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A B S T R A C T

The care of infants born at the lowest extreme of gestation requires dedication, skill, and

experience. Most centers apply a selective approach where intensive care at these gesta-

tional ages is being offered to a varying proportion of infants depending on the views and

experiences of the medical community, the individual physician, and the parents. Conse-

quently, the outcomes differ dramatically with survival rates at 22-23 weeks ranging from 0

to greater than 50%. This paper presents the approach in a center with a long tradition of

providing a comprehensive and uniformly active care to all mother-infant dyads from 22+0

weeks of gestation. Important features outlined include prenatal maternal referral and

transfer, delivery roommanagement, and initial intensive care.

� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/)
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intensive care.6 Accordingly, should a mother present with
Introduction and national overview

Although the care of extremely preterm infants in Sweden

has been centralized since the late 1980s, varying attitudes

and opinions among health care providers about this “moving

target” of the lower limit of viability previously resulted in

regional differences in both management and outcomes.1-4

However, these differences have gradually diminished during

the last 10-15 years as demonstrated by an increased number

of infants receiving intensive care and surviving at the lowest

gestational ages, on a national level.5 Based on current data

from the Swedish Neonatal Quality Registry (SNQ), the Swed-

ish national board of health and welfare recently published

recommendations that mandate centralization of care for all

extremely preterm infants with gestational ages (GA) of less

than 25 weeks, to tertiary care perinatal centers at six univer-

sity hospitals offering comprehensive antenatal and neonatal
Elsevier Inc. This is an op
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threatening labor at a lower level care facility, prenatal trans-

fer is the rule. While present guidelines from the Swedish

Neonatal Society support consideration of providing full

intensive care for infants at 22 0/7 weeks, it is recommended

from 23 0/7 weeks gestation. The aim of this paper is to

review the considerations in a Swedish center with a proac-

tive approach to extremely preterm birth as early as 22 weeks

with special reference to details in management.
Setting, regional organization, and the proactive
approach

Swedish hospital care is organized in six health care regions

and Uppsala University Children’s Hospital (UUCH) is the sin-

gle referral center for tertiary perinatal care in one of them.

The center thus takes care of all specialized obstetric
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management and neonatal intensive care at these gestations

in this central region of Swedenwith a population of 2.1million

which is served by seven county hospitals with a total of

approximately 23,000 births annually. UUCH runs a 24/7 air-

borne transport system in case urgent prenatal maternal refer-

ral is necessary. In the event of imminent delivery when pre-

natal transfer is not possible, a dedicated neonatal transport

team (neonatal nurse and neonatologist) can be dispatched

from the Neonatal Intensive Care Unit (NICU) within 30-

60 min for initial management and infant retrieval. Although

differences in regional organization exist, due to geography,

communications, and population density, all Swedish perina-

tal care at the lowest gestations are centralized to one univer-

sity hospital per region, in a similar fashion.

The UUCH NICU has a long tradition of proactively manag-

ing all infants born at these low gestational ages. This

approach has resulted in survival rates of more than 50%

even at 22 weeks7 and outcomes that are not distinctly differ-

ent across the gestational ages of 22-24 weeks.8 Based on

these outcomes, we believe that the provision of full support

at birth to all infants is justified, also at 22 weeks.9 Conse-

quently, it is also prudent to make every effort to optimize

outcomes by administering antenatal steroids, maternal anti-

biotics, and tocolytics, as indicated.10,11 While this is the ini-

tial approach, the option of redirecting care is openly and

continuously discussed with the family, should significant

complications occur.12
Table 1 – Initial ventilator settings for volume-targeted
Transfer and Consultative Considerations

Regional protocols guide prenatal management and referrals

at these gestations if labor is threatening. In brief these proto-

cols stipulate:

1. Consultation with obstetric department at UUCH when

approaching 22 weeks of gestation, to coordinate maternal

transfer.

2. Prenatal transfer to UUCH at 22+0 weeks.

3. Provision of antenatal steroids and tocolytics, as indicated,

prior to transfer if labor is imminent, to enhance latency

and thus allow for transfer and steroid effect.

4. Timely prenatal consultation with family and senior neo-

natologist upon admission.
ventilation

Parameter Setting

Mode S-IMV PSV

Target Tidal Volume 2.5 mL (5 mL/kg)

PEEP 4 cm H2O

PIP max 24 cm H2O

Rate 60/min

Inspiratory time 0.33 s

FiO2 21%

S-IMV: Synchronized intermittent mandatory ventilation; PSV:

Pressure support ventilation; PEEP: Positive end-expiratory pres-

sure; PIP: Peak inspiratory pressure; FiO2: Fraction of inspired

oxygen
Obstetrical Care Considerations

In line with national guidelines, obstetricians at UUCH

provide:

1. Antenatal steroids at 22+0 weeks (see above).

2. Tocolytics as indicated (see above).

3. Maternal antibiotics as indicated if signs of chorioamnio-

nitis, and peripartum antibiotic prophylaxis as per routine

for preterm deliveries.

4. Magnesium sulfate for neuroprotection according to

national guidelines.
While recommending against cesarean delivery for fetal

indication at 22 weeks, national guidelines state that it can be

considered beginning at 23 weeks, and this is also when intra-

partum continuous fetal heart rate monitoring is routinely

performed.6 At 24 weeks cesarean delivery is recommended

for fetal indication. A recent publication from UUCH reported

no infants delivered by cesarean at 22 weeks during a ten

year period.7
Delivery Room (DR) Considerations

Written institutional guidelines provide detailed advice on

the initial management of infants born at 22-23 weeks of ges-

tation. In short, the guidelines contain recommendations on:

Prenatal set up

1. Allocation of staff (attending neonatologist, neonatal

nurse, and assistant nurse), and NICU care space (incuba-

tor settings, humidification). Highly experienced staff

attend all deliveries at these gestations.

2. DR preparation for thermal care (plastic bag, radiant

warmer andmattress setting) and monitoring.

3. DR set-up of ventilator for all respiratory support, includ-

ing warmed/humidified gasses.

DRmanagement following the “Golden minutes-to-hours”
approach

1. Infant placed in plastic bag to minimize heat loss.13

2. Delayed cord clamping.14

3. Immediate endotracheal (ET) (oral route) intubation using

size 2.0 ET-tube secured at 5.5 cm (22-23 weeks); 6 cm (24

weeks) tip-lip distance, followed by standard dose surfac-

tant replacement therapy.

4. All respiratory support via ventilator using volume tar-

geted ventilation (VTV), and heated/humidified gasses. Ini-

tial settings15 are given in Table 1. T-piece or bag are not

used. Ventilator is also used for positive pressure ventila-
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tion via mask or nasal prongs, in case this is deemed nec-

essary (e.g., in the case of a failed intubation attempt).

5. Placement of umbilical lines in DR (3.5 Fr) to 6 cm at skin

plane for both venous, and arterial (low position) lines,

and naso-gastric tube at 12 cm.

6. Transfer to NICU.

All relevant staff participates in regular team-based sce-

nario training and since the initial management of these

infants are in most cases uneventful, only very rarely is more

than one intubation attempt needed.7 Based on our experi-

ence that infants who are alive at birth and receive adequate

respiratory support do not succumb in the DR, it is recom-

mended to refrain from the use of chest compressions and/or

epinephrine.16 In case of manifest blood loss, acute transfu-

sion is administered. Although many infants demonstrate

spontaneous breathing efforts, we have so far been unable to

support spontaneous breathing in 22-23 week infants well

enough to avoid mechanical ventilation in the DR. We are at

times able to avoid initial mechanical ventilation in 24-week

infants with the application of non-invasive respiratory sup-

port and less invasive surfactant administration, but in most

cases our present pragmatic approach is instead to aim for

early extubation to nasal CPAP.
NICU care to 72 hours

Respiratory support

At the NICU the infant is kept on the same mode of ventila-

tion (Table 1) and further adjustments of ventilator settings

are made according to repeated (q 4-6 h) arterial blood gas

analyses, using an oxygen saturation target of 85-90%,17 and

a pCO2 target of 5-7 kPa (38-52 mmHg). With application of

VTV in this population of tiny babies, the resulting typical PIP

will be in the range of 10-14 cm H2O during the first postnatal

days.15 We aim for extubation to nasal CPAP in the first week

while the infant requires such low ventilator settings, with

nasal prongs being the preferred interface.

Intravascular access and blood-sampling

Umbilical catheters are used for monitoring of blood pres-

sure, blood sampling (q 4-6 h initially) and parenteral nutri-

tion, and generally kept for as long as they are functional.

The umbilical venous line is subsequently replaced with a

peripherally inserted central catheter, preferably via a lower

extremity, for prolonged parenteral nutrition. Peripherally

inserted arterial lines are normally not used in this popula-

tion. Towards the end of the first postnatal week the skin is

generally resilient enough to tolerate short periods of trans-

cutaneous pCO2 monitoring, thus minimizing the need for

blood sampling.

Circulatory support

The limited data on normal blood pressures in 22-24 week

infants offer little guidance for the treatment of hypotension,

including the use of inotropes, in this population. As a
pragmatically chosen cut-off we allow mean arterial blood

pressures of 25 mmHg during the first days, as long as the

infant is well perfused and has normal urinary output. After

the first days, blood pressures clearly below 30 mmHg are

considered low and warrant careful investigation, including

echocardiogram to evaluate intravascular volume and heart

function. First line of treatment would typically be fluid bolus,

while inotropes and/or hydrocortisone are very rarely used,

and almost never in the first week of life.

In this population we do not screen for (or treat prophylacti-

cally) persistent ductus arteriosus (PDA). A PDA is considered a

normal finding and expectant waiting is the rule.18 This would

be the case also if an echocardiogram was performed demon-

strating a PDA described as being “hemodynamically signifi-

cant”. Late surgical ligation of PDA is rarely performed with

present rates being approximately 5-10 %.

Fluid management and nutrition

With the infants cared for in closed incubators with a relative

(RH) humidity of 85%, insensible losses will be kept at a man-

ageable level. In 22-23 week infants total fluids are started at

120 mL/kg/day and adjusted according to q12 h determina-

tions of body weight, and q6 h plasma Sodium (P-Na), aiming

for a maximal weight loss of 10 -15%, and to avoid hyperna-

tremia (P-Na > 150 mmol/L).

Parenteral nutrition (PN) is started as soon as lines are in

place, to provide approximately 2 g/kg/day of amino acids, and

lipids (olive/soy emulsion; 80:20 ratio), respectively, during the

first postnatal day. Enteral nutrition (EN) is started within 1-2 h

after birth with 1 mL breast milk q2 h, and increased stepwise

as tolerated at a rate of approximately 20 mL/kg/day, with the

goal of achieving full EN at a postnatal age of 10-14 days (GA

22-23 weeks), and 7-10 days (GA 24-25 weeks). Mother’s own,

as well as donor milk batches are fortified guided by repeated

breast milk analyses, to reach nutritional targets. The nutri-

tional goals for full enteral nutrition are: 3.5-4.5 g/kg/day of

amino acid, and 5-8 g/kg/day of lipid, and for full parenteral

nutrition: 3.5, and 3 g/kg/day, respectively.

Care environment and thermal management

Infants at these gestations are cared for in closed humidified

(set to a relative humidity of 85%) incubators during the first

week, and thereafter the humidity is lowered to 50%. Skin-to-

skin care is commenced towards the end of the first week and

has in our hands been demonstrated to allow thermal control

also in 22-23 week infants receivingmechanical ventilation.19

Miscellaneous

Unless indication for Cesarean is maternal only (e.g., pre-

eclampsia-eclampsia), all extremely preterm infants receive

prophylactic antibiotics (IV Penicillin G + Gentamicin) and

antifungals (PO Fluconazole). Antibiotics are most often ter-

minated at 48 h when infection has been ruled out, and anti-

fungals when central lines have been removed. The initial

hemoglobin threshold for transfusion is 120 g/L, while plate-

lets are not routinely transfused unless overt bleeding or

before surgery.
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Discussion

While acknowledging that several specific details in manage-

ment may differ among centers, the care outline presented

serves as a reasonably representative example of current

Swedish perinatal care at the lowest gestations.20 From a

European perspective the Swedish guidelines and approach

to care at the border of viability, particularly at UUCH, clearly

represent an interventionists approach compared to for

example Netherlands, France, and UK.21 Further the present

Swedish national outcomes at the lowest gestations repre-

sents an outlier in an international comparison.22

Most interestingly while data from the SNQ demonstrate

similar hospital outcomes across the six Swedish health care

regions, clinical practice differ. Different Swedish units apply

alternative strategies for initial respiratory support, use more

or less inotropes, postnatal steroids, and insulin, and have

different transfusion thresholds.

In many aspects the NICU care protocol at UUCH represents

a care tradition best characterized as: “Proactive � less

invasive”. While UUCH applies a uniformly and consistently

active approach to all infants at birth, the unit has an expec-

tant and cautious approach to medical interventions. Evi-

dently, it is not possible at present to discern any strategy to

be superior to another, but rather that there are several

routes that, if consistently applied, can yield equivalent (and

good) outcomes.

At UUCH, parents facing extremely preterm birth are

actively counselled throughout the process but do not make

the decision whether to initiate treatment. Our experience is

that when given information based on our institutional out-

comes,8 parents are positive to an active initial approach.

The science available to guide the intensive care manage-

ment of infants born at this gestational age is limited, and

thus care providers are at present left with the need to

extrapolate from knowledge obtained in slightly more mature

infants.23 Due to the many dissimilarities in population

health, health care organization, and the relatively small

numbers of infants treated per center, large well conducted

randomized trials are not easily conceptualized. Moving for-

ward, further collection of high-quality detailed data (in the

SNQ or other registries) may enable us to use existing differ-

ences in management to identify treatments that should be

uniformly implemented or considered obsolete. Such

national and international collaborations will be of utmost

importance to advance the care of infants born at the margin

of viability.

It is encouraging that over time Swedish outcomes have

improved overall. Consequently, it is conceivable to expect

outcomes to further significantly improve, in a manner simi-

lar to the trends observed for more mature infants in the last

decades.
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