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A B S T R A C T   

Lung immaturity and acute respiratory failure are the major problems in the care of extremely preterm infants. 
Most infants with gestational age (GA) 22–24 weeks will need mechanical ventilation and many will depend on 
some type of respiratory support, invasive and non-invasive for extended periods. There is ongoing gap in 
knowledge regarding optimal respiratory support and applying strategies that are effective in more mature 
populations is not easy or even suitable because lung maturation differs in smaller infants. Better strategies on 
how to avoid lung damage and to promote growth and development of the immature lung are warranted since 
increased survival is accompanied by increasing rates of bronchopulmonary dysplasia and concerns over long- 
standing reductions in lung function. 

This review focuses on some aspects of respiratory care of infants born at 22–24 weeks of GA.   

1. Introduction 

Lung immaturity and acute respiratory failure are the major prob-
lems in the most immature survivors of neonatal intensive care. Most 
infants with gestational ages (GA) between 22 and 24 weeks need 
intubation at birth and mechanical ventilation, followed by extended 
dependency on non-invasive respiratory support and supplemental ox-
ygen therapy after extubation.1, [2] Increasing survival rates have been 
accompanied by increasing rates of bronchopulmonary dysplasia (BPD) 
and concerns have been raised over the long-standing reductions in lung 
volumes and lung function reported in childhood and adult survivors of 
extremely preterm birth.3,4 Better strategies on how to avoid lung 
damage and to promote growth and development of the immature lung 
are warranted [5]. 

There is a gap in knowledge regarding the optimal respiratory sup-
port of extremely preterm infants. Few infants with GA 22–24 weeks 
have been included in clinical trials [5]. Applying strategies from more 
mature infants is not easily achievable as infants at 22–24 weeks GA 
exhibit maturational stages that differ from those of more mature infants 
and cannot simply be considered as “smaller” preterm infants. Hospitals 
providing advanced life support of the most immature infants have 
started to report on their institutional strategies. From these reports it is 

evident that there approaches in respiratory care vary considerably [6] 
illustrating the lack of evidence-based practice. 

Note that in this review, we have focused on gestation rather than 
birthweight because there is very limited data for lung protective stra-
tegies based on infant weight. 

2. Antenatal corticosteroids 

Antenatal corticosteroids (ANCS) reduce respiratory morbidity and 
need for mechanical ventilation in preterm infants. The trials forming 
the basis for this knowledge are, however, dated and included only small 
numbers or even no infants with 22–24 weeks of GA.7 The role of ANCS 
in these infants therefore rests on observational evidence which to date, 
suggest similar or even more pronounced benefits of ANCS at extremely 
preterm birth than at later GAs.8 [9,10,12] 11 12 

ANCS for extremely preterm births have been recommended in 
several countries. [13],14 Still, not all infants are treated, Fig. 1. Infants 
born at 22–23 weeks of GA are less exposed than infants born at higher 
GAs, most likely reflecting variations in recommendations and decisions 
whether active perinatal care around birth was considered justified or 
not. [2],11, [13]. 

Timely prediction of preterm birth is difficult. Many women deliver 
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before the full effects of corticosteroid administration on lung matura-
tion are possible. However, administration of ANCS one to 23 h before 
birth has been associated with significantly increased survival [15,16] 
indicating that ANCS given only a few hours before delivery may be 
protective even in very preterm births. 

In pregnant women who do not deliver within one week after 
treatment, the question of repeated courses arises. A recent meta- 
analysis suggested that repeated ANCS could reduce the need for res-
piratory support in very preterm infants.17 Many of the trials included in 
this analysis did, however, not include fetuses exposed at 22–24 weeks 
of GA.17 

The remaining issues for ANCS relate to choices of drug and dosage. 
In the absence of conclusive evidence on comparative efficacy and based 
on cost and availability, the World Health Organisation (WHO) recom-
mends dexamethasone prior to preterm birth18 while noting that beta-
methasone was used in most studies referred to above and consequently, 
there is ongoing search of the lowest effective dose and type of ANCS for 
this very small population of infants.19,20 

3. Delivery room management 

Infants born at 22–24 weeks of GA benefit from a standardized 
approach to initial stabilization after birth to reduce unwarranted 
variability in care [6]. [[,21] Basic neonatal resuscitation guidelines 
should apply for all gestational ages with the main priority to establish a 
normal gas exchange by recruiting optimal functional residual capacity 
immediately after birth [22,23]. 

Besides applying standardized strategies for resuscitation (Table 1), 
it is important to assemble a dedicated and trained team to take care of 
infants born 22–24 weeks of GA. Such teams can only be built in larger 
centers where both obstetrical and neonatal capacities exist in managing 
extremely preterm deliveries.24-26 

The delivery room (DR) needs preparation to optimise thermal care 
(plastic bag, radiant warmer and mattress), ventilatory support 
(including heated and humidified gas), and monitoring (ECG and pulse 
oximetry). After birth the infant should be placed in a clear polythene 
bag without prior drying which together with a radiant warmer mini-
mize the risk for hypothermia [22]. 

As studies have suggested, approximately two out of three infants 
born at <26 weeks of GA breathe or cry spontaneously after birth.27, 

[28] The International Liaison Committee On Resuscitation (ILCOR) 
recommends nasally administered continuous positive airway pressure 
(nCPAP) to initiate ventilatory support and to establish/maintain func-
tional lung capacity in this population [22]. In line with this 

recommendation, the SUPPORT-trial showed more favourable outcomes 
in infants receiving early nCPAP in comparison with intubation in the 
DR.29 However, infants <24 weeks GA were not included in this study 
because pre-study trials had shown nCPAP failure in 23-week infants, 
similar to what was reported in previous studies, such as the COIN 
study.29,30 

Despite this, centers using liberal nCPAP as first line respiratory 
support after delivery room stabilization have reported difficulties in 
avoiding mechanical ventilation in infants born at 23–24 weeks GA 
(nCPAP failure rates of 93% and 92%, respectively).31 In Sweden, four 
out of five infants born alive at 22–23 weeks GA were intubated in the 
DR, whereas the intubation-rates at 24 weeks of GA have been declining 
from 90% ten years ago to 64% in the latest three year period indicating 
increased successful stabilization with non-invasive support in sponta-
neously breathing infants [28], Fig. 2. 

In hospitals providing active care (aiming at survival) of the most 
immature infants, inflations are initiated with peak inflation pressures 
(PIP) of 20–24cmH20. A T-piece or ventilator is used for gentle and 
pressure-controlled inflations applied above a set positive end expira-
tory pressure (PEEP) similar to guidelines for resuscitation [6,22,32]. 

Fig. 1. Proportions (%) of live born infants exposed to any antenatal cortico-
steroid by gestational age and greater health care region in Sweden. Data are 
mean and 95% confidence intervals, infants discharged Jan 1st, 2017–Nov 30, 
2021 (N = 588, excluding n = 35/623 [5.6%] infants with missing data). 
Source: Swedish Neonatal Quality Register [107]. 

Table 1 
Common delivery room strategies in hospitals specialised in care of infants born 
at 22–24 weeks of GA.  

Before birth Assemble designated staff. Brief team. 
Prepare delivery room. Use checklists. 

Thermal care Plastic bag without drying. 
Radiant warmer, room temperature 21–25 ◦C. 
Humidified, tempered (36–37 ◦C) gases for 
ventilation. 

Delayed cord clamping Yes, for 30–45 s. 
Initial ventilatory support at 

stabilization 
@22 weeks′ GA: intubation. 
@23 weeks’ GA: intubation most likely needed. 
@24 weeks’ GA: nCPAP, PPV by T-piece or 
ventilator on mask/nasal prongs, DR intubation if 
needed. 

ETT size/intubation depth @22–23 weeks: 2.0 mm/5.5 cm at lip. 
@24 weeks: 2.0–2.5 mm/5.5–6 cm at lip or 7 cm at 
nostril. 

Initial FiO2 30%, thereafter titration according to resuscitation 
guidelines and preductal oxygen saturation 
measurements. 

Suggested first intended 
ventilatory settings 

CV: PIP = 20–24 cmH20, PEEP = 4–5 cmH20, VR =
40–60/min, VT = 4–6 ml/kg. 
HFOV: CDP = 10-12cmH2O, frequency = 12–15 Hz, 
amplitude = VT < 2 ml. 

Surfactant administration Yes, dose = 200 mg/kg. 

CDP = continuous distending pressure, CV = conventional ventilation, ETT =
endotracheal tube, FiO2 = Fraction of inspired oxygen, GA = gestational age, 
HFOV = high frequency oscillation, nCPAP = Continuous positive airway 
pressure administered nasally, PEEP = positive end-expiratory pressure, PIP =
peak inspiratory pressure, PPV=Positive pressure ventilation, VR=Ventilatory 
rate, VT = tidal volume. 

Fig. 2. Proportions (%) of liveborn infants intubated in the delivery room in 
Sweden 2012–2020. Data are means stratified by gestational age in weeks and 
three-year periods. Source: Swedish Neonatal Quality Register [107]. 
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Sustained inflations (e.g. inspiratory breath 15 s) have been associated 
with adverse outcomes and are not currently recommended.22, [32],33 

Current guidelines recommend that the fraction of inspired oxygen 
(FiO2) be set initially at 30% during initial stabilization of infants born 
<28 weeks of GA [22]. A meta-analysis comparing low and high FiO2 at 
initiation of respiratory support in preterm infants reported no differ-
ence in mortality or major neonatal morbidities [34] but there were very 
few infants 22–24 weeks of GA included in this study suggesting that 
ideal FiO2 at resuscitation of these infants remains to be identified. 

Oxygen can be titrated according to current saturation guidelines 
[22] but again, these are based on more mature infants and ideal oxygen 
saturations for 22–24 week infants requiring respiratory support at birth 
is unknown. 

4. Surfactant 

A cornerstone in respiratory management of preterm infants is sur-
factant therapy. Surfactant rapidly improves oxygenation and reduces 
the need for ventilator support, air leaks and mortality.35, [36],37,38 

Randomized clinical trials have evaluated the efficacy of different 
surfactant preparations, optimal timing of administration and 
dosage.35,37,39 Based on this evidence, recommendations and guidelines 
have been published [32,36]. Surfactant has been recommended to be 
administered within 2 h after birth in preterm infants with respiratory 
distress syndrome (RDS) [32,36]. In European guidelines, a policy to 
treat infants ≤26 weeks of GA when FiO2 requirements >0.30 has been 
suggested and if the infant requires intubation for stabilization, surfac-
tant may be administered in the delivery room [32]. A natural surfactant 
preparation (initial dose of 200 mg/kg) is preferred, and a second and 
sometimes a third dose of surfactant should be administered if there is 
persistent evidence of respiratory compromise [32]. 

Unfortunately, the number of infants born at 22–24 weeks of GA that 
have been included in previous studies are again, low and the effec-
tiveness of surfactant treatment in this group of patients is less well- 
documented. In infants born at 22–24 weeks of GA and admitted for 
neonatal intensive care, the majority (92%) were treated with surfactant 
[40]. Most were treated within 2 h of birth and early treatment was 
associated with significantly lower risks for pneumothorax, intraven-
tricular hemorrhage grades 3–4 and use of postnatal corticosteroids 
[40]. 

The natural pool of surfactant has been reported to be two to 10 mg/ 
kg in extremely preterm infants (100 mg/kg in term infants).41 Three 
administrations (total dose of 300–400 mg/kg) would be sufficient to 
substitute surfactant deficiency until the endogenous production begins 
[32]. Use of four or more surfactant administrations has not been 
associated with improved outcome [40]. 

In the original studies, surfactant was administered through an 
endotracheal tube. Since then, less invasive surfactant administration 
(LISA) and minimally invasive surfactant treatment (MIST) methods 
have been introduced. [32],42 Such methods, may however not be 
applicable to the most immature infants as many need ongoing invasive 
respiratory support. A recent trial found that MIST was associated with 
higher mortality in infants born at 25–26 weeks of GA than in control 
infants. The safety of LISA/MIST in infants 22–24 weeks of GA remains 
to be established before it can be more widely recommended in this 
group of patients [43]. 

5. Invasive ventilation and caffeine 

In an international survey of 321 neonatal intensive care units, 
40–92% of the units offered mechanical ventilation to infants born at 
23–24 weeks’ GA if RDS developed within 48 h after birth.44 Similarities 
were noted between initial mode of ventilation with synchronized 
intermittent mandatory ventilation (SIMV) being the most widely 
used.44 Early administration of caffeine was routine but no outcomes or 
exclusion criteria were defined.44 

Although avoidance of invasive ventilation and non-invasive or short 
intubation for surfactant administration have been shown to reduce BPD 
in infants born at >25 weeks of GA,45,46 some centers providing active 
management of infants born at 22–24 weeks of GA have reported almost 
universal use of intubation less than 2 h after birth [47–49]. But even 
with a fairly uniform comprehensive strategy of early intubation, 
endotracheal tube size/depth and caffeine administration in 22–23 week 
infants, these centers presented varying approaches to initial invasive 
ventilation [6]. With an overarching aim to minimize lung over-
distension and volutrauma, either SIMV with volume guarantee, high 
frequency jet ventilation (HFJV) or high frequency oscillator ventilation 
(HFOV) with volume guarantee were applied [6]. 

Tidal ventilation during SIMV with volume guarantee (VG) might 
have circulatory benefits such as promoting venous return and reducing 
pulmonary arterial pressure compared with HFOV. On the other hand, 
reduced fluctuations in cerebral blood flow during HFOV may reduce 
the risk of intraventricular hemorrhage [50]. However, such effects have 
not been reproduced or specifically tested in RCTs including infants of 
22–24 weeks of GA. 

Previously described benefits of VG compared with pressure limited 
ventilation included shorter time on ventilation, lower occurrence of 
BPD, mortality and IVH in more mature, preterm infants.51 In infants 
born at 22–25 weeks of GA, early instituted VG resulted in less episodes 
of hypocapnia and improved successful extubation on the first day of life 
[52]. 

Even though it is possible to avoid inadvertent triggering with the 
combination of SIMV with VG, once ventilation has been stabilized early 
switch to assist control (A/C) ventilation with VG is recommended as the 
additional triggered breaths result in a further reduction of work of 
breathing and reduced pressures.53 

HFJV combines some of the benefits of tidal ventilation and HFOV 
where cycles of 4–11 Hz are pulsated with a high velocity through a 
cannula in tandem with conventional ventilation that maintains an open 
lung by applying an adequately preset PEEP and sigh breaths if neces-
sary whereas exhalation is passive.54, [55] HFJV was primary studied as 
a rescue treatment for pulmonary air leaks, but encouraging studies 
during the early surfactant era showed a reduction in BPD in infants with 
RDS compared with conventional ventilation (CV).56,57 Since then, 
HFJV has become a first intention ventilatory strategy for infants of 
22–27 weeks of GA in some centers [6,48]. Even though a seemingly 
effective mode in experienced hands, no comparative studies have been 
performed between HFJV and other ventilatory modes in infants 22–24 
weeks of GA. 

Since HFOV has been applied with an open lung strategy, this mode 
has more definitely established its place in ventilating preterm infants, 
possibly due to a more simple application with less modifiable settings 
as compared with HFJV. Comparisons between HFOV and different 
types of CV have shown small improvements in the incidence of BPD or 
in the composite outcome BPD or mortality favoring HFOV, where a 
slightly higher incidence of air leaks with HFOV might counteract these 
benefits [50]. Few studies have included infants of 22–24 weeks of GA, 
and therefore it is difficult to evaluate short and long-term benefits or 
disadvantages in choosing HFOV over other modes of ventilation. 

Following immediate stabilization with CV, many centers in Japan 
apply HFOV as a first-line ventilation in 22–24 week infants (70% at 
22–23 weeks).58 In doing so, the circulatory effects of higher mean 
airway pressure (MAP) on pulmonary vascular resistance must be 
evaluated by echocardiography, as MAP is usually set 1.5 times higher 
than the measured MAP during initial CV [6]. Use of inotropic support in 
addition to volume expansion, as well as long term sedation during 
HFOV has been described as common practice in these patients. Once 
stable ventilation has been established, HFOV has been combined with 
VG at 1–2 ml/kg to reduce the risk of hyperventilation and to avoid too 
many changes in amplitude [6]. 

In general, infants of 22–24 weeks’ GA stay on invasive ventilation 
for longer periods and markedly so if born at 22–23 weeks’ GA [47–49]. 
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Even though these infants have a high risk to fail extubation, there seems 
to be a conformity to treat these infants early with caffeine irrespective 
of mode of ventilation [6]. Besides the postulated beneficial effects of 
reducing apnea, BPD, cerebral palsy and cognitive delay,59,60 caffeine 
might exert antioxidant effects in an hyperoxic environment or amplify 
the effect of antenatal steroids on surfactant homeostasis.61,62 But there 
is still a lack of knowledge in both the timing and the dosing of caffeine 
in the most preterm infants [63,64]. 

6. Non-invasive respiratory support 

Non-invasive Respiratory Support (NRS) is the most common respi-
ratory support for infants 22–24 weeks and accounts for most days on 
any respiratory support during their hospital stay [65]. However, the 
available evidence related to NRS in this category of patients is limited. 

Nasal CPAP systems are the most common NRS. They vary in resis-
tance to breathing and added WOB66,67 which may be relevant for the 
risk of CPAP-failure.28,68 

Generally, optimal CPAP pressure to obtain a stable FRC is not 
known. Randomized studies on different CPAP pressures are few, most 
are post-extubation. Buzzella et al. randomized infants 23–30 weeks GA 
after extubation to 4–7 cm or 7-9 cmH2O CPAP pressures with signifi-
cantly lower rates of reintubation in the high-pressure group [69]. 
Higher chronic CPAP pressures (8-12 cmH2O) are trending.70 In infants 
two weeks to two months old, a short-term physiologic study of incre-
mentally increasing ventilator generated CPAP pressures from 8 to 13 
cmH2O did not show any adverse effects on cardiac output or dia-
phragmatic electrical activity.71 On the other hand, Pandit et al. using 
variable-flow CPAP pressures of 6–8 cm H2O identified a risk for lung 
overdistension.72. One interpretation is that the choice of CPAP gener-
ator plays a role when setting pressures during CPAP treatment. 

Interfaces for delivering CPAP vary widely in their resistance to air 
flow and short binasal prongs performed best in decreasing re- 
intubation rates.73 Nasal mask compared with prongs significantly 
decreased the need for re-intubation <72 h, but not as first intention 
therapy.74 Poets et al. found that mask and prongs used beyond the first 
three days of life for infants 25–27 weeks GA performed equally and 
could be used interchangeably [75]. 

Nasal area injuries are common during CPAP treatment. Alternating 
interfaces between mask and prongs showed a borderline injury 
reduction, while high-flow nasal cannula (HFNC) use and barrier 
dressings significantly decreased the incidence. [76],77 

Nasal high-frequency oscillatory ventilation is an emerging modality 
and refers to a combination of noninvasive constant flow distending 
pressure (CPAP with prongs or mask) and superimposed high frequency 
oscillations in spontaneously breathing infants. In more mature infants it 
is associated with improved CO2 washout and prevention of extubation 
failure. Clinical studies to date are small and very heterogenous sug-
gesting a cautious approach to the effects and use of the technique [78]. 

HFNC use has rapidly gained widespread acceptance. Pressure 
delivered by HFNC is dependent on the flow and the fit of the nasal 
cannula and is generally described as highly variable.79. In clinical use, 
HFNC can be used as a primary support, post-extubation or weaning 
from CPAP. Post-extubation HFNC performed equally to CPAP with less 
risk for nasal injuries80 but had a significantly higher risk of treatment 
failure compared with CPAP when used as first intention treatment.81. 
Although current evidence appears to limit use to infants >28–30 weeks 
with relatively mild respiratory distress82 the clinical reality in some 
regions appears to be different83,84. 

Noninvasive positive pressure ventilation (NIPPV) refers to ventila-
tory techniques that combine CPAP with intermittent increases in 
inspiratory pressure such as biphasic CPAP (BiPAP) and ventilator 
derived CPAP whether synchronized to breaths or not. NIPPV used as 
first intent or post-extubation significantly reduces respiratory failure or 
the need for reintubation within 48 h to one week but no significant 
effect on BPD reduction.85,86. A recent meta-analysis including infants 

mostly >28 weeks GA comparing various early NRS modes for RDS 
found NIPPV to be more effective than CPAP in decreasing the need for 
MV, treatment failure, BPD incidence or mortality, air leak and nasal 
injuries. Synchronization did not play a significant role [87]. One 
plausible explanation for superiority of NIPPV is that it generally 
resulted in higher airway pressures over time. 

Non-invasive neurally adjusted ventilatory assistance (NIV-NAVA) is 
yet another development of NRS with the benefit of having ventilation 
assistance synchronized to the patient’s breathing effort by detecting the 
diaphragmatic electrical activity during inspiration with a nasogastric 
tube .88 Although an attractive NRS, the method has only been studied in 
moderately preterm infants with RDS and as initial mode of ventilation 
it had no obvious short-term benefits compared with nCPAP.89,90 The 
nasogastric tube is presently difficult to apply in 22–24 week infants due 
to its large size, but a few small studies show promising results in 
applying NIV-NAVA after extubation91,92 which might open up for new 
weaning strategies in the most extremely preterm infants. 

As is common in neonatology, treatments translated from animal 
experiments or more mature infants are applied to groups of patients 
before they are properly studied. Based on the above, implications for 
current practice in infants 22–24 weeks would be that NRS DR stabili-
zation seems feasible for some 23–24 weeks’ infants; evidence on both 
initial and chronic airway pressures are insufficient but appear safe in 
the span 5-9 cmH2O; nasal mask or nasal prong interfaces are the best 
nCPAP options and protective nasal barriers are needed. Increasing use 
of HFNC, NIPPV, NIV-NAVA, HFO-CPAP for both first intention and 
step-down therapy necessitates more quality research in this population. 

7. Permissive hypercapnia 

The practice of permissive hypercapnia was introduced to reduce 
ventilator-induced lung injury and BPD [93]. However, the allowance of 
higher pCO2 as hypercapnia may increase the risk for intraventricular 
hemorrhage (IVH) due to cerebral hyperperfusion.94,95 pCO2 above 55 
mmHg (7.3 kPa) increases cerebral blood flow in preterm infants (26.3 
± 1.6 weeks GA) but without an obvious correlation between mean 
arterial pressure and brain tissue oxygenation during the first 12 h of life 
[96]. These observations indicate a compromised cerebral autor-
egulation in preterm infants during the first day of life and a need to 
reduce variability in pCO2 maintaining it within “normal” limits of 
35–50 mmHg (4.7–6.7 kPa). 

The PHELBI-study randomized infants born at <29 weeks GA and in 
need of MV within the first day of life into 40–50 mmHg (5.3–6.7 kPa) or 
55–65 mmHg (7.3–8.7 kPa) targeted pCO2 with a successive increase in 
pCO2 by 5 mmHg in both groups during a two-week period until 
reaching 50–60 or 65–75 mmHg (6.7–8.0 or 8.7–10 kPa), respectively 
[97]. No difference could be identified between the groups in rates of 
extubation, re-intubation or incidence of BPD [97]. The two-year fol-
low-up of the same study found similar neurodevelopmental outcomes 
in both groups.98 

A recent meta-analysis comparing permissive hypercapnia to nor-
mocapnia in ventilated preterm infants found no difference in BPD or 
death,99 although differences in defining hypercapnia and BPD existed. 
Mild hypercapnia of 45–60 mmHg (6–8 kPa) after the first week of life 
might be safe in extremely preterm infants, but short- and long-term 
effects in the subgroup of infants born at 22–24 weeks GA remain to 
be explored. Meanwhile, ventilator strategies to avoid large fluctuations 
in pCO2 are recommended [96]. 

8. Postnatal corticosteroids 

Systemic corticosteroids for BPD prophylaxis cannot be recom-
mended for infants 22–24 weeks of GA.32,100-102 However in infants who 
remain ventilator-dependent after one–two weeks a short, low dose 
course of systemic corticosteroids has been suggested to increase the 
chance of successful extubation and reduce BPD.32, [101],103 Low-dose 
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prophylactic hydrocortisone in the first 10 d has also been reported to 
reduce BPD, although the effect was less pronounced in infants born at 
24–25 than at 26–27 weeks of GA [104]. While early inhalation of 
budesonide reduced BPD, it was also associated with increased mortality 
[105] and steroid inhalations is currently not recommended for routine 
use. 

Data on the actual use of postnatal corticosteroids in infants 22–24 
weeks of GA are rare. In very preterm infants, wide variations in practice 
have been reported between countries.106 Data from the Swedish 
Neonatal Quality Register [107] disclosed large variations in practice 
between greater regions and over time without a clear association to 
BPD, Fig. 3a–c. The national average for treatment with inhaled 

Fig. 3. a-3c. Proportions (%) of infants born at 22–24 
weeks of gestational age and discharged alive Jan 1, 
2017–Nov 30, 2021, and a) treated with inhaled 
budesonide; b) treated with systemic corticosteroids 
(betametasone or hydrocortisone); and c) diagnosed 
with bronchopulmonary dysplasia (need of oxygen 
therapy at 36 weeks of postmenstrual age). Data are 
means and 95% confidence intervals stratified by 
greater health care region and three-year periods (N 
= 576). Source: Swedish Neonatal Quality Register 
[107].   
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budesonide for BPD was 36%, and 58% of surviving infants 22–24 weeks 
of GA had been treated with any systemic corticosteroid (betamethasone 
or hydrocortisone). 

9. Weaning/transitions 

Long duration of invasive ventilation has been associated with non- 
favourable outcomes.108 Strategies supporting the transition to non- 
invasive ventilatory support is therefore encouraged at all GAs. How-
ever, weaning the most extremely preterm infants is challenging. There 
are gaps in knowledge regarding optimal postnatal age and extubation 
readiness, and extubation failures are common.109-111 

Studies comparing early and late extubation show contradictory re-
sults in BPD [110–112]. One observational study of infants <26 weeks 
GA found no differences in BPD-rates between infants extubated before 
or after 24 h after birth113 whereas another observational study of the 
same patient group found higher rates of severe BPD after implementing 
guidelines recommending extubation at the end of the first week of 
life.114 A meta-analysis comparing extubation with nCPAP or NIPPV in 
preterm infants found no differences in rates of BPD or mortality be-
tween the groups, but no subgroup analysis of extremely preterm infants 
was performed and few infants of 22–24 weeks GA were included in the 
ten studies covered [115]. 

A three-center description of routines for respiratory management in 
infants born at 22–23 weeks GA experienced successful and maintained 
extubation at 35-45 d of postnatal age [6]. Interestingly, two of these 
centers often applied an intermediary period of non-invasive neurally 
adapted ventilatory assistance in the transition between MV and nCPAP 
with good success [6]. 

Randomised controlled trials are needed to evaluate different extu-
bation regimes for infants 22–24 weeks GA on short-and long-term 
outcomes, including neurodevelopment and lung function. Experienced 
staff is also required bedside for optimising non-invasive interfaces, such 
as avoiding upper airway obstructions and reducing leakage by simple 
manoeuvres [116]. 

10. BPD/long-term outcome 

BPD is the most common morbidity in extremely preterm infants and 
it is associated with impaired neurodevelopmental outcome and reduced 
lung function in later life.1 For infants 22–24 weeks GA in Sweden the 
BPD incidence at 36 weeks postmenstrual age was 65–70% (Figs. 3c) 
and 20–30% had the most severe form of disease (FiO2 >30% oxygen at 
36 weeks of postmenstrual age). 

The preterm lung 22–24 weeks GA is in the canalicular stage of lung 
development and is uniquely susceptible to injury after birth. Exposure 
to perinatal infection, treatment-induced volutrauma and high O2-levels 
elicit an inflammatory response followed by impaired alveolar growth, 
vascularization, and a disrupted repair process.117,118 The result is 
described as arrested lung development with a decreased alveolar sur-
face area and abnormal conducting airways [119]. 

The definitions for a BPD diagnosis at 36 weeks postmenstrual age 
have been modified repeatedly in the last decades but generally include 
combinations of respiratory interventions or supplemental oxygen 
needed at 36 weeks postmenstrual age.120,121 The development of BPD is 
strongly associated with the need for MV, and modern respiratory 
treatment regimens aim to limit the exposure. [122],123 Despite the 
increased use of NRS, recent observational data have not demonstrated a 
decrease in overall survival without BPD in ELBW infants, and even a 
higher rates for infants <26 weeks GA in some reports.84, [124]. 

In general, Forced Expiratory Volume (FEV1) values for childhood 
and adolescent BPD survivors are lower than for healthy controls.125 

Simpson et al. presented longitudinal data on lung function (mechanics 
and gas exchange) up to 12-years-of-age in infants <32 weeks GA at 
birth with or without BPD. They found the largest lung function tra-
jectory impairment in BPD survivors.126 Also, in survivors with BPD an 

impaired gas exchange with decreased ventilation-perfusion ratios has 
been described at 36–39 weeks postmenstrual age and in 10-year-old 
children. [127],128 

Specific lung function data on infants 22–24 weeks GA are scarce. 
Thunqvist et al. examined the Swedish EXPRESS cohort for lung function 
at 6½ years of age. They found that children born at 22–24 weeks GA 
had lung function far below lower normal limits (24% infants for FVC 
and 44% for FEV1). The values correspond to a five-10 times higher risk 
for lung function being <5 percentile compared with normal term 
control values. Their values were even significantly lower than for 
children born at 25–26 weeks GA [4]. The infants 22–24 weeks GA 
appear to start at the lowest end of a declining slope for age related 
decrease in lung function, which is a cause for great concern.129, [130]. 

11. Practice points 

The evidence-base for respiratory support of infants born at 22–24 
weeks of gestational age is weak and at present, observational data form 
the best available knowledge. Given this disclaimer, practice points are:  

• Parental involvement is important and their attendance during 
initial stabilization should be encouraged.  

• Centralized care with designated teams for 24-7 service is important 
for optimal results [131].  

• Antenatal corticosteroids appear to benefit survival and reduce RDS 
and BPD. 

• Preparedness for intubation in the DR should be high. Some spon-
taneously breathing 23-week infants and a growing proportion of 24- 
week infants can be stabilized with NRS.  

• Volume targeted ventilation, HFJV or HFOV are presently the most 
lung protective invasive ventilation modes. Avoidance of hypocapnia 
and maintaining oxygenation within preset limits are central for 
optimal care.  

• For CPAP, nasal mask and bilateral prongs with barrier dressings can 
be used interchangeably to avoid damage to the nose. 

12. Research directions 

More randomized trials specifically directed at infants born at 22–24 
weeks of GA are needed for all aspects of respiratory care in this group of 
patients. Accordingly, the list of research directions is long and only a 
limited part of the agenda can be highlighted herein such as providing 
better evidence for:  

• Optimal ventilatory management and settings in DR?  
• Timing and dose of antenatal corticosteroids as well as surfactant?  
• How to reduce duration of MV and develop effective weaning 

strategies?  
• Which NRS pressures are optimal for 22-24 week-infants?  
• Strategies to promote lung development and growth in the neonatal 

period and thereafter?  
• Develop optimal endpoints for a more robust BPD definition relating 

to lung function?  
• Long term outcomes of lung function and circulation (pulmonary 

hypertension)? 
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