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Abstract. – BACKGROUND AND OBJECTIVES:
Transient tachypnea of the newborn (TTN), also
known as wet lung disease, is a common cause of
respiratory distress in the newborn. It has been
demonstrated that, in alveolar type II cell cultures
of the rat, receptors affected by the natriuretic pep-
tides are expressed and that atrial natriuretic pep-
tide (ANP) reduced amiloride-sensitive Na+ trans-
port in these cells with a pattern similar to that in
renal tubules, thereby inhibiting Na+ re-absorption
in a concentration-dependent manner. Brain natri-
uretic peptide (BNP) is known to act on these re-
ceptors and it is suggested that it may be involved
in fluid absorption by the lungs. The present study
aimed to investigate the role of BNP in the patho-
genesis of transient tachypnea of the newborn.

PATIENTS AND RESULTS: Serum NT-proBNP
(N-terminal-proBNP) level measurements of 43
infants diagnosed with transient tachypnea of
the newborn were compared to those of 29
healthy neonates. There were no statistically
significant differences in NT-proBNP level be-
tween the study group and the control group.

CONCLUSIONS: NT-proBNP has no role in the
pathophysiology of transient tachypnea of the
newborn. Other factors which may potentially be
involved in this etiology should be investigated.
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Introduction

Transient tachypnea of the newborn (TTN) is
a common cause of respiratory distress during
the neonatal period. Although it usually has a be-
nign course and spontaneously resolves over
days, TTN may, at times, cause hypoxemia, pul-
monary air leaks and persistent hypertension to a
degree that necessitates mechanic ventilation1,2.
It has been suggested that TTN may develop

due to dysfunction of amiloride-sensitive sodium
(Na+) channels which are known to have a key
role in fetal pulmonary fluid absorption3.
Brain natriuretic peptide (BNP) is known to be

synthesized and secreted in response to the circula-
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tory load from cardiac ventricular cells, thus being
involved in regulation of the bodily water-elec-
trolyte balance and blood pressure. There are stud-
ies demonstrating that the levels of Atrial Natri-
uretic Peptide (ANP), a natriuretic peptide, are de-
creased in the neonates with respiratory distress.
ANP, natriuretic peptide receptor-A (NPR-A)

and NPR-B act over receptors, reduces amiloride-
sensitive Na+ transport in these cells with this
mechanism, thereby inhibiting the Na+ re-absorp-
tion in a concentration-dependent manner6). BNP
is also known to have a high affinity to the NPR-A
receptor. This may suggest that BNP may have a
role in fluid absorption by acting on these recep-
tors in the lungs.

Patients and Methods
This study was conducted at the Neonatal Inten-

sive Care Clinic of Pediatric Health and Diseases
Department of the Medical Faculty of Fatih Uni-
versity between January 2009 and February 2010.
A total of 43 infants, 23 males and 20 females,
with gestational ages of 32-39 weeks, who were
being monitored on an inpatient basis for transient
tachypnea of the newborn, constituted the study
group. The control group included 29 healthy in-
fants, 21 males and 8 females, with gestational
ages of 31-39 weeks. In this prospective study, the
diagnosis of transient tachypnea of the newborn
was established according to the following criteria:

1. Tachypnea (respiratory rate > 60/min) which de-
velops during the first 6 hours following delivery;

2. Tachypnea which persists for at least 12 hours;
3. Presence of findings consistent with transient
tachypnea of the newborn in chest radiography
(e.g., hyperaeration, mild cardiomegaly, dis-
tinction of pulmonary vascular structures,
pleural or interstitial fluid);

4. Absence of hyaline membrane disease, meconi-
um aspiration syndrome, congenital pulmonary
abnormalities and congenital heart disease7.
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Infants with the conditions listed above who were
not delivered at intensive care unit (ICU) but were
referred from other healthcare facilities after the first
6 hours of life, those who were administered
furosemide treatment during their clinical monitor-
ing, those with proliferation in blood culture, those
with increased levels of C-reactive protein (CRP)
and interleukin-6 (IL-6) or immature/total neutrophil
and treated for sepsis were excluded from the study.
Infants being monitored for transient tachypnea of
the newborn were placed under supervision at the
neonatal intensive care unit (NICU) and their body
weight, height and head circumference were mea-
sured and venous blood gas measurement were taken
after which oxygen treatment was started. The in-
fants were monitored for the oxygen therapy and
other medication they received, for vital findings
such as respiratory rate, heart rate and blood pressure
and for oxygen saturation. During the first four post-
natal hours, the infants were also monitored for
whole blood count, CRP and IL-6 values. During the
postnatal 0-24 hours, blood samples were collected
in 2-ml vials for NT-proBNP (N-terminal-proBNP)
assays and sera were separated by centrifuging at
4000 rpm for 6 minutes and the obtained samples
were stored in Eppendorf vials at –80ºC. For infants
being monitored for transient tachypnea of the new-
born, lung radiographies were taken and other condi-
tions which might have caused tachypnea were ruled
out. Each infant underwent echocardiographic analy-
ses during the first 48 hours and presence of patent
ductus arteriosus (PDA) was investigated. All moth-
ers were questioned for any current medications,
presence of asthma, level of education, diabetes,
smoking and infection history. Serum NT-proBNP
measurements were taken using USCN Life Science
(Wuhan, P.R. China) brand ELISA kits.

Statistical Analysis
Analyses on the data were performed using the

SPSS for Windows v11.5 software package (SPSS
Inc., Chicago, IL, USA). Shapiro Wilk test was used
to determine whether the distribution of continuous
variables was close to normal. Descriptive statistics
for continuous variables were demonstrated as
mean±standard deviation and medians (minimum-
maximum). Nominal variables were expressed as
number of infants and percentages. Significance of
differences between intergroup mean values was
studied using Student’s t test while significance for
medians were assessed using Mann-Whitney U test.
Nominal variables were studied using Pearson’s chi-
square or Fisher’s exact chi-square test. Statistical
significance was set at p < 0.05.
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Results

Demographic data of respective groups are list-
ed in Table I. There was a statistically significant
difference in average maternal age between the
study and control groups, the mothers of the in-
fants in the study group being older than those
compared to the control group (p = 0.029). The
two groups did not differ significantly in number
of pregnancies (p = 0.087). Average number of
births was statistically significantly higher in the
control group than the study group (p = 0.028).
The groups did not differ significantly in the num-
ber of abortion/stillbirth (p = 0.296). Average ges-
tational weeks were similar between the groups (p
= 0.961). Level of education was not significantly
different between the groups (p = 0.223).
Distribution of the infants in terms of the mode of

delivery were statistically similar between the two
groups (p = 0.271). While none of the infants in the
control group had early membrane rupture (EMR),
7% of the infants had positive EMR although the
rates of EMR positivity were statistically similar be-
tween the groups (p = 0.268). The study and control
groups did not differ statistically significantly in
gender distribution of the infants (p = 0.106). There
was a statically significant difference between the
two groups in birth weight: average birth weight of
the infants in the study group was lower than that of
the control group (p = 0.034). The two groups also
differed significantly in 1- and 5-minute Apgar
scores, with both values being lower in the study
group compared to the control group (p < 0.001 and
p < 0.001, respectively).
None of the subjects in the control group had his-

tory of medicine or steroid treatment, while 9.3 and
14 % of those in the study group had history of drug
or steroid treatment, respectively. The two groups,
however, did not differ significantly in previous drug
or steroid use (p = 0.143 and p = 0.075, respectively).
It was not possible to make a statistical com-

parison between the two groups in terms of clini-
cal characteristics because all clinical features
were constant in the control group (i.e., there ex-
ists no statistically significant difference in any
feature, except for respiratory rate and duration
of hospital stay [p < 0.001]) (Table II).
Of the subjects in the study group, 9.3% had

pneumothorax and 7% had pneumonia while
none of the subjects in the control group had any
of these two conditions. The distribution of sub-
jects in the two groups in terms of pneumothorax
and pneumonia, however, were statistically simi-
lar (p = 0.143 and p = 0.268).
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Variable Study group (n = 43)

Retraction 41 (95.3%)
Tachypnea 41 (95.3%)
Moaning 37 (86.0%)
Cyanosis 11 (25.6%)
Length of stay (days) 5 (1-18)

Variable Study group (n = 43) Control group(n = 29) p

Maternal age (years) 29.6 ± 4.5 27.2 ± 3.8 0.029
Parity 2.2 ± 0.9 1.8 ± 0.8 0.028
Abortion/stillbirth (%) 12 (27.9%) 5 (17.2%) 0.296
Mother’ education 0.223
Primary 12 (41.1%) 6 (20.7%)
Secondary 11 (37.9%) 16 (55.2%)
University 6 (20.7%) 7 (24.1%)
Mode of delivery 0.271
Normal vaginal 6 (14.0%) 7 (24.1%)
C/S 37 (86.0%) 22 (75.9%)

EMR 3 (7.0%) – 0.268
Infant gender 0.106
Female 20 (46.5%) 8 (27.6%)
Male 23 (53.5%) 21 (72.4%)

Gestational week 35.7 ±1.7 35.7 ± 0.8 0.961
Birth weight (g) 2691 ±594 2924 ± 317 0.034
Apgar 1 min 7 (4-9) 8 (7-9) < 0.001
Apgar 5 min 9 (7-10) 10 (9-10) < 0.001

The comparison of the infants with transient
tachypnea of the newborn and healthy neonates
in terms of the laboratory results demonstrated
no differences in hemoglobin, hematocrit, leuko-
cytes, platelets, CRP and IL-6 measurements.
Echocardiographic analyses performed for all
subjects of the study showed that the infants in
both groups were similar in terms of patent duc-
tus arteriosus (PDA) presence: PDA was not
identified in any of the infants in either group.
The average serum NT-proBNP level was 6.7

ng/ml (1.3-21.0) in the study group versus 7.5
ng/ml (2.7-21.0) in the control group. The study
and control groups did not differ statistically sig-
nificantly in average pro-BNP levels (p = 0.491).
No statistically significant correlation was noted

between gestational age and pro-BNP (r = 0.105
and p = 0.380). Average level of pro-BNP in sub-
jects with normal vaginal delivery (NVD) is 5.9
ng/ml (1.8-21.0) compared to 7.93 ng/ml (1.8-21.0)
in those who delivered with cesarean section (C/S),

Table I. Demographic characteristics of subjects by group.

*The study group assessments are based on 29 subjects.

with no statistically significant changes in pro-BNP
levels by the mode of delivery (p = 0.655).
Median levels of NT-proBNP in the two

groups by gender were 6.8 (1.6-21.0) for females
and 7.0 (1.3-21.0) for males: NT-proBNP levels
did not vary significantly by gender (p = 0.903).

Discussion

As a common cause of respiratory distress in
the neonatal period, transient tachypnea of the
newborn is often a self-limited condition with a
benign course1,2,8.
Pathophysiology of transient tachypnea of the

newborn has not been fully elucidated to date. De-
layed absorption of fetal lung fluid which leads to
pulmonary edema is involved in the process2. It is
suggested that, in prematurely delivered infants or
in those who are delivered via cesarean section be-
fore the onset of labor, there is not enough time for
elimination of fetal lung fluid and that the excess
fluid in the lungs of such infants at delivery passes
from the alveoli to interstitium to accumulate in
perivascular tissues resulting in airway obstruction
associated with the distress induced on small air-
ways and, consequently, in hyperaeration9. In stud-
ies which aimed at investigating the risk factors in-
volved in development of transient tachypnea of the
newborn, it has been demonstrated that the gesta-
tion period and the dose and time of narcotic anal-
gesics administered to the mother during labor were
not risk factors for transient tachypnea of the new-

Table II. Distribution of subjects in the study group by
clinical findings.
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born. These studies also showed that infants of
male gender were more common in the transient
tachypnea of the newborn group, that macrosomia
was more frequent among infants with transient
tachypnea of the newborn although percentage of
maternal diabetes was not higher, and that the inter-
val between membrane rupture and delivery was
longer10,11. In the present study, the two groups did
not differ significantly in gestation period. Male
gender has been shown to be a risk factor in tran-
sient tachypnea of the newborn in several studies7.
In the present study, however, the control and study
groups did not differ statistically significantly in in-
fants’ gender distribution (p = 0.106). Unlike the
previous studies, our study group had a lower birth
weight than that of the control group. This could be
explained by the limited number of subjects.
Elective cesarean section before the onset of la-

bor is the most well-known risk factor for transient
tachypnea of the newborn11. However, the fact that
the majority of the infants delivered via cesarean
section did not have transient tachypnea with the
condition being observed only in a few of them indi-
cates that multiple factors, which are currently unex-
plained, are involved in the pathophysiology of the
condition. A study has demonstrated a 19-fold in-
creased prevalence of BNP in infants delivered via
normal vaginal delivery compared to elective ce-
sarean section, which had been associated with the
stress spontaneous delivery causes on the infant12.
Since the present study aimed to investigate the role
of serum NT-proBNP levels in the pathophysiology
of transient tachypnea of the newborn and with a
view to minimizing the potential bias of modes of
delivery on serum NT-proBNP levels, infants deliv-
ered via both normal spontaneous birth and cesarean
section were included so that the two groups did not
differ in mode of delivery.
Proposed accounts of the pathophysiology of

transient tachypnea of the newborn also focus the
role of maternal bronchial asthma. There are reports
indicating that maternal asthma was a risk factor for
transient tachypnea of the newborn, not only for pre-
mature infants but particularly pronounced among
term ones. Although the exact mechanism is not
known, it has been suggested that β-adrenergic un-
responsiveness may be involved in the occurrence
of transient tachypnea of the newborn in term in-
fants. It is, therefore, likely that maternal asthma,
which may be associated with β-adrenergic unre-
sponsiveness, is a risk factor for transient tachypnea
of the newborn in term infants13. None of the infants
in the present study had history of maternal asthma.
It has been reported that the extent of weight loss

following delivery was less in transient tachypnea of
the newborn and this was associated with retention
of the lung fluid. Based on this, the role of diuretics
in transient tachypnea of the newborn was investi-
gated but no differences were noted in the clinical
course of the infants with transient tachypnea of the
newborn treated with furosemide14. This leads to the
assumption that other mechanisms, in addition to
excess total fluid, were also involved in the process.
Infants treated with furosemide were excluded from
the present study to avoid confounding.
As described previously, amiloride-sensitive Na+

channels have the major role in clearance of the ex-
cess fluid during the fetal period, but the evidence
on how and when these start functioning is lacking.
It is, however, certain that the more fluid is ab-
sorbed during the prenatal period, the more advan-
tageous the neonate will be since during the first in-
halation, efficacy of pulmonary gas exchange will
increase in proportion to amount of fluid in the
lungs – the less fluid the higher efficacy. Currently,
the rate at which this pulmonary fluid is eliminated
during prenatal and postnatal periods is not exactly
known. While there are investigations which
demonstrate that fetal lung fluid is eliminated five
days prior to delivery, contradicting reports also ex-
ist. The only mechanism known to reduce the levels
of fluid in the lungs during labor is reabsorption of
sodium from the lumen. This mechanism is activat-
ed through increased levels of epinephrine during
delivery and, based on experiments, the amount of
fluid removable by this mechanism was calculated
approximately as 20 ml, in which case there would
remain a higher amount of fluid. A study by Berger
et al15 demonstrated that more than 75% of fetal
lung fluid is eliminated before normal term delivery
and this explains why elective cesarean section is
associated with an increased risk of transient
tachypnea of the newborn.
The mechanisms by which lung fluid is absorbed

during the perinatal period has not been fully under-
stood. Epinephrine induces β2 activation of the Na+
pumps in the pulmonary epithelium, leading to
transition of the lungs from secretory to absorptive
phase. Maturation of this mechanism is controlled
by cortisol and thyroid hormones and development
of transient tachypnea of the newborn has been
shown in infants in whom this pump is not activat-
ed. Another circulatory agent that initiates sodium
absorption is arginine vasopressin but it is known
that this agent is not sufficiently effective alone.
Thus, although the role of amiloride-sensitive sodi-
um channels in elimination of fetal lung fluid has
been indisputably demonstrated by several experi-
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mental researches, how the functioning of these
ECNa channels are regulated and from which fac-
tors it is affected is not precisely known15,16.
Inadequate prenatal absorption of the fetal lung

fluid associated with elective cesarean section
may be involved in transient tachypnea of the
newborn. A disorder of ion transport in pulmonary
epithelium may be another causative factor. As a
matter of fact, a study by Gowen et al17 investigat-
ed electrical potential differences (PD), an indica-
tor of ion transport from nasal epithelium, and
found higher baseline PD values for infants with
transient tachypnea of the newborn compared to
other subjects. These higher levels in infants with
transient tachypnea of the newborn returned to
normal after 72 hours and this was simultaneous
with and corresponded to the normalization of in-
fants’ respiratory rates. Based on these evidences,
it may be suggested that the delay in transition of
the pulmonary epithelium from Cl- secretion to
Na+ absorption is one of the components in the
pathophysiology of transient tachypnea of the
newborn. Whether labor started is not influential
on PD outcomes but this alone does not suffice to
explain the PD differences in transient tachypnea
of the newborn. Although the study by Gowen et
al17 does not explain the reason underlying the
dysfunction of epithelial ion transport in transient
tachypnea of the newborn, it does support that the
process of labor has a key role in pulmonary ion
transport at delivery in neonates. The most re-
markable aspects of the dysfunction of epithelial
ion transport, which has been experimentally
demonstrated to be present in transient tachypnea
of the newborn, are that the condition is transient
and it resolves spontaneously in 72 hours.
NT-proBNP is another factor that may have an

effect on epithelial ion transport in the lungs. The
studies on ANP, a natriuretic peptide, in the neona-
tal period focused rather on its effect on fluid and
electrolyte balance. Two studies investigated the al-
ternations in body weight and blood pressure rela-
tive to ANP and aldosterone levels in healthy term
and premature infants: a significant correlation was
reported between ANP concentrations and the de-
gree of weight loss in the infants on day 4 and the
Authors suggested that ANP and aldosterone regu-
lated the vascular volume during the period of
adaptation of the neonates to postnatal life18,19. The
potential link between ANP and this dysfunction in
ion transport, which has been demonstrated previ-
ously to be involved in the pathophysiology of the
transient tachypnea of the newborn, was studied but
no significant differences were noted between the
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two groups in serum pro-ANP levels measured
both on the first and the third days20. In 1998, it has
been shown that both natriuretic peptide receptor-A
(NPR-A) and NPR-B are expressed in mice alveo-
lar type II cell cultures, that ANP reduced
amiloride-sensitive Na+ transport in these cells as in
renal tubules, thus inhibiting Na+ reabsorption in a
concentration-dependent manner6. BNP is known
to have a high affinity to NPR-A receptor. It may,
therefore, be concluded that BNP may have a role
similar to that of ANP in the lungs. On the other
hand, preventive effect of BNP has been shown in
bronchoconstriction-induced animal models with
microvascular leak21. A linear relationship has been
defined between the severity of respiratory distress
syndrome (RDS) and NT-proBNP in premature
neonates. This study started with 45 infants. In
these infants with gestational weeks of 25-33, RDS
was noted in a total of 21 infants; mild in 7, moder-
ate in 10 and severe in 4. Infants with severe RDS
had significantly higher levels of NT-proBNP com-
pared to the other two groups. Based on this find-
ing, the Authors emphasized that BNP had a key
role in pulmonary hemodynamic variations22. There
are several reports which demonstrate changes in
serum BNP measurements not only in cardiac dis-
eases but also in other conditions associated with
the lungs23-25. A work by Reel et al25) in 45 patients
diagnosed with “acute lung damage – acute respira-
tory distress syndrome” (21 cases of pneumonia, 4
cases of aspiration, 6 cases of lung trauma, 4 cases
with heart disease, 3 cases of sepsis and 10 other)
monitored serum BNP levels over the first 24 hours
following diagnosis. The Authors found statistically
significant increases in BNP levels with worse clin-
ic course in those with very high levels of BNP.
Based on these findings, it was suggested that BNP
may be used for the prognosis of lung diseases. It is
known that clearance of excess fluid from lungs is
delayed in transient tachypnea of the newborn. Na-
triuretic peptides are acknowledged to induce diure-
sis and natriuresis, with activity triggered in hyper-
volemia. Their involvement in hemodynamic
changes in the lungs has been shown recently23,24.

Conclusions

The present study has been planned based on the
hypothesis that BNP is released in insufficient lev-
els in transient tachypnea of the newborn and,
therefore, lung fluid is not eliminated adequately.
Although it was expected with this work to observe
lower levels of serum NT-proBNP in infants diag-



nosed with transient tachypnea of the newborn
compared to those in the control group, no statisti-
cal differences were observed between the patient
and control groups in terms of NT-proBNP levels.
While this may indicate that NT-proBNP has no
role in the pathophysiology of the transient tachyp-
nea of the newborn, a link with the fact that serum
NT-proBNP levels are affected from multiple fac-
tors and that there are variations in the number and
responsiveness of receptors is also likely. We be-
lieve that further studies at different levels with
larger series of subjects are needed.
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