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Pulmonary air leak syndrome in term and late preterm neonates

[TnyhHu cuHapOM Lypema Bazyxa KoJl TEPMUHCKE U
peaTepMUHCKEe HOBOpoheHuau

SUMMARY

Introduction/Objective Air leak syndrome is more
frequent in neonatal period than at any other period of
life. Its timely recognition and treatment is a medical
emergency. We present results of a tertiary medical
center in treatment of air leak syndrome in term and
late preterm neonates.

Methods Neonates born between 34 0/7 and 41 6/7
gestational weeks (g.w.) who were treated for air leak
syndrome in Neonatal Intensive Care Unit of Mother
and Child Health Care Institute, from 2005 to 2015
were included in the study. Anthropometric data,
perinatal history, type of respiratory support prior to
admission, chest radiography, type of pulmonary air

leak syndrome and its management, underlying
etiology and final outcome were analyzed.
Results Eighty-seven neonates of an average

gestational age 38.1 + 1.9 g.w. were included in the
study. The average birth weight was 3182.5 + 55.5 g.
Fourty-seven (54%) were born by cesarean section and
40 (46%) were born by vaginal delivery. Prior to
admission, 62.1% received supplemental oxygen,
4.6% were on nasal continuous positive airway
pressure, and 21.8% were on conventional mechanical
ventilation. Type of delivery did not significantly
affect the appearance of pneumothorax, nor did the
type of respiratory support received prior.to admission
(p > 0.05). The majority (93.1%) had. pneumothorax,
which was unilateral in 79%. /The length of
mechanical ventilation significantly affected the
appearance of pneumothorax (p = 0.015). Low-Apgar
score in 1% minute and ~the presence of
pneumopericardium  were. significant  factors
predisposing for an unfavorable outcome.

Conclusion  Improving mechanical ventilation
strategies and decreasing the rate of perinatal asphyxia
in term and late preterm neonates could diminish the
incidence of ‘pulmonary air leak syndrome in this age
group.

Keywords: pneumothorax; newborn;
insufficiency; mechanical ventilation

respiratory

DOI: https://doi.org/10.2298/SARH180411081M

CAXKETAK

Yeox/Lns [lnyhuu cuHapom Imypewma Bazdyxa je
yemhy y HEOHATaJHOM Y3pacTy HEro y OHIIO KOM
Meprosy  JKMBOTAa W EEroBO  OJaroBpeMeEHO
MIPETI03HABAKE U JICUCHhE ClIaja y HajXUTHHja CTamka y
MemuuuHA. [IpmkasyjeMo pesynraTe TepIHjapHOT
MEIWIIMHCKOT IICHTpa y Jedewmy IUTyhHOT CHHIpoMa
mypema BazIyxa KOJ TEPMHHCKE W TMPEITEPMHUHCKE
HOBOpOheHUa M.

Mertone Ctyaujom cy oOyxBalieHa cBa HOBOpOheHuYa
pohena usmely 34 0/7 u 41 6/7 recrauujcke Hemebe
Koja cy TokoMm mepuona 2005-2015. jaedyena on
mwiyhHOr cuHApOMa Iypela Bazayxa y Onesbemy
HEOHaTallHe WHTEH3WBHE . Here  MHcruryra 3a
3IpaBCTBEHY 3alITHTy. Majke u  nmerera CpoOwuje.
AHaIM3UpaHe Cy aHTPOIIOMETPHJCKE KapaKTePHCTHKE,
MIPUCYCTBO TIEpUHATATHE aC(UKH]je; IMPUMECHA ¥ THII
pecnMpaTopHe MOTHOpE. Hmpe mpujeMa, paauorpaduja
TPYIHOT KOmma, THI TIyhHOT CHHIpOMa Iypema
Ba3lyxa « HAuyWH Jieuerma, MpHUMapHa ETHOJIOTHja
001eCTH 1 KOHa4YaH MUCXO/.

Pesyararm Ananusupano je 87 HoOBopoheHuamu
npoceuHe | recramujcke crapoctn  38.1 £+ 1.9
recTaiujcke Heae/be, NPOCEYHE MOpoljajHe TeyrecHe
mace 3182.5 + 55.5 r. Yerpmecer cemam (54%) je
pobero mapckum pe3om, ok je 40 (46%) pobheno
npupogHUM TyTeM. Ilpe mpujema, OKCHTeHOTeparuja
TIpuMeuBaHa je ko 62.1%, Ha3amHu KOHTUHYHPAaHU
MO3UTUBHU Ba3QylIHU MpuTHcak kon 4.6%, a
KOHBCHIIMOHAJTHA MeXaHNYKa BeHTmIanuja kox 21.8%.
Hauma mopohaja kao HE BpcTa pecnmpaTtoHe MOTHOPE
npUMemhHaBaHa [pe MpHjeMa Yy  HeOHaTalHy
WHTEH3UBHY HETY HHCY CTaTUCTHYKH 3HA4YajHO
yTHIATM Ha T0jaBy 3HaKoBa IUTyhHOT CcHHIpoMa
nypema Bazayxa (p > 0.05). Hajeehu 6poj GonecHuka
nMao je maeymortopakc (93.1%), xoju je Hajuenrhe 6muo
jemnoctpanu (79%). JlykuHa Tpajarba MEXaHHYKE
BEHTWIAIMje CTaTUCTUYKU j€ 3HAYajHO yTHHANA Ha
nojaBy IiyhHor cumHIpoma Imypema  Ba3myxa
(p=0.015). Huzak Amrap ckop y HOpBOM MHUHYTY H
MIPUCYCTBO  MHEYMONEpPHKapAa Cy NPEeIUKTHBHHU
(haKTOpH 32 HETTOBOJbAH KOHAUHH HCXOJ JIeUeHa.
3akipyyak [loGospmame crTpaTervje  MeXaHHUKe
BEHTWJIAIM]E U CMambemhe YYecTAIOCTH MepUHATaHe
achukcuje KOI TEPMHUHCKE U  IMPEITEPMUHCKE
HOBOOpheH"amm MorM OW J1a JONPHHECY CMambemy
yUecTaJocTH IUTyhHOT CHHApOMa Iypema Ba3ayxa y
OBOj TpymH OOJIECHUKA.

KbyyHe peuynm: mHEyMOTOpakc; HOBOpOheHue;
pecnupaTropHa uHCyQuIMjeHIHja; MeXaHUYKa
BEHTHJIAIM]a

Copyright © Serbian Medical Society
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INTRODUCTION

Pulmonary air leak syndrome (PALS) comprises several different clinical conditions
resulting from alveolar over distension and air leakage outside the lungs. It appears more
frequently in neonatal period than in any other period of life [1]. This is due to some
particularities of respiratory system and its physiology in neonates [poorly compliant lungs,
absence of collateral ventilation, highly compliant chest wall, poor respiratory reserve etc.]
[2]. Frequency of PALS is determined by gestational age, mode of delivery, underlying lung
disease, therapeutic interventions, mechanical respiratory support [3-5].

The aim of the study was to present the frequency, pathogenesis and treatment of PALS
in a group of term and late preterm neonates treated in a tertiary medical center. Risk factors,

clinical course and outcome of neonates treated for PALS were also analyzed.

METHODS

We present a group of 87 neonates treated for PALS in Neonatal Intensive Care Unit
(NICU) of Mother and Child Health Care Institute, Belgrade, from January 2005 to
December 2015. All patients were born between 34 0/7 to 41 6/7 gestational weeks (g.w.).
The following data were analyzed from medical records: gestational age, birth weight, mode
of delivery, Apgar score, need for resuscitation and respiratory support after birth, type of
PALS [pulmonary interstitial  emphysema - PIE, pneumomediastinum, pneumothorax,
pneumopericadium], clinical and radiographic findings, accompanying disorders, mechanical
ventilation [mode, parameters and duration], treatment of PALS [spontaneous resolution or
chest tube drainage] and final outcome. Diagnosis was based on plain chest radiography. If
thoracic drainage was indicated for treatment of pneumothorax, chest tube was inserted by a
pediatric surgeon, according to common hospital practice. Neonates who required mechanical
ventilation were ventilated using conventional mechanical ventilation modes. The final
outcome was considered favorable if the patient recovered and was discharged home without

need for supplemental oxygen. A patient’s death was considered an unfavorable outcome.

Categorical variables were identified and reported in percentage. Data were analyzed
using SPSS (Kolmogorov-Smirnov Chi-square test for testing the normal distribution,

Pearson’s chi-square test for testing the association of variables, Student’s t-test for testing
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the difference between groups, univariate logistic regression). A p-value of <0.05 was

considered statistically significant.

The protocol and publication of the results were approved by the Ethics Committee of
the Mother and Child Health Institute of Serbia (humber 8/10).

RESULTS

During the observed ten-year period, out of 3484 neonates hospitalized in NICU, 91
were diagnosed with PALS, which makes 2.6% of all hospitalized neonates: Four neonates
were born before 34 g.w. Since the study aimed to analyze term and late preterm neonates,
these four patients were excluded and further analysis was based .on 87 patients. Patients’
demographic characteristics are presented in table 1. The average gestational age was 38.1 £
1.9 g.w. The average birth weight was 3182.5 = 55.5 g. In late preterm subgroup the average
birth weight was 2791 + 441.9 g, while in term subgroup it was 3349.0 + 456.0 g. There is a
statistically significant difference in birth weight in these two subgroups of neonates
(t=5.264; p<0.001).

Mean Apgar score was 7.1 + 2.4 at 1% minute and 7.9 + 2.1 at 5" minute. There is a
statistically significant difference in Apgar score at 1% and 5" minute (t=6.700; p<0.001).

Apgar score significantly increased at 5" minute.

Forty-seven neonates (54.1%) were born by cesarean section, while 40 (45.9%) were
born by vaginal delivery. There is no statistically significant difference in the mode of
delivery (p>0.005).

Type of respiratory support prior to admission to our hospital and type of PALS
neonates developed are presented in table 2.

On admission to NICU, 77 (88.5%) neonates had pathological auscultatory findings on
chest auscultation, 61 (70.1%) had signs of respiratory distress and 53 (60.9%) had
tachypnea.

Chest radiography was a part of initial workup and was described by an experienced

radiologist as pathologic in 85.1% of neonates, while in 14.9% it was described as normal.
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Signs of PALS were present in 45 (51.7%) of patients. The distribution of PALS type on

admission is presented in table 2.

In 10 patients there were signs of air leakage in more than one thoracic cavity.
Distribution of PALS type in those ten patients is presented in table 3. Of five patients with
pneumopericardium, one was symptom-free and had only thin continuous band of lucency
encircling the heart with no clinical significance, while four patients had pneumopericardium

along with pneumothorax. Three of five patients with pneumopericardium deceased.

In patients with pneumothorax, there was a complete pneumothorax in 54 (66.6%) and
partial pneumothorax in 27 (33.3%) patients. Pneumothorax was unilateral in 64 patients,
most commonly right-sided (60.9%). Patients’ distribution in regard to pneumothorax type

and its resolution is presented in table 4.

Spontaneous resolution of pneumothorax was observed in 31% of patients, while 69%
needed thoracic drainage. Median thoracic drainage length was 4 days (range 1-14 days).
Median thoracic drainage in patients with unilateral pneumothorax was 4 days (1-14 days),
while it was 6 days (1-13 days) in patient with bilateral pneumothorax. There is a statistically
significant difference in the length of thoracic drainage in regard to the type of pneumothorax
(U=195.5; p=0.014). After the insertion of thoracic chest tube, the chest radiography showed
pulmonary expansion in 85% of patients, whereas thoracic tube revision was needed in 15%

of patients.

During the 10-year period of this study, mechanical ventilation (MV) was used in
treatment of 726 neonates. Signs of PALS appeared in 7.2% of all ventilated neonates. Of 87
patients analyzed-in the study, radiographic signs of PALS were present in 40.2% of patients
who previously did not receive MV. Most commonly used type of MV was SIMV
(synchronized intermittent. mandatory ventilation), which was used in 81.5%, while IPPV
(intermittent positive pressure ventilation) was used in 18.5% of patients. During the study
period high frequency ventilation was not available in our hospital. The average length of
MV was 3:8 £ 7.2 days. In patients with spontaneous pneumothorax the average length MV
was 1.9 + 2.9 days, whereas in those patients with an underlying pulmonary disease who
developed pneumothorax in clinical course the average length of MV was 5.2 + 9.1 days.
There is a statistically significant difference in the length of MV in regard to an underlying
condition (U- test 543,5; p < 0.05).
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The underlying etiology of patients with PALS is presented in table 5.

Most of our patients (78.2%) had favorable outcome, while 21.8% deceased. Univariant
logistic regression model showed that the variable associated with greater risk for adverse
outcome was lower Apgar score at 1% minute (p= 0.001). The presence of
pneumopericardium was at the limit of statistical significance (p=0.056). In group of patients
with an unfavorable outcome 63.1% neonates had severe perinatal asphyxia, 26.3% MAS and
PPHN, 26.3% had sepsis and/or pneumonia. There were 21% neonates with intracranial
hemorrhage (ICH), 21% with complex congenital heart disease (CHD), 15% with congenital
anomalies (e.g. Sy Pierre-Robin, polycystic renal dysplasia, tracheoesophageal fistula) and

one patient with severe nonimmune fetal hydrops.

DISCUSSION

Pulmonary air leak syndrome appears more commonly in the first month of life than in
any other period of life. The overall incidence is estimated to be about 1% of all neonates,
although only 10% of patients are symptomatic [1,3,6]. It IS more common in premature
neonates, because of the increased incidence of RDS and need for MV. Pneumothorax is by

far the most common type of PALS.

More than two-thirds of all premature labors occur between 34 0/7 and 36 6/7 g.w [ 7].
This group of neonates, referred to as “late preterm”, stands somewhere between term,
mature neonates and those extremely premature, whose prematurity caries well known risks
and long-time complications. This group of neonates experience significantly more morbidity
than infants born at term [7,8]. It is known that these patients have increased incidence of
respiratory: distress syndrome (RDS), transitional tachypnoea of newborn (TTN), meconium
aspiration syndrome (MAS) with/without persistent pulmonary hypertension of the newborn
(PPHN), hypoglycemia, hyperbilirubinemia. ~ When prolonged premature rupture of
membranes occurs between 34 and 37 g.w, corticosteroids are not used for fetal lung
maturation [7]. An updated Committee Opinion from the American College of Obstetricians
and Gynecologists (ACOG), published in the August 2017 expands antenatal corticosteroid
recommendations to support betamethasone administration to women at high risk for late
preterm birth (34 0/7 - 36 6/7 weeks) [9] . This is an important point since there is a

significant incidence of RDS and TTN in neonates born at this gestational age. It will be of
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clinical interest to follow the incidence of respiratory problems in this group of neonates in

the next years, as we expect it to decrease with the latest update of ACOG recommendations.

In the absence of spontaneous initiation of delivery there is a lack of multiple hormonal
changes, in the fetus and the mother, which induce lung maturation and fetal lung fluid
clearance [7,8,10]. Thus neonatal adaptation to extrauterine life is more difficult, respiratory
physiology is changed and the incidence of RDS and TTN is increased, along with its
possible complications such as PALS, respiratory insufficiency and pneumonia [8]. It is-well
documented that delivery by cesarean section is associated with increased risk for
pneumothorax, regardless gestational age, especially in the absence of spontaneous initiation
of delivery [11]. The fact that there is no significant difference in the mode of delivery in our
group of neonates and that there is as much as 54% neonates were delivered. by, cesarean
section is probably due to the fact that all neonates treated in our hospital are transfers (there

is no maternity within hospital), so the structure of patients is random.

Higher birth weight carries greater risk of spontaneous pneumothorax in term neonates
[12]. This is probably because larger neonates are more commonly born by interventional
delivery (vacuum or forceps) and interventions are used prior to complete clearance of lung
fluid. During the first few breaths uneven. distribution of transpulmonary pressure might
precipitate pneumothorax. In our study group we showed a statically significant difference in

birth weight between term and late preterm subgroup of neonates.

It was in late 70’s of last century when it was noticed that primary spontaneous
pneumothorax appears more-often, in term and postterm neonates, especially in the presence
of perinatal asphyxia, difficult-and prolonged vaginal delivery, resuscitation after birth,
presence of blood in airways, meconium in the airways at first aspiration after birth [13].
Therapeutic measures such‘as bag and mask ventilation in delivery room and resuscitation are
well known risk factors for"PALS [14]. Most of the patients with primary spontaneous
pneumothorax don’t have symptoms or have only mild symptoms and require no treatment.
In clinical practice most of these neonates are managed by supplemental oxygen. Most of our
patients (62.2%) received oxygenotherapy prior to admission to our hospital. The presence of
signs of respiratory distress in the maternity wards resulted in supplying oxygen as the first
step of respiratory support in these neonates. This stands along with the fact that 70.1% of

them had signs of increased work of breathing and 60.9% were tachypnoeic. Canadian group
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of authors showed an interesting result that oxygenotherapy in term neonates with primary

spontaneous pneumothorax does not shorten time to its complete resolution [15].

Respiratory insufficiency occurs in late preterm and term neonates as one of
complications of perinatal asphyxia [8]. In the most severe cases of perinatal asphyxia
chronic mechanical ventilation might be needed. In our group of patients 65.5% were

diagnosed with perinatal asphyxia.

Unfavorable outcome was observed in 21.8% of our patients, which can be explained
by high percentage of patients with severe perinatal asphyxia and associated conditions that
increase the risk of death. In group of patients with unfavorable outcome, as much as 63%
had severe perinatal asphyxia. This result stands in favor of the fact that a lot of effort must
be made in preventing perinatal asphyxia in developing countries, as this'is an important risk
factor for both respiratory insufficiency, complications but also for. and an unfavorable

outcome.

Several pulmonary diseases such as RDS, TTN, MAS, pulmonary hypoplasia,
pneumonia, increase the risk of PALS [16,17])."Some of these were the most common
underlying pulmonary diseases in our group of neonates, as they are frequent respiratory

pathology in neonates born at term or late preterm gestation.

Mechanical ventilation increases the risk for PALS. The use of surfactant in prevention
and treatment of RDS along with modern concept of “gentle” mechanical ventilation
significantly decrease the risk of PALS during MV of a neonate [18]. The wide use of nasal
continuous positive airway pressure (nCPAP) and nonivasive ventilation diminishes number
of neonates who require intubation and conventional MV, thus decreasing the risk of PALS.
The use of high frequency ventilation in prevention and treatment of PALS is attracting more
attention of neonatologists. in the last years [19]. Conventional MV was the only MV mode
available in our hospital for most of the time during the ten years period of this study, so we

could not compare the incidence of PALS in regard to different respiratory support types.

Neonates with asymptomatic pneumothorax without underlying pulmonary disease do
not require specific treatment. Needle aspiration with angiocatheter would be an acceptable,
less invasive but efficient treatment modality, especially in a patient with mild symptoms, but
there is, so far, only one small randomized trial to support its use in neonates [20]. In 69% of

our patients pneumothorax was treated by thoracic underwater drainage. Duration of thoracic
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drainage was statistically significantly longer in patients with pneumothorax due to an
underlying disease in regard to those with spontaneous pneumothorax. Other invasive
procedures commonly used in children and adults, such as video-assisted thoracoscopic
surgery, are not used in neonates [21].

Statistical analysis distinguished two factors which are connected to high risk of
unfavorable outcome: low Apgar score in 1% minute and the presence of pneumopericardium.
We believe that the former result is of great clinical importance, as pneumopericardium is
seen almost exclusively in patients on mechanical ventilation, so its appearance would
demand increased vigilance of clinicians. We believe that our results are to be interpreted in
context of our study design which did not include the control group so the true incidence of

PALS in larger group of neonates could not be estimated.

CONCLUSION

Pulmonary air leak syndrome in neonates is a life-threatening condition and a medical
emergency that requires prompt treatment. Wide use of surfactant in prevention and treatment
of RDS, modern concept of noninvasive respiratory support and “gentle” mechanical
ventilation lead to an important decrease in the incidence of PALS. A lot of effort should be
made in prevention of perinatal asphyxia, as it.is an important risk factor for PALS in group

of term and late preterm neonates.

Conflict of interest: None declared.
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Table 1. Patients’ characteristics

Sex
Male 54 (62.1%)
p > 0.005
Female 33(37.9)
Gestational age at birth (g.w.)
370/7-416/7 61 (70/1%)
p < 0.005
340/7-37 0/7 26 (29.9%)
Mode of delivery
Vaginal 40 (46%)
p > 0.005
Cesarean section 47 (54%)
Average birth weight (g + SD)
Term neonates 3349.0 £456.0
p <0.001
Late preterm neonates 2791.0+441.9
Average Apgar score
1st minute 7.1+24
p <0.001
5th minute 7.9+2.1
Perinatal asphyxia
Present 57 (65.5%)
p < 0.005
Absent 30 (34.5%)

g.w. — gestational weeks
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Table 2. Distribution of patients in regard to type of respiratory support and type of PALS

Type of respiratory support
None 9 (10.3%)
Oxygen 54 (62.1%)
nCPAP 4 (4.6%)
MV 19 (21.8%)
Type of PALS
PIE 3(3.4%)
Pneumothorax 81 (93.1%)
Pneumomediastinum 10 (11.5%)
Pneumopericardium 5(5.7%)

nCPAP — nasal continous possitive airway pressure; MV — mechanical ventilation; PALS —
pulmonary air leak syndrome, PIE — pulmonary interstitial emphysema
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Table 3. Distribution of PALS type in patients with air leakage in several thoracic cavities

Pt1 | Pt2 | Pt3 | Pt4 | Pt5 | Pt6 | Pt7 | Pt8 | Pt9 | Pt10
PIE X X X
PM X X X X X
PT X X X X X X X X X
PP X X X X X
Final + + + + + - - + - +
outcome

Pt — patient, PIE — pulmonary interstitial emphysema; PM — pneumomediastinum; PT —
pneumothorax; PP — pneumopericardium; “+” — recovered and discharged home without
supplemental oxygen; “-“ — deceased
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Table 4. Distribution of patients with pneumothorax in regard to its type and resolution

Pneumothorax
. right-sided 39 (60.9%)
Unilateral 64(79%) I \ett-sided | 25 (30.1%)
Bilateral 17 (21%)
Pneumothorax resolution
Spontaneous 25 (30.9%)
Thoracic drainage 56 (69.1%)
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Table 5. The underlying etiology in patients with PALS

Underlying disease n
Perinatal asphyxia 57
TTN 24
MAS 18
Sepsis 15
Pneumonia 10
RDS 9
Complex CHD 4
ICH gr llI-IV 4
Multiple congenital anomalies 3
Fetal hydrops 1

TTN — transitional tachypnoea of newborn; MAS — meconium aspiration syndrome; RDS —
respiratory distress syndrome; CHD — congenital heart defect; ICH ~ intracranial hemorrhage
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