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Abstract

Objectives: To determine rates of active approach, mortal-
ity, and morbidity for periviable infants at level 3 maternity
hospital between 2013 and 2022.
Methods: Single center retrospective cohort study
including mothers and their liveborn infants at gestational
age from 22+0 weeks to 24+6 weeks during a ten-year period.
Clinical data regarding pregnancy, delivery, neonatal mor-
tality, and morbidity were collected from the Vermont Ox-
ford Network (VON) database.
Results: A total of 185 liveborn infants with gestational age
(GA) from 22+0 to 24+6 weeks were included. A high propor-
tion of the most immature infants were not treated actively
(92 % infants born at 22 weeks of GA died in delivery room).
Survival rates according to GA were 4 % (22 weeks), 40.7 %
(23 weeks), and 65.1 % (24 weeks). Of the infants admitted to
the neonatal intensive care unit (n=142), 25.3 % had severe
intraventricular hemorrhage (grade III or IV) or periven-
tricular leukomalacia, 13.4 % underwent abdominal surgery
(due to necrotizing enterocolitis), and 17.6 % required laser
treatment for retinopathy of prematurity. Supplemental
oxygen at 36 weeks postmenstrual age was required by
40.8 % infants.
Conclusions: At our center, which cares for more than 90 %
of periviable newborns born in Slovenia, we achieved
comparable survival and morbidity outcomes for actively
approached liveborn periviable infants compared to those
from developed countries reported in the literature. In the
future, we aim to implement active antenatal care for
pregnant women and infants born after completed 22 weeks

of gestation and monitor the long-term outcomes of all in-
fants born at the limit of viability.

Keywords: limit of viability; extremely preterm infant;
periviability

Introduction

Definition of viability has had numerous interpretations and
remainsmainly, but not exclusively based on gestational age
(GA) [1]. It has been defined as infants’ ability to survive
independently outside the womb, as a stage of maturation of
central nervous system that poses a premise of conscience,
as achieved lung maturity, or as the gestational age where
the fetus is sufficientlymature to survive the neonatal period
with available medical support [2–5]. Due to vast differences
in available healthcare globally, clinically commonly used
criterion for viability is the gestational age at which half of
delivered infants survivewith the availablemedical support,
under the precondition that the mother received active
antenatal care. For Slovenia, the limit is 24 weeks of gesta-
tion [6, 7].

The possibility of extrauterine survival is biologically
determined by the ability of lungs to utilize air, which occurs
roughly between 22 and 25 weeks’ gestation, also referred to
as periviability [3]. There is a prognostic uncertainty for
periviable infants also due to large variation in resources
and guidelines regarding antenatal care of women antici-
pating delivery at a periviable gestation and active treat-
ment for infants [4, 8, 9]. Effective antenatal practices such as
antenatal corticosteroids, magnesium sulfate for tocolysis
and neuroprotection, antibiotic prophylaxis, and transport
in utero to specialized centers increase the probability of
successful neonatal intervention [9–12]. Significantly higher
survival rates are achieved in countries with centralized
care and a uniformed active care approach, such as Sweden,
with 40 % survival rate for infants born at 22 weeks’ gesta-
tion [10, 12, 13]. Their guidelines from 2016 consider life
support for all infants born from 22+0 weeks of gestation,
which differs from standard approach guidelines of other-
wise comparable neighboring Scandinavian countries.
Compared to Norway and Denmark, Sweden has had higher
survival rates not only for GA of 22 and 23 weeks, but for all
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periviable gestations, according to data between 2018 and
2022 [13]. Additionally, other centers providing care to
extremely low gestation infants have also shown improved
outcomes for more mature infants [14].

Despite remaining differences in guidelines worldwide,
a shift towards more active management for the tinniest
infants is being recognized. A summary of survival rates
from different tertiary center collaborations published in
2010 showed 1–15 % survival at 22 weeks, 8–33 % at 23 weeks
and 26–51 % at 24 weeks of gestation [4]. Between 2007 and
2019, data from USA neonatal intensive care units (NICUs)
reporting to Vermont Oxford Network (VON) showed a
marked increase in rates of active management (from 26 to
58 %) and survival (from 5 to 17 %) for infants born at
22 weeks of gestation [15]. The most recent published data
from VON encompassing survival and morbidity rates for
22,953 periviable infants born between 2020 and 2022
showed a further increase in active care (from 61.6 to 73.7 %)
and survival (24.9 %) at 22 weeks, with survival rates to 82 %
at 25weeks. However, survival without severe complications
remained low (from 6.3 % at 22 weeks to 43.2 % at
25 weeks) [16].

Our level III NICU at the Department of Perinatology–
Maternity hospital Ljubljana, Slovenia, is a tertiary center
which provides specialized care for mothers and perivi-
able infants with roughly 100 - 150 admissions of very low
birth weight infants per year. Due to the transfer of
pregnant women with the threat of extremely premature
birth (transport in utero, in Slovenia established in 1986)
from all secondary level maternity hospitals, more than
90 % of Slovenian newborns with a gestation of less than
26 weeks are delivered in it. According to our guidelines,
active management is initiated for infants born at
24 weeks and 0 days GA, with an expected survival rate
>65 % and rates of long-term neurological complications
such as cerebral palsy less than 10 % [7]. Our approach to
infants born at <24 weeks has been so far selective treat-
ment based on initial clinical evaluation of the infant and
discussion of parental wishes and expectations, mostly
based on the decision of the on-call neonatologist. How-
ever, centers using an active approach to treating infants
born at the limit of viability have reported comparable
mortality and morbidity outcomes even for infants born
between 22 and 24 weeks’ GA [17]. Mortality and morbidity
outcomes for infants born between 22+0 and 24+6 weeks in
Slovenia have not been investigated previously. Further,
despite growing number of publications reporting sur-
vival and morbidity rates at periviable gestations, it re-
mains unclear whether adopting a uniform active
approach would result in higher rates of morbidity free
survival, especially for infants born at 22 weeks of

gestation. The aim of our study was to review our own data
for infants born from 22+0 to 24+6 weeks GA over a ten-year
period at Maternity hospital Ljubljana, University Medical
Centre Ljubljana, Slovenia.

Methods

Vermont Oxford Network (VON) is a voluntary, nonprofit
collaboration of health care professionals aiming to
improve neonatal care [18]. To contribute to the quality of
neonatal care of very low birth weight infants, our NICU
has been reporting data to the VON database since 2008.We
performed a retrospective observational cohort study of
mothers and infants admitted to Department of Perinatol-
ogy at Maternity hospital Ljubljana, University Medical
Centre Ljubljana, Slovenia. Our cohort consists of live born
infants delivered or transferred to our center immediately
after birth between 2013 and 2022 with GA from 22+0 to 24+6

weeks. Clinical data regarding prenatal care and neonatal
outcomes of all live born infants were collected from our
own submissions to the VON database. No individual pa-
tient data were analyzed. We investigated the following
VON variables (definitions from the VON manual): mag-
nesium sulfate (magnesium sulfate was administered
intravenously to the mother during pregnancy at any time
prior to delivery); antenatal corticosteroids (corticoste-
roids were administered IM or IV to the mother during
pregnancy at any time prior to delivery. Corticosteroids
include betamethasone, dexamethasone, and hydrocorti-
sone); died in delivery room; died within 12 h of admission
to your NICU; mortality excluding early deaths; survival;
survival without specified morbidities defined as severe
intraventricular hemorrhage (IVH) grade III – IV (peri-
ventricular-intraventricular hemorrhage (PIH), worst
grade is III or IV), chronic lung disease (CLD; need for
supplemental oxygen at 36 weeks Post Menstrual Age),
necrotizing enterocolitis (NEC), pneumothorax, any late
infection, or periventricular leukomalacia (PVL); initial
resuscitation – surfactant; surfactant – at any time;
NEC – surgery; severe intraventricular hemorrhage (IVH)
grade III – IV; retinopathy of prematurity (ROP) – surgery;
patent ductus arteriosus (PDA) – surgery; oxygen at
36 weeks postmenstrual age (PMA); oxygen at discharge
home. Severe IVH is coded as “Yes” if PIH, worst grade is III
or IV. Further detailed definitions of investigated variables
are accessible in the VON Manual of operations [19].

Data are presented as numbers and percentage. Fig-
ures were created using GraphPad Prism 9.4.1 © GraphPad
Software, LLC (Boston, MA, USA).
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Results

Between 2013 and 2022, 185 live born infants with gestational
age between 22+0 and 24+6 were born at or transferredwithin
hours after birth to our level III NICU at Maternity hospital
Ljubljana. Active management with any dose of antenatal
corticosteroids was received by 16 % mothers of live born
infants at completed 22 weeks, 59.3 % at 23 weeks and 87.7 %
at 24 weeks completed gestation. Antenatal magnesium
sulfate was administered intravenously to the infants’
mothers during pregnancy at any time prior to delivery in
24 , 35.2 and 54.7 % at completed 22, 23 and 24 weeks’ gesta-
tion (Table 1). Infant survival rate was 1/25 (4 %) at 22 weeks,
22/54 (40.7 %) at 23 weeks, and 69/107 (65.1 %) at 24 weeks of
gestation (Figure 1). Rates of not actively treated live born

infants that died in the delivery room were 23/25 (92 %) at
22 weeks, 13/54 (24.1 %) at 23 weeks and 7/106 (6.6 %) at
24 weeks gestation. Surfactant in the initial resuscitation or
as part of the stabilization immediately after birth was given
to none (0 %) of the infants born at 22 weeks, 3 (5.6 %) infants
born at 23 weeks, and 7 (6.6 %) infants born at 24 weeks
gestation. The main reason for “delayed” surfactant
administration is the proximity of the NICU, which is located
next to the delivery rooms; most periviable newborns with
respiratory distress received this medication immediately
upon admission to the NICU. Additional survival and mor-
tality rates for all live born infants are listed in Figure 1.

For infants admitted to the NICU, early mortality rates
(death within 12 h) were 1/2 (50 %) at 22 weeks, 3/41 (7.3 %) at
23 weeks and 3/99 (3 %) at 24 weeks. Rates of survival until

Table : Cohort characteristics among all infants by gestational age.

Gestational age, weeks 
+-


+-


+-

Liveborn infants, n   

Magnesium sulfate, n (%)  ()  (.)  (.)
Antenatal corticosteroids, n (%)  ()  (.)  (.)
Died in delivery room, n (%)  ()  (.)  (.)
Died within  h of admission to NICU, n (%)  ()  (.)  (.)
Mortality excluding early deaths, n (%)  ()  (.)  (.)
Survival, n (%)  ()  (.)  (.)
Survival without morbiditiesa, n (%)  ()  (.)  (.)
Initial resuscitation – surfactant, n (%)  ()  (.)  (.)
Surfactant – at any time, n (%)  ()  (.)  (.)
NEC – surgery, n (%)  ()  (.)  (.)
IVH grade III – IV, n (%)  ()  (.)  (.)
ROP – surgery, n (%)  ()  (.)  (.)
PDA – surgery, n (%)  ()  (.)  (.)
Oxygen at  weeks PMA, n (%)  ()  (.)  (.)
Oxygen at discharge home, n (%)  ()  (.)  (.)

Data from liveborn infants from  to  at level III NICU; results are reported on the infant level. aMorbidities in VON are defined as severe
intraventricular hemorrhage (IVH; grade III, and IV), periventricular leukomalacia, chronic lung disease, necrotizing enterocolitis, pneumothorax, or any
late infection (after  h of age). ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; PMA, postmenstrual age.

Figure 1: Survival, mortality and morbidity of
liveborn infants between 2013 and 2022.
Columns represent live born infants at
completed 22, 23 and 24 weeks of gestation.
Data are presented as percentage of all
liveborn infants at each gestational week.
*Morbidities in VON are defined as severe IVH
(grade III and IV), periventricular
leukomalacia, chronic lung disease,
necrotizing enterocolitis, pneumothorax, or
any late infection (after 72 h of age).
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discharge for infants that survived 12 h were 1/1 (100 %) at
22 weeks, 22/38 (57.9 %) at 23 weeks, and 69/96 (71.9 %) at
24 weeks of gestation.

For all live born infants, survival rate without morbid-
ities, defined as survivalwithout any late infection (after 72 h
of age), severe intraventricular hemorrhage (grade III and
IV), periventricular leukomalacia, chronic lung disease,
necrotizing enterocolitis or pneumothorax was 0 % at
22 weeks, 6/54 (11.1 %) at 23 weeks and 16/106 (15.1 %) at
24 weeks. Of the infants admitted to the NICU (n=142), 25.3 %
had severe intraventricular hemorrhage (grade III or IV) or
periventricular leukomalacia, 13.4 % underwent abdominal
surgery (due to necrotizing enterocolitis), and 17.6 %
required laser treatment for retinopathy of prematurity.
Supplemental oxygen at 36 weeks PMA was required by
40.8 % infants. Further cohort characteristics by completed
gestational age are listed in Table 1.

Temporal changes in number of live born infants,
mortality and morbidity are illustrated in Figure 2. There
were no changes in antenatal or neonatal management at
our center during this 10-year period.

Discussion

We performed an observational retrospective cohort study
to investigate rates of active antenatal care, mortality and
morbidity for infants born between 22+0 and 24+6 weeks’
gestation at Maternity hospital Ljubljana, Slovenia, between
2013 and 2022. We found very low rates of active prenatal
care and actively treated infants born before 23 weeks,
which reflect existing national guidelines. Survival rate of
infants actively treated and alive at the age of 12 h was >50 %
for all investigated gestational ages.

Periviable infants have better outcomes when mothers
receive active prenatal care and give birth in tertiary centers
with neonatal intensive care units [20–24]. However, vast
ethical challenges regarding initiation of active maternal
and infant care at periviable gestation remain an essential
dimension of periviable birth management [7, 25]. Clinicians
and families are often faced with difficult decisions while
balancing survival with risk of disability and uncertain
prognoses of periviable infants.

To facilitate best neonatal outcomes, actions such as
maternal transfer “in utero”, antenatal corticosteroids,
tocolysis, antibiotic prophylaxis, and in some cases indica-
tion for caesarean section need to precede active neonatal
approach at periviable gestation. During the study period,
our national recommendations suggested active prenatal
management from 24+0, at earlier gestation only after indi-
vidual consultation and agreement with the parents. Meta-
analysis and retrospective observational studies have shown
that exposure to prenatal corticosteroids significantly re-
duces mortality and morbidity rates for periviable infants
[26–29]. Our results reflect our national guidelines as active
care with any dose of antenatal corticosteroids was received
by only 16 % mothers of live born infants at completed
22 weeks gestation. Compared with results from 636 US
NICUs level III and IV, 56 % of women received at least one
dose of corticosteroids at 22 weeks [16]. Our result for sub-
sequent gestational weeks approach data from VON which
report >85 % of women after 23 and 24 weeks gestation
received at least one dose of antenatal corticosteroids [16]. In
our center, it was 59.3 % at 23 and 87.7 % at 24 weeks
completed gestation. There is limited evidence for recom-
mendations of magnesium sulfate administration for neu-
roprotection in the periviable gestation [30]. Existing
evidence suggests a reduction of the risk of cerebral palsy in

Figure 2: Temporal depiction of survival, mortality andmorbidity of live born infants. Each histogram represents liveborn infants at completed 22, 23 and
24 weeks of gestation. Y axis represents the number of live born infants and X axis year of birth.
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surviving infants [31]. Further, exposure to both antenatal
corticosteroids and magnesium sulfate may reduce severe
neurodevelopmental impairment or death [32]. The rates of
antenatal magnesium sulfate administration in our center
were lower compared to the recently published VON data,
with 24 % (VON 44.3 %) at 22, 35.2 % (VON 74.9 %) at 23, and
54.7 % (VON 79.0 %) at 24 completed weeks of gestation. The
differences at gestational weeks 22 and 23 reflect our na-
tional guidelines during the study period. At 24 weeks
gestation, a closer look at maternal data would be needed to
further explore if lower rates are the result of individual
decisions to withhold active management, challenges in
guideline implementation or unfeasibility to practice active
management due to imminent birth.

As per our national guidelines, we did not actively
approach liveborn infants at 22 weeks’ gestation resulting in
over 90 % of themdying in the delivery room. The remaining
two infants, of which one survived until discharge, are not
sufficient to present a reliable survival rate for our cohort.
Across other level III and IV NICUs, rate of active approach
has increased in the last years, reaching any support being
given to 68.0 % at 22 weeks [16]. In Sweden, an uniformly
active approach to infants born from 22+0 weeks gestational
resulted in comparable survival rates across 22, 23, and
24 weeks of gestation [17]. Since 2016, their national guide-
lines on active management of infants including centrali-
zation, antenatal corticosteroids, mode of delivery and
resuscitation of infants from 22+0 weeks of gestation resulted
in reducedmortality and greater chances of survivalwithout
major neonatal morbidities [12]. Between 2004 and 2019,
their one-year survival of live born infants increased from 4
to 25 % at 22 and 53–67 % at 23 weeks’ gestation [12]. Reas-
suringly, their increase in survival was not accompanied by
higher rates of major neonatal morbidities, which remained
similar between infants born at 22 and 23 weeks [12]. How-
ever, the increase in survival at 22 weeks was evident until
2016 and not subsequently. Similarly, across other level III
and IV NICUs, survival of infants born at 22 weeks remains
between 25 and 50 % despite increased rates of active man-
agement without a convincible trend to further improve-
ment [16, 33–36]. The biologically immaturity of infants as
22 weeks may often still be insurmountable with today’s
intensive care treatment options [37].

Rates of active treatment and survival at later gesta-
tional weeks align our center closer to those reported in the
literature. After completed 23 weeks of gestation 75.9 % of
live born infants were admitted to the NICU. Total survival
rates for all live born infants at 23 weeks were 40.7 %, and
57.9 % for infants that survived>12 h. Compared to Sweden,
their survival rates for infants admitted to the NICU

increased from 65 to 70 % between 2004 and 2019 [12]. Lower
survival ratesmay reflect our national guidelines that do not
dictate a uniformly active antenatal and neonatal approach
at 23 weeks. Reassuringly, rate of morbidities among survi-
vors was similar, with 11.1 % at our center and between 11
and 17 % in Sweden [12]. Of note, our data from VON include
late onset infection as a morbidity, which was not included
in the Swedish major neonatal morbidity outcome [12]. At
completed 24 weeks of gestation, our center achieved com-
parable survival rates as published in the literature. 70 % of
infants admitted to the NICU survived until discharge.
Comparable NICUs included reported roughly 70 % survival
at 24 weeks of gestation and 26.5 % survival without com-
parablemorbidities which is slightly higher than achieved in
our center (15.1 % for all live born infants) [16, 17]. Higher
rates of active management for earlier gestation have been
shown to improve outcomes of other very preterm infants,
which could possibly explain higher rates of morbidity free
survival at 24 weeks in centers with a more active approach
from 22+0 weeks compared to ours [13, 14, 16].

Imminent periviable preterm birth, particularly at
22 weeks, poses several ethical dilemmas including how to
define viability, whether to initiate or withhold intensive
care, and especially the uncertainty to predict long-term
outcomes including quality of life and risk of severe neuro-
logical disability [5]. Studies have reported no neurological
impairment in only 20 % of infants born between 22 and
24 weeks, while survival without moderate to severe
neurological impairment ranged from 40 to 80 % [15, 38–41].
These considerations, along with resource allocation and
societal impact, need to be carefully evaluated to ensure
ethically sound, evidence-based decision making in the care
of periviable infants. Further, there are still gaps in the
knowledge of periviable infants’ health and quality of life as
older children and young adults. We plan to continue
monitoring our study cohort and report their long-term
outcomes in the future.

Limitations of our study include large variation in
small number of patients born at investigated gestational
ages. A larger cohort would enable further analyses.
Further, our selective approach for infants born <24 weeks
of gestation likely introduced selection bias, potentially
inflating survival rates, as infants admitted to the NICU
were those considered to have a better initial prognosis.
Additionally, a time-series analysis investigating results of
implemented changes in our approach towards periviable
infants will represent a central focus of investigation in the
future.

Periviable care remains challenging for obstetricians
and neonatologists and will continue to change limits of
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physiology and ethics. Rigorous research, collaborative da-
tabases, centers of excellence and specialized clinical ap-
proaches are needed to allow for informed dialog between
families and clinicians [20]. Active antenatal practices at
gestation from 22+0 weeks have been shown to increase
survival without increase in major neonatal morbidities.
However, as morbidity free survival rates remain low, the
decision on active infant management should be individu-
alized, family oriented, with antenatal parent counselling as
a key component. In the future, we will carefully consider
implementing active antenatal care for pregnant women
and infants born after completed 22 weeks of gestation, and
further monitoring of the long-term outcomes for all infants
born at the border of viability. This will require clearly
defined protocols, establishing criteria for initiating inten-
sive care, multidisciplinary team collaboration with family’s
involvement leading to shared decision making, with com-
mon aim to ensure ethical and evidence-based periviable
care. Importantly, our focus must extend beyond NICU
discharge, to include later assessments of physical, and
cognitive development throughout childhood. Emerging
technologies, such as artificial womb systems, may further
influence viability thresholds and should be considered in
future planning and research.
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