveolar pressures
in clinical models, airway pressures have been used as risk
indicators for the occurrence of extra-alveolar air leak.12

Nevertheless, there are a few limitations to the use of
proximal airway pressures to determine the risk for
barotrauma; these proximal pressures may not reflect the
pressures reached at the alveolar level, which are affected
by changes in resistance and flow.13 Other factors, such as
excessive variations in pulmonary volumes, with consequent
alveolar overexpansion, could also be a primary determinant
of iatrogenic lung injury denominated volutrauma.14

Considering this difficulty in establishing ideal
parameters during mechanical ventilatory support, the
purpose of this study is to develop a strategy for the
reduction of ventilatory parameters in order to decrease the
incidence of PTX in NBs with RDS at the Intensive Care
Unit of the Santa Casa de Misericórdia Hospital in Franca.

Patients and methods

A longitudinal comparative study was carried out with
127 preterm NBs (<37 weeks, WHO,1974); 52 patients
were female (41%) and 75, male (59%). The birthweight of
these preterm newborns varied between 625g and 2,500g,

and their gestational age varied between 25 weeks and 37
weeks, according to Capurro’s method.15 The study was
approved by the Ethics Committee of Santa Casa de
Misericórdia Hospital in Franca.

The preterm newborns of our study were diagnosed with
RDS according to clinical, radiological and gasometric
criteria. The clinical criteria were increase in respiratory
frequency, persistent cyanosis, Silverman-Anderson score
equal to or greater than 7, X-ray with a diffuse
reticulogranular pattern in both lungs, with air bronchograms
of variable intensity, and gasometric values with PaO2 <
50mmHg, PaCO2 > 60mmHg and pH< 7.25.1

The inclusion criteria were newborn with less than 37
weeks gestational age and weight lower than 2,500g. We
excluded newborns with more than 37 weeks of gestation
who weighed more than 2,500g and had anomalies.

We used Intermed and Schrist continuous flow, time-
cycled, pressure-limited, microprocessor-controlled
ventilators with independent electronic circuits for alarm
and pressure monitoring. The parameters were changed
based on newborns’ clinical alterations. These alterations
happened at random and on a personal basis on each shift.

The NBs were studied in two controlled cohorts from
their first days of life. Group A (historical group) included
53 patients analyzed from June to December 1999, while
group B (strategy for the reduction of ventilatory parameters)
consisted of 74 patients analyzed from January to June
2000. The analyses were carried out by means of data
collection; the following items were registered on a control
chart: name, date of birth, hospital admission, gender, type
of birth, weight, ventilator parameters, complementary
exams, use of surfactant, and incidence of pneumothorax.
These data were collected every day, always at the same
time, on the morning shift, excluding Sundays, during the
period of mechanical ventilatory support.

The difference between the two groups lies in the
mechanical ventilation parameters that were changed in an
attempt to develop a strategy for the reduction of
pneumothorax in the first group. The modified parameters
were flow (IV) and inspiratory time (IT), in an attempt to
obtain a lower tidal volume (TV). The mean of the parameters
was obtained after one to five days of mechanical ventilation.

Inspired volume and inspiratory time are adjusted in
time-cycled ventilators, and the product of these parameters
determines the tidal volume. Therefore TV = IT x IV (TV
= ml; IT = sec and IV = ml/sec).16,17

Inspiratory time depends on the time constant and will
vary according to lung compliance. The generally used IV
is three times higher than the minute volume (MV). The TV
depends on lung compliance, on the pressure gradient
(inspiratory pressure - PEEP); in general a TV of 6 to 8
ml/kg is used. The use of high TVs (10 to 12 ml/kg) may
result in alveolar overexpansion and in the risk of air leak
syndrome (ALS).18,19
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The mean airway pressures were obtained through the
equation expressed by

MAP=k (PIP-PEEP) ·IT/(IT+ET)] + PEEP 1.

PTX was diagnosed through clinical manifestations and
were confirmed radiologically. NBs may be asymptomatic
or show variable degrees of respiratory distress, such as
moaning, tachypnea and retractions. There is sudden
worsening of respiratory insufficiency, agitation, cyanosis,
and decrease in oxygen saturation. On examination of the
chest, the affected side might be bulgy; on auscultation, the
vesicular murmur is low. The heart sounds may be muffled,
and there may be cardiac tamponade, hypotension, and
shock. The liver and the spleen might be palpable due to the
lowering of the diaphragm. If early diagnosis is not
established, death may occur.20,21

The results obtained were submitted to statistical analysis
using chi-square tests, with a significance level of α = 0.05
and Student’s t-test with a significance level of α = 0.05 and
0.01 (Sokal & Rolph, 1981).22

Results

The study included 127 preterm newborns. Fifty-three
patients in group A (control) presented an average weight of
1,395g and a standard deviation of 493.6g, and 74 patients
in group B (with reduction of ventilatory parameters)
presented an average weight of 1,547g and the standard
deviation of 510g. The distribution of the patients into
groups, according to gender, gestational age and birthweight,
was homogeneous.

Table 1 -   Comparison of the incidence of pneumothorax and the result of patients from Group A and Group B

* Less significant than those who were exposed, according to chi-square (χ2 = 6.545; p < 0.05)
† Nonsignificant difference (χ2 = 0.736; p = 0.391)

Pneumothorax incidence Deaths

Group A Group B Group A Group B

Result n % n % n % n %

Positive 13 24.5 6* 8.1 27 50.9 32† 43.2

Negative 40 75.5 68 91.9 26 49.1 42 56.8
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In group A (54 patients), there was an incidence of 13
cases of PTX (24.5%) and in group B (74 patients) there
was an incidence of six cases of PTX (8.1%), yielding
significance (p< 0.05) to the comparison between the groups
(Table 1).

The comparison between the groups did not present any
statistical significance. Group A presented a 50.9% death
rate and a 49.1% rate of hospital discharge, while group B
presented a 43.2% death rate, and a 56.8% of hospital
discharge (p = 0.391). (Table 1)

The weight of the patients in group A who presented
pneumothorax averaged 1,203g, and they received an
average PEEP of 6.26 cmH2O, IP of 21.87 cmH2O, RF of
30.30 cycles/minute, IT of 0.64 sec and inspiratory flow of
8.26 I/m and MAP of 11.57. The weight of the patients in
group B averaged 1,192g and they received an average
PEEP of 6.11 cmH2O, an average IP of 21.8 cmH2O, RF of
28.12 cycles/minute, an average IT of 0.637 sec, inspiratory
flow of 6.38 I/m, and MAP of 10.38. The comparison
between the two groups showed that IT and IV presented a
significant difference (p<0.01) and a MAP (p<0.05). The
other parameters did not present a statistically significant
difference (Table 2).

Discussion and conclusion

In the neonatal period there is a great risk of ALS
development, because there is a greater frequency of
respiratory failure at this age; consequently, the use of
ventilatory support and neonatal resuscitation procedures
with the application of positive pressure is deemed necessary.
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Group A Group B Student’s t-test

Parameter Mean SD Mean SD t p

IT 0.64 0.04 0.59 † 0.06 5.204 0.000

Flow 8.26 1.21 6.38 † 1.11 9.102 0.000

PIP 21.87 3.75 21.08 ‡ 3.16 1.280 0.203

PEEP 6.26 0.71 6.11 ‡ 0.85 1.088 0.279

RF 30.30 7.97 28.12 ‡ 7.59 1.564 0.120

ET 1.49 0.57 1.71 ‡ 0.77 -1.834 0.069

MAP 11.57 2.71 10.38 * 2.37 2.621 0.010

Table 2 - Comparison between the means (standard deviation) of Group A and Group B for the following
parameters

* (p < 0.05) and † (p < 0.01) according to the Student’s t test
‡ nonsignificant difference
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Ogata et al. have reported a variable incidence regarding
respiratory failure and the ventilation method used in
newborns with RDS. In this study, the incidence of PTX was
3.5% in newborns that did not receive ventilatory support,
11% in the ones using continuous positive airway pressure
(CPAP), and 33% in the ones that needed mechanical
ventilation with the use of positive end-expiratory pressure
(PEEP).21

In retrospective studies involving 119 newborns with
RDS, Madansky et al. found some form of air leak in 27%
of the newborns. Of these, 24% developed air leak syndrome
during inhaled oxygen treatment, 16% during the use of
CPAP, and 34% during intermittent mandatory ventilation.
Among newborns diagnosed with meconium aspiration
syndrome, 41 presented some form of air leak, while patients
with transient tachypnea presented a 10% incidence of air
leak.23

Goldberg and Abdenour mentioned the incidence of
24% of pneumothorax in mechanically-ventilated preterm
newborns with RDS who did not receive surfactant,
compared to 5.9% in the group that received surfactant as
treatment for RDS. Other papers show a greater incidence
of PTX in newborns who, when mechanically ventilated,
received a greater peak inspiratory pressure (PIP), longer
inspiratory time (IT), and greater mean airway pressure.24,25

According to Amato et al., the application of a protective
strategy for pulmonary ventilation using PEEP below the
inflection point of the pressure/volume curve, with a tidal
volume of 6ml/kg and inspiratory pressure lower than 20
cmH2O, decreased the incidence of barotrauma and

increased the frequency of weaning from mechanical
ventilation, when compared to conventional mechanical
ventilation.10

In a newborn, the duration of IT is much shorter, as well
as the inspired volume, which reflects a low specific
compliance. Relating TV to IT, the IP is much higher in
newborns than in adults.1 The use of very low IPs may cause
hypoventilation with hypoxemia and hypercapnia; on the
other hand, the use of high IPs is associated with the
development of ALS, increase of long-term pulmonary
vascular resistance (PVR) and chronic pulmonary disease.26

Inspiratory time depends on a time constant, which is
directly related to lung compliance. When lung compliance
is low, the time constant also diminishes. Therefore, the IT
used in ventilation may be as low as 0.3 to 0.5 sec. When
lung compliance is nearly normal, the time constant is
higher and, consequently, higher ITs (close to 0.5 to 0.7 sec)
will be necessary.27

Inspired volume has a direct relationship with IT and IP.
A high flow through the ventilator (> 6 I/m) easily reaches
the predetermined pressure, but it exposes the alveoli to a
peak pressure for a prolonged time, providing high tidal
volumes.26 The high flow also causes a turbulent flow that
elevates airway resistance, which increases the respiratory
effort. The energy expenditure necessary to overcome the
resistance at expiration can be so high that an undesirable
PEEP may occur at the end of expiration.28 This kind of
ventilation can be effective to correct hypoxemia, but it is
related to a high incidence of lung injury, such as PTX.18
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The incidence of PTX is high in RDS when high pressures
or high volumes during mechanical ventilation are used.
Amato et al. have suggested that the value of the application
of a protective strategy for mechanical ventilation with the
use of low tidal volume and inspiratory pressure to minimize
lung injury may not only reduce complications but also
mortality in RDS patients.29

The results show a greater incidence of PTX (24.5%) in
the group that received greater IV and IT, when compared
to the group in which these parameters were reduced (8.1%).

The most recent studies focus on ventilatory strategies
with pulmonary protection, i.e., those that recruit appropriate
lung volume without overexpansion, therefore reducing the
development of PTX.11,30

Through this study we verified that an IT lower than 6
secs and an IV lower than 7 I/min at the initial phase of RDS
are related to a lower PTX frequency, but this protective
strategy attempt with a lower flow and inspiratory time is
not associated with mortality reduction.
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