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Abstract

Background: Transient tachypnea of the newborn (TTN) is a common but mild respiratory problem seen in late preterm and term
newborns. However, it may sometimes cause severe morbidity.
Objectives: Therefore, biomarkers that can predict TTN severity may aid the clinician in determining the need for intensive care.
Our aim was to identify whether blood gases and complete blood count parameters could be utilized to predict the severity of TTN.s
Methods: We retrospectively examined the medical records of newborns (> 37 weeks gestation, > 2000 grams) diagnosed with
TTN who were hospitalized in the Neonatal Intensive Care Unit (NICU) of Karabuk University Faculty of Medicine, Training and Re-
search Hospital, Karabük/Turkey between June 2019 and June 2020. Patients were grouped according to the length of stay in the
NICU. Group 1 included patients that did not require NICU monitoring after 48 hours, and group 2 included patients who continued
to require NICU monitoring after 48 hours. Blood gases and complete blood count parameters were compared between the two
groups.
Results: During the study period, 91 newborns were hospitalized in the NICU due to respiratory distress. Thirty-nine patients who
did not meet the inclusion criteria were excluded. Gestational age and birth weight were significantly lower in group 2 (P < 0.05).
There were no significant differences between the groups in terms of leukocyte count, hemoglobin level, mean platelet volume
(MPV), and platelet count. Partial carbon dioxide pressure (PCO2) was significantly elevated, and base excess (BE) was significantly
greater in group 2.
Conclusions: We determined a relationship between a prolonged stay in NICU and the levels of PCO2 and BE among patients hospi-
talized with a diagnosis of TTN. Therefore, PCO2 and BE values may be valuable to determine the prognosis of TTN in the early period.
Despite being one of the most common causes of intensive care admission in the newborn population, there is limited data on the
diagnosis, treatment, and prognosis of TTN; thus, we believe that our results will shed light on this problem.
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1. Background

Transient tachypnea of the newborn (TTN) is a com-
mon respiratory problem after birth among late preterm
and term newborns (1). It is seen with a frequency of ap-
proximately 3% - 5% in infants (2). Although TTN usually
regresses within 2 - 5 days, it may necessitate respiratory
support via nasal continuous airway pressure (nCPAP) or
mechanical ventilation (MV). In addition, it is also known
as a cause of severe neonatal morbidities, such as pneu-
mothorax and pulmonary hypertension (3). Preterm birth,
low birth weight, macrosomia, cesarean delivery, perina-
tal asphyxia, male gender, maternal diabetes, and mater-
nal asthma are risk factors associated with TTN develop-
ment. Although the etiology of TTN is yet to be fully under-

stood, it is thought to be associated with a delay in the re-
sorption of fetal lung fluid. As such, delayed maturation of
epithelial sodium channels, which are important for lym-
phatic resorption, has been suggested as an etiological fac-
tor (4). There is also some evidence indicating that im-
maturity and hypoxia may contribute to the pathophysiol-
ogy in relation to their roles in the surfactant system (5-7).
Markers that can predict the severity of TTN can assist clini-
cians in determining patients’ requirements for advanced
interventions or intensive care treatment.

2. Objectives

In this study, we aimed at determining whether blood
gases and complete blood count (CBC) parameters could
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contribute to the prediction of TTN severity.

3. Methods

Our study was carried out by retrospectively exam-
ining the medical records of babies diagnosed with TTN
who were monitored in the Neonatal Intensive Care Unit
(NICU), between June 2019 and June 2020, in Karabuk Uni-
versity Faculty of Medicine, Training and Research Hospi-
tal, Karabük/Turkey. All newborns fulfilling the following
criteria were included in the study: having a gestational
age of 37 weeks, having a birth weight greater than 2000 g,
being diagnosed with TTN, and having blood gas and CBC
results at the time of hospitalization.

The diagnosis of TTN was made according to the follow-
ing clinical and laboratory criteria (8):

1) The onset of tachypnea (respiratory rate > 60
beats/minute) within 6 hours after birth.

2) Tachypnea lasting for at least 12 hours.
3) Oxygen requirement more than 21%.
4) Presence of at least one finding supporting TTN on

chest X-ray (central vascular scars, signs of fluid, or hyper-
mutation in interlobar fissures).

Patients with meconium aspiration syndrome, sep-
sis, chromosomal abnormalities, respiratory distress syn-
drome, pneumonia (detection of infiltration in chest ra-
diography), congenital heart disease (detected by echocar-
diography), or stage 2/3 hypoxic-ischemic encephalopathy
according to Sarnat and Sarnat (9), were excluded from the
study.

As initial tests, CBC, blood glucose, blood gas, and
blood cultures were obtained from all hospitalized pa-
tients. Chest radiography was ordered at baseline and
repeated when necessary. On the first postnatal day, 60
mL/kg daily parenteral fluid was started.

Enteral feeding was minimally provided via orogastric
catheter to babies whose respiratory rate fell below 60/min
on the first day. While awaiting culture results, prophylac-
tic antibiotic treatment was initiated according to the clin-
ical sepsis protocol for patients with risk for sepsis.

Antibiotherapy was terminated as soon as possible (72
- 96 hours) in babies without growth in blood cultures
whose acute phase reactants were within the reference
range.

Oxygen saturation was continuously monitored by
pulse oximetry to keep values between 90% and 98%. Venti-
lation support was provided in the form of nasal continu-
ous positive airway pressure (nCPAP) or nasal intermittent
forced ventilation mode (NIMV) for patients with clinical
grunting, retractions, and/or blood gas pH < 7.25 or par-
tial carbon dioxide pressure (PCO2) > 60 mmHg. The files
of patients diagnosed with TTN were evaluated in terms

of demographic and clinical characteristics (gender, birth
weight, gestational age, and delivery type). Patients’ dura-
tion of stay in the NICU, laboratory results (pH, pCO2, base
excess (BE), white blood cell count, platelet count, mean
platelet volume (MPV), hemoglobin levels, and blood cul-
ture) and radiological examinations were also evaluated.

Blood samples were taken from the peripheral vein
immediately after hospitalization and before any treat-
ment was initiated. Blood samples for CBC were drawn
into tubes containing ethylene diamine tetra-acetic acid
(EDTA). CBC was analyzed using the CELL-DYN Ruby Hema-
tology Analyzer (Abbott Diagnostics, Lake Forest, IL, USA).
Blood gas was studied with the Siemens RAPID Point 500
Blood Gas Analyzer. CBC and blood gas were studied within
1 hour after birth.

The patients were grouped according to the length of
stay in the NICU. Group 1 was defined as newborns in which
NICU monitoring was not required after 48 hours, and
group 2 included patients who continued to require NICU
monitoring after 48 hours. The parameters analyzed in
this study were compared between these two groups to de-
termine whether they were associated with TTN severity.

Our study was approved by the Ethics Committee of
Karabuk University Faculty of Medicine with the decision
number of 2020/287, dated 27/8/2020. The study con-
formed to the Helsinki Declaration and good clinical prac-
tice guidelines.

3.1. Ventilation Strategies

Ventilator support with nCPAP or NIMV was applied
with a newborn ventilator (SLE200, SLE Ltd, South Croydon,
UK). For nCPAP, the positive end-expiratory pressure (PEEP)
was set to 5 cm H2O. For NIMV, settings were as follows:
40/min rate, 20 cm H2O peak inspiratory pressure (PIP),
and 5 cm H2O PEEP. The inspired oxygen fraction (FiO2) was
adjusted so that the oxygen saturation remained as 90% -
98% continuously. Treatment was continued with oxygen
if saturation remained above 90% under the following con-
ditions: when FiO2 need dropped below 0.3 (for nCPAP) or
when FiO2 need dropped below 0.3 with 12 cm H2O PIP (in
NIMV). When the clinical signs of respiratory distress dis-
appeared (grunting, retraction, tachypnea) and the oxy-
gen saturation was > 90% without oxygen support, the
TTN was considered to be improved.

3.2. Statistical Methodology

The SPSS software for Windows® version 26.0 (IBM
Corporation, Armonk, New York, United States) was used
for data analysis. The conformity of univariate data to
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normal distribution was evaluated by the Kolmogorov-
Smirnov and Shapiro-Wilk tests, while variance homogene-
ity was evaluated with Levene’s test. The receiver oper-
ating characteristics (ROC) analysis was utilized to deter-
mine whether the parameters that demonstrated a signifi-
cant difference in univariate analyses (birth weight, gesta-
tional age, PCO2, and BE) could be used to predict the sever-
ity of TTN. Cut-off points were identified with the Youden J
index, and sensitivity/specificity values were calculated for
each variable with regard to these thresholds. The odds ra-
tio was used together with 95% confidence intervals to an-
alyze the increase/decrease in likelihood. All analyses were
performed at a 95% confidence level, and a p-value of less
than 0.05 was considered significant.

4. Results

During the study period, 91 newborns were hospital-
ized in the NICU due to respiratory distress. Thirty-nine
patients who did not meet the inclusion criteria were ex-
cluded.

A final total of 52 newborns with TTN were divided into
two groups according to their length of stay in the NICU.
There were 23 patients in group 1 and 29 patients in group 2.
Gender distribution and mode of delivery were similar be-
tween the groups. Gestational age was significantly lower
in group 2 (P < 0.05). Demographic and birth-related char-
acteristics are shown in Table 1.

When the groups were compared with regard to
laboratory findings, there was no significant difference
between the two groups in terms of leukocyte count,
hemoglobin level, MPV, and platelet count. PCO2 and BE
were significantly higher in group 2 compared with group
1 (P < 0.05) (Table 2).

Cut-off values for the detection of severe TTN (group 2)
were identified for all parameters analyzed with ROC anal-
ysis. It was detected that birth weight had 96.6% sensitivity
and 34.8% specificity with a cut-off value of 3490 grams. For
gestational age, the 273-day threshold demonstrated 82.8%
sensitivity and 47.8% specificity. For PCO2, the cut-off value
was determined as 48.8 and had 87% sensitivity and 55.2%
specificity. For BE, a -2.4 cut-off showed 86.2% sensitivity
and 43.5% specificity (Table 3).

5. Discussion

In this study, we evaluated the possible relationships
between TTN severity and parameters of CBC or blood
gases on admission in newborns hospitalized for TTN.

There was a significant relationship between pro-
longed NICU need and increased PaCO2 and greater BE val-
ues in babies monitored with a diagnosis of TTN. Therefore,

the determination of PaCO2 and BE levels in the early pe-
riod may be useful in predicting the prognosis of TTN.

In addition, there was a positive correlation between
the duration of intensive care support treatment and low
birth weight and gestational week.

Although there have been numerous studies on mark-
ers related to the duration of tachypnea and its risk factors,
to date, there is no consensus on markers for TTN. With re-
gard to clinical factors, a previous study has shown that
various antenatal risk factors, such as multiple pregnan-
cies, placenta previa, preeclampsia, gestational diabetes,
and premature rupture of the membranes were associated
with tachypnea duration in TTN (10).

Other studies have shown that some biochemical
markers, such as an atrial natriuretic peptide, B-type natri-
uretic peptide levels, and the lamellar body count in amni-
otic fluid can be used to estimate the severity of TTN (11-13).
However, as mentioned before, there is no agreement on a
clinical criterion or biochemical marker that indicates the
severity of TTN. Such a biomarker can help physicians to
predict the prognosis of the disease and facilitate early di-
agnosis, and appropriate use could lead to early interven-
tion.

It is thought that asphyxia plays a role in the pathogen-
esis of TTN by causing pulmonary capillary leak syndrome
-in relation to the fact that TTN is known to be a cause of
hypoxia (14). The lower APGAR score in newborns with TTN
supports the possible role of hypoxia in this condition (15);
however, the APGAR score is affected by many other perina-
tal factors.

In two studies on TTN severity and hypoxia-related
biomarkers, it has been shown that ischemia-related albu-
min, lactate, and lactate dehydrogenase levels are associ-
ated with the severity of TTN (16, 17).

In another study, Oztekin et al. (18) reported that there
was a positive correlation between a greater need for respi-
ratory support in patients with TTN and the values of pH,
PaO2, and oxygen saturation, which are among the blood
gas parameters measured in the first hour.

In our study, we observed that babies with TTN with ele-
vated PaCO2 and greater BE were more likely to require pro-
longed NICU monitoring. Therefore, we think that these
parameters can be used to predict the prognosis of TTN. We
could not evaluate the relationship between PaO2 level and
TTN severity because blood gas was taken from veins.

Kasap et al. (19) observed that tachypnea duration
was negatively correlated with leukocyte count and hema-
tocrit level. Ilhan and Bor (20) found that there was a
positive relationship between the severity of TTN and low
platelet count and platelet mass index. They attributed
this to the possibility that low platelet count (or decreased
function) would cause edema in the alveoli by increasing
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Table 1. Demographic Features of the Study Populationa

Overall (N = 52)
Length of Stay in the NICU

P-Value
< 48 h (N = 23) ≥ 48 h (N = 29)

Gender 0,145 FE

Female 11 (21,2) 7 (30,4) 4 (13,8)

Male 41 (78,8) 16 (69,6) 25 (86,2)

Type of delivery 0,074 PE

CS 40 (76,9) 15 (65,2) 25 (86,2)

Spontaneous vaginal 12 (23,1) 8 (34,8) 4 (13,8)

Birth weight, g 3.015 ± 493 3.196 ± 498 2.872 ± 448 0,013 t

Gestation, d 267 (262,5 - 274,5) 269 (266 - 281) 266 (261 - 273) 0,039 U

Abbreviations: FE, Fisher’s exact test (exact); PE, Pearson chi-square test (exact); Q1, percentile 25%; Q3, percentile 75%; SD, standard deviation; t, independent samples
t-test (Bootstrap); U, Mann Whitney U-test (Monte Carlo).
aValues are expressed as median (Q1-Q3), or mean ± SD, or No. (%).

Table 2. Comparison of Blood Parameters at the Time of Hospitalization Between the Two Groupsa

Overall (N = 52)
Length of Stay in the NICU

P-Value
< 48 h (N = 23) ≥ 48 h (N = 29)

PLT 289,5 (240/338,5) 314 (243/350) 281 (232/330) 0,324 U

MPV 9,55 (9,1/10,1) 9,3 (8,9/10,1) 9,7 (9,1/10,1) 0,706 U

PaCO2 47,88 ± 12,38 43,41 ± 9,26 51,42 ± 13,50 0,020 t

HCO3 20,78 ± 2,37 21,35 ± 2,80 20,32 ± 1,89 0,153 t

BE -4,12 ± 3,06 -3,12 ± 3,52 -4,91 ± 2,42 0,048 t

Ph 7,30 ± 0,09 7,32 ± 0,10 7,29 ± 0,09 0,259 t

HG 18,02 ± 2,24 18,07 ± 2,24 17,97 ± 2,27 0,879 t

WBC 17,30 ± 5,55 16,32 ± 3,31 18,07 ± 6,79 0,223 t

Abbreviations: FE, Fisher’s exact test (exact); PE, Pearson chi-square test (exact); SD, standard deviation; t, independent samples t-test (Bootstrap); U, Mann Whitney U-test
(Monte Carlo).
aValues are expressed as mean ± SD or No. (%).

membrane permeability (20). Contrary to these studies,
we could not find a relationship between the severity of
TTN and leukocyte count, hemoglobin level, platelet count,
and mean platelet volume.

Although many clinical and laboratory studies have
been conducted to predict the severity of TTN, there is no
universally accepted biomarker yet. We think that a scor-
ing system that can predict the prognosis of TTN can be
developed by combining clinical and laboratory risk fac-
tors with larger prospective controlled studies. Previous
studies have developed and reported some scoring sys-
tems that could be used in newborns and children with res-
piratory distress (21). Clues associated with disease prog-
nosis have always been useful as supportive data points for
physicians and also when informing patients and/or their
relatives of the condition (22).

Early tachypnea and blood gas disorders in the early pe-

riod are signs that the baby is going through mild hypoxia,
which may adversely affect lung dynamics.

Considering that respiratory distress is the most com-
mon admission diagnosis among patients admitted to
NICU, it is evident that TTN ranks among the most frequent
causes necessitating NICU monitoring. Currently, there are
no clear guidelines on clarification of the diagnosis, treat-
ment, or prognosis of TTN. Therefore, we believe that our
study will shed light on this problem.

The limitations of our study include the low num-
ber of cases due to drawing data from one center, the
retrospective-observational design, and the lack of PaO2 as-
sessments (because blood gas analysis was performed in
venous samples).
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Table 3. Demographic and Laboratory Findings with a Significant Difference Between the Two Groupsa , b

Cut-off
Duration in Intensive Care

Odds Ratio (%95 CI) AUC (SE) P-Value
< 48 h ≥ 48 h

Birth weight 0,019

< 3490 8 (34,8) SP 1 (3,4) 14,9 (1,7 - 130,9) OR 0,677 (0,075)

≥ 3490 15 (65,2) 28 (96,6) SS

Gestational day at birth 0,034

< 273 11 (47,8) SP 5 (17,2) 4,4 (1,2 - 15,6) OR 0,667 (0,078)

≥ 273 12 (52,2) 24 (82,8) SS

PaCO2 0,011

≤ 48,8 20 (87,0) SP 13 (44,8) 8,2 (2 - 33,8) OR 0,692 (0,075)

> 48,8 3 (13,0) 16 (55,2) SS

BE 0,082

< -2,4 10 (43,5) SP 4 (13,8) 4,8 (1,3 - 18,3) OR 0,637 (0,084)

≥ -2,4 15 (56,5) 25 (86,2) SS

Abbreviations: AUC, area under the ROC curve; CI, confidence interval; SE, standard error; SS, sensitivity; SP, specificity.
aValues are expressed as mean ± SD or No. (%).
bRoc Curve analysis (Youden J index, Honley and McNell).
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