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ORIGINAL ARTICLE

Epidemiology of neonatal pneumothorax developed spontaneously
and during respiratory supports in neonatal intensive care units
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Abdul Rahman, Malaysia; *Department of Paediatrics, Tengku Ampuan Rahimah Hospital, Ministry
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Abstract

Background: Information on incidence and risk factors associated with different types of neonatal
pneumothorax were lacking globally. Objectives: To determine incidences of pneumothorax developed
spontaneously and during different modes of respiratory support, and risk factors associated with
each type of pneumothorax. Study Design: Retrospective observational study of neonates in the
Malaysian National Neonatal Registry. Setting: 44 Malaysian neonatal intensive care units (NICUs).
Participants: All neonates born in 2015-2020 and admitted to NICUs. Results: Pneumothorax
developed in 3265 neonates: 37.5% occurred spontaneously, 62.5% during respiratory support.
The incidence of all types of pneumothorax was 1.75 per 1000 livebirths, and of spontaneous
pneumothorax was 0.58 per 1000 livebirths. Pneumothorax developed in 0.6% (450/70512) of
neonates during continuous positive air way pressure therapy (nCPAPt), 1.8% (990/54994) of
neonates during conventional mechanical ventilation (CMV), and 7.0% (599/8557) of neonates
during high frequency ventilation (HFV). Term neonates had significantly higher pneumothorax rate
than preterms (p<0.001). Multiple logistic regression analyses show that exposure to intermittent
positive pressure ventilation and chest compression at birth were significant independent factors
associated with increased risk of spontaneous pneumothorax and CMYV, and persistent pulmonary
hypertension was associated with increased risk of spontaneous pneumothorax and pneumothorax
during CMV and HFV. Conclusions: The most common type of pneumothorax was spontaneous
in-onset. Neonates on HFV had the highest and those on nCPAPt the lowest rate of pneumothorax.
Improving training of resuscitation techniques at birth and strategies of use of invasive modes of
respiratory support may reduce incidences of all types of pneumothorax.

Keywords: neonates, spontaneous-onset pneumothorax, pneumothorax during respiratory support,
risk factors, Malaysian NICUs.

INTRODUCTION

Globally, neonatal pneumothorax is a common
problem in neonatal intensive care units (NICUs)
and an important cause of morbidity and mortality.
The reported incidence of pneumothorax varied
from 0.13% to 8.6%'7, with higher incidence
in extremely low birthweight (ELBW, <1000g)
neonates.” In Malaysian NICUs, pneumothorax
continues to be a significant independent factor
associated with increased risk of mortality in
both preterm® and term neonates.’

Population studies from different countries
reported several factors associated with
pneumothorax. These include prolonged rupture

of amniotic membrane®’, chorioamnionitis’,
higher birthweight’, male®, outborns®, surfactant
administration®”, respiratory distress syndrome
(RDS)%, and meconium aspiration syndrome
(MAS) 3% In Malaysia, a study conducted
ten years ago reported sepsis’, conventional
mechanical ventilation (CMV)” and high
frequency ventilation (HFV)7 as significant
risk factors associated with pneumothorax.
However, in that study’, it was unclear
whether the association of CMV or HFV with
pneumothorax was due to their being used as
a rescue treatment for pneumothorax or as a
causal factor of pneumothorax. Given that such

*Address for correspondence: Nem Yun Boo, Department of Population Medicine, Faculty of Medicine and Health Sciences, Universiti Tunku Abdul
Rahman, Jalan Sungai Long, Bandar Sungai Long, 43000 Selangor, Malaysia. E-mail address: boony @utar.edu.my

441



Malays J Pathol

information is crucial for strategising effective
preventive measures against development of
pneumothorax, the MNNR has since requested
participating NICUs to submit information on
whether pneumothorax occurred spontaneously
or during a specific mode of respiratory support.
The present study aimed to a) determine
the incidences of pneumothorax developed
spontaneously and during different modes of
respiratory support in Malaysian NICUs, and
b) the risk factors associated with each of these
types of pneumothorax.

MATERIALS AND METHODS

This was a retrospective observational study of all
neonates born during a six-year period (1 January
2015 and 31 December 2020) and admitted to
44 NICUs participating in the MNNR. The
inclusion criteria were all neonates with any of
the following characteristics: gestational age<32
weeks, birthweight of 500-1500g, requiring
respiratory support (nasal continuous positive
airway pressure therapy (nCPAPt), conventional
mechanical ventilation CMV), or high frequency
ventilation (HFV)), gestation =35-week with
hypoxic ischaemic encephalopathy (HIE), sepsis,
or congenital heart disease. The exclusion criteria
were all inborns who died in delivery rooms
(DR), outborns who died before arrival in the
participating hospitals, gestation <22 weeks or
>44 weeks, or birthweight <500g.

Data of the following variables of all eligible
neonates were retrieved from the MNNR
database: birthweight, gestation, intrauterine
growth status, gender, ethnic group, inborn/
outborn, mode of delivery, chorioamnionitis,
antenatal steroids, types of resuscitation received
in DR, surfactant therapy, pneumothorax (yes,
no), pneumothorax developed during respiratory
support (no, yes), types of respiratory support
when pneumothorax developed, respiratory
distress syndrome (RDS), meconium aspiration
syndrome (MAS), persistent pulmonary
hypertension of neonates (PPHN), culture
positive early-onset sepsis (EOS), HIE, outcome
(alive, dead), and duration of hospital stay.
Cases were all eligible neonates who developed
pneumothorax, and controls were those who did
not have pneumothorax.

Definitions

Pneumothorax was diagnosed by chest
radiograph or needle aspiration. Gestation was
reported in completed weeks based on antenatal
ultrasound findings or maternal last menstrual
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period or the New Ballard scores' in those
unsure of dates. Antenatal steroids (ANS) were
any steroids given before birth. Outborns were
neonates transferred-in to a participating centre.
Early nasal continuous positive airway pressure
therapy (enCPAPt) was defined as receiving
nCPAPt shortly after birth in DR. Sepsis was
diagnosed in symptomatic neonates with a
positive blood culture. EOS was sepsis developed
at age <72 hours. Bronchopulmonary dysplasia
(BPD) was diagnosed in neonates on continuous
oxygen therapy during first 28 days of life and
still oxygen- or ventilator-dependent at 36 weeks’
gestation."" HIE was diagnosed clinically based
on Sarnat’s criteria."?

Ethics approval

Parental consent was not obtained for this
study as the database was anonymised. Ethical
clearance for the study was granted by the
Malaysian Ministry of Health and registered
under the National Medical Research Registry
(NMRR-05-04-168).

Statistical analysis

The IBM SPSS software (version 29.0) was used
for statistical analysis. Data were summarised as
number and percentage for categorical variables,
and as mean+SD for continuous variables
with normal distribution and as median and
interquartile range (IQR) for those with skewed
distribution. For between group comparison,
the Chi Square test (or Fisher’s Exact test for
expected number of <5) was used for univariate
analysis of categorical variables; Student t
test for continuous variables with normal
distribution and Mann-Whitney U test for skewed
distribution. Potential risk factors (demographic
characteristics, resuscitation procedures in DR,
and clinical problems detected shortly after birth
(RDS, MAS, HIE, EOS, PPHN, pneumonia,
congenital malformations)) were compared
between those developing pneumothorax during
each mode of respiratory support and those
without pneumothorax. Outcome of neonates
with and without pneumothorax were also
compared. Multiple logistic regression analysis
was used to identify significant independent
factors associated with pneumothorax developed
during each mode of respiratory support
(dependent variables), after controlling for
various potential confounders (independent
variables). P values of <0.05 was considered
statistically significant.
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RESULTS

During this six-year period, there were 98355
neonates from 45 centres in the MNNR database.
We present here the data of 97340 neonates, after
excluding 887 who died in DR and 128 neonates
from a centre with irregular data submission.
Table 1 shows the demographic characteristics
of the 97340 neonates from the remaining 44
centres.

Pneumothorax developed in 3.4%
(3265/97340) of neonates: 37.5% (n=1226)
occurred spontaneously, 13.8% (n=450) during
nCPAPt, 30.3% (n=990) during CMV, and
18.3% (n=599) during HFV. Pneumothorax was
significantly more common in term neonates
(4.9%, n=2148/43988) than preterm neonates
(2.1%,n=1117/53352, p<0.001).

Incidences of pneumothorax

Majority (86.2%) of the neonates with
pneumothorax were inborn (spontaneous-onset
n=1043, during nCPAPt n=406,CMV n=849, and
HFV n=516). Out of 1,792,002 livebirths born
in the participating hospitals during these six
years, the incidence of all types of pneumothorax
was 1.75 per 1000 livebirths, and of spontaneous

pneumothorax was 0.58 per 1000 livebirths.

The most common modes of respiratory
support used by all neonates (inborn and
outborns) was nCPAPt (n=70512); next were
CMV (n=54994) and HFV (n=8557).

Spontaneous-onset pneumothorax
Spontaneous-onset pneumothorax was
significantly more common in term neonates
than the preterm (2.0% or 899/43988 versus
0.6% or 327/53352; p<0.001). Table 2 compares
the potential risk factors between neonates with
spontaneous-onset pneumothorax and those
without pneumothorax in preterm (<37 weeks)
and term neonates, respectively.

Pneumothorax during nCPAPt

Of the 70512 neonates who received nCPAPt
in NICUs, 68612 (97.3%) did not have
pneumothorax; 450 (0.6%) developed
pneumothorax during nCPAPt, and 2.1%
developed pneumothorax during CMV (n=499),
HFOV (n=271) or spontaneously (n=680).
Majority of the neonates on nCPAPt (59.8%
or n=42201) were preterm (<37 weeks)
and 40.2% (n=28311) were term gestation.

TABLE 1: Demographic characteristics of all neonates admitted to 44 Neonatal Intensive Care
Units in Malaysian Neonatal Registry in 2015-2020

Characteristics

Neonates n=97340

Birthweight, g
Median (range)
Gestation, weeks (range)
Median (range)
Males, n (%)
Ethnic groups, n (%)
Malay Malaysian
Chinese Malaysian
Indian Malaysian
Malaysian of other ethnic groups
Foreigners
Missing data
Outborn, n (%)
Modes of delivery, n (%)
Lower segment Caesarean section
Spontaneous vertex delivery
Vacuum extraction
Breech extraction
Forceps delivery
Missing data

2350 (500-6000)

36 (22-44)
57145 (58.7)
N=97311
65894 (67.7)
7196 (7.4)
5912 (6.1)
11283 (11.6)
7026 (7.2)
29 (0.03)
9968 (10.2)
N=97301
50469 (51.8)
39077 (40.1)
5826 (6.0)
1248 (1.3)
681 (0.7)

39 (0.04)
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Compared with preterm neonates, significantly
more term neonates developed pneumothorax
during nCPAPt than preterm neonates (1.0% or
283/28311 versus 0.4% or 167/42201,p<0.001).
Table 3 compares the potential risk factors
between neonates who developed pneumothorax
during nCPAPt and those without pneumothorax,
in preterm and term neonates respectively.

Pneumothorax during mechanical ventilation
Of the 54994 neonates who received CMV in
NICUs, 1.8% (n=990) developed pneumothorax
during CMV; 3.1% were put on CMV due
to pneumothorax developed spontaneously
(n=954), or during nCPAPt (n=294), or HFV
(n=479). Majority (55.0% or n=30225) of
neonates receiving CMV were preterm and
45.5% (n=24769) were term gestation. A
significantly higher proportion of term neonates
developed pneumothorax during CMV than
preterm neonates (2.6% or n=639 versus 1.2% or
n=351; p<0.001). Table 4 compares the potential
risk factors between neonates who developed
pneumothorax during MCV and those without
pneumothorax in preterm and term neonates,
respectively.

Pneumothorax during HFV

Of the 8557 neonates who received HFV, 7.0%
(n=599) developed pneumothorax during HFV;
7.5% were on HFV because they developed
pneumothorax spontaneously (n=274), or during
nCPAPt (n=69), or CMV (n=300). Majority
of neonates on HFV were preterm (57.9%
or n=4953) and 42.1% (n=3604) were term.
However, term neonates had a significantly
higher rate of developing pneumothorax during
HFV (10.1% or n=327) than preterm neonates
(5.8% or n=272; p<0.001). Table 5 compares
the potential risk factors between neonates who
developed pneumothorax during HFV and those
without pneumothorax in preterm and term
neonates, respectively.

Multiple logistic regression analysis

Table 6 shows the results of multiple logistic
regression analysis of significant independent
factors associated with various types of
pneumothorax, after controlling for various
potential confounders listed in Tables 2-5 in
preterm and term neonates, respectively.

In preterm neonates with spontaneous-onset
pneumothorax, the significant independent
factors associated with increased risk of
pneumothorax were males, Malaysian Malays,
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non-Malaysians, intermittent positive pressure
ventilation (IPPV) via bag-and-mask in DR,
chest compression in DR, surfactant therapy,
PPHN and major congenital malformations.
In term neonates, the significant independent
factors associated with increased risk of
spontaneous-onset pneumothorax were small-
for-gestational age (SGA), males, outborns,
IPPV via endotracheal ventilation (ETT) in DR,
chest compression in DR, MAS, and PPHN. The
significant factors associated with decreased
risk in term neonates were LGA and major
malformations.

In preterm neonates with pneumothorax
developed during nCPAPt, the significant
independent factors associated with increased
risk of pneumothorax were RDS and PPHN.
In term neonates, the significant independent
factors associated with increased risk of
pneumothorax during nCPAPt were SGA and
eCPAPtin DR. Large-for gestational age, HIE or
major congenital malformations were significant
independent factors associated with lower risk.

In preterm neonates with pneumothorax
developed during CMV, extremely preterm
gestation <28 weeks, pneumonia, and PPHN
were significant independent factors associated
with increased risk; IPPV via ETT in DR
was associated with significantly lower risk
of developing pneumothorax during CMV. In
term neonates with pneumothorax developed
during CMV, the significant independent factors
associated with increased risk of pneumothorax
were SGA, IPPV via ETT in DR, chest
compression in DR, MAS, pneumonia, and
PPHN.

In preterm neonates with pneumothorax
developed during HFV, the only significant
independent factor associated with increased
risk was PPHN. In term neonates, the significant
independent factors associated with increased
risk were MAS and PPHN.

Outcome

In both term and preterm neonates, mortality
was significantly higher in neonates with
pneumothorax than those without pneumothorax
(term neonates: 19.2% versus 6.5%, p<0.001;
preterm neonates: 35.5% versus 10.0%;
p<0.001), respectively. The duration of
hospitalisation of term-gestation survivors with
pneumothorax (median duration: 8 days,IQR: 6,
15) were significantly longer than those without
pneumothorax (median duration: 6 days, IQR:
4,11; p<0.001). The duration of hospitalisation



NEONATAL PNEUMOTHORAX IN MALAYSIAN NICUS

(0L) so61 09 L1 (T9) vLST (8%) 8 SIOUSIAIO]
sdnoi3 oruyle 1ay30
(1on) 6vLT (S°8) ¥T (TeD) 8svs (8L €1 Jo sueisKefe|y
(L9) 6181 Ty cl (0'9) 90ST (09) o1 uersKeejy uerpuy
(1'0L) LT061 O¥L) 11T (0'99) 19¢LT (6'1L) 0TI uerske[ejy Kefe]y
61¢0 (0°9) 0¥91 (L9) 61 19C°0 (9'8) LSS¢E (9°6) 91 uersKe[eIN 9soury)
OF1LT=N oSy Iv=N sdnoid oruyyg
0ce0 (1'29) 9€1LT/19891 (0°9) ¥81 189°0 (S°99) YOV 11/6TET (1'89) L6 SO[EIN
(09) 8191 Dy (S'¥) 0881 o6 VOl
(9°L7) 96¥L (€°6¢) 001 (S'02) 1058 (861) €€ VDS
100°0> (+'99) 62081 (€°€9) 6L1 ¢80 (0°SL)8801¢€ (6'¥L) STI VOV
1013 QuIIINEIU]
- - (L'€9) LT¥9T (09L) LTI SYooMm 9¢-T¢
- - (L'67) 12€T1 ('00) ve $3Y29M 1€-8T
- - ¥00"0 (9°9) 12LT 9€)9 sYoam  gz>
uoneIson
(6'L8) 9S8¢€T (6'98) 9¥C (Tor) ceey (081) 0g 3 005¢=
(6'11) L1TE (e L (L'TS) €581C (L'8S) 86 3 661C-00S1
(T0) €9 0 (€'87) 61LII (8'91) 8¢ 3 66¥1-0001
YLLO 0L 0 100°0> (6'8) SL9E (99) 11 3.0001>
sdnoi3 ySromyprg
(%) €8T=u (%) L9T=N
(%) epviLz=u dvd)D Surmp (%) 69v1p=u dvd)D Surmp
£e)s NDIN surnp xeaoyjournaud £e)s NDIN surnp xeaoyjourndud
sanjeA J xeroyjowrndud oN padopasdq sonjeA J xeroyjowrndud oN padofaAd(@  S1039eJ YSII [BN)U)O]
9TYLT=N 9€91H=N
SHIIM LE= UOIB)SIN) SYAIM LE> UONR)ISIN)
[LIREY [LIREIERE sdnoag uone)san)

0202-STOT ‘AISISIY [BIBUOAN [BUOIBN UBISAB[BIA] oY) UI ‘A[9A1}I3dSII “S9JBUOU ULID) PUB (SHIIM LE>)

s9jeu0du WIdAId ur Adesdy) Jvd) surmp xeroyjowndud Jo Juowido[aAdp YIIM PIJeII0SSE S.1030e] YSII [enudjod jo uosrredwo)) :¢ A TAV.L

447



December 2023

‘uroqmau Jo uorsualrddAy Areuownd ‘NHdJ ‘Ayredoreydoous oruoeyosi-orxodAy ‘Y ¢QwoIpuAs ssansip A1ojeardsar ‘§y QwoipuAs uonendse wniuoddw ‘SN <sisdos
Jasu0-A[I89 ‘SO 9qn) [BAYOLIOPUD BIA UOIR[NUIA dInssaid aanisod juanrwaour ‘14 BIA Add] S[sew pue 3eq eia uone[nuaa ainssaid aanisod ‘Add] INF 93e [euone)sad
-10J-931e] ‘YO ‘93e [RUONLISIF-I0J-[[eWS ‘YOS ‘o3 [euone1sas-ioj-aeridoidde ‘yoy run a1ed darsudiul [eyeuodu ‘NDIN oInssaid oanisod snonunuod ‘qvdDd :QION

Malays J Pathol

suoneuLIojjewt
900'0 (86) 1L9¢ vIE1(6 ) v1 ovL'0 (99) 6vLT (09) o1 [e3uaguod Joley
€070 (09) 6€1LT/0291 (81L) T 100°0> (91) €SPI/EL9 (0'9) L9T/01 NHdd
100°0 (8%) i€l rpce¢ - - - AIH
799°0 (TEP) 8POLT/E69TT (S¥p) 9T1 LEO0  (6'90) €THIV/T9TIIT (I'¥€) LOT/LS eruoOwINau
- - - 6£S°0 (0'99) ST9LT (6'89) ST1 say
LST'0 (9°81) TSO0S 612 29 90t°0 (80) ste Tzt SVIN
0001 (8°0) Tr1LT/6TT Loz 000'T (6°0) 99 1+/89¢ (9°0) L91/1 sod
- - - 9ZH'0 (8°0t) 10691 (LLg) €9 Adeoy jueloesing
L6¥0 (8°0) 0v99T/STT o e 000'T (€°1) 8980t/07S (0T 1) v91/z  uorssaxdwod 1say)
S0S°0 (T12) Tr99T/€59S (670 ¥9 SOI'o  (979¢) 0880%/196%1 ($0€) ¥91/0S LLH ©IA AddI
L98°0 (0°62) 0£99T/0ELL (9°82) 08 €60 (€11) T8801/S8891 (L°8€) €91/€9 AddI W®d
100°0> (6°1S) ¥799T/9¢8¢1 (€69) t61 S66'0  (8€9) 6680/9809C (8°€9) €91/401  Adesoyy gvdO Apreg
99L°0 (¥'TL) 6¥99T/86T61 (TeL) soz 160 (L'LL) TO60V/YSLIE ($°SL) €91/€T1 Ade1oy) uagAxQ
08C=N YUIIq Je uonejrdsnsay]
- - - 100  (8°69) £9801/8€S8C (1'19) 201 SPIOIQ)S [eIRUAUY
0S¥'0 (S'1) 68L97/€0F (L0 LLT/T 000'T (S°©) 1¥80v/6511 (I'e) €91/ 6 STHIUOIUWEOLIOYD)
S060 (86) OVILT/LYIT (s6) LT T61°0 (L) sTI€ (ToD LI woqinQ

448



NEONATAL PNEUMOTHORAX IN MALAYSIAN NICUS

(T'6) 680C (z8) ts (8'9) 8861 (0'8) 8¢ SISUSIAIO]
sdnoi3 oruye 1930
(8°6) 1STT (T8 s (9'11) 00¥€ (ozn v Jo suersefe]y
(I'S) 6911 (09 ¢ (8°6) 9691 (L's) 0t uerse[e]y uvIpu|
(L'69) 1S091T (#'SL) 18% (T'L9) #5961 (L'99) ¥¢€T ueisKeejA Ae[e]y
LOO0 (€9) €SPIT (€ 1C 8680 (9'8) LOST (L) Le uersKe[eIA asauIy)
€10€C=N 8¢€9=N SYC6T=N sdnoi3 oruyyg
968°0  (I'T9) €10£T/68THI (8'19) 8€9/¥6¢ or1'0  (L'LS) 1ST6T/ELYIT ($'19) 912 SO[EIN
(9'%) TS0l (6'1) I (T9) €181 (9°9) €t VOl
(T0€) S¥69 (0'1¥) 292 (9°L1) TSTS (091) 9¢ vOS
100°0> (£'69) £20S1 (T'LS) §9¢ €00 (TLL) €6STT (SLL) TLe VOV
(%) U ‘yimoI3 suLI)nNeI U]
- - - (0'1S) 96LST (€'19) 081 9¢-T¢
- - - (0'+€) 0766 (#'L7) 96 1€-8¢C
- - - 100°0> (0TI 1TS¢E #10 SL 8T>
SYooM ‘UOTIR)SID)
(€'L8) 9800C (#'68) 9§ (8'01) 991¢ (821 s+ 00€¢=
(S21) 988C (T'v1) 06 (8'1) 601€T (6'6€) OF1 667C-0051
(To) ¥ (€0 ¢ (S'67) 8198 (650 16 66171-0001
SeEro 009 To1 €000 (6'+1) t9ct #12 SL 0001>
(4O uerpay
3 ‘JySromuparg
6£9 =N (%) 1€ =N
‘AND ‘AND surmp
020€7 =N Surmp paLmdd0 (%) LST6T =N Pa.LINJYY0
sanfea g xeaoyjourndud oN XeIOY)oWnIUJ sanfea xeaoypowndud oN XeIOY)oWnIUJ $1039€J YSII [B))UI0J
6S9€T=N 80967=N
SIIIM LE= UOIB)SIN) SI99M LE>UO0N)B)ISIN)
WL, ULPIJ

WIA3AId Ul UONB[IIUIA [BIIUBYIIUW [BUONIUIAUOD SUrINp pado[aAdp xeaoyjownaud yjim pajerdosse s103oej ysui [enudjod jo uosrredwo)) :p A TAV.L

02027-STOT ‘A1SISIY [BIBRUOAN [BUONBN UBISAR[BIA] ) UI ‘A[9ANIdSII ‘S9)BUOIU ULI) pPUR (SHIPM ££>)

449



December 2023

‘urogmau Jo uorsuaadAy Areuownd ‘NHJd Ayredoreydasud orwoeyost-orxodAy ‘HIH ‘owoIpuAs
ssomsip A1ojexrdsor ‘S ‘OwoIpuAs uonendse wniuooow ‘SYIA ‘S1sdos josuo A[Ied ‘SO 9qn) [eAYOBIOPUD BIA UONR[NUAA 2Inssaid oanisod juoprwIul ‘LI BiA AddI

Malays J Pathol

3

‘ysew pue Seq era uone[nueA amssaid Aemire oansod juanrurIut ‘AJd] N2 ‘oInssaid oansod snonunuod AIed ‘qvd)D ‘UOTIB[IIUSA [BITUBYIAW [BUOTIUIAUOD ‘ATND QION

suoneuLIoJew

06L°0 (F'S1) L¥SE (0°ST) 96 1€0°0 (T1D) v9T€ 8 ¥1) TS [e3ruagu0d Jofejy

8780 ST0£T/6S¢€€ (6'+1) S6 - - - dIH

100°0> (9°01) ST0£T/SPPT (¥'2e) LOT 100°0> (€°¢) LYT6T/T96 (@D 0S NHdd

00L0 (S'6€) 6£67T/8906 (8°'8€) LEY/LYT 1000>  (+'82) €1T6T/10£8 (6'0v) 0SE/EPT eruownaug

- - - LTF 0 (TYL) 0TLIT (T9L) L9T sayd

100 0> (€0 SEI§ (TSP) 68C - - - SVIN

$60'0 (T'1) 810€T/8LT (S0 ¢ 000'T (t'1) 9ST6T/91Y Ty sod

- - - 0100 (079) 0€181 (L'89) 1¥C Adeoy) yuejoeying
8000 (I'¢) LLTTT/S89 (0°S) 109/0¢ 1L00 (T€) S658T/816 (6'1) vre/LT uorssardwod 1s9y)
10000>  (T'8S) T8TTT/096T1 (1'99) 109/L6€ €10 (8°S9) 90987/L1881 (6'19) ¥rE/€IT LLd ®IA AddI
2000  (L°€S) 8STTT/T9611 (0°09) 009//09¢ 1860 (S'19) 0098T/T6SLI (¥'19) sve/eic AddI IN®4
LT00 (¥'S€) €8TTT/SSL (8'6€) 109/6€C 6220 (6'0S) €198T/SLSYHT (L'LY) tPEHr9T Adesoyy gvdD Apreq
L8T'0  (I'TL) 06TTT/TLO9T (S'¥L) 109/8%1 6S8°0  ('8L) S198T/L¥¥TT (8'8L) Sve/TLe Ade1oy) uagAxQ

JIIq Je uOnelrdosnsoy

- - 6050 (#'L9) 99L.87/T8¢61 (L'S9) L¥€/8TT SPIOId)S [BIRUIUY

6+0°0 (S'1) 185TT/0SE (S0 0£9/91 1€0°0 (I't) €¥987/8911 (¥'9) vre/Te SIIUOTUWBOLIOYD)

989'0 (TST) L10£T/¥0S€ (861) 101 06%°0 (€01) S00¢ 10 oy suioqinQ

450



NEONATAL PNEUMOTHORAX IN MALAYSIAN NICUS

(T6) 0LT (Lo1) s¢ (S'L) 8¢ (9°9) 81 SIQUSIOIO]
sdnoi3 oruy3e 19730
(8°€1) cor (6'61) S9 (T91) 01L (S91) st Jo suersKe[ejy
L) LT o) 11 (8°6) ¥ST (6'S) 91 uersKe[e]y ueIpu|
(L59) 0z61 (8'19) 20T (¥'65) L09T (0'19) 991 ueiskee]y Kefe]y
7100 (9°9) €61 (€1 #1 w60 (T11) T6¥ (66) LT ueIsKBBIA] AsAUIYD)
16S%=N sdnoi3 oruypyg
L9170 (I'19) 98L1 (TLS) L81 S9L0 (1'09) 06€+/6£9¢ (0'19) 991 SOBIN
(6'%) v¥1 (AN (19) 0LT o e VT
(L'0€) L68 (T8¢) st (T'91) 80L (6'21) s¢ VDS
7100 (#'¥9) 7881 (#'89) 161 Svco (L'LL) ¥T¥E (#'6L) 91T VOV
(%) u ‘yimoI3 suLIe)nenu]
- - (€€e) 1911 (9'8¢) S01 9¢-T¢
- - (#'9¢) 86ST (0z¢) L8 1€-8¢
- - ¥91°0 (#0¢) ge€1 (#'62) 08 8C>
SYOoM ‘UOTR)SOD)
(6'98) 6€5T (F'¥8) 9L (#'8) L9€ (6'C1) s¢ 00S¢=<
(6'C1) 9L¢ (Lv1) 8% (S92) S9TT (€80 LL 6617C-00S1
(To) L (60 ¢ (6'0¢) 95¢1 (L'80) 8L 66171-0001
710 o1 0 9700 (T¥E) v0ST (T'o¢) 28 0001>
(O uerpay
3 ‘ySromyrg
(%) LT€ =N (%) TLT =N
(%) €267 =N AdH Suunq (%) T6€v =N AJH Suunq
xegoyjowrnaud xXeroyjownaug xeioyjoundud XeIoyjomnaug
sonpea g ON padoparaq sanfea q oN padopasq SI0)9®J YSLI [E1}UAOJ
0STe€=N Y99=N
SIIM LE= UOI)B)SIN) SIIIM LE> U0IB)SIN)
uLIay, WLIPIJ

(syPaMm £¢>) waddad ur uonemuaa Louanbaay ysiy Suranp padofaadp xeroyjowmnaud YIIm pIjeIdosse s10)dej ysLI [enudjod jo uosrredwo)) :S A TIVL

0207-STOT ‘A1)SISIY [BILUOIN [BUOIIBN URISAR[RIA ) UI ‘A[9A1}IAdSIT ‘S9)RUOU ULIY) pUe

451



December 2023

‘uroqmau jo uorsudiradAy Areuownd ‘NHJd ‘Ayredoreydooua-orwoeyosi-orxod£y ‘gIH ‘QwoIpuAs ssansip A1ojeridsar‘ Sy ‘owoIpuAks uonesrdse wniuodduw Sy A s1sdas jasuo
-A11e9 ‘SOH ‘eqn) [eaydenopud BIA uone[nuaA anssaid sanisod juoprwroiur ‘1,19 BIA Add] S[sew pue 3eq eia uone[nuaa anssaid aanisod juopiwadur ‘Add1 NG oinssaxd
aanIsod snonunuod ‘qvd) ‘93e [euUOn®ISa3-10j-93Ie] ‘YO ‘93e [euone)sI3-10J-[[RWS ‘YOS d3e [euone)sa3-10j-aendoidde ‘yoy ‘uonemuoa Aouanbaiy Y3y ‘AJH 910N

Malays J Pathol

suoneuLIojjewt
65€°0 (L'€D) T69 10 0L 0100 (I'91) 90L (I'c0) 09 [e3uaguod Joley
LEOO (S'8) 8¥C 611 6¢ - - - HIH
100°0> (€°99) 616T/7¥91 (F'eL) ove 100°0> (SP1) L8EV/9E9 (062) 6L NHdd
7800 (L'8€) LO6T/9TIT (9°¢9) 011 1280  (80¢€) €8¢/0S¢ET (10¢) 28 eruOwINAUJ
- - - LTT'0 (9'18) 985¢ (6'LL)TIT say
100°0> ($'8¢) ¥TI1 ($°09) 91 - - - SVIN
160°0 (8'7) TT6T/Ts (T Lew 2080 (o) 6v1 (L ¢ ot sod
- - - LS90 (9°8L) ¥SPE (86L) LIT Adeoy jueloesing
80 (€°¢) 18LT/16 (S°¢) 91¢/11 1020 (LS) 6STh/The (9°L) ¥92/0¢ uorssaIdwod 1say)
100°0> (0'LY) €8LT/80€1 (6°LS) 91¢/€81 €61'0  (6'0L) S9TH/ET0E (9%L) ¥9T/L61 LLH ®IA AddI
100°0> (O°LY) LLLT/ ¥0ET (9°8S) PIE/MH8I 9800  (T'L9) T9T#/998C (€TL) ¥9T/161 AddI eia g
6800 (1'0€) ¥8LT/8€8 (8+€) 9T€/011 06£0  (9°¢h) S9TH/0981 (6'0%) ¥97/801 Aderoyy gvdD Apreq
8600 (T1L) S8LT/E861 (9°6L) 91¢/6¢€T LLYO  (9°LL) L9TH/TIEE ($'9L) ¥92/20T Aderoy uaBAxQ
JUIq Je uoneyrdsnsoy
- - L61'0  (0°89) STEY/OV6T (T¥9) 89T/TLI SPIOID)S [eIRUAUY
LYo (1) Ly8T/TY 61) S1€/9 9690 ($°S) LSTh/ceT (0'9) $92/91 STHIUOIUWEOLIOYD)
€Iv0 (€ 00) TT6T/T6S (€81) 09 $90°0 (TTD 9¢s (S8) €T woqinQ

452



NEONATAL PNEUMOTHORAX IN MALAYSIAN NICUS

TABLE 6: Significant independent factors associated with pneumothorax developed during
different modes of respiratory support identified by multiple logistic regression

analysis
Modes of respiratory Gestation Risk factors Adjusted Odds P values
support when group Ratio (95% CI)
pneumothorax
developed
Spontaneous Preterm Males 1.39 (1.09, 1.77)  0.007
breathing Malays 1.68 (1.01,2.80)  0.046
Foreigners 1.98 (1.04,3.76)  0.038
IPPV via face mask in DR 1.37 (1.00, 1.87)  0.049
Received chest 1.72 (1.03,2.87)  0.040
compression in DR
Surfactant therapy 1.58 (1.15,2.18)  0.005
PPHN 4.45 (3.11,6.37)  <0.001
Congenital malformations 1.67 (1.22,2.27)  0.001
Term SGA 1.51(1.28,1.78)  <0.001
Males 1.28 (1.11,1.49) <0.001
Outborn 1.41(1.14,1.74)  0.002
IPPV via ETT in DR 1.65(1.37,1.99) <0.001
Received chest 1.92 (1.31,2.81) <0.001
compression in DR
MAS 1.67 (1.41,1.96) <0.001
PPHN 2.51(2.07,3.03) <0.001
LGA 0.57(0.37,0.87)  0.010
Major malformations 0.52 (0.40,0.68)  <0.001
CPAPt in NICU Preterm RDS 1.80(1.20,2.70)  0.005
PPHN 3.75(1.92,7.30) <0.001
Term SGA 1.48 (1.10,1.98)  0.009
eCPAPt in DR 2.20(1.68,2.90) <0.001
LGA 0.20 (0.06, 0.61)  0.005
HIE 0.20 (0.06, 0.64)  0.007
Major malformation 0.52(0.30,0.91) 0.022
Mechanical Preterm Gestation <28 weeks 1.83 (1.07,3.13)  0.029
ventilation Pneumonia 1.73 (1.38,2.17)  <0.001
in NICU PPHN 4.52 (3.26,6.25)  <0.001
IPPV via ETT in DR 0.66 (0.50,0.88)  0.005
Term SGA 1.66 (1.36,2.01) <0.001
IPPV via ETT in DR 1.37(1.09,1.72)  0.007
Chest compression in DR 1.62(1.06,2.48) 0.026
MAS 2.51(2.07,3.04) <0.001
Pneumonia 1.32(1.10,1.59) 0.003
PPHN 3.81(2.65,3.88) <0.001
High frequency Preterm PPHN 2.21(1.63,301) <0.001
ventilation in NICU Term MAS 1.38 (1.04,1.84) 0.027
PPHN 2.17(1.64,2.88) <0.001

Note: CI, confidence intervals; CPAPt, continuous positive airway pressure therapy; DR, delivery room;
eCPAPt, early continuous positive airway pressure therapy; ETT, endotracheal tube; HIE, hypoxic-ischaemic
encephalopathy; IPPV, intermittent positive pressure ventilation; LGA, large-for-gestational age; MAS,
meconium aspiration syndrome; PPHN, persistent pulmonary hypertension of newborns; RDS, respiratory
distress syndrome; SGA, small-for-gestational age.
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of preterm-gestation survivors were also
significantly longer in those with pneumothorax
(median duration: 25 days, IQR: 13, 56) than
those without pneumothorax (median duration:
23 days, IQR: 11, 42; p<0.001).

DISCUSSION

In this large multicentre population study of
neonates admitted to 44 Malaysian NICUs,
the incidence of all types of pneumothorax
was higher than those reported in high-income
countries where the incidences ranged from
0.34-1.4 per 1000 livebirths.!'*!4 One-third of
the pneumothorax in the Malaysian NICUs were
spontaneous onset, and two-third developed
during respiratory support. Term neonates
had higher rates of all types of pneumothorax
than preterm, as reported by others.”> However,
mortality was higher in preterm neonates with
pneumothorax. Although nCPAPt was the most
used mode of respiratory support and HFV the
least used, neonates on nCPAPt had the lowest
rate of pneumothorax, and HFV the highest
rate. These confirm that nCPAPt is a much safer
mode of respiratory support than both CMV and
HFV as reported elsewhere.'* Many neonates in
the present study who developed spontaneous-
onset pneumothorax had either underlying
lung conditions at birth and/or exposure to
resuscitative procedures in DR with possibility
of sustaining some degree of lung trauma as
reported by other investigators.*

Our study was the first to investigate the
risk factors associated with spontaneous-onset
pneumothorax and pneumothorax developed
during the three common modes of respiratory
supports in both term and preterm neonates. Given
that most pneumothorax occurred during the first
48 hours of life! *1%17 we evaluated demographic
characteristics, DR resuscitative procedures
and neonatal conditions present during the
first 48 hours of life as potential risk factors
associated with development of pneumothorax.
In preterm neonates, we found male gender,
ethnicity, major congenital malformations, and
surfactant therapy were significant independent
factors associated with increased risk only
in spontaneous-onset pneumothorax unlike
studies reported elsewhere.® RDS was only
significantly associated with increased risk
of pneumothorax developed during nCPAPt.
Pneumonia was only significantly associated
with increased risk of pneumothorax developed
during CMV. PPHN was a significant factor
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associated with increased risk in all types of
pneumothorax. In term neonates, male gender
and outborn were significant independent factors
associated with increased risk of spontaneous-
onset pneumothorax. SGA was significantly
associated with increased risk of spontaneous-
onset pneumothorax and pneumothorax
developed during nCPAPt and CMV. Pneumonia
was significantly associated with increased risk
of developing pneumothorax only during CMV.
MAS was significantly associated with increased
risk of spontaneous-onset pneumothorax and
pneumothorax developed during CMV and
HFV.PPHN was a significant independent factor
associated with increased risk in all types of
pneumothorax.

We have also identified four resuscitative
procedures in DR as significant independent
factors associated with increased risk of
pneumothorax. IPPV via face mask was
associated with increased risk of spontaneous-
onset pneumothorax only in preterm neonates.
Chest compression was associated with increased
risk of spontaneous-onset pneumothorax of both
term and preterm neonates, and of pneumothorax
during CMV in term neonates as reported by
others.!”!® According to the Malaysian national
guidelines', eCPAP in DR was recommended
only for preterm neonates. In this study a
high proportion of term neonates were given
eCPAPt (Table 3) which was a significant
independent factor associated with increased
risk of pneumothorax developed during nCPAPt.
Although nCPAPt was a safer mode of respiratory
support than CMV and HFV, our findings suggest
that its use on term neonates in DR should be
applied with caution.

Our study confirms that many neonates who
developed spontaneous-onset pneumothorax often
had underlying lung conditions or exposure to
more aggressive types of resuscitative procedures
in DR than those without pneumothorax. Our
findings suggest that following exposure to these
procedures, these neonates should be monitored
closely for the development of pneumothorax.

Systematic training of all perinatal health
care providers on neonatal resuscitation was
implemented in Malaysia since 1996.20!
However, there is no similar national training
program on use of nCPAPt, CMV and HFV
for neonatal healthcare providers in Malaysian
hospitals. Most young doctors learned on the
job. Given the findings in the present study, to
reduce the incidence of neonatal pneumothorax
and its associated morbidities and mortalities,
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there is a need to fine-tune the training of the
techniques of applying IPPV (via face mask and
ETT) and chest compression during resuscitation,
and monitor the competency levels of trained
healthcare providers in neonatal resuscitation,
review and improve our ventilatory strategies,
and introduce a systematic training program for
all neonatal doctors on the use of nCPAPt, CMV
and HFYV, particularly in neonates with PPHN
and pneumonia.

The strengths of the present study include its
large sample size, it being a national multicentre
population study, and its prospectively collected
data using a standardised format. There were
several limitations in this study. Information
on the age of onset of pneumothorax, BPD
and LOS were not included in the MNNR
database. Without this information, the temporal
relationship of onset of BPD and LOS with the
development of pneumothorax was unclear. For
this reason, these variables were not evaluated
as potential risk factors associated with the
development of pneumothorax in multiple
regression analyses.

In conclusion, the most common type of
pneumothorax was spontaneous in-onset. During
respiratory support, HFV had the highest and
nCPAPt the lowest rate of pneumothorax.
Improving training and strategies on use of all
modes of respiratory support and resuscitation
techniques in delivery rooms may reduce
incidences of all types of pneumothorax.
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What is already known?

o

o

O

Mortality rates of neonatal pneumothorax
are high.

Mechanical ventilation is associated with
increased risk of neonatal pneumothorax.
Early continuous positive airway pressure
is associated with low incidence.

What this study adds?

o

Spontaneous pneumothorax accounts for
one-third of the neonatal pneumothorax.
Chest compression is a significant risk
factors associated with spontaneous-onset
pneumothorax in both term and preterm
neonates.

Neonates on high frequency ventilation have
the highest rate of developing pneumothorax
than other modes of respiratory support.
Preterm neonates with pneumothorax have
higher mortality than term neonates.



