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Summary

Transient tachynpea of the newborn, which is a self-limiting condi-
tion, in some cases requires invasive respiratory support. This study
aimed to investigate the influence of gestational age and mode of
delivery on oxygen therapy, and the occurence of complications.

This retrospective study covered data about children diagnosed with
transient tachypnea who were born during the period of one year.
The duration of oxygen therapy and the assessment of complications
were analyzed according to the mode of delivery and gestational age.

In 77,3% of cases transient tachypnea was well-managed with the
use of oxygen therapy in incubator. In relation to the mode of de-
livery and gestational age, no significant differences in the duration
of different oxygen therapy types were observed. Two newborns de-
veloped persistent pulmonary hypertension, and one newborn had
pneumothorax.

Invasive respiratory support is not frequently used in transient tachy-
pnea. Persistent pulmonary hypertension and air leak syndrome are
possible but very rare complications of this condition.
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INTRODUCTION

Respiratory distress (RD) represents a group of patholog-
ical conditions with the incidence of about 7% in all neo-
nates, and 0.5-2.8% for transient tachypnea of the new-
born (TTN) as one of its leading causes (19). TTN or “wet
lung” syndrome, is self-limmiting RD disorder occuring
within the first few hours after birth, and lasting between
two and four days. In most cases, TTN occures in late
preterm (34-36+6 weeks’ gestation), and term neonates
born between 37 and 39 weeks (6). Insufficient evacua-
tion of fetal lung fluid is an underlying condition, leading
to compliance decrease, a reduction of functional residu-
al capacity and tidal volume, and finally inadequate min-
ute ventilation, the state responsible for breathing accel-
eration and development of other TTN’s clinical features
(23). Tachypnea and distinctive radiological findings are
the most representative clinical signs, sufficient for diag-
nosis of TTN. Recognized risk factors for TTN are: ce-
sarean section (CS), male gender, macrosomia, preterm
delivery, maternal sedation, perinatal asphyxia, meconi-
um amniotic fluid, chorioamnionitis, and olygoamnion
(17,21, 22). In full-term newborns, additionally proposed
risk factors are the following: assisted reproducive tech-
nologies, operative vaginal delivery (forceps or vacuum
extraction), and the S minute Apgar score (AS) < 8 (22).
Further on, previous investigations reported that mater-
nal asthma and gestational diabetes were independent
risk factors for developing TTN (3, 15). Although the
treatment of TTN mostly requires the use of convention-
al non-invasive oxygen (02) therapy, sometimes invasive
types of respiratory support, including nasal continous
positive airway pressure (nCPAP) and mechanical venti-
lation (MV) are benefitial to patient care. Maintenance of
tachypnea and the need of prolonged use of supplemental
O, may be responsible for the development of TTN com-
plications, such as persistent pulmonary hypertension
(PPHN) and air leak syndrome (10).

THE AIM

Since there is a lack of relevant data about the incidence
and clinical characteristics of TTN in our population,
this study aimed to investigate the influence of gestation-
al age and mode of delivery on TTN incidence, posibble
appearance of TTN complications (PPHN and air leak
syndrome), as well as the need for different types of respi-
ratory support, and duration of oxygen therapy.

MATERIALS AND METHODS

This observational retrospective study was carried out at
the Department of Neonatology, The Clinic of Gynecol-
ogy and Obstetrics “Narodni Front”, Belgrade, Serbia, in

accordance with the ethical standards laid down in 1964
Declaration of Helsinki and its later amendments, and
after the approval of the institutional ethics review com-
mittee. The research included the data between January
1** and December 31%, 2016. During this period, 7380
newborns were born at the clinic.

All relevant data were gathered from medical records.
Clinical findings for the newborns with TTN were: 1.
tachypnea (> 60 breaths per minute), within 6 hours af-
ter delivery; 2. chest radiography — lung hyperinflation
evidenced by flattening and depression of the diaphrag-
matic domes or increased anteroposterior diameter, or
both, prominent perihilar vascular marking and enlarged
interlobar fissures containing pleural fluid; 3. need for re-
spiratory support — (O2 in incubator, nCPAP and MV).

Exclusion criteria were clinical, laboratory, bacteri-
ological, and radiological findings for other conditions
leading to respiratory distress (1,9). Additional exclusion
criteria were multifetal pregnancies, operative vaginal
deliveries (forceps or vacuum), 5™ minute AS < 8, birth
weight (BW) < 2500 or > 4000 grams, and delivery be-
fore 34 weeks gestation.

Newborns included in this study were compared ac-
cording to the mode of delivery (vaginal vs. CS) and ges-
tational age (late preterm (34-36+6 weeks) and full-term
neonates (37-42 weeks’)). Frequency and duration of dif-
ferent types of O, therapy (O, in incubator, nCPAP, MV)
were analyzed depending on the mode of delivery and
gestational age. The assessment of possible development
of TTN complications was conducted through consec-
utive ultrasonography heart examination (PPHN) and
chest radiography (air leak syndrome).

Statistical analyses were performed using IBM SPSS
Statistics for Windows Software (Version 25.0; IBM
Corp, Armonk, NY, USA). Statistical significance be-
tween categorical data was determined by Pearson’s
chi-square test (y2). Statistical significance between
numerical data was determined by Student’s t-test and
Mann-Whitney U-test. The logistic regression analysis
was used to compare types of O, therapy and its duration
in relation to the week of gestation and mode of delivery.
AllP values below 0.0S were considered significant.

Table 1. Distribution of TI'N patients according to the gender, mode
of delivery and gestational age of birth.

N % P value®
Gender Male 54 72
P <0.001
Female 21 28
Mode of delivery Vaginal 25 33.3
P <0.001
(@S 50 66.7
Gestationalage ~ 34-36+6 53 70.7
P <0.001
37-40 22 29.3

* Chi-square test;
N - number of patients; CS —cesarean section
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Table 2. Correlation between gender, mode of delivery and gestational age of birth in TI'N patients.

Gender
Male Female P value®

Delivery vaginal N (%) 19 (76) 6 (24)
CS N (%) 35 (70) 15 (30) 0583
Gestational age 34-36+6 N (%) 37 (69.8) 16 (30.2) G0

37-40 N (%) 17 (77.3) 5(22.7) :
Gestational age
34-36 37-40

Delivery Vaginal N (%) 19 (35.8) 6(27.3) 0.473

cs N (%) 34 (64.2) 16 (72.7)

*Chi-square test;
N - number of patients; CS —cesarean section

RESULTS

During the investigated one year period, 75 out of 7380
newborns developed TTN (1,02%). Among newborns
with TTN, male gender was significantly more repre-
sented than female gender (P < 0,001), and CS was per-
formed about twice more frequently compared to vaginal
delivery. Median for gestational age at birth was 36, with
earliest delivery in 34 and latest in 40 weeks of gestation.
More than two thirds of TTN patients were born be-
tween 34 and 36+6 weeks, and the rest belonged to the
group of full-term newborns (Table 1).

There was no statistically significant difference for
gender distribution in relation to the mode of delivery
(P=0,585), or gestational age at birth (P=0.512) (Table
2). Also, the number of SC and vaginal deliveries was not

significantly different in late preterm group compared to
the term neonates group (P=0.473) (Table 2).

Mostly, TTN was a mild clinical condition and
well-managed with the use of O, therapy in the incubator
(58 cases, 77, 3%). Other types of respiratory support were
used in 10 (13, 3%) and 7 (9, 3%) patients (nCPAP and
MYV). The duration of oxygen therapy shorter than two
days was recorded in 34 (4S5, 3%) newborns with TTN,
whereas the need for supplement oxygen > 2 days was
presentin 41 (54, 7%) patients. The duration of respiratory
support did not show a statistical difference in relation to
the mode of delivery (Table 3) (p=0,251). Further on, after
dividing TTN patients according to the type of O2 therapy
used, the difference between the duration of all three types
of supplemental oxygen therapy in correlation to the mode
of delivery was not statistically significant (Table 3).

Table 3. Frequency of oxygen therapy duration according to the mode of delivery in TI'N patients.

Type of O, therapy Delivery Therapy duration P value®
<2 days > 2 days
0, in incubator Vaginal N (%) 8 (38.1) 13 (61.9) e
CS N (%) 19 (51.4) 18 (48.6) ‘
nCPAP Vaginal N (%) 1(25) 3(75)
cs N (%) 2(33.3) 4(66.7) 1.000
MV CS N (%) 4(57.1) 3 (42.9)
Total O, therapy Vaginal N (%) 9 (36) 16 (64)
( 0.251
€S NG 25 50) 25 0) :
¢ Chi-square test;
N - number of patients; CS - cesarean section; nCPAP - nasal continuous positive airway pressure; MV - mechanical ventilation;
Table 4. Frequency of oxygen therapy duration according to the gestational week of birth in TI'N patients.
Type of O, therapy Gestational age Therapy duration P value®
<2 days > 2 days
» 343646 N (%) 22 (50) 22 (50) 0.351
O, in incubator
2 37-40 N (%) 5(35.7) 9 (64.3)
= 0
nCPAP 34-36+6 N (%) 22 (50) 22 (50) 0.500
37-40 N (%) 1(16.7) 5(83.3)
B 0,
MY 343646 N (%) 4 (80) 1(20) 0143
37-40 N (%) 0(0) 2 (100)
343646 N (%) 28 (52.8) 25 (47.2)
Total O, th 0.04
ot s, therapy 37-40 N (%) 6(27.3) 16 (72.7) 3

¢ Chi-square test; N - number of patients; nCPAP - nasal continuous positive airway pressure; MV - mechanical ventilation;
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According to the gestational age, the term newborns
group significantly more often required supplemental
O, for more than two days, compared to the late preterm
group (p=0,043) (Table 4). However, after dividing
TTN patients into subgroups according to the type of
respiratory support used, we did not found a statistical
difference between O, therapy duration in relation to
the gestational age (incubatory O, (p=0,351), nCPAP
(p=0,500), MV (p=0,143)) (Table 4).

Complications of TTN were observed in only 3 out
of 75 TTN cases (4%). Two newborns developed PPHN,
and one had pneumothorax. PPHN patients were born
in 35 and 36 weeks of gestation, and gestational age of
the patient with pneumothorax was 37 weeks. All 3 cases
were delivered with CS and required MV use.

DISCUSSION

Our study has shown that TTN was diagnosed in 1.02%
newborns during the period of one year. This is in line
with previously reported data demonstrating TTN fre-
quency between 0.5% and 2.8% (19). Today, 3 out of 4
preterm babies are born near term (4). Previous studies
have shown significantly higher incidence of respiratory
morbidity in the group of newborns delivered before 39
weeks of gestation (16, 20). TTN is a common cause of
RD in early neonatal period, especially in the group of
neonates born near term (18, 20). Possible explanations
for frequent RD occurrence in the group of late preterm
newborns are partial surfactant deficiency and cessa-
tion in lung development during the transitional phase
when vesicles switch to the alveolar stage (10). Even in 37
weeks of gestation the risk of TTN is 3 times higher than
in 39 and 40 weeks (12).

Changes in maternal and fetal hormonal milieu
during the last few weeks of pregnancy, together with the
onset of spontaneous labor are the factors responsible for
rapid maturation and fetal preparation for delivery and
adaptation to extrauterine life (12). Our study showed
2,5 fold increase of TTN incidence in the group of late
preterm neonates (70,7%) compared to the newborns
delivered in 37 weeks of gestation and later (29,3%).
These results are in accordance with previously report-
ed findings indicating that lungs of preterm fetuses are
not ready for transition to extrauterine life, while lungs
of term fetuses are physiologically prepared for evacua-
tion of lung fluid stimulated by spontaneous labor (24).
Moreover, immaturity of lung epithelial mechanism for
Na* transport is described as one of the reasons for TTN
development (24). Previous investigation found that al-
pha-subunit of epithelial Na* channels (ENaC) played
a role in disturbance of lung fluid clearance and conse-
quently lead to premature deaths in mice (11).

Lower gestational age, CS and male gender are de-
scribed as risk factors for TTN (6). Our results are

similar, showing CS frequency to be twice higher than
vaginal delivery in newborns with TTN. It is estimated
that elective CS is responsible for about 50% of RD cas-
es, with TTN as the most frequent cause (19). A crucial
event for normal extrauterine respiratory adaptation
is the process of lung fluid evacuation. This is accom-
plished via compressions on the child’s chest by physical
forces present during vaginal delivery and with uterine
contractions, which are absent in elective CS (23). Nu-
merous studies tried to determine a correlation between
the development of TTN and CS performed after signs of
spontaneous delivery occurred. One study did not show
a decreased risk of TTN development in preterm neo-
nates born after CS with previous signs of spontaneous
delivery (6). Nevertheless, researchers described that
respiratory symptoms were significantly more frequent
after planned Cesarean delivery (16). Fetal increase of
catecholamine concentrations provoked by spontaneous
labor and rupture of fetal membranes, are additional
factors which regulate the absorption of lung fluid and
stimulate surfactant release (2). Studies have shown a
significantly lower catecholamine levels and changes in
lung function in a term infant after an elective CS in com-
parison to vaginal delivery (14).

We found a similar number of CS and vaginal deliv-
eries in both late preterm and term newborns with TTN.
This is in accordance with previous studies describing
that preterm neonates are more prone to TTN develop-
ment, regardless the mode of delivery (6). After 37 weeks
of gestation, a significant decrease in incidence of TTN
and other RD conditions is observed, regardless the
mode of delivery (13).

Beside lower gestational age and CS, our results also
showed that male gender was significantly more often
present in TTN group. Male gender, as a risk factor for
TTN was described and recognized in earlier studies as
well (6, 10, 19).

Although in most cases represented as a benign con-
dition, TTN requires the use of respiratory support (10,
19). Our results showed that therapy with O, in incubator
was used in 77.3% newborns with TTN. This is in line
with the fact that TTN is most commonly a benign condi-
tion demanding minimal therapeutic measures. This re-
search showed that invasive types of respiratory support
were mostly required in the late preterm group, proba-
bly due to the lung immaturity which made adaptation
to extrauterine life difficult. A previous study described
the need for assisted ventilation longer than three days
in 9.3% TTN cases (8). The duration of oxygen therapy
for more than two days was more frequent in the group
of term newborns compared to the late preterm group.
However, analyzing the duration of different respiratory
support types, this statistical significance was lost. Since
TTN is most often a self-limiting process, lasting for 48-
72 h, the reason for a prolonged need of oxygen support
in term newborns might be additional pathological con-
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ditions. One research showed longer use of O, therapy,
more frequent MV need and longer hospitalization in the
group of children delivered after CS without symptoms
of spontaneous labor (1). Preterm birth, low AS, and um-
bilical artery acidosis were described as independent risk
factors for a worse TTN outcome (1).

Nasal CPAP is demonstrated as a useful method in
TTN treatment, due to a decrease in the occurrence of
TTN therapy side effects (9). Researchers described a
significantly shorter neonatal intensive care unit stay, the
need for minimal O, fraction, and similar incidence of air
leak syndrome in the nCPAP group in comparison with
the oxygen supplementation group (9). Additionally, dif-
ferent MV types were compared with nCPAP in order to
define the best TTN treatment option. Nasal high fre-
quency percussive ventilation (NHFPV) was proposed
as safe in TTN treatment. Compared to CPAP, NHFPV
use was well-tolerated, more effective, with a significant-
ly shorter duration, demanding lower O2 concentrations,
and showing no complications (7). Nasal intermittent
mandatory ventilation (NIMV) showed similar effica-
cy and tolerance, without a significant difference in the
duration of respiratory support, hospitalization and the
occurrence of TTN complications in comparison with
nCPAP (5).

Although TTN is most often a self-limiting condi-
tion, lung air leak syndrome and PPHN might occur as a
result of hypoxemia (10, 19). A contribution to these con-
ditions might be the immaturity of the system for surfac-
tant production, which has been already recognized as a

mechanism for TTN development (10, 19). Only 3 our
patients manifested a TTN complication. Pulmonary
hypertension was observed in two preterm neonates,
whereas pneumothorax developed in one term newborn.

All three were born with the CS.

CONCLUSIONS

TTN is RD disorder, most frequently present among late
preterm and term neonates. Our study, in accordance
with previously published results, has shown that lower
gestational age, Cesarean delivery and male gender are in-
dependentrisk factors for TTN development. In most cas-
es, TTN did not require invasive respiratory support. As
was noticed in our patients, PPHN and air leak syndrome
are rare but possible complications of this condition.

This study is the first one performed on our popula-
tion giving the information about TTN clinical course.
There is a need for large, prospective studies that would
provide information about other potential TTN caus-
es, and possible long-term complications. Furthermore,
in order to clarify the pathophysiological mechanisms
responsible for the occurrence of TTN and its clinical
course, it is necessary to carry out studies which will ex-
amine the possible presence and amount of retained fluid
in the lungs of neonates, the maturity of the surfactant
production system, and changes in the catecholamine
level in the mother’s blood during delivery.

References:

1. BakSY, Shin YH, Jeon JH, Park KH, Kang JH, Cha DH, Han MY, Jo HS,
Lee KH, Lee CA. Prognostic factors for treatment outcomes in tran-
sient tachypnea of the newborn. Pediatr Int. 2012; 54 (6): 875-880.

2. Brown MJ, Olver RE, Ramsden CA, Strang LB, Walters DV. Effects of
adrenaline and of spontaneous labour on the secretion and ab-
sorption of lung liquid in the fetal lamb. J Physiol. 1983; 344: 137-
152.

3. Clark JM, Hulme E, Devendrakumar V, Turner MA, Baker PN, Sibley
CP, et al. Effect of maternal asthma on birthweight and neonatal
outcome in a British inner-city population. Paediatr Perinat Epide-
miol. 2007; 21 (2): 154-162.

4. Davidoff MJ, Dias T, Damus K, Russell R, Bettegowda VR, Dolan S,
Schwarz RH, Green NS, Petrini J. Changes in the gestational age
distribution among U.S. singleton births: impact on rates of late
preterm birth, 1992 to 2002. Semin Perinatol. 2006; 30(1): 8-15.

5. Demirel G, Uras N, Celik IH, Canpolat FE, Dilmen U. Nasal intermit-
tent mandatory ventilation versus nasal continuous positive air-
way pressure for transient tachypnea of newborn: a randomized,
prospective study.J Matern Fetal Neonatal Med. 2013; 26(11): 1099-
1102.

6. Derbent A, Tatli MM, Duran M, Tonbul A, Kafali H, Akyol M. Tran-
sient tachypnea of the newborn: effects of labor and delivery
type in term and preterm pregnancies. Arch Gynecol Obstet. 2011;
283(5): 947-951.

7. DumasdelaRoqueE,Bertrand C, Tandonnet O, Rebola M, Roquand
E, Renesme L, Elleau C. Nasal high frequency percussive ventila-
tion versus nasal continuous positive airway pressure in transient

tachypnea of the newborn: a pilot randomized controlled trial
(NCT00556738). Pediatric Pulmonol. 2011; 46 (3): 218-223.

8. Escobar G, Shaheen S, Breed E, Botas C, Greene JD, Yoshida CK,
Zupancic J, Newman TB. Richardson score predicts short term ad-
verse respiratory outcomes. J Pediatr. 2004; 145 (6): 754-760.

9. Gizzi C, Klifa R, Pattumelli MG, Massenzi L, Taveira M, Shankar-Agu-
ilera S, De Luca D. Continuous Positive Airway Pressure and the
Burden of Care for Transient Tachypnea of the Neonate: Retrospec-
tive Cohort Study. Am J Perinatol. 2015; 32(10): 939-943.

10. Hermansen CL, Lorah KN. Respiratory distress in the newborn. Am
Fam Physician. 2007; 76 (7): 987-994.

11. Hummler E, Barker P, Gatzy J, Beermann F, Verdumo C, Schmidt A,
Boucher R, Rossier BC. Early death due to defective neonatal lung
liquid clearance in alpha-ENaC-deficient mice. Nat Genet. 1996; 12
(3):325-328.

12. Jain L, Eaton DC. Physiology of fetal lung fluid clearance and the
effect of labor. Semin Perinatol. 2006; 30 (1): 34-43.

13. Jain NJ, Kruse LK, Demissie KW, Wal MK. Impact of mode of delivery
on neonatal complications: Trends between 1997 and 2005. J Ma-
tern Fetal Neonatal Med. 2009; 22(6): 491-500.

14. Kolas T, Hofoss D, Daltveit AK, Nilsen ST, Henriksen T, Hager R, Inge-
marsson |, @ian P. Indications for cesarean deliveries in Norway. Am
J Obstet Gynecol. 2003; 188 (4): 864-870.

15. Liem JJ, Huq SI, Ekuma O, Becker AB, Kozyrskyj AL. Transient tachy-
pnea of the newborn may be an early clinical manifestation of
wheezing symptoms. J Pediatr. 2007; 151 (1): 29-33.

[15



Medicinska istazivanja 2022; 55(1):11-16

16. Morrison JJ, Rennie JM, Milton PJ. Neonatal respiratory morbidity
and mode of delivery at term: influence of timing of elective cae-
sarean section. Br J Obstet Gynaecol. 1995; 102 (2): 101-106.

17. Nouaili BHE, Bouziri A, Ben Miled A, Chaouachi S, Sfar R, Ben Ja-
ballah N. Neonatal respiratory morbidity after elective cesarean
section at term. Tunis Med. 2010; 88(12): 924-927.

18. PiconeS, Paolillo P.Neonatal outcomesin a population of late-preterm
infants. J Matern Fetal Neonatal Med. 2010; 23 Suppl 3: 116-120.

19. Reuter S, Moser C, Baack M. Respiratory Distress in the newborn.
Pediatr Rev. 2014; 35(10): 417-428.

20. Riskin A, Abend-Weinger M, Riskin-Mashiah S, Kugelman A, Bader
D. Cesarean section, gestational age, and transient tachypnea of
the newborn: timing is the key. Am J Perinatol. 2005; 22 (7): 377-382.

21. Riskin A, Gonen R, Kugelman A, Maroun E, Ekhilevitch G. Does ce-
sarean section before the scheduled date increase the risk of neo-
natal morbidity? Isr Med Assoc J. 2014; 16(9): 559-563.

22. Takaya A, Igarashi M, Nakajima M, Miyake H, Shima Y, Suzuki S. Risk
factors for transient tachypnea of the newborn in infants deliv-
ered vaginally at 37 weeks or later. Nippon Med Sch. 2008; 75(5):
269-273.

23. West JB, Davis RP, Mychaliska GB. Neonatal pulmonary physiology.
Semin Pediatr Surg. 2013; 22(4): 179-184.

24. Yurdakok M. Transient tachypnea of the newborn: what is new? J
Matern Fetal Neonatal Med. 2010; 23 Suppl 3: 24-26.

TRANZITORNA TAHIPNEA NOVORODENCADI - POTREBA ZA
DODATNIM KISEONIKOM | MOGUCE KOMPLIKACIJE

Tamara Sljivan¢anin Jakovljevi¢?, Sanja Stankovi¢?, Vesna Mandi¢ Markovi¢t? , Danijela Vucevic?, Zeljko Mikovi¢t2

Sazetak

Tranzitorna tahipneja novorodenceta (TTN) predstavlja
samoogranicavajuci proces, koji zahteva primenu inva-
zivne oksigenoterapije. Cilj ovog rada je da se ispita uti-
caj gestacijske starosti i nacina porodaja na incidenciju
TTN, pojava komplikacija, potreba za oksigenoterapijom
i duzina njene primene.

Ova retrospektivna studija je obuhvatila podatke o deci
rodenoj tokom perioda od godinu dana. Na osnovu kri-
terijuma za uklju¢enje i isklju¢enje iz studije izdvojena su
novorodencad sa TTN. Ispitivana je duzina primenjene
oksigenoterapije i procena pojave TTN komplikacija.
Kod 77,3% slucajeva, TTN je bila blagog klinickog toka,

sa potrebom za oksigenoterapijom u inkubatoru. Sta-
tistickom analizom je pokazano da ne postoji znacajna
razlika u duzini primene oksigenoterapije posmatrano
u odnosu na nacin zavrsetka porodaja, kao i u odnosu
na gestacijsku nedelju rodenja. Dvoje novorodencadi je
razvilo klinicku sliku perzistentne pluéne hipertenzije, a
kod jednog je doslo do razvoja pneumotoraksa. TTN u
vecini slu¢ajeva ne zahteva potrebu za invazivnom re-
spiratornom potporom. Perzistentna pluc¢na hipertenzi-
ja i sindrom curenja vazduha su vrlo retke, ali moguce
komplikacije TTN.

Kljucne reci: tranzitorna tahipneja novorodenceta, gestaciona starost, carski rez, oksigenoterapija.
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