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Summary
We studied the incidence and causes of transition disturbances
LQ WKH ¿UVW  PLQXWHV RI OLIH LQ IXOOWHUP QHZERUQV 7KLV
one-year study was retrospective and included 1147 fullterm live-born neonates without life-threatening congenital
anomalies and surgical complications. They were divided
into four groups: 0 (with normal transition), 1 (resuscitated
without endotracheal intubation), and 2 (intubated); A
(without underlying maternal, obstetric or fetal/neonatal
problem, with adequate for GA eight and from single birth)
and B (with one or more of following: underlying maternal,
obstetric or fetal/neonatal problem, SGA or LGA, from
multiple pregnancies).
Of the newborns, 9.1% of required resuscitation and
1.6% - extensive resuscitation with intubation. The groups
VLJQL¿FDQWO\ GL൵HUHG LQ WKH LQFLGHQFH RI XQGHUO\LQJ
maternal, obstetric, or fetal/neonatal problems. Resuscitated
babies were born via Caesarean section (CS), in abnormal
presentation (PaN) and by vacuum extraction or forceps
(V/F) predominantly. The highest incidence of the small for
gestational age (GA) babies – SGA, was detected in Group
2. Twins and large for GA (LGA) had prevalence in Group
1. Resuscitation was necessary for 18.1% of CS-delivered
babies. V/F and PaN lead to the highest need for intubation.
According to our data, every 10th of the full-term neonates
required assistance in the fetal-to-neonatal transition. The
causes could be diseases of the mother or fetus/newborn,
multiple births, SGA, or LGA. A compromised medical
decision about the time and way of delivery may result in
iatrogenic transition disturbances.
Key words: fetal-to-neonatal transition, way of delivery,
newborns

Introduction
The fetus-to-newborn transition is a critical process
and the most complex physiological adaptation that
occurs in human life [1].
The fetus must shift from reliance on the maternal
heart, lungs, metabolic, and thermal systems (via the
SODFHQWD  WR EHLQJ DEOH WR VHOIVX൶FLHQWO\ GHOLYHU
oxygenated blood to the tissues and regulate various
body processes. The transition requires complex
physiological changes that must occur in a relatively
short time [1].
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All organs and systems are involved at some
level, but the major immediate adaptations are
the establishment of air-breathing concurrently
ZLWK FKDQJHV LQ SUHVVXUHV DQG ÀRZ ZLWKLQ WKH
cardiovascular system. While the majority of
term infants complete this process in a smooth
and organized fashion, some infants experience a
delay in transition. It could be due to the obstetric,
maternal problems, or underlying fetal/neonatal
disease. Hospital-based deliveries increase the
WUDQVLWLRQGL൶FXOWLHVIRUPDQ\IHWXVHVEHFDXVHRI
the frequent use of elective Caesarean sections,
medications (anesthetics and analgesics), rapid
clamping of the cord [2].
7KHWUDQVLWLRQLVDWLPHRIVLJQL¿FDQWULVNWR
the newborn and necessitates astute observations
by the healthcare team.
We aimed to study the incidence and causes
of disturbances in the acute cardiorespiratory
DGDSWDWLRQ WKH ¿UVW  PLQXWHV RI OLIH  LQ IXOO
term newborns.

Material and Methods
The retrospective study was conducted at
*HRUJL 6WUDQVNL 8QLYHUVLW\ +RVSLWDO 3OHYHQ
%XOJDULD IURP  WR  7KH
LQFOXVLRQFULWHULDZHUHDVIROORZVIXOOWHUP 
FRPSOHWH JHVWDWLRQDO ZHHNV ± *:V  OLYHERUQ
neonates. Neonates with congenital anomalies
– life-incompatible or compromising the
cardiorespiratory function, or requiring surgical
LQWHUYHQWLRQLQWKH¿UVWSRVWQDWDOGD\VZHUHQRW
included in the study.
The patients were grouped as follows: group
0 (with healthy cardio-respiratory adaptation),
group 1 (resuscitated without endotracheal
intubation), and group 2 (intubated). All the
LQGLFDWRUV ZH VWXGLHG PD\ D൵HFW WKH IHWXVWR
newborn transition: maternal diseases (diabetes
mellitus, hypertension, anemia etc.); obstetric
history (pathology of placenta, hemorrhage,
pelvic-fetal disproportion, prolonged and
complicated labor); mode of delivery: partus
normalis (PN), Caesarean section (CS), in
abnormal presentation (breech presentation,
occiput transverse position and persistent
occiput posterior position) – partus anormalis
(PaN), and by instrumental appliance – vacuum
extraction or forceps (V/F); anthropometrics
and gestational age (GA) at birth; neonatal

diseases and conditions (infection, blood antigen
LVRLPPXQL]DWLRQ PHFRQLXP RU DPQLRWLF ÀXLG
aspiration, small for GA (SGA) or large for
GA (LGA); number of fetuses in utero; clinical
outcome (healthy, with residual problems,
death); hospital stay.
%HFDXVHRIWKHSURYHQQHJDWLYHH൵HFWRIVRPH
factors (underlying maternal, obstetric, fetal/
neonatal problems, adequacy of birth weight to
the GA, twin pregnancy) on the transition, we
decided to further divide all the patients in two
groups: Group A (without underlying maternal,
obstetric or fetal/neonatal problem, with
adequate for GA weight and from single birth)
and Group B (with one or more of following:
with underlying maternal, obstetric or fetal/
neonatal problem, SGA or LGA, from multiple
pregnancy).
Adequacy of birth weight to the GA was
GHWHUPLQHG E\ WKH )HQWRQ JURZWK FKDUW 
IRU JLUOV DQG ER\V >@ 7KH :+2 *XLGHOLQHV
on Basic Newborn Resuscitation 2012 [4] was
applied.
The study data were processed using software
VWDWLVWLFDOSDFNDJHV6WDWJUDSKLFVY6366Y
DQG0LFURVRIW2൶FHIRU:LQGRZV
The results were described by tables, graphics,
DQG QXPHULF YDOXHV IUHTXHQF\ FRH൶FLHQWV
PHDQYDOXHVFRUUHODWLRQFRH൶FLHQWVHWF 
We used parametric tests to verify hypotheses
under normal distribution – t-test of Student
and Analysis of Variance (ANOVA) with
SRVWKRF WHVWV RI /&' 7XNH\ +6' 6FKH൵H
Bonferroni, Newman-Keuls, Duncan, and nonSDUDPHWULF WHVWV LQ FDVHV RI GL൵HUHQFH IURP D
normal distribution - Ȥ2-test of Pearson, H-test of
.UXVNDO:DOOLVHWF9DULRXVW\SHVRIUHJUHVVLRQ
models were used to present relationships
between variables.
7KH VLJQL¿FDQFH RI WKH ¿QGLQJV DQG
FRQFOXVLRQVZDV¿[HGDVS

Results
One thousand one hundred and forty-seven
(100%) live-born term infants were evaluated.
Of these, 1042 (90.9%) did not need assistance
IRU WKH WUDQVLWLRQ 7KH UHVW    ZHUH
resuscitated, and 18 of them (1.6%) were
LQWXEDWHG EHIRUH WKH WK SRVWQDWDO PLQXWH
(Table 1).
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Table 1. Demographic data of Groups 0, 1 and 2

Characteristics

Groups
0

1

2

1042

87

18

(90.9%)



(1.6%)

26±6

27±6

26±7







GA (GWs)







NS

Birth weight (g)







0.004†

SGA*

6.9



16.7

LGA*

6.1





Twins*

0.7



0











n
(% of all)
Maternal age (years)

Hospital stay (days)

ɪ
-

NS

0.019‡

* % of the all in the group; † VLJQL¿FDQWGL൵HUHQFHEHWZHHQJURXSVDQG ‡VLJQL¿FDQWGL൵HUHQFHEHWZHHQ
groups 0-1; §VLJQL¿FDQWGL൵HUHQFHEHWZHHQJURXSVDQG
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The incidence of underlying maternal,
REVWHWULFRUIHWDOQHRQDWDOSUREOHPVVLJQL¿FDQWO\
GL൵HUHGEHWZHHQWKHJURXSV PDUNHGO\LQFUHDVLQJ
LQ*URXSDVFRPSDUHGWR*URXSSIRU
all the indices). (Figure 1).
7KHVHFRQGPDLQGL൵HUHQFHZDVWKHDGHTXDF\
of the birth weight to the GA – the rate of SGA
-babies was highest in Group 2, in Group 1 the
LGA -babies and twins predominated (Table 1).
7KH WKLUG GL൵HUHQFH EHWZHHQ WKH JURXSV
was the mode of delivery: the babies on Group
 ZHUH ERUQ SUHGRPLQDQWO\ YLD 31 XQOLNH WKH
babies in Group 1 and 2 – via CS, PaN, and V/F
(Figure 2).
Other traits of the resuscitated groups (1
and 2) were pathologic blood gas analyses
with biochemical evidence of asphyxia (Figure
  LQFUHDVHG LQFLGHQFH RI UHVLGXDO SUREOHPV DW
discharge (Figure 4), and prolonged hospital
stay (Table 1).
Comparing A- and B-groups (Table 2), we
established that the babies of Group A were
SUHGRPLQDQWO\31GHOLYHUHG )LJXUH DQGZHUH
healthy on discharge. The patients of Group
B were more immature, more often born via
&6 3D1 RU 9)  DQG  RI WKHP QHHGHG
resuscitation (Figure 6).
Despite the absence of aggravating factors
LQ *URXS $  RI WKHVH SDWLHQWV   ZHUH

resuscitated. Analyzing the characteristics of
the non-resuscitated and resuscitated patients
RI *URXS $ 7DEOH   ZH IRXQG D VLJQL¿FDQW
GL൵HUHQFHLQWKHGHOLYHU\PRGHWKHUHVXVFLWDWHG
patients were more often born via CS, PaN, and
V/F (Figure 7).
The above observations made us consider
evaluating the need for resuscitation according
to the delivery way (Figure 8).
The highest incidence of resuscitation need
was determined in Subgroup V/F and the highest
incidence of intubation – in the Subgroup PaN.
An impressive fact was the high incidence
of resuscitation in the Subgroup CS – 18.1%. It
should be emphasized that CS may be indicated
because of the underlying maternal, obstetric, or
fetal problem. Therefore, we decided to compare
the babies born via PN and CS without a history
of such problems (from group A only – elective
CS) (Table 4). The patients delivered via elective
&6 ZHUHVLJQL¿FDQWO\PRUHLPPDWXUHUHTXLUHG
resuscitation eight times more often and longer
hospital stay than PN-delivered.
The reason for all the cases of transition
GLVWXUEDQFHV   UHPDLQHG XQH[SODLQHG RQO\
in six neonates (6%) – no maternal, obstetric,
or fetal/neonatal complication, PN-delivered.
In 74 babies (71%), an underlying problem was
present, in nine (8%) – an unrecognized obstetric
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SUREOHP DQG LQ    WKH SUREOHP ZDV
associated with the elective CS only.
Severe transition disturbances were registered

in 18 babies: one with unexplained reason,
14 with an aggravated medical history, and
three with an unrecognized obstetric problem.

Figure 1. 0DWHUQDODQGIHWDOQHRQDWDOPRUELGLW\LQWKHJURXSV 

Figure 2. Delivery mode distribution in the groups (%)

Figure 3. Blood gas analysis on admission (%)
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Figure 4. Status on discharge of the patients in the groups (%)
Table 2. Demographic data of the Groups A and B
Groups

Characteristics

A

B

ɪ





-

Maternal age (years)



26.6±6.4

NS

GA (GWs)





0.002

Birth weight (g)





NS

100 / 0 / 0

96.9 / 2.9 / 0.2

n

Status on discharge (%)
Healthy / With residual problems / Dead

Figure 5. Delivery mode distribution in Group A and B (%)
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Figure 6. Resuscitation need in Group A and B (%)
Table 3. Characteristics of the non-resuscitated and resuscitated patients of Group A
Indices

Patients’ categories
Non-resuscitated

Resuscitated

ɪ





-

Age of the mother (years)





NS

GA (GWs)





NS

Birth weight (g)





NS

n

Figure 7. Delivery mode distribution in Group A - resuscitated and non-resuscitated subgroups (%)

Figure 8. Resuscitation need rate according to delivery mode (%)
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Table 4. Comparing the newborns of the Group A born via PN and CS

Characteristics

Patients’ categories
PN

CS

ɪ



187

-

GA (GWs)







Maternal age (years)



28.0±6.1



Birth weight (g)





NS

Resuscitated, including intubated* (n)

 

 



Intubated* (n)

0.2 (1)

 

NS

100 / 0 / 0

100 / 0 / 0

NS



4.2±0.7

0.0000

n

Status on discharge*
(Healthy / With residual problems / Dead)
Hospital stay (days)
* % of all in the group

Discussion
First inspiration and birth cord are clamping
PDUNWKHEHJLQQLQJRIWKHWUDQVLWLRQIURPLQWUD
to extra-uterine life. The initiation of breathing
is a complex process that involves many
biochemical, neural, and mechanical factors [1].
Decreased O2-concentration, increased CO2concentration, and a pH-decrease stimulate fetal
aortic and carotid chemoreceptors, triggering
the respiratory center in the medulla to initiate
UHVSLUDWLRQ 0HFKDQLFDO FRPSUHVVLRQ RI WKH
chest creates negative pressure, and drawing air
into the lungs as the lungs reexpand.
Further expansion and distribution of air
throughout the alveoli occur when the newborn
cries. To establish adequate ventilation and
tissue oxygenation, a neonate must clear the
IHWDO OXQJ ÀXLG HVWDEOLVK D UHJXODU SDWWHUQ RI
breathing, and match pulmonary perfusion to
ventilation. A vital role in this process is that of
sodium reabsorption and catecholamine surge
that occurs just before the onset of labor. Infants
who do not experience normal labor are more
OLNHO\WRKDYHUHVLGXDOOXQJÀXLGDQGVXEVHTXHQW
UHVSLUDWRU\ SUREOHPV 2WKHU IDFWRUV LQÀXHQFLQJ
WUDQVLWLRQDUHSXOPRQDU\EORRGÀRZVXUIDFWDQW
production, and respiratory musculature. Gas
exchange is stabilized by the 2nd minute in most
babies after vaginal delivery, and improvement
in heart rate is the best clinical indicator of

VXFFHVVIXOYHQWLODWLRQ>@
In newborns with a healthy transition,
lung aeration and partial liquid clearance are
DFKLHYHG RQ WKH ¿UVW SRVWQDWDO PLQXWHV DQG
liquid completely disappears by the 4th hour [6].
The acute hemodynamic-respiratory adaptation
UHÀHFWVWKHFKDQJHVLQFLUFXODWLRQDQGEUHDWKLQJ
LQWKH¿UVWPLQXWHV
)DFWRUV WKDW SODFH WKH QHRQDWH DW ULVN RI
transition problems are [7]: maternal (diabetes,
hypertension, cardiac or respiratory disease,
VHYHUH DQHPLD VKRFN LQIHFWLRQ GUXJV 
obstetric pathology (pathology of placenta,
hemorrhage,
malpresentation,
multiple
gestation, chorioamnionitis, prolapsed cord,
prolonged rupture of membranes, narcotic or
magnesium sulphate administration, pelvic-fetal
disproportion, V/F or CS, meconium-stained
DPQLRWLF ÀXLG  DQG IHWDOQHRQDWDO SUREOHPV
(intrauterine growth restriction, fetal distress,
pre-/postmaturity, congenital malformations,
birth trauma, infections).
0DQ\ VWDQGDUG FDUH SUDFWLFHV PD\ LPSDFW
the transition: suctioning protocols, strategies
to prevent heat loss, umbilical cord clamping,
100% oxygen use for resuscitation.
1R GH¿QLWH FRQFOXVLRQV FDQ EH GUDZQ IURP
VWXGLHV RQ PDWHUQDO DQDOJHVLD H൵HFWV RQ WKH
newborn; thus, judicious use of medications in
labor is recommended with further study of better
ELREHKDYLRUDO DVVHVVPHQW WRROV WR GL൵HUHQWLDWH
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outcomes [8].
6RPHH[FHVVULVNRIDORZ$SJDUVFRUHPD\
be associated with repeat CS procedures [9]. The
oxygen saturation DQGKHDUWUDWHDUHVLJQL¿FDQWO\
lower in CS-delivered infants [10].
7KH ULVNV RI SHULQDWDO DVSK\[LDUHODWHG
complications increase with higher maternal
%0,LQWKHWHUPQHZERUQV>@
Infants with underlying pathology may
initially exhibit the same symptoms as those with
mild transition problems. However, these infants
deteriorate over time and may require increasing
levels of support to maintain stability [7].
Approximately 10% of newborns require
some assistance to begin breathing at birth.
Less than 1% require extensive resuscitation
measures [12].
It is crucial to distinguish cardiorespiratory
depression (depressed vital functions against the
EDFNJURXQGRIQRUPRFDUELD IURPWKHSHULQDWDO
asphyxia (peripartum hypoxic-ischemic event
accompanied by hypoxia, hypercapnia, and
metabolic acidosis). Whereas the perinatal
asphyxia is a well evaluated and discussed
problem, the cardiorespiratory depression is
often neglected by the specialists, and there is no
R൶FLDOO\SXEOLVKHGVWDWLVWLFV\HW>@
How can these results be explained? We
IRXQGDVWDWLVWLFDOO\VLJQL¿FDQWLQFUHDVHGQXPEHU
of complicated pregnancies, fetal distress, and
SGA in Group 2 (intubated neonates). In Group
 ZH IRXQG VLPLODU SUREOHPV OLNH LQ *URXS
2, but the rate of the LGA and twins was the
highest. Resuscitation of the PaN- and V/Fdelivered neonates and those with inadequate
to the GA weight proved an undiagnosed or
neglected obstetric problem – a wrong medical
decision about the optimal mode of delivery in
these cases. Twin births are associated with both
protective (earlier than in single birth maturation)
and complicating factors (worsened condition of
the second twin). Blood gas analyses revealed
patients born in asphyxia who were part of both
resuscitated groups only.
The patients of Group B were less
mature, and half of them were CS-delivered.
Pathologic predisposition resulted in about 20%
resuscitation rate. Pathologic blood gas analyzes,
and more unsatisfactory outcome were logical
consequences.
Despite the absence of aggravating factors in
*URXS$SDWLHQWVZHUHUHVXVFLWDWHGZLWKRXW

GDWD IRU DVSK\[LD 7KHVH SDWLHQWV GL൵HUHG IURP
the non-resuscitated in the delivery mode only:
RIWKHPZHUHERUQYLD3D1DQG9) WKHVH
were unrecognized obstetric problems), but more
than half of them were born via CS (elective).
&6LVDQLQGHSHQGHQWULVNIDFWRUIRUWUDQVLWLRQ
complications because of disturbed stimulation
of surfactant secretion and clearance of fetal
OXQJÀXLG>@HDUO\XPELOLFDOFRUGFODPSLQJ
(compromising cardiovascular stabilization)
> @ :KDW LV PRUH HOHFWLYH &6 FRPSDUHG
WR 31 DQG HPHUJHQF\ &6 LQFUHDVHV WKH ULVN
of respiratory complications [16], persistent
pulmonary hypertension [17], and near-term
respiratory distress syndrome [18].
2XUGDWDFRQ¿UPHGDKLJKHUULVNRIWUDQVLWLRQ
disturbances in CS-delivered newborns – 18.1%
UHVXVFLWDWHGRIDOOWKH&6GHOLYHUHGEDELHV
It is important to note that all CS in this period
were performed under general anesthesia.
Anesthetic medications used before extracting
the baby from the uterus (according to the
adopted protocol) were Lysthenon, Atracurium
besylate, Propofol, and inhaled anesthesia with
Sevorane. Each one of these medications has
LWVGHSUHVVLYHH൵HFWRQWKHUHVSLUDWRU\FHQWHULQ
the fetal/neonatal brain. So the anesthesia given
to anesthesia given to mothers was recognized
DV DQRWKHU LPSRUWDQW ULVN IDFWRU RI WUDQVLWLRQ
disturbances in our study.
The incidence of CS in our hospital was very
high at the time of our study. CS may indeed be a
UHVXOWRIDQREVWHWULFGHFLVLRQEHFDXVHRIVSHFL¿F
indications, but 187 cases of CS in our study
had no history of maternal, obstetric, or fetal/
neonatal disease – elective CS. These neonates
were more immature, and the resuscitation rate
in this group was eight times higher than that in
the PN-delivered babies as a result of the wrong
medical decision on the time of CS delivery.
:HFRQ¿UPHGDSXUHO\LDWURJHQLFFDXVHLQ
QHZERUQV RIDOOUHVXVFLWDWHGEDELHV ±
born via elective CS under general anesthesia,
and 9 with unrecognized obstetric problems,
born in a pathologic presentation. Three of
WKHVH  QHZERUQV ZHUH LQWXEDWHG EHFDXVH RI
the severe disturbances of transition because of
undiagnosed obstetric problems.
There are limitations to our study. It is
retrospective, and there were unpreventable
impacts of social, economic, personal, and ethnic
IDFWRUVRQRXUUHVXOWV7KHH൵HFWRIFRUGFODPSLQJ
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WLPH ZDV QRW H[DPLQHG EHFDXVH RI WKH ODFN RI
data in this regard. The impact of the gender and
the mode of conception (by assisted reproductive
technologies or via natural conception) were not
H[DPLQHG )XUWKHUPRUH WKLV GDWD UHÀHFWV WKH
experience of a single institution.

6.

Conclusions

8.

According to our data, 9.1% of full-term neonates
required assistance in fetal-to-neonatal transition,
DQGVX൵HUHGIURPVHYHUHFDUGLRUHVSLUDWRU\
disturbances. The causes could be those
FRQ¿UPHG LQ WKH OLWHUDWXUH PDWHUQDO REVWHWULF
or fetal/neonatal complications, multiple birth or
inadequacy of the birth weight to the GA. The
KLJKHVWULVNRIWUDQVLWLRQGLVWXUEDQFHVZDVIRXQG
in the cases of an unrecognized obstetric problem,
which led to labor in an abnormal presentation
or the need for vacuum extraction or forceps.
7KH WUDQVLWLRQ GLVWXUEDQFH ULVN ZDV HLJKW WLPHV
higher in healthy babies from uncomplicated
pregnancies delivered via elective CS, as
compared to those born in a vaginal delivery.
We proved a purely iatrogenic cause in nearly a
quarter of resuscitated babies in our center.
Pregnancy monitoring is crucial to
avoid or manage maternal, obstetric, and
fetal problems. The mode of delivery and
specifying the indications and time of the
CS is the leading medical decision that
may decrease the iatrogenic consequences.
Close collaboration between obstetricians,
anesthesiologists, and neonatologists is needed.
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