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Survival outcomes for infants born at 22–23 weeks’ gestation vary widely across neonatal units. This 
national, prospective cohort study evaluated 919 infants born at 22–23 weeks’ gestation in South 
Korea between 2013 and 2022, using Korean Neonatal Network data. Infants were categorized based 
on the level of neonatal care: 785 in lower-level centers (Group A) and 134 in higher-level centers (Group 
B). Survival was significantly higher in Group B (64.9%) compared to Group A (29.3%) (P < 0.0001). 
Early deaths occurred more frequently and earlier in Group A. Proactive care—including antenatal 
corticosteroids, antenatal antibiotics, and immediate surfactant administration—was more common 
in Group B. Antenatal corticosteroid was significantly associated with reduced risk of death (hazard 
ratio 0.58; 95% confidence interval, 0.49–0.69; P < 0.0001). The timing of rapid decline in survival was 
delayed in higher-level centers. In addition, classifying institutions into higher- and lower-level groups 
according to the survival of infants born at 22–23 weeks’ gestation (≥50% vs. <50%) provides a good 
reflection of the quality of neonatal care. These findings highlight the importance of proactive care and 
timely in utero transfer to higher-level units in improving survival for peri-viable infants.
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Recent advancements in neonatal intensive care have lowered the limit of viability to as early as 22–23 weeks’ 
gestation. However, infants born at this extremely low gestational age face high mortality and significant risks of 
severe neurodevelopmental impairment. Survival rates at this limit of viability are highly dependent on proactive 
perinatal and neonatal interventions, the quality of care, the experience of medical personnel, and the overall 
capability of neonatal intensive care units (NICUs). Ethical and legal considerations surrounding proactive care 
provision for infants born at 22–23 weeks’ gestation further contribute to marked variation in clinical practices 
among different institutions and countries1.

Previous studies have consistently shown that survival among extremely preterm infants significantly 
depends on NICU quality and proactive management strategies. Research from the Korean Neonatal Network 
(KNN) validated survival rates at 23–24 weeks’ gestation as a robust indicator of NICU care quality and 
NICU performance is frequently defined based on survival outcomes at this gestational range2–6. Moreover, 
national surveys from Japan, Sweden, and the United States have demonstrated survival rates exceeding 50% 
at 22 weeks’ gestation in centers providing proactive care7, although the balance between survival and severe 
neurodevelopmental outcomes remains challenging8,9.

In this study, we aim to investigate whether NICU quality, also correlates with survival outcomes and the 
timing of death in infants born at 22–23 weeks’ gestation. By examining whether the survival rate of infants 
born at 22–23 weeks’ gestation is associated with institutional characteristics, we aim to evaluate the validity of 
NICU quality assessments for infants at the limits of viability. This analysis provides essential evidence to guide 
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strategic decisions, including centralization of care and refinement of proactive neonatal management policies, 
ultimately improving outcomes for these infants.

Results
Demographic and clinical characteristics
Of the total 919 infants, 196 were born at 22 weeks’ gestation and 723 at 23 weeks’ gestation. A total of 785 infants 
were included in Group A and 134 in Group B. There were no significant differences in the proportion of males, 
the proportion of small for gestational age (SGA) infants, or the Apgar scores at 1 and 5 minutes between Group 
A and Group B. Antenatal corticosteroid therapy was significantly more common in Group B (86.4%) compared 
to Group A (69.4%) (P < 0.0001). At 22 weeks’ gestation, the rates were 55.6% in Group A and 71.4% in Group 
B (P = 0.2502), while at 23 weeks’ gestation, Group B had a significantly higher rate (88.1%) than Group A 
(73.5%) (P = 0.0007). Antenatal antibiotic therapy was significantly more common in Group B (86.6%) than in 
Group A (73.4%) (P = 0.0226). At 22 weeks’ gestation, the rates were 76.7% in Group A and 85.7% in Group B 
(P = 0.5868), while at 23 weeks’ gestation, Group B had a significantly higher rate (86.7%) compared to Group 
A (72.7%) (P = 0.0235). (Table 1). There were no significant differences between the two groups in maternal 
chorioamnionitis, premature rupture of membranes (PROM), rates of cesarean delivery, maternal gestational 
diabetes mellitus, maternal pregnancy-induced hypertension, or maternal age.

Resuscitation at birth according to gestational age
The survival rate of infants born at 22 weeks’ gestation was 17.3% (34/196), and at 23 weeks’ gestation, it was 
39.1% (283/723). The survival rate of infants born at 22–23 weeks’ gestation was 64.9% in Group B and 29.3% in 
Group A (P < 0.0001). At 22 weeks’ gestation, the survival rate was 50.0% in Group B and 14.8% in Group A (P = 
0.0008), and at 23 weeks’ gestation, 66.7% in Group B and 33.7% in Group A (P < 0.0001) (Table 2). Most infants 
born at 22–23 weeks’ gestation received resuscitation at birth, including positive pressure ventilation (Group A: 
97.8%, Group B: 100.0%) and endotracheal intubation (Group A: 98.2%, Group B: 99.3%). Surfactant was also 
administered in the majority of these infants (Group A: 98.7%, Group B: 99.3%). The proportion of infants who 
received surfactant immediately after birth in the delivery room or operating room was significantly higher in 
Group B (87.8%) compared to Group A (75.4%) (P = 0.0025). At 22 weeks’ gestation, the rates were 66.5% in 
Group A and 85.7% in Group B (P = 0.1385), while at 23 weeks’ gestation, Group B had a significantly higher rate 
(88.1%) compared to Group A (78.1%) (P = 0.0188) (Table 2).

Comparative analysis of survival trajectories and mortality timing
More than 50% of deaths occurred within the first 7 postnatal days (postnatal day of death <7 days: Group A, 
315/555 [56.8%]; Group B, 30/47 [63.8%]) (Table 3).

Kaplan–Meier plots up to 300 postnatal days showed higher survival in Group B compared to Group A in 
infants born at both 22–23 weeks’ gestation (22 weeks: P = 0.0298; 23 weeks: P < 0.0001) (Fig. 1a, 1b). Kaplan–
Meier plots up to 50 postnatal days also showed higher survival in Group B compared to Group A in infants 

GA 22–23 weeks Total (n=919) Group A (n=785) Group B (n=134) P

GA 22 weeks 196/919 (21.3) 182/785 (23.2) 14/134 (10.5) 0.0009

GA 23 weeks 723/919 (78.7) 603/785 (76.8) 120/134 (89.6)

Birth weight, g 574.3±95.3 573.0±95.6 581.5±93.7 0.6235

Male 489/919 (53.2) 424/785 (54.0) 65/134 (48.5) 0.2378

Small for gestational age 161/919 (17.5) 145/785 (18.5) 16/134 (11.9) 0.066

Apgar score at 1 min 2.6±1.6 2.6±1.6 2.5±1.5 0.3327

Apgar score at 5 min 4.8±2.1 4.9±2.1 4.5±1.9 0.024

Antenatal corticosteroid 651/906 (71.9) 537/774 (69.4) 114/132 (86.4) <0.0001

   22 weeks 109/192 (56.8) 99/178 (55.6) 10/14 (71.4) 0.2502

   23 weeks 542/714 (75.9) 438/596 (73.5) 104/118 (88.1) 0.0007

Antenatal antibiotics 290/383 (75.7) 232/316 (73.4) 58/67 (86.6) 0.0226

   22 weeks 52/67 (77.6) 46/60 (76.7) 6/7 (85.7) 0.5868

   23 weeks 238/316 (75.3) 186/256 (72.7) 52/60 (86.7) 0.0235

Maternal chorioamnionitis 479/786 (60.9) 402/660 (60.9) 77/126 (61.1) 0.966

PROM 459/919 (50.0) 392/785 (49.9) 67/134 (50.0) 0.9891

Cesarean delivery 499/919 (54.3) 435/785 (55.4) 64/134 (47.8) 0.1003

Maternal GDM 11/919 (1.2) 11/785 (1.4) 0/134 (0.0) 0.168

Maternal PIH 50/919 (5.4) 42/785 (5.4) 8/134 (6.0) 0.77

Maternal age, years 33.2±4.5 33.2±4.6 33.0±4.1 0.4439

Table 1.  Demographic and clinical characteristics Values are expressed as mean ± standard deviation or 
number (%). GA, gestational age; PROM, premature rupture of membranes; GDM, gestational diabetes 
mellitus; PIH, pregnancy-induced hypertension Antenatal antibiotics: Data available from 2018 onward in the 
Korean Neonatal Network registry.
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born at 23 weeks (22 weeks: P = 0.1407; 23 weeks: P < 0.0001) (Fig. 1c, 1d). Furthermore, Group A showed a 
steep decline in survival within the first few postnatal days, whereas Group B demonstrated a higher initial 
survival rate. For infants born at 22 weeks’ gestation, the time of rapid decline in survival (defined as the Point 
of Maximum Curvature in the Kaplan–Meier survival curve) occurred on postnatal day 3 in Group A and day 
8 in Group B (P = 0.0695), indicating a delayed trend in Group B, although the difference was not statistically 
significant (Table 3, Fig. 1c). For infants born at 23 weeks’ gestation, the time of rapid decline occurred on 
postnatal day 2 in Group A and day 8 in Group B (P < 0.0001), indicating a significantly later decline in Group 
B (Table 3, Fig. 1d).

Risk of mortality
Antenatal corticosteroid therapy was associated with a reduced risk of death (Hazard ratio [HR] 0.58; 95% 
confidence interval [CI], 0.49–0.69; P < 0.0001). Surfactant administration immediately after birth in the 
delivery or operating room was associated with an increased risk of death (HR 1.51; 95% CI, 1.24–1.83; P < 
0.0001). Antenatal antibiotic therapy and cesarean delivery were not significantly associated with a reduced risk 
of death (Table 4).

Short-term and long-term outcomes of survivors
Among survivors, the median duration of invasive ventilation was 59.0 days (interquartile range [IQR]: 44.0–
74.0), non-invasive ventilation was 39.0 days (IQR: 23.0–57.0), and total ventilatory support was 98.0 days (IQR: 
83.0–119.0) (Supplementary Table 1). Among survivors, bronchopulmonary dysplasia occurred in 256/298 
(85.9%), intraventricular hemorrhage grade ≥3 in 105/316 (33.2%), retinopathy of prematurity (ROP) stage ≥3 
in 185/310 (59.7%), and ROP requiring treatment in 164/317 (51.7%). At corrected 18–24 months of age, growth 
restriction was noted in weight (67/177 [37.9%]), height (69/175 [39.4%]), and head circumference (78/155 
[50.3%]). The need for rehabilitative support was observed in 89/180 (49.4%), language support in 23/180 
(12.8%), and cerebral palsy in 35/180 (19.4%) (Supplementary Table 2).

At 3 years of age, growth restriction was observed in weight (6/108 [5.6%]), height (1/106 [0.9%]), and head 
circumference (20/96 [20.8%]). The need for rehabilitative support was reported in 47/112 (42.0%), language 
support in 39/112 (34.8%), and cerebral palsy in 25/112 (22.3%) (Supplementary Table 3).

GA 22–23 weeks Total (n=919) Group A (n=785) Group B (n=134) P

Survival rate 317/919 (34.5) 230/785 (29.3) 87/134 (64.9) <0.0001

   22 weeks 34/196 (17.3) 27/182 (14.8) 7/14 (50.0) 0.0008

   23 weeks 283/723 (39.1) 203/603 (33.7) 80/120 (66.7) <0.0001

Resuscitation at birth 912/919 (99.2) 779/785 (99.2) 133/134 (99.3) 0.9086

   22 weeks 195/196 (99.5) 181/182 (99.5) 14/14 (100.0) 0.781

   23 weeks 717/723 (99.2) 598/603 (99.2) 119/120 (99.2) 0.8866

Oxygen 869/912 (95.3) 737/779 (94.6) 132/133 (99.3) 0.0196

   22 weeks 189/195 (96.9) 175/181 (96.7) 14/14 (100.0) 0.489

   23 weeks 680/717 (94.8) 562/598 (94.0) 118/119 (99.2) 0.0197

PPV 895/912 (98.1) 762/779 (97.8) 133/133 (100.0) 0.0855

   22 weeks 188/195 (96.4) 174/181 (96.1) 14/14 (100.0) 0.4536

   23 weeks 707/717 (98.6) 588/598 (98.3) 119/119 (100.0) 0.3827

Intubation 897/912 (98.4) 765/779 (98.2) 132/133 (99.3) 0.7101

   22 weeks 190/195 (97.4) 176/181 (97.2) 14/14 (100.0) 0.5287

   23 weeks 707/717 (98.6) 589/598 (98.5) 118/119 (99.2) 1

Chest compression 130/912 (14.3) 111/779 (14.3) 19/133 (14.3) 0.9911

   22 weeks 30/195 (15.4) 30/181 (16.6) 0/14 (0.0) 0.0977

   23 weeks 100/717 (14.0) 81/598 (13.6) 19/119 (16.0) 0.4863

Epinephrine 107/912 (11.7) 94/779 (12.1) 13/133 (9.8) 0.4477

   22 weeks 25/195 (12.8) 25/181 (13.8) 0/14 (0.0) 0.1364

   23 weeks 82/717 (11.4) 69/598 (11.5) 13/119 (10.9) 0.8476

Surfactant 908/919 (98.8) 775/785 (98.7) 133/134 (99.3) 0.6037

   22 weeks 193/196 (98.5) 179/182 (98.4) 14/14 (100.0) 0.6283

   23 weeks 715/723 (98.9) 596/603 (98.8) 119/120 (99.2) 0.7541

Surfactant at birth 619/801 (77.3) 511/678 (75.4) 108/123 (87.8) 0.0025

   22 weeks 119/175 (68.0) 107/161 (66.5) 12/14 (85.7) 0.1385

   23 weeks 500/626 (79.9) 404/517 (78.1) 96/109 (88.1) 0.0188

Table 2.  Resuscitation at Birth According to Gestational Age Values are expressed as number (%). GA, 
gestational age; PPV, positive pressure ventilation.
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Institutional characteristics stratified by survival rate (≥50% vs. <50%)
Institutional characteristics—such as institutional type (tertiary vs. secondary hospital), average annual number 
of preterm infants, number of neonatologists, minimum number of night-shift physicians, number of nurses, 
and number of advanced practice nurses—were found to be closely associated with institutional care level and 
the survival of infants born at 22–23 weeks’ gestation (≥50% vs. <50%) (Table 5).

Discussion
In this study, not only infants born at 22 weeks’ gestation but also those born at 23 weeks’ gestation showed 
significant differences in survival rates depending on the quality and experience of the medical team and the 
level of the neonatal unit. Moreover, in lower-level neonatal units, early neonatal deaths were more common, 
resulting in a different pattern of survival curves. The steepest decline in the Kaplan–Meier survival curve 
occurred earlier, indicating a poorer survival prognosis.

Proactive care includes active prenatal management—such as antenatal corticosteroid therapy, tocolytics, 
magnesium sulfate for neuroprotection, antibiotics for preterm PROM, and cesarean delivery for fetal 
indications—as well as active postnatal management, including neonatal resuscitation by skilled neonatologists, 
surfactant administration, and assisted ventilation10. Antenatal corticosteroid therapy was more common in 
higher-level neonatal units in this study, reflecting the proactive care provided in these settings, and was also 
associated with a reduced risk of death, consistent with previous findings11. Preterm infants at peri-viable 
gestation who are exposed to antenatal corticosteroid therapy receive more interventions at birth, have a lower 

GA 22-23 weeks Total (n=919) Group A (n=785) Group B (n=134) P

Time of death, d
median (IQR) 6.0 (1.0–17.0) 6.0 (1.0–18.0) 5.0 (1.0–15.0) 0.5558

Time of rapid decline in survival rate*, d 2 2 2 0.5558

Death, n (%) 602/919 (65.5) 555/785 (70.7) 47/134 (35.1) <0.0001

<24 hours 87/602 (14.5) 80/555 (14.4) 7/47 (14.9) 0.5366

1-3 days 131/602 (21.8) 122/555 (22.0) 9/47 (19.2)

4-7 days 127/602 (21.1) 113/555 (20.4) 14/47 (29.8)

8-28 days 161/602 (26.7) 152/555 (27.4) 9/47 (19.2)

≥29 days 96/602 (16.0) 88/555 (15.9) 8/47 (17.0)

<7 days 345/602 (57.3) 315/555 (56.8) 30/47 (63.8) 0.4689

8-28 days 161/602 (26.7) 152/555 (27.4) 9/47 (19.2)

≥29 days 96/602 (16.0) 88/555 (15.9) 8/47 (17.0)

GA 22 weeks Total (n=196) Group A (n=182) Group B (n=14) P

Time of rapid decline in survival rate*, d 2 3 8 0.0695

Death, n (%) 162/196 (82.7) 155/182 (85.2) 7/14 (50.0) 0.0008

<24 hours 29/162 (17.9) 28/155 (18.1) 1/7 (14.3) 0.1767

1-3 days 38/162 (23.5) 34/155 (21.9) 4/7 (57.1)

4-7 days 38/162 (23.5) 38/155 (24.5) 0/7 (0.0)

8-28 days 37/162 (22.8) 35/155 (22.6) 2/7 (28.6)

≥29 days 20/162 (12.4) 20/155 (12.9) 0/7 (0.0)

<7 days 105/162 (64.8) 100/155 (64.5) 5/7 (71.4) 0.5892

8-28 days 37/162 (22.8) 35/155 (22.6) 2/7 (28.6)

≥29 days 20/162 (12.4) 20/155 (12.9) 0/7 (0.0)

GA 23 weeks Total (n=723) Group A (n=603) Group B (n=120) P

Time of rapid decline in survival rate*, d 2 2 8 <0.0001

Death, n (%) 440/723 (60.9) 400/603 (66.3) 40/120 (33.3) <0.0001

<24 hours 58/440 (13.2) 52/400 (13.0) 6/40 (15.0) 0.0786

1-3 days 93/440 (21.1) 88/400 (22.0) 5/40 (12.5)

4-7 days 89/440 (20.2) 75/400 (18.8) 14/40 (35.0)

8-28 days 124/440 (28.2) 117/400 (29.3) 7/40 (17.5)

≥29 days 76/440 (17.3) 68/400 (17.0) 8/40 (20.0)

<7 days 240/440 (54.6) 215/400 (53.8) 25/40 (62.5) 0.2892

8-28 days 124/440 (28.2) 117/400 (29.3) 7/40 (17.5)

≥29 days 76/440 (17.3) 68/400 (17.0) 8/40 (20.0)

Table 3.  Timing and distribution of deaths Values are expressed as median (interquartile range) or number 
(%). GA, gestational age; IQR, interquartile range. *The postnatal days with the steepest decline in survival 
rate, as shown in the Kaplan–Meier curve.
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incidence of pulmonary hypertension, and show improved survival to one year of life as well as better long-term 
outcomes12.

Surfactant administration immediately after birth was more common in higher-level neonatal units in this 
study, particularly among infants born at 23 weeks’ gestation. However, it was associated with an increased risk 
of death. This paradoxical finding may reflect a complex effect, possibly due to confounding by indication—
where surfactant was administered immediately after birth because the infant’s condition was too unstable to 
delay treatment or to allow for NICU transfer.

According to a national survey from Japan, among infants born alive at 22 weeks’ gestation, 85% received 
proactive care at birth, while 98% of those born alive at 23 weeks’ gestation received proactive care. Survival 
rates at NICU discharge were 54% and 78% among infants born alive at 22 and 23 weeks’ gestation, respectively, 
and 63% and 80% among those who received postnatal life support at birth13. According to a survey of Korean 

Risk factors HR (95% CI) P

Antenatal corticosteroid 0.58 (0.49,0.69) <0.0001

Surfactant at birth 1.51 (1.24,1.83) <0.0001

Antenatal antibiotics 0.99 (0.74,1.33) 0.9463

Cesarean delivery 0.87 (0.74,1.02) 0.0836

Table 4.  Risk of mortality in infants born at 22–23 weeks’ gestation HR, hazard ratio; CI, confidence interval.

 

Fig. 1.  Kaplan–Meier Survival Curves for Infants Born at 22–23 Weeks’ Gestation by Group: Overall Survival 
and Timing of Rapid Decline (a) Survival up to 300 postnatal days in infants born at 22 weeks’ gestation, 
showing significantly higher survival in Group B compared to Group A (P = 0.0298). (b) Survival up to 300 
postnatal days in infants born at 23 weeks’ gestation, also showing significantly higher survival in Group B (P 
< 0.0001). (c) Survival up to 50 postnatal days in infants born at 22 weeks’ gestation; although Group B showed 
a higher survival trend, the difference was not statistically significant (P = 0.1407). The point of maximum 
curvature, representing the time of rapid decline in survival, occurred on postnatal day 3 in Group A and day 
8 in Group B (P = 0.0695). (d) Survival up to 50 postnatal days in infants born at 23 weeks’ gestation, with 
significantly better survival in Group B (P < 0.0001). The point of maximum curvature occurred on postnatal 
day 2 in Group A and day 8 in Group B (P < 0.0001). Group A is shown with a solid black line; Group B with a 
dashed red line.
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neonatologists conducted by Professor Song (presented at the 23rd Congress of the Federation of Asia and 
Oceania Perinatal Societies), only 37% of neonatologists in Korea always provide proactive care for infants 
born at 22 weeks’ gestation, whereas over 90% do so for those born at 23 weeks’ gestation. Thus, it appears 
that most hospitals in Korea provide proactive care for 23-week infants, while only some quaternary referral 
centers offer such care for 22-week infants. In this study, in lower-level neonatal units, intubation at birth was 
performed in 97.2% of infants born at 22 weeks’ gestation, and surfactant was administered in 98.4% of cases. 
However, surfactant administration immediately after birth occurred in only 66.5% of cases, and antenatal 
corticosteroid therapy was given in just 55.6%. Based on these findings and the survey conducted by Professor 
Song, resuscitation at birth—such as intubation and surfactant administration—for infants born at 22 weeks’ 
gestation was likely not a reflection of truly proactive care, but rather a response shaped by the ethical and 
medicolegal circumstances faced by Korea, or individual neonatal units.

According to the Vermont Oxford Network, proactive care for infants born at 22 weeks’ gestation increased 
from 26% in 2007 to 58% in 2019, with survival rising from 5% to 17%14. Additionally, the proportion of these 

Variable Group A (n=785) Group B (n=134) P

Hospital type <0.0001

Tertiary Hospital 109 (13.9) 38 (28.4)

Secondary Hospital 676 (86.1) 96 (71.6)

Level based on equipment and resources a <0.0001

1 29 (3.7) 27 (20.2)

2 265 (33.8) 25 (18.7)

3 491 (62.6) 82 (61.2)

Average annual number of preterm infants 0.0080

< 3 361 (46) 43 (32.1)

3-4 145 (18.5) 27 (20.2)

>4 279 (35.5) 64 (47.8)

Personnel

No. of neonatologists <0.0001

1 107 (13.6) 33 (24.6)

2 373 (47.5) 30 (22.4)

≥3 305 (38.9) 71 (53)

No. of preterm infant per neonatologist <0.0001

< 2 378 (48.2) 69 (51.5)

2–5 384 (48.9) 51 (38.1)

>5 23 (2.9) 14 (10.5)

No. of Residents <0.0001

≤ 2 259 (33) 29 (21.6)

3 229 (29.2) 27 (20.2)

4 179 (22.8) 50 (37.3)

>4 118 (15) 28 (20.9)

Minimum Number of Night-Shift Physicians 0.0010

 ≤1 508 (64.7) 67 (50)

≥2 277 (35.3) 67 (50)

No. of Nurses <0.0001

 < 20 85 (10.8) 16 (11.9)

20–40 281 (35.8) 37 (27.6)

40–60 241 (30.7) 2 (1.5)

>60 178 (22.7) 79 (59)

No. of Advanced Practice Nurses <0.0001

0 318 (40.5) 38(28.4)

1 179 (22.8) 8 (6)

≥2 288 (36.7) 88 (65.7)

Table 5.  Institutional characteristics stratified by survival rate (≥50% vs. <50%) Values are expressed as 
number (%). a Each of the following nine items was given a point: availability of total parenteral nutrition, 
general pediatric surgery, pediatric thoracic surgery, nitric oxide therapy, extracorporeal membrane 
oxygenation therapy, dialysis treatment, echocardiography, other ultrasounds, and capability of blood gas 
analysis within the unit. Each hospital was assigned one level based on the following classification scheme: a 
score of 1–5 as level 1; a score of 6–7 as level 2; and a score of 8–9 as level 3.
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infants in hospitals with a level 3 or 4 designation within that network who received postnatal life support 
increased further, from 61.6% in 2020 to 73.7% in 202215. In the UK as well, survival-focused care for infants 
born at 22 weeks’ gestation increased from 11.3% to 38.4%, and as a result, survival to NICU discharge improved 
from 2.5% to 8.2%. This also indicates that the survival rate of infants born at the limit of viability, such as 
those at 22 weeks’ gestation, is not fixed and can be improved through the provision of high-quality proactive 
care16. Another study has reported that proactive care—such as antenatal corticosteroid therapy, active postnatal 
resuscitation, provision of assisted ventilation, and NICU admission—is associated with improved survival in 
infants born at 22 weeks’ gestation11. In Sweden, the improvement in survival is attributed to the policy of 
centralization of care introduced in 2014. Under this policy, mothers expected to deliver extremely preterm 
infants are transferred before birth to high-activity regions with more experienced medical teams and higher-
level neonatal units, enabling the provision of high-quality proactive care to extremely preterm infants at the 
limit of viability. As a result, not only survival rates but also overall outcomes for these infants have improved17.

In the present study, compared with Group A (survival rate <50%), Group B (survival rate ≥50%) had a higher 
proportion classified into the low-level category (Level 1) based on equipment and resources. This suggests that, 
unlike in other countries where survival is influenced by NICU level based on equipment and resources18,19, 
survival is not necessarily improved by higher levels of equipment and resources. In Korea, NICU facilities 
are generally well-equipped regardless of whether the hospital is tertiary or secondary, which may explain this 
finding. Although the difference is statistically significant, we believe it is not strongly related to improved 
survival. In another KNN study20, the level of facility and resources also did not affect survival. Instead, in the 
present study, personnel—such as the number of neonatologists, the minimum number of night-shift physicians, 
the number of nurses, and the number of advanced practice nurses—were associated with institutional care level 
and the survival of infants born at 22–23 weeks’ gestation.

According to a survey conducted in Japan, the median number of neonatologists in 145 NICUs that care 
for infants born at 22–23 weeks’ gestation is 8 (IQR: 5–9) 13. In contrast, Korea faces a severe shortage of 
neonatologists. The number of neonatologists is one of the most critical hospital factors influencing the quality 
of proactive care and the level of the neonatal unit. It is also the single most important independent factor 
contributing to the variation in mortality of preterm infants across centers in Korea20.

Studies continue to report that delivery of pregnant women at 22–26 weeks’ gestation in designated hospitals 
capable of providing high-quality perinatal and neonatal care improves the survival rates of peri-viable births, 
eliminates the risks associated with postnatal transfer, and leads to better outcomes21,22. In utero transfer to tertiary 
care centers with level 3 or 4 NICUs is a widely accepted practice, as it improves survival and reduces morbidity 
in peri-viable births23,24. However, few countries have established national guidelines for this practice16,25–27. 
Timely transfer of pregnant women at peri-viable gestation, facilitated by regionalization of perinatal care and a 
well-organized neonatal network, can further improve survival and outcomes for these infants. As demonstrated 
by studies from Korea and other countries, it cannot be overemphasized that the survival and morbidity of 
preterm infants at the limit of viability vary depending on the level of experience of the medical team and the 
availability of high-quality proactive care provided by higher-level neonatal units. Therefore, it is now truly 
time to establish national guidance regarding proactive care for infants born at 22–23 weeks’ gestation and to 
centralize perinatal care for deliveries at the earliest gestational ages.

This study has several limitations. Despite being based on a national cohort registry, the number of enrolled 
infants born at 22 weeks’ gestation was inevitably small due to the low incidence of births at that gestational 
age. Additionally, the number of patients in Group B, which represents higher-level neonatal units, was 
relatively small, leading to a significant imbalance compared to Group A. Another limitation is that data on 
antenatal antibiotic therapy were collected starting in 2018 resulting in a lack of data for earlier years. As with 
many multicenter cohort studies, it is difficult to accurately assess the extent of truly proactive care provided. 
Although interventions such as intubation and surfactant administration were performed, the rates of antenatal 
corticosteroid therapy and surfactant administration at birth were low. A survey of Korean neonatologists also 
showed that proactive care at 22 weeks’ gestation is uncommon, making it hard to gauge actual care levels.

In conclusion, the survival of infants born at 22–23 weeks’ gestation was influenced by the quality and 
experience of the medical team. Early neonatal deaths were more frequently observed in lower-level units; thus, 
targeted efforts to reduce early mortality—such as timely in utero transfer to higher-level units—may further 
enhance survival outcomes. In addition, classifying institutions into higher- and lower-level groups according to 
the survival of infants born at 22–23 weeks’ gestation (≥50% vs. <50%) provides a good reflection of the quality 
of neonatal care.

Methods
Study design and population
The KNN is a multicenter, nationwide prospective cohort registry that includes preterm infants from more than 
70 participating centers, representing over 80% of preterm infants in Korea. A total of 919 infants born at 22–23 
weeks’ gestation between January 1, 2013 and December 31, 2022 were enrolled (22 weeks: 21.3% [196/919], 23 
weeks: 78.7% [723/919]).

Participating units were categorized into two groups: Group A (lower-level neonatal units with a survival 
rate for 22–23 weeks’ gestation <50%) and Group B (higher-level neonatal units with a survival rate for 22–23 
weeks’ gestation ≥50%). Among the more than 70 KNN participating centers, data from 61 centers that enrolled 
at least one infant born at 22–23 weeks’ gestation during the study period were analyzed. Of these, 48 centers 
(785 infants) were assigned to Group A, and 13 centers (134 infants) were assigned to Group B. The enrollment 
criteria of the KNN included infants who were successfully resuscitated in the delivery room and admitted to the 
NICU. Therefore, infants who died in the delivery room were not enrolled in this study.

Scientific Reports |          (2026) 16:248 7| https://doi.org/10.1038/s41598-025-28428-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


We compared clinical characteristics and the provision of proactive care between the two groups, including 
antenatal corticosteroid administration and resuscitation at birth (categorized by intensity: positive pressure 
ventilation, intubation, chest compressions, and epinephrine injection), as well as surfactant administration at 
birth. Clinical characteristics—such as sex, SGA infants, Apgar scores at 1 and 5 minutes, antenatal antibiotic 
administration, histologically confirmed maternal chorioamnionitis, PROM, cesarean delivery rate, maternal 
gestational diabetes mellitus, pregnancy-induced hypertension, and maternal age—were analyzed according 
to the two groups. We utilized data from the KNN pre-set registry; information on antenatal antibiotic 
administration has been recorded since 2018 and is available from that year onward. Mortality, timing of death, 
and the time (postnatal day) of rapid decline in survival were analyzed using Kaplan–Meier survival curves.

Among the 919 infants, 317 survivors were evaluated for short-term outcomes. These outcomes 
included the duration of ventilatory support (combined duration of invasive and non-invasive ventilation), 
bronchopulmonary dysplasia assessed at 36 weeks’ postmenstrual age28, patent ductus arteriosus requiring 
surgical ligation29, intraventricular hemorrhage (grade ≥3), periventricular leukomalacia, culture-proven sepsis, 
necrotizing enterocolitis requiring surgery, ROP requiring treatment, and the need for assistance at discharge 
from the NICU (monitoring, oxygen, or tube feeding).

For long-term outcomes, 180 infants were followed up at a corrected age of 18–24 months, and 112 infants 
were followed up at 3 years of age. Long-term outcomes included growth restriction (weight <10th percentile, 
height <10th percentile, or head circumference <10th percentile), the need for rehabilitative or language support, 
blindness, the need for hearing aids, mental or motor developmental delays, and cerebral palsy (Gross Motor 
Function Classification System ≥ 2). Mental developmental delay was defined as: (1) a Mental Developmental 
Index < 70 on the Bayley Scales of Infant Development (BSID) II; (2) a cognitive or language score < 70 on the 
BSID III; or, for infants who were not assessed using BSID II or III, (3) a cognition, language, or self-help score 
below the cutoff value on the Korean Developmental Screening Test (K-DST)30. Motor developmental delay was 
defined as: (1) a Psychomotor Developmental Index < 70 on the BSID II; (2) a motor score < 70 on the BSID III; 
or, for infants not assessed using BSID II or III, (3) a gross motor or fine motor score below the cutoff value on 
K-DST30.

Institutional characteristics included institutional type (tertiary vs. secondary hospital), level based on 
equipment and resources (1, 2, or 3), average annual number of preterm infants (<3, 3–4, >4), number of 
neonatologists (1, 2, ≥3), minimum number of night-shift physicians (≤1, ≥2), number of nurses (<20, 20–40, 
40–60, >60), and number of advanced practice nurses (0, 1, ≥2). The level (1, 2, or 3) was determined based 
on nine items related to equipment and resources: availability of total parenteral nutrition, general pediatric 
surgery, pediatric thoracic surgery, nitric oxide therapy, extracorporeal membrane oxygenation therapy, dialysis 
treatment, echocardiography, other ultrasounds, and the capability of blood gas analysis within the unit. Each 
hospital was assigned one level based on the following classification scheme: a score of 1–5 as level 1, 6–7 as level 
2, and 8–9 as level 320.

Statistical analysis
The t-test or Mann-Whitney U test was performed for continuous variables with a normal distribution 
and homogeneous variance, and the χ2 test or Fisher’s exact test was performed for categorical variables, as 
appropriate.

The Kaplan–Meier method was used to derive the survival distribution function. The time point (in postnatal 
days) at which the survival rate declined most rapidly was analyzed using the Time of Maximum Hazard, defined 
as the point at which the Kaplan–Meier curve shows the steepest decline. To identify the point where the shape 
of the Kaplan–Meier survival curve changes most rapidly, we estimated the second derivative of the survival 
function using numerical approximation. The time point at which the absolute value of the second derivative was 
maximized was defined as the Point of Maximum Curvature (the time of rapid decline in survival), reflecting 
the most pronounced inflection in the survival trajectory. This analysis was used to detect potential structural 
changes in the event dynamics over time.

HRs and 95% CI using Cox proportional hazard regression were presented to evaluate the risks mortality. 
Data are presented as median (IQR) for continuous variables and as numbers (%) for categorical variables, and P 
values < 0.05 were considered statistically significant. All analyses were conducted using SAS 9.4 (SAS Inc., Cary, 
NC, USA) and figures were generated using the R (version 4.3.1).

Data availability
The dataset analyzed in this study is not publicly available due to the policy of the Korea National Institute of 
Health. However, datasets are available from the corresponding author upon reasonable request.
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