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Abstract: Background and Objectives: Pneumothorax implies the presence of air in the pleural space
between the visceral and parietal pleura. The aim of this study was to investigate the incidence,
clinical characteristics, risk factors, therapy and perinatal outcome in neonates with pneumothorax in
a tertiary care center. Materials and Methods: A retrospective study based on a five-year data sample
of neonates with pneumothorax was conducted in a Maternity Hospital with a tertiary NICU from
2015 to 2020. We included all neonates with pneumothorax born in our hospital and compared
demographic characteristics, perinatal risk factors, anthropometric parameters, comorbidities, clinical
course and method of chest drainage between term (>37 GW) and preterm (<37 GW) neonates.
Results: The study included 74 newborns with pneumothorax, of which 67.6% were male and 32.5%
were female. The majority of women (59.5%) had no complications during pregnancy. Delivery was
mainly performed via CS (68.9%). Delivery occurred on average in 34.62 + 4.03 GW. Significantly
more (p = 0.001) children with pneumothorax were born prematurely (n = 53; 71.6%) than at term
(n =21; 28.4%). Most of the neonates had to be treated with ATD (63.5%) and nCPAP (39.2%), but
less often they were treated with surfactant (40.5%) and corticosteroids (35.1%). O, therapy lasted an
average of 8.89 & 4.57 days. Significantly more (p = 0.001) neonates with pneumothorax had additional
complications, pneumonia, sepsis, convulsions and intraventricular hemorrhage (68.9%). However,
most children had a good outcome (83.8%) and were discharged from the clinic. Fatal outcomes
occurred in six cases, while another six neonates had to be transferred to referral neonatal centers for
further treatment and care. Conclusion: Significantly more children with pneumothorax were born
prematurely than at term. With adequate therapy, even premature newborns can successfully recover
from pneumothorax.

Keywords: newborn; therapy; pneumothorax

1. Introduction

Pneumothorax implies the presence of air in the pleural space between the visceral
and parietal pleura [1].

With the first inspiratory breath, the newborn creates a transpulmonary pressure
greater than 100 cm of water column and opens the lungs that were closed in utero. After
a few breaths, this pressure normalizes and the lungs begin to function. If the transpul-
monary pressure remains elevated for a long time, alveolar rupture occurs, accumulating
air between the visceral and parietal pleura. The air created in the interpleural space leads
to a pathological condition called neonatal pneumothorax (NP). Pneumothorax developed
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in this way is called spontaneous (primary, idiopathic) [2]. The reason for secondary pneu-
mothorax in newborns can be respiratory distress syndrome (RDS), mechanical ventilation
(MV), pneumonia, sepsis, aspiration of meconium, blood and amniotic fluid or congenital
lung malformations [3,4].

Depending on the size of the lung collapse, pneumothorax can be partial or complete,
unilateral or bilateral. A small amount of air can be asymptomatic and resorbed in the
body, while the presence of a larger amount of air endangers the life of the newborn [5,6].
The incidence of NP in newborns is 1 to 2%, most often asymptomatic in 98% of cases. It is
more common in premature babies, at as much as 5-7% in newborns weighing less than
1500 g [6]. The incidence of NP in Tuzla, 2/1000 [7], Oman, 2.5/1000 [8], Turkey, 1% to
2% [9] and Portugal, 1.5% in NICU [10], is less than in Saudi Arabia, 3.9% in NICU [11],
Egypt, 9.1% [12], Iran, 5.8% [13] and Canada, 2.5-6.7% [14]. In a Danish study, the frequency
of NP was 1.4/1000 [6], and in South India it was 1.3/1000 [15].

2. Aim

The aim of the study was to examine and compare the early neonatal outcomes of
preterm and full-term neonates who had pneumothorax at birth and to assess which
parameters may influence this outcome.

3. Material and Methods

A retrospective study based on a five-year data sample of neonates with pneumothorax
was conducted at the Clinic for Gynecology and Obstetrics of the University Clinical
Center of Serbia in Belgrade from January 2015 to December 2020. During this period,
30,378 newborns were born in our maternity hospital. In a 14-bed tertiary NICU with
3911 admissions over a 5-year period, we selected all neonates with radiographically
confirmed neonatal pneumothorax (NP). Neonates with milder forms of respiratory distress
syndrome probably had mild forms of undiagnosed air leakage. The study included
exclusively all newborns with X-ray-confirmed pneumothorax.

The data were collected from the medical records of the newborns and their mothers.
Informed consent for pneumothorax treatment was obtained from the mothers of all
treated patients.

The patients were evaluated on the basis of demographic characteristics (gender,
gestational age, birth weight, APGAR score at the 5th minute and need for resuscita-
tion), perinatal (gestational disorders—gestational diabetes mellitus (GDM), hypertension,
preeclampsia, HELLP syndrome, placental abruption, premature rupture of membranes
(PPROM), mode of delivery, multiple pregnancies) and neonatal data (basic lung disorders—
respiratory distress syndrome (RDS), pneumonia, meconium aspiration syndrome (MAS),
transient tachypnea of the newborn (TTN) and comorbidities: intraventricular hemorrhage
(IVH), retinopathy of prematurity (ROP), seizures, sepsis), as well as pneumothorax char-
acteristics (laterality, age of onset, need for surfactant, oxygen therapy, nasal continuous
positive airway pressure (nCPAP) and mechanical ventilation (MV) before NP, type of
treatment (conservative or drainage), duration of drainage, MV and oxygen therapy after
NP) and outcome.

We compared differences between term (>37 GW) and preterm (<37 GW) neonates
with NP and assessed risk factors for thoracic drainage.

Statistical Analysis

Data were analyzed using descriptive (percentage, mean value, standard deviation—
SD) and analytical statistics using SPSS 20 software. A probability value of p less than
0.05 was considered statistically significant. The significance of the difference between
groups of neonates was examined by ANOVA and the Kruskal-Wallis 2 test. Spearman’s
correlation was applied to investigate the relationship between the estimated parameters
and the neonatal outcome.
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4. Results

Out of 30,378 newborns born in our maternity hospital, 74 developed pneumothorax
(2.4/1000 newborns). The study included 74 newborns with pneumothorax, of which
67.6% were male and 32.5% were female. There were 10 twin pregnancies. The majority of
women (59.5%) had no complications during pregnancy. Delivery was mainly performed
via CS (68.9%). Delivery occurred on average in 34.62 £ 4.03 GW (min = 24; max = 40).
Significantly more (p = 0.001) children with pneumothorax were born prematurely (1 = 53;
71.6%) than at term (n = 21; 28.4%). Children were generally in good condition at birth
(eutrophic in 62.2% and with an average Apgar score of 7.03 £ 2.28).

Most of the neonates had to be treated with ATD (63.5%) and nCPAP (39.2%), but less
often they were treated with surfactant (40.5%) and corticosteroids (35.1%). O, therapy
lasted an average of 8.89 + 4.57 days.

Significantly more (p = 0.001) neonates with pneumothorax had additional compli-
cations, pneumonia, sepsis, convulsions or intraventricular hemorrhage (68.9%). Sepsis
and pneumonia were treated with antibiotic therapy. The length of antibiotic therapy
was assessed by findings of elevated infection parameters, blood test results, C reactive
protein (CRP) values, blood culture findings (all inoculated media remained sterile) and
X-ray findings in pneumonia. Convulsions were treated with Phenobarbitone, with
an initial dose of 20 mg/kg/bw, and a maintenance dose of 5 mg/kg/bw for 5 days.
Intraventricular hemorrhage was controlled by echosonographic examination. However,
most children had a good outcome (83.8%) and were discharged from the clinic. Mortal-
ity was recorded in six neonates (five neonates below 25 GW, and in one neonate at term
due to Potter syndrome).

The frequency of tested parameters in premature neonates and newborns with pneu-
mothorax at birth is shown in Table 1, while descriptive data of the examined children are
shown in Table 2.

It can be seen that all twin pregnancies ended before the due date. There were no
significant differences between neonates with pneumothorax at birth who were born
preterm and at term with regard to their sex, body development, pregnancy complica-
tions and time spent with ruptured membranes before delivery, type of delivery, side
of pneumothorax, type of treatment and duration of O, therapy, saturation, CRP, infec-
tions and neurological complications. In contrast, surfactant and corticosteroids were
administered significantly more frequently in neonates born prematurely, as they were
also more likely to have problems with oxygenation (asphyxia and RDS). Furthermore,
all biometric parameters at birth as well as the Apgar scores were significantly different
between preterm and term neonates. However, the final outcome of neonates with pneu-
mothorax was similar regardless of the term of delivery. Pneumothorax most commonly
occurred at 36 GW (Figure 1).

Table 1. Tested parameters in preterm and term neonates with pneumothorax.

Preterm Term
Parameters
Frequency Percent Frequency Percent

Baby gender male 33 62.3 17 81.0
female 20 37.7 4 19.0
Pregnancy unifetal 43 81.1 21 100.0

twins 10 18.9 0 0.0

Pregnancy no 29 547 15 714

complications

GDM 4 7.5 3 14.3

HTA 11 20.8 2 9.5

placenta abruption 4 75 0 0.0

infection 5 9.4 1 4.8

Delivery vaginal 16 30.2 7 33.3

CS 37 69.8

—_
S

66.7
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Table 1. Cont.

Preterm Term
Parameters
Frequency Percent Frequency Percent
Baby body eutrophia 37 69.8 12 57.1
development
hipotrophia 4 7.5 5 23.8
hypertrophia 12 22.6 4 19.0
Pneumothorax side right 25 47.2 10 47.6
left 18 34.0 9 429
both 10 18.9 2 9.5
Treatment conservative 6 11.32 7 33.33
needle aspiration 10 18.87 4 19.05
ATD 37 69.81 10 47.62
Mod of O, treatment O, 9 16.98 8 38.09
nCPAP 9 16.98 6 28.57
MV 35 66.04 7 33.34
Cause er Transitory tachypnea 13 24.53 19 90.48
oxygenation
asphyxia 10 18.87 2 9.52
RSD 30 56.60 0 0.0
Surfactant no 25 47.2 19 90.5
yes 28 52.8 2 9.5
Corticosteroid no o7 50.9 1 100
therapy
yes 26 49.1 0 0.0
Neonatal infection no 32 60.4 10 47.6
pneumonia 13 24.5 9 429
sepsis 8 15.1 2 9.5
Neurological no 38 71.7 17 81.0
complications
IVH 4 7.5 0 0.0
convulsions 11 20.8 4 19.0
Outcome mortality 5 9.4 1 4.8
further therapy 5 94 1 438
good 43 81.1 19 90.5
Table 2. Patient characteristics.
Preterm Term Between Groups p

Parameters
Mean =+ Standard Deviation Mean =+ Standard Deviation
Gestational weeks (GW) 34.62 +4.03 38.2+5.6 0.001
Baby weight 2241.3 +£904.5 3400.5 + 544.8 0.001
Baby length 449 + 6.7 51.6 +2.5 0.001
Head circumference 31.6 4.2 353+1.3 0.001
Apgar score 6.5+t25 8.3+0.9 0.001

2  —

24 25

| E—

S

&) 30 31

Figure 1. Frequency of pneumothorax by gestational weeks (GW).
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5. Discussion

Premature birth and respiratory distress syndrome (RDS) are the most important
causes of neonatal pneumothorax. The cause of RDS is insufficient surfactant production in
the lungs of a premature neonate [7]. RDS is the main reason for pneumothorax in preterm
neonates. The basis of the manifestation of RDS can occur due to lung immaturity or disor-
ders in the synthesis and function of the surfactant due to pathological processes (asphyxia,
conatal pneumonia, gestational hypertension, GDM as well as preeclampsia of the preg-
nant woman) [16-18]. In our study, delivery on average occurred in the 34.62 £ 4.03 GW
(min = 24; max = 40). Significantly more (p = 0.001) children with pneumothorax were born
prematurely (n = 53; 71.6%) than in term (n = 21; 28.4%).

In a study by Vibede L. et al., the prevalence of RDS in pneumothorax was 43%, com-
pared to 56.6% in our study. The same authors cite 52 newborns at term with pneumothorax
of 48,968 live births and 71 cases of PN, giving an incidence of 0.14%, during 8 years of
observation from 2006 to 2014 [6].

The higher probability of developing RDS in male neonates has been investigated in
animal models, in premature male and female lambs [19]. Isak N. et al., in research on
lambs, states there are higher lecithin/sphingomyelin (L/S) ratio and higher concentrations
of saturated phosphatidylcholine in amniotic fluid during human pregnancy with female
fetuses, indicating a greater degree of lung maturity (in terms of surfactant composition) in
females. Poor respiratory adaptation can result from gender differences in the composition
of the phospholipid constituents of the surfactant and its function [20-23].

Male gender dominates as a risk factor for the development of pneumothorax in most
studies, which was confirmed in our study, where two-thirds of the sample with NP were male
newborns (62.3% of premature babies and 81% of male babies developed pneumothorax).

In their study, Prediger B. et al. state that neonates delivered by elective cesarean
section had an increased incidence of pneumothorax (2.90/1000 births), in comparison
with neonates delivered by emergency cesarean (1.53/1000 births). In our study, with
caesarean section, 69.8% of premature babies were born, and 66.7% of term newborns
with pneumothorax. Neonates born by caesarean section (CS) often have “wet lungs”
accompanied by forced breathing that can lead to pneumothorax. In neonates born with
CS at term or moderately preterm (30-36 weeks), the incidence of NP and respiratory prob-
lems is significantly increased. These problems can be avoided by postponing childbirth
and administering antenatal steroid therapy where appropriate and possible. Antenatal
corticosteroid therapy (ACST) accelerates the maturation of the parenchymal structure,
increases fluid clearance from the lungs and decreases vascular permeability [24].

Pneumothorax is more common in preterm neonates, although there are authors who
found more children born at term with NP [6]. In our study, pneumothorax most commonly
occurred between 34 and 36 GW.

The risk of developing pneumothorax is increased in neonates with respiratory distress
syndrome (RDS), meconium aspiration syndrome (SAM), transient neonatal tachypnea
(TTN), pulmonary hypoplasia, persistent pulmonary hypertension (PPHN) and neonates
with applied resuscitation after birth. Lung disease is the underlying condition in 59-61%
of neonates with pneumothorax [25].

In the diagnosis of pneumothorax, methods of translumination, lung ultrasound and
chest X-ray are used. Lung ultrasound is used as a quick method of diagnosing pneumotho-
rax, when treatment can be initiated, as well as for monitoring minor pneumothorax [26,27].
Although translumination and lung ultrasound are increasingly used, chest radiography
is a method of diagnosis and monitoring of pneumothorax treatment. There is no doubt
that ultrasound gained space both in diagnostic assistance and in medical procedures,
contributing to a better prognosis and fewer complications. Compared to a simple chest
X-ray, ultrasound provides better confirmation of drainage in the intercostal space after the
procedure [28].
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Treatment of pneumothorax depends on the severity of the clinical picture and the
amount of air in the interpleural space. A smaller amount of air (partial pneumothorax)
is treated conservatively, by positioning (lying on the side of the pneumothorax), while
a massive pneumothorax requires urgent surgical drainage of the chest [29]. Treatment
methods for a massive pneumothorax include needle aspiration (NA) and chest drainage
(CD). Needle aspiration, where a needle is inserted between the ribs and removed after
air aspiration has stopped, is recommended as a first-line treatment for spontaneous
pneumothorax [30]. In mechanically ventilated neonates, some clinicians believe that
needle aspiration will not provide adequate treatment and delay chest tube placement [31].

Complications related to emergency pleural drainage occur in 14% to 25% and can
range from drain misplacement to fatal iatrogenic lesions [32]. Faced with this scenario,
understanding the factors related to the incidence of complications leads to the development
of measures and techniques that can reduce this rate. One of the techniques is ultrasound-
guided pleural drainage in case of massive pneumothorax. Complications of thoracic
drainage in neonates include chest injury as well as breast scarring, especially in female
neonates [33].

Our study had some limitations. It was a single-center study, with a relatively small
study sample. The risk factors for the development of NP are still unclear, and this area of
research would require a prospective, well-designed study with a larger sample.

6. Conclusions

Significantly more children with pneumothorax were born prematurely than at term.
The analysis showed that in our population the optimal threshold GW after which newborns
with pneumothorax can have a good outcome was 29.5. Therefore, with adequate therapy,
even premature newborns can successfully recover from pneumothorax.

Author Contributions: Conceptualization, M.Z.J. and S.J.M.; data curation, M.Z.]., S.JM., Z.]. and
S.B.; formal analysis, M.Z.].; investigation, M.Z.]., S.J.M. and I.R.B.; methodology, M.Z.]., BM., M.C.
and ].D,; resources, M.Z.].; software, M.Z.].; supervision, S.B. and ].D.; validation, M.Z.].; visualization,
M.Z]. and S.J.M.; writing—original draft, M.Z.]J., S.J.M. and L.R.B.; writing—review and editing,
M.Z.]J. All authors have read and agreed to the published version of the manuscript, and they have
equal contributions to the first author.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. Ethical review and approval were waived for this study due to it being a
study of an observational character.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: All data are available in the archives (database) of the Department
of Neonatology, Clinic for Gynecology and Obstetrics, University Clinical Center of Serbia, Bel-
grade, Serbia.

Acknowledgments: To all authors.

Conflicts of Interest: The authors report no conflict of interest. The authors are solely responsible for
the content and writing of the article.

1. Zarogoulidis, P.; Kioumis, I.; Pitsiou, G.; Porpodis, K.; Lampaki, S.; Papaiwannou, A.; Katsikogiannis, N.; Zaric, B.; Branislav, P;
Secen, N.; et al. Pneumothorax: From definition to diagnosis and treatment. J. Thorac. Dis. 2014, 6, S372-5376. [PubMed]

2. Smith, J.; Schumacher, R.E.; Donn, S.M.; Sarkar, S. Clinical Course of Symptomatic Spontaneous Pneumothorax in Term and Late
Preterm Newborns: Report from a Large Cohort. Am. . Perinatol. 2011, 28, 163-168. [CrossRef] [PubMed]

3. Aly, H.; Massaro, A.; Acun, C.; Ozen, M. Pneumothorax in the newborn: Clinical presentation, risk factors and outcomes. J.
Matern. Neonatal Med. 2014, 27, 402—406. [CrossRef] [PubMed]

4. Arshad, H.; Young, M.; Adurty, R.; Singh, A.C. Acute pneumothorax. Crit. Care Nurs. Q. 2016, 39, 176-189. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/25337391
http://doi.org/10.1055/s-0030-1263300
http://www.ncbi.nlm.nih.gov/pubmed/20700862
http://doi.org/10.3109/14767058.2013.818114
http://www.ncbi.nlm.nih.gov/pubmed/23790085
http://doi.org/10.1097/CNQ.0000000000000110

Medicina 2022, 58, 965 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.
26.
27.
28.
29.

30.

31.

32.

33.

Park, SW.; Yun, B.H.; Kim, K.A.; SyKo Lee, YK,; Shin, S.M. A Clinical Study abaut Symptomatic Spontaneous pneumothorax.
Korean ]. Perinatol. 2006, 17, 304-309.

Vibede, L.; Vibede, E.; Bendtsen, M.; Pedersen, L.; Ebbesen, F. Neonatal Pneumothorax: A Descriptive Regional Danish Study.
Neonatology 2017, 111, 303-308. [CrossRef]

Hadzic, D.; Skokic, F.; Husaric, E.; Alihodzic, H.; Softic, D.; Kovacevic, D. Risk Factors and Outcome of Neonatal Pneumothorax
in Tuzla Canton. Mater. Socio Med. 2019, 31, 66-70. [CrossRef]

Rehan, A.; Shakeel, A.; Magbool, Q.; Maheshwari, P.; Rehan, K. Pneumothoraces in a Neonatal Tertiary Care Unit: Case Series.
Oman Med. ]. 2013, 28, 67-69.

Esme, H.; Dogru, O.; Eren, S.; Korkmaz, M.; Solak, O. The factors affecting persistent pneumothorax and mortality in neonatal
pneumothorax. Turk. J. Pediatr. 2008, 50, 242-246.

Silva, 1.S.; Flor-de-Lima, F.; Rocha, G.; Alves, I.; Guimaraes, H. Pneumothorax in neonates: A level III neonatal intensive care unit
experience. |. Pediatr. Neonat. Individual. Med. 2016, 5, 050220.

Al Matary, A.; Munshi, H.H.; Abozaid, S.; Qaraqei, M.; Wani, T.A.; Abu-Shaheen, A K. Characteristics of neonatal pneumothorax
in Saudi Arabia: Three years’ experience. Oman Med. |. 2017, 32, 135-139. [CrossRef] [PubMed]

Abdellatif, M.A.; Abdellatif, D.A. Pneumothorax in the neonatal intensive care unit in Cairo University Hospital. ]. Egypt. Soc.
Parasitpl. 2012, 42, 495-506. [CrossRef] [PubMed]

Navaei, F; Aliabadi, B.; Moghtaderi, M.; Kelishadi, R. Predisposing factors, incidence and mortality of pneumothorax in a
neonatal intensive care unit in Isfahan, Iran. Zhongguo Dang Dai Er Ke Za Zhi 2010, 12, 417-420.

Duong, H.H.; Mirea, L.; Shah, PS.; Yang, ].; Lee, S.K.; Sankaran, K. Pneumothorax in neonates: Trends, predictors and outcomes.
J. Neonatal. Perinatal. Med. 2014, 7, 29-38. [CrossRef] [PubMed]

Joshi, A.; Kumar, M.; Rebekah, G.; Santhanam, S. Etiology, clinical profile and outcome of neonatal pneumothorax in tertiary care
center in South India: 13 years experience. |. Matern. Neonatal Med. 2020, 35, 520-524. [CrossRef]

Haddad, G.G.; Fontan, J.].P. Development of the respiratory system. In Nelson Textbook of Pediatrics; Behrman, R.E., Kliebman, R.M.,
Jenson, H.B., Eds.; WB Saunders: Philadelphia, PA, USA, 2004; pp. 1357-1359.

Rubarth, B.L.; Quinn, ]J. Respiratory Development and Respiratory Distress Syndrome. Neonatal. Netw. 2015, 34, 231-238.
[CrossRef]

Dotson, K.; Johnson, L.H. Pediatric spontaneous pneumothorax. Pediatr. Emerg. Care 2012, 28, 715-720. [CrossRef]

De Matteo, R.; Ishak, N.; Hanita, T.; Harding, R.; Sozo, F. Respiratory adaptation and surfactant composition of unanesthetized
male and female lambs differ for up to 8 h after preterm birth. Pediatr. Res. 2016, 79, 13-21. [CrossRef]

Ishak, N.; Hanita, T.; Sozo, F.; Maritz, G.; Harding, R.; De Matteo, R. Sex differences in cardiorespiratory transition and surfactant
composition following preterm birth in sheep. Am. |. Physiol. Regul. Integr. Comp. Physiol. 2012, 303, R778-R789. [CrossRef]
Cornell, R.B.; Ridgway, N.D. CTP: Phosphocholine cytidylyltransferase: Function, regulation, and structure of an amphitropic
enzyme required for membrane biogenesis. Prog. Lipid. Res. 2015, 59, 147-171. [CrossRef]

Girard, I.; Sommer, C.; Dahan, S.; Mitanchez, D.; Morville, P. Risk factors for developing pneumothorax in full-term neonates
with respiratory distress. Arch. Pediatr. 2012, 19, 368-373. [CrossRef] [PubMed]

Malek, A.; Afzali, N.; Meshkat, M.; Yazdi, N.H. Pneumothorax after mechanical ventilation in newborns. I[ran. |. Pediatr. 2011, 21,
45-50. [PubMed]

Prediger, B.; Mathes, T.; Polus, S.; Glatt, A.; Biihn, S.; Schiermeier, S.; Neugebauer, E.A.M.; Pieper, D. A systematic review and
time-response meta-analysis of the optimal timing of elective caesarean sections for best maternal and neonatal health outcomes.
BMC Pregnancy Childbirth 2020, 20, 395. [CrossRef] [PubMed]

Edwards, M.O.; Kotecha, S.J.; Kotecha, S. Respiratory distress of the newborn infant. Paediatr. Respir. Rev. 2013, 14, 29-36.
[CrossRef]

Liang, H.-Y,; Liang, X.-W.; Chen, Z.-Y.; Tan, X.-H.; Yang, H.-H,; Liao, J.-Y.; Cai, K; Yu, J.-S. Ultrasound in neonatal lung disease.
Quant. Imaging Med. Surg. 2018, 8, 535-546. [CrossRef]

Volpicelli, G. Sonographic diagnosis of pneumothorax. Intensiv. Care Med. 2011, 37, 224-232. [CrossRef]

Soffiati, M.; Bonaldi, A.; Biban, P. Management of pleural drainage. Minerva Pediatr. 2010, 62 (Suppl. S1), 165-167.

Bruschettini, M.; Romantsik, O.; Ramenghi, L.A.; Zappettini, S.; O’'Donnell, C.P,; Calevo, M.G. Needle aspiration versus intercostal
tube drainage for pneumothorax in the newborn. Cochrane Database Syst. Rev. 2016, CD011724. [CrossRef]

Murphy, M.C.; Heiring, C.; Doglioni, N.; Trevisanuto, D.; Blennow, M.; Bohlin, K,; Lista, G.; Stucchi, I.; O’'Donnell, C.P.F. Effect of
Needle Aspiration of Pneumothorax on Subsequent Chest Drain Insertion in Newborns: A Randomized Clinical Trial. JAMA
Pediatr 2018, 172, 664—669. [CrossRef]

Mendes, C.A.; Hirano, E.S. Predictors of chest drainage complications in trauma patients. Rev. Col. Bras. Cir. 2018, 45, e1543.
[CrossRef]

Menegozzo, C.A.M.; Utiyama, E.M. Steering the wheel towards the standard of care: Proposal of a step-by-step ultrasound-guided
emergency chest tube drainage and literature review. Int. J. Surg. 2018, 56, 315-319. [CrossRef] [PubMed]

Filosso, PL.; Guerrera, F,; Sandri, A.; Roffinella, M.; Solidoro, P.; Ruffini, E.; Oliaro, A. Errors and Complications in Chest Tube
Placement. Thorac. Surg. Clin. 2017, 27, 57-67. [CrossRef] [PubMed]


http://doi.org/10.1159/000453029
http://doi.org/10.5455/msm.2019.31.66-70
http://doi.org/10.5001/omj.2017.24
http://www.ncbi.nlm.nih.gov/pubmed/28439384
http://doi.org/10.12816/0006335
http://www.ncbi.nlm.nih.gov/pubmed/23214226
http://doi.org/10.3233/NPM-1473813
http://www.ncbi.nlm.nih.gov/pubmed/24815703
http://doi.org/10.1080/14767058.2020.1727880
http://doi.org/10.1891/0730-0832.34.4.231
http://doi.org/10.1097/PEC.0b013e31825d2dd5
http://doi.org/10.1038/pr.2015.175
http://doi.org/10.1152/ajpregu.00264.2012
http://doi.org/10.1016/j.plipres.2015.07.001
http://doi.org/10.1016/j.arcped.2012.01.019
http://www.ncbi.nlm.nih.gov/pubmed/22381669
http://www.ncbi.nlm.nih.gov/pubmed/23056763
http://doi.org/10.1186/s12884-020-03036-1
http://www.ncbi.nlm.nih.gov/pubmed/32641019
http://doi.org/10.1016/j.prrv.2012.02.002
http://doi.org/10.21037/qims.2018.06.01
http://doi.org/10.1007/s00134-010-2079-y
http://doi.org/10.1002/14651858.CD011724.pub2
http://doi.org/10.1001/jamapediatrics.2018.0623
http://doi.org/10.1590/0100-6991e-20181543
http://doi.org/10.1016/j.ijsu.2018.07.002
http://www.ncbi.nlm.nih.gov/pubmed/30033379
http://doi.org/10.1016/j.thorsurg.2016.08.009
http://www.ncbi.nlm.nih.gov/pubmed/27865328

	Introduction 
	Aim 
	Material and Methods 
	Results 
	Discussion 
	Conclusions 
	References

