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Extremely preterm infants: a brief overview of 
global statistics

Preterm birth complications are one of the major global 
health problems and the leading cause of global under-five 
child mortality (1). In addition, it features among the top 
five causes of global disability-adjusted life years and other 
major diseases (e.g., ischemic heart disease, cerebrovascular 
diseases) among adults (2). Although mortality due to 
preterm birth complications are typically high in developing 
countries, preterm births remain the major cause of child 

deaths even in developed countries (3). In particular, 
extremely preterm infants (i.e., infants born before 26 weeks 
of gestation) have very high mortality rates; further, even 
among survivors from developed countries, there is a high 
risk of long-term complications (4,5). 

There is a wide variation in neonatal mortality rates 
across regions and countries (6). Japan has one of the lowest 
neonatal mortality rates in the world; further, the mortality 
rate of extremely preterm infants is much lower in Japan 
than in other developed countries (7). A recent study, which 
was conducted by the International Network for Evaluating 
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Outcomes of Neonates (iNeo) across 11 developed regions 
and countries, reported that between-country differences 
in mortality rates widened as the gestational age of infants 
decreased; specifically, the mortality rate range was 16–65% 
at a gestational age of 24 weeks and 3–6% at 29 weeks (8). 

This review article provides a comparative overview of 
the outcomes of extremely preterm infants in Japan and 
other countries; further, it introduces the unique features of 
clinical management of extremely preterm infants in Japan. 
Many clinical management systems that are described 
in this review do not have a strong evidence-base that 
supports their effectiveness or advantages. Accordingly, 
this review does not intend to recommend the application 
of such Japanese management systems in clinical practice 
in other countries. Instead, this review introduces the 
clinical management of preterm infants in Japan in order to 
generate ideas and opportunities for future research. 

Development of neonatology in Japan

The neonatal mortality rate in Japan dramatically improved 
from the 1940s to 1960s (Figure 1). Several factors, which 
include the following, are considered to have contributed 
to this improvement: the introduction of the Maternal 
and Child Health Handbook (which was then referred 
to as the Maternal Handbook) in 1942, enforcement of 
several legislations to protect the health of mothers and 
children (Child Welfare Act in 1947, Maternal Health Act 

in 1948, and Maternal Child Health Law in 1965), and the 
establishment of the National Health Insurance System 
for all citizens in 1961 (10). In particular, the Maternal and 
Child Health Handbook was a unique Japanese system 
that enabled the public registration of pregnant women, 
systematic education and support of pregnant women 
and mothers of young children, and the development and 
promotion of regular health checkups and vaccination of 
newborns, infants, and children (10). In 1958, the Medical 
Care Benefits for Premature Babies was established to cover 
the medical expenses that the care of premature infants or 
low birth weight infants (<2,000 g) entails. These changes 
promoted the development of healthcare systems that 
supported pregnant women, mothers, newborns, infants, 
and children. During this period, the proportion of home 
births to all deliveries rapidly decreased from 95% in 1950 
to 4% in 1960 (to 0.1% in 2015). This drastic shift in the 
birth place (i.e., from the home to clinics or hospitals) might 
account for the large reduction in neonatal mortality rates 
that have been evidenced across time (10). Since the 1960s, 
the neonatal mortality rate in Japan has remained one of 
the lowest in the world and is still improving (Figure 1). In 
the 1970s, the development of neonatal intensive care units 
(NICU), and the introduction of mechanical ventilation 
and the vital signs monitor systems improved the survival of 
sick newborns, particularly very low birth weight (VLBW) 
or very preterm infants. After 1980, the introduction of 
surfactant therapy, pulse oximetry, and high-frequency 
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Figure 1 Trend of neonatal mortality. The data were derived from a report of the UN Inter-agency Group for Child Mortality Estimation 
and the Vital Statistics in Japan (6,9).
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oscillation ventilation contributed to further decline in the 
mortality and morbidity rates of preterm infants. Japanese 
clinicians and researchers have played important roles in the 
development of these new drugs and devices (11-13). 

Importantly, the preterm birth rate is lower in Japan 
(5.7%) than other countries such as the United States of 
America (USA; 9.6%), Canada (8.2%), and the United 
Kingdom (UK; 7.0%), and are comparable to those of 
Nordic countries such as Sweden (5.8%), Finland (5.8%), 
and Norway (5.8%) (14). In addition, the proportion of 
extremely preterm births is low in Japan. Live births at 
22–25 weeks of gestation were found to be 1.3 per 1,000 
births in Japan; this rate is lower than those of the USA (4.7), 
Canada (3.3), and the UK (3.2) and comparable to those of 
Nordic countries [e.g., Norway (1.3), Finland (1.2), Sweden 
(1.6)] (7). Since 1965, the Maternal and Child Health Act 
in Japan has recommended that local governments provide 
pregnant women with regular prenatal visits (i.e., once every 
4 weeks until 23 weeks of gestation, once every 2 weeks 
between 24 and 35 weeks of gestation, and once a week after 
36 weeks of gestation) by offering financial support. These 
factors as well as other public health interventions (e.g., 
maternal handbook) may have contributed to low preterm 
birth rates in Japan. 

The Japanese perinatal healthcare system: 
general and regional perinatal medical centers 
(PMCs)

The Ministry of Health, Labour and Welfare in Japan 
formulated guidelines that pertain to the maintenance 
of perinatal medical systems; specifically, prefectural 
government bodies are required to designate general 

PMCs and regional PMCs based on the care level that 
is required by patients. The difference between general 
PMCs and regional PMCs is similar to that between level 
3 NICUs (or tertiary NICUs) and level 2 NICUs (or step-
down NICUs) in the USA (15). However, the important 
difference is that general PMCs are expected to provide 
not only high-level (or tertiary) intensive neonatal care 
but also high-level intensive obstetric maternal-fetal care. 
Therefore, standalone children’s hospitals without obstetric 
units cannot be designated as general PMCs that offer the 
highest level of care even if they have large tertiary NICUs. 
The requirement for the designation of general PMCs 
facilitated the development and expansion of high-level 
perinatal centers that have both NICUs and obstetric units 
with maternal fetal intensive care units, and discouraged 
hospitals from having high-level NICUs that do not have 
obstetric units. These factors helped reduce the neonatal 
transfer of sick newborns to hospitals with high-level 
NICUs and increase antenatal maternal transfer to high-
level PMCs. In fact, the proportion of neonatal transfer 
among VLBW infants decreased from 12% in 2003 to 6% 
in 2015 (Figure 2). Such changes are important because 
outborn infants who are transferred to high-level NICUs 
after birth have poorer prognosis than inborn infants who 
are born in tertiary NICUs (17,18). Thus, lower neonatal 
transfer rates may explain the relatively good prognosis of 
preterm infants in Japan. 

The perinatal center system in Japan is not without a 
weakness. One of them is a relatively low proportion of 
infants who receive antenatal corticosteroids that is well 
known to reduce the mortality and various morbidities of 
preterm infants (19). Although the proportion of antenatal 
steroids exposure has been improving recently, it was still 
around 60% of VLBW infants in Japan (16). In many 
other western countries, 80–90% of VLBW infants were 
exposed to antenatal corticosteroids (20). The reasons for 
the low proportion of antenatal corticosteroid exposure in 
Japan was not clear and it may be due to the fact that the 
use of maternal antenatal steroids (betamethasone) was off-
label in Japan until 2009. By the clinical practice guidelines 
of the Japan Society of Obstetrics and Gynecology, 
antenatal corticosteroids administration is recommended 
to pregnant women with threatened preterm birth between  
24- and 33-week gestations and considered for those at 
22 to 23 weeks gestations (21). The repeated course of 
antenatal steroids can be an option for women who do 
not deliver within 1 week after antenatal corticosteroids, 
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Figure 2 Declining trend of neonatal transfer of VLBW infants in 
Japan. Report of Neonatal Research Network Database Japan (16). 
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although it is not common in Japan yet (21). 

The Neonatal Research Network of Japan 
(NRNJ)

The NRNJ was originally founded in 1998 with the aim 
of promoting clinical research, especially randomized 
controlled trials, in Japan (22). The NRNJ established 
a network database of VLBW infants across 38 NICUs 
in 2003. Since then, the number of participating NICUs 
has increased; further, as of January 2018, 202 NICUs 
participated in the NRNJ (22). The population coverage 
of VLBW infants was approximately 70% in 2012 (23). 
The NRNJ has been collecting the maternal and infant 
clinical data of VLBW (i.e., birth weight ≤1,500 g) and very 
preterm infants (i.e., <32 weeks of gestation) during their 
stay at the NICU and follow-up visits (i.e., at a corrected 
age of 18 months and chronological age of 3 years after 
NICU discharge). The goal of the NRNJ is to improve the 
quality of NICU care and the outcomes of sick newborn 
infants in Japan by using the NRNJ databases to benchmark 
NICUs, support follow-up care of sick newborns, and 
promote clinical research. Analysis of data that are housed 
by the NRNJ database showed wide variations in mortality 
and morbidity rates across NICUs in Japan (24). The 
NRNJ enables each NICU to benchmark the outcomes 
of VLBW infants in their NICUs against those of other 
NICUs. 

A comparison of the outcomes of VLBW infants 
in Japan and other countries

The NRNJ database has been used in international 
collaborative studies that have compared the outcomes 
of very preterm infants across countries (20,25). Initially, 
a cohort study using the databases of the NRNJ and the 
Canadian Neonatal Network (CNN) found differences  
in the outcomes of VLBW infants between the two networks 
(25). This study has evolved into a large multi-country 
collaborative project called the iNeo, which includes 10 
neonatal networks that represent 11 regions or countries 
(19). Analysis of the iNeo databases showed that Japan had 
the lowest rates of mortality and severe neurological injury 
(e.g., severe intraventricular hemorrhage, periventricular 
leukomalacia) among the iNeo countries or regions 
(Figure 3). This study did not quantify the incidence of 
necrotizing enterocolitis (NEC) and late-onset sepsis due to 
heterogeneity in the diagnosis and definitions of the disease 
across participating networks. However, the study that 
compared the NRNJ and the CNN reported that VLBW 
infants in Japan had much lower incidences of NEC and late-
onset sepsis than those in the CNN (NEC: 1.6% vs. 5.9%; 
late-onset sepsis: 5.0% vs. 16.6%) (25). In addition to these 
positive outcomes that were evidenced by the NRNJ data, 
the iNeo study found that very preterm infants in Japan had 
very high incidences of severe retinopathy of prematurity as 
well as chronic lung disease (Figure 3). Race or ethnicity may 
be one of the reasons that account for this difference in the 
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Figure 3 Mortality and morbidity among countries and regions of iNeo. The data were derived from Australian and New Zealand Neonatal 
Network (Au/NZ), Canadian Neonatal Network (Canada), iNeo, International Network for Evaluating Outcomes; Israel Neonatal Network 
(Israel), Neonatal Research Network of Japan (Japan), Spanish Neonatal Network (Spain), Swedish Neonatal Quality Register (Aweden), 
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incidence of retinopathy of prematurity. A population-based 
cohort study that was conducted in New York City reported 
that those of Asian race or ethnicity were at a higher risk of 
retinopathy of prematurity than those of a Caucasian race 
or ethnicity; however, no such group differences emerged 
with respect to the mortality and severity of intraventricular 
hemorrhage (26).

The iNeo study has not examined long term neonatal 
outcomes (e.g., neurodevelopmental impairments). Figure 4 
summarizes the incidences of death and neurodevelopment 
impairments in extremely preterm infants born at  
22–24 weeks of gestation across three countries, namely, 
Japan, Sweden, and the USA (4,5,27). These results must 
be interpreted with caution because the NRNJ database 
evidenced a high proportion of missing information due 
to a lack of follow up. However, it is noteworthy that the 

neurodevelopmental outcomes of extremely preterm infants 
in Japan were better than or comparable to those in Sweden 
and the USA. This result suggests that the high survival rate 
of extremely preterm infants in Japan did not result in a high 
incidence of neurodevelopment impairments in later years.

Decision making pertaining to the active treatment of 
periviable infants in Japan 

In Japan, the limit of viability changed from 28 to 24 
completed weeks of gestation in 1977; subsequently, in 
1991, it was changed from 24 to 22 completed weeks of 
gestation by amendments that were made to the Maternal 
Protection Act (which was then referred to as the Eugenic 
Protection Act). As a result of such changes, the outcomes 
of extremely preterm infants have improved across the 

Figure 4 Death or neurodevelopmental impairment among infants who received active treatment. The data were derived from three studies 
from Japan, USA, and Sweden (4,5,27). (A) Death or neurosensory impairment among live births; (B) neurosensory impairment among survivors. 
EXPRESS, Extremely Preterm Infants Study in Sweden; LTFU, lost to follow-up; NDI, neurodevelopmental impairment; NICHD, Eunice  
Kennedy Shriver National Institute of Child Health and Human Development; NRNJ, Neonatal Research Network of Japan; wk, weeks of gestation.
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years. A national survey that was conducted in Japan in 2012 
(response rate =75%, i.e., 208 out of 277 NICUs) reported 
that active resuscitation of extremely preterm infants that 
were born at 22 and 23 weeks of gestation was performed 
in 81% and 85% of NICUs, respectively; of these, 42% 
and 75% of NICUs resuscitated these infants, regardless 
of parents’ wishes (28). A population-based cohort study 
that analyzed vital Japanese statistics yielded information 
that was used to estimate the number of infants born at 
22–24 weeks of gestation that had received resuscitation 
and active postnatal treatment (29). The study reported that 
the proportions of infants who had survived an hour since 
birth to those who had survived the onset of labor were 
51%, 79%, and 93% at 22, 23, and 24 weeks of gestation, 
respectively (Figure 5) (29). Because most extremely preterm 
infants born at 22–24 weeks of gestation are likely to die 
shortly after birth, unless they receive resuscitation or active 
treatment, these numbers can be considered as estimates 
of the proportions of infants who receive resuscitation and 
active treatment after birth. Given that death within an hour 
of birth included intrapartum fetal death (i.e., stillbirth) as 
well as death after resuscitation in this study, these figures 
are likely to be underestimates. In the NICHD centers in 

the USA, the proportions of infants that received active 
treatment at 22, 23, and 24 weeks of gestation were 21%, 
70%, and 96%, respectively (4). A previous study reported 
that NICUs, where active treatment is more likely to be 
initiated, promoted better prognosis of extremely preterm 
infants than other NICUs (30). Therefore, the Japanese 
practice of active resuscitation of infants that are born 
during the 22nd week of gestation may contribute to the 
good prognosis of extremely preterm infants in Japan (30). 

Circulatory management 

The reason for the lower mortality rate and lower rate 
of severe intraventricular hemorrhage in Japan than in 
other countries is not clear; the circulatory management of 
preterm infants in Japan may account for these international 
differences (31). A cross-national study on preterm infants’ 
outcomes found that the rates of mortality and severe 
intraventricular hemorrhage were significantly lower in 
Japan than in Canada; however, the differences in the rates 
of both the outcomes were found only in infants with patent 
ductus arteriosus (PDA) (32). This result indicated that the 
management of PDA as well as circulation may contribute to 

Figure 5 Death among extremely preterm infants who survived at onset of labor or at 1 hour after birth. (A) Death among extremely 
preterm infants who survived at onset of labor; (B) death among extremely preterm infants who survived at 1 hour after birth. The data were 
from a population-based cohort study in Japan (29). hr, hours after birth; wkPMA, weeks of postmenstrual age.
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good outcomes among preterm infants in Japan. A national 
survey on the circulatory management of very preterm 
infants in Japan reported that most Japanese neonatologists 
perform functional echocardiography (33). In most NICUs, 
echocardiography is performed very frequently (i.e., two or 
more times per day) on extremely preterm infants within 
3 days of birth (33). Using echocardiography, Japanese 
neonatologists assess (I) cardiac function and volume 
status [i.e., left ventricular ejection fraction (LVEF), left 
ventricular end-diastolic diameter (LVDd)], left atrium to 
aortic root ratios (LA/Ao), and diameter of inferior vena 
cava (IVC)], (II) ductus arteriosus status (i.e., diameter and 
shunt flow of PDA, diastolic flow of left pulmonary artery), 
(III) peripheral organ circulation [i.e., blood flow pattern of 
the anterior cerebral artery (ACA), renal artery (RA), and 
superior mesenteric artery (SMA)], and (IV) pulmonary 
hypertension (i.e., shape and motion of the interventricular 

septum, tricuspid regurgitation). These echocardiographic 
findings, along with clinical signs, guide the circulatory 
management of extremely preterm infants (Figure 6). 
Furthermore, there was another aspect of circulatory 
management that was found to be unique to Japan; 
specifically, approximately two-thirds of NICUs monitored 
the end-systolic wall stress (ESWS) of the left ventricle to 
assess the afterload of the left ventricle and treat the poor 
left ventricular function that results from excessive afterload 
(i.e., high ESWS) using vasodilators (e.g., nitroglycerin, 
milrinone) as well as diuretics and sedation (Figure 6) (33). 
This use of ESWS in the prevention of intraventricular 
hemorrhage was originally proposed by Dr. Katsuaki 
Toyoshima, a Japanese neonatologist and cardiologist, and 
was reported to be effective in reducing intraventricular 
haemorrhage (31,34,35). High ESWS accompanied by 
poor cardiac function) is considered to be a risk factor for 
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Figure 6 Circulatory management guided by neonatologist-performed echocardiography. FFP, fresh frozen plasma; NO, nitric oxide; PDA, 
patent ductus arteriosus; RBC, red blood cell.
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intraventricular hemorrhage due to afterload mismatch. 

Respiratory management 

The respiratory management of extremely preterm infants 
in Japanese NICUs is relatively conservative or invasive, 
whereby infants are frequently intubated and placed 
on mechanical ventilation during the acute phase (i.e.,  
72 hours after birth). The iNeo conducted an international 
questionnaire-based survey on the respiratory management 
of very preterm infants across 10 neonatal networks that 
represented 11 countries or regions (36). With regard to 
the initial respiratory management of respiratory distress 
in spontaneously breathing infants, approaches differed 
based on the gestational age of the infants. In all countries 
or regions including Japan, the invasive approach (i.e., 
intubating and placing infants on mechanical ventilation) 
emerged as the most common respiratory management 
strategy that was used with infants born at 23–24 weeks 
of gestation. However, with regard to infants born at  
25–28 weeks of gestation, the non-invasive approach [i.e., 
placing infants on continuous positive airway pressure 
(CPAP) with or without surfactant administration] was 
found to be more common than invasive approaches in 
most countries or regions except Japan. In Japan, most 
NICUs used the invasive approach with all infants born at 
23–28 weeks of gestation. Previous systematic reviews have 
reported that the non-invasive approach is more effective 
in reducing the likelihood of death or chronic lung disease 
than the invasive approach (37,38). In addition, the non-
invasive approach with surfactant administration (e.g., 
INSURE: intubate-surfactant-extubate; LISA: less-invasive-
surfactant-administration) was reported to be effective 
in reducing the likelihood of death and chronic lung  
disease (38). According to the results of the iNeo survey, 
the INSURE and LISA approaches were commonly 
used in many countries or regions with infants born at  
25–28 weeks of gestation; however, they were not common 
in Japan (36). The invasive respiratory management in 
Japan may lead to a high incidence of chronic lung disease 
in Japanese NICUs (25). Greater practice of the invasive 
approach in Japan may be due to Japanese neonatologists’ 
apprehensions that the non-invasive approach may increase 
the risk of intraventricular hemorrhage in extremely 
preterm infants; it is noteworthy that the conclusions of 
previous systematic reviews do not offer support to these 
concerns (37,38). A national survey on the management 
of chronic lung disease in Japan reported that inhaled and 

systemic postnatal corticosteroids were often or sometimes 
used in 44% and 13% of NICUs as prevention and 
47% and 67% of NICUs as treatment, respectively (39). 
Although the types of systemic corticosteroids were not 
assessed in the survey, the use of hydrocortisone has been 
increasing instead of dexamethasone due to the concern of 
neurodevelopmental adverse effect associated with the use 
of dexamethasone (40).

Nutritional management 

The incidence of NEC is lower in Japan (1.6% of VLBW 
infants) than in other countries (3–10%) (25,41). The 
low rate of NEC can be attributed to the nutrition 
management of extremely preterm infants in Japan, which 
is characterized by (I) the promotion of breastfeeding, 
(II) early minimal enteral feeding, (III) routine glycerin 
enema, and (IV) probiotics administration. It was reported 
that 99% of NICUs tried to solely use breast milk as 
much as possible and avoided formula milk, when enteral 
feeding was initiated in extremely preterm infants (42). 
Significant benefits were observed in breastfed infants, 
when compared to formula-fed infants; these benefits 
included the reduction of late-onset infections and NEC, 
improvement in neurodevelopmental outcomes, and 
protection against metabolic syndromes in later years (43). 
Minimal enteral feeding and administration of oral drops 
of the mother’s breast milk are actively practiced in many 
Japanese NICUs, typically within 24–48 hours of birth (42). 
Although a systematic review reported that minimal enteral 
feeding yielded no significant benefits when compared to 
enteral fasting, there were not enough data to assess its 
effectiveness with extremely preterm infants (44). Although 
donor milk was reported to be effective in preventing 
NEC, a recent national survey of Japanese NICUs 
found that only a minority of NICUs (35%) used donor  
milk (45). Therefore, donor-milk use is an unlikely 
explanation for the low incidence of NEC in Japan (46,47). 
The same survey also reported that 71% of NICUs used 
3-hour feeding intervals rather than 2-hour feeding 
intervals. The incidence of NEC was slightly lower in 
NICUs with 3-hour feeding intervals (1.9%) than those 
with 2-hour intervals (2.7%); however, this difference was 
not statistically significant (45). A recent systematic review 
reported that the reviewed trials did not have sufficient 
sample sizes to assess variations in NEC incidences 
between different feeding intervals (48). Therefore, the 
relationship between feeding intervals and NEC incidence 
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requires further exploration. Another unique aspect of 
gastrointestinal management in Japanese NICUs is the 
routine administration of glycerin enema (25% glycerin,  
1–2 mL/kg/dose, 3–6 times per day) to accelerate the 
passage of meconium in extremely preterm infants. A 
systematic review reported that neither prophylactic 
glycerin enema nor suppositories hastened the transition 
to enteral feeding or reduced NEC (49). However, the 
total sample size of all studies included in the meta-analysis 
was small; therefore, further trials are needed to assess 
the effectiveness of glycerin enema. Probiotics have been 
found to be effective in reducing NEC and late-onset 
infection (50). Since one of the classic trials on the use of 
probiotics in improving gastrointestinal outcomes among 
VLBW infants was conducted in Japan, probiotics (mainly 
Bifidobacterium species) tend to be commonly administered 
across many NICUs in Japan (51). 

Neurological management

In Japan, the clinical management of extremely preterm 
infants focuses on the prevention of intraventricular 
hemorrhage during the acute phase (72 hours after 
birth). Along with the aforementioned circulatory and 
respiratory managements, many NICUs in Japan promote 
neuroprotection by adopting the following: (I) minimal 
handling of infants, (II) sedation of ventilated infants, and 
(III) close monitoring of infants using brain ultrasounds. 

Neonatologists and NICU nurses try to minimize the 
handling of infants who are in the acute phase by placing 
them in comfortable positions, placing arterial lines for 
blood sampling, and avoiding unnecessary oral or airway 
suctioning and physical examination. In addition, sedatives 
and analgesics that contain fentanyl, morphine, midazolam, 
or phenobarbital are used to stabilize the respiratory 
and circulatory statuses of ventilated infants in many  
NICUs (52). A systematic review including more than 
1,000 infants reported that the opioids use for infants on 
mechanical ventilation did not reduce intraventricular 
hemorrhage (either any grades or grades 3/4) (53). 
However, the previous trials were likely conducted in 
NICUs where neonatologist-performed echocardiography 
was not commonly available unlike in Japan. This is 
important because the use of opioids was associated with 
hypotension and therefore circulatory management is 
important for infants on opioids (54). There is no sufficient 
data regarding the effectiveness of opioids for ventilated 
infants when the circulation is closely monitored and 

managed with neonatologist-performed echocardiography. 
In Japanese NICUs, brain ultrasounds of extremely 

preterm infants with a high risk of intraventricular 
hemorrhage are frequently undertaken (mostly a few times 
per day) during the initial 72 hours after birth. The close 
monitoring of infants using brain ultrasounds enables 
the early detection of intraventricular haemorrhage and 
consequent changes in clinical management during the 
early stages of a disease (e.g., deepening sedations, closer 
monitoring of cardiopulmonary status); however, there are 
no clear guidelines about such management. Furthermore, 
early detection of intraventricular hemorrhage is important 
because it allows care providers to reflect on its causes 
(e.g., desaturation after suctioning, high blood pressure) 
and improve the management of future infants with the 
condition. Performing serial ultrasound of brain or heart is 
not in line with the policy of minimal handling. Therefore, 
Japanese neonatologists are trained to perform the 
ultrasound quickly and gently to minimize invasive stimuli 
on infants as much as possible. 

A recent topic that has gained interest among Japanese 
neonatologists is the monitoring of fluctuation in the venous 
blood flow of the internal cerebral vein (ICV) (55). A single-
center cohort study reported that high-grade fluctuation 
of blood flow in the ICV was associated with a high risk of 
intraventricular hemorrhage among extremely low birth 
weight infants (55). Based on this finding, many Japanese 
NICUs have started measuring the ICV flow pattern, along 
with routine brain ultrasounds, during the acute phase 
of extremely preterm infants. However, the relationship 
between the new index and intraventricular hemorrhage, as 
well as its usefulness in preventing the condition requires 
further exploration. 

The ethical attitude and medical management of 
critically ill infants with severe neurological injuries is 
different among countries (56). The withdrawal of life-
sustaining treatment (e.g., mechanical ventilation) is not 
common in Japan even for seriously ill newborns for 
whom health care providers consider sustaining treatment 
futile and instead the withholding of treatment can be  
chosen (56). It is different from many western countries (e.g., 
Canada, USA, Australia) where the deaths after withdrawal 
of life sustaining treatment are relatively common  
(56-58). Although the reluctance to withdraw life-sustaining 
treatments may contribute to the low mortality in Japan, 
it was reassuring that neurodevelopmental outcomes of 
extremely preterm infants in Japan were at least comparable 
to those in Sweden and the USA as in Figure 4. 
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Infection management 

The incidence of late-onset sepsis (i.e., ≥7 days after birth) 
was found to be much lower in Japan (5% of VLBW infants) 
than in Canada (18% of VLBW infants) (25). Standard 
precautions (e.g., hand hygiene, isolation precaution) 
that have been recommended by the guidelines of the 
Centers for Disease Control and Prevention in the USA 
are followed in Japan (59-61). Although the guidelines 
recommend that healthcare providers wear gloves, masks, 
and gowns when they contact infectious materials (e.g., 
blood, mucous, stool) or transmissible infectious agents 
(e.g., drug-resistant organisms), these personal protective 
equipment are commonly worn by medical personnel even 
during the provision of routine care to infants (e.g., physical 
examination) in many Japanese NICUs. 

A unique aspect of infection management in Japanese 
NICUs is the serial measurement of C-reactive protein 
(CRP) during the acute phase of extremely preterm 
infants. Several limitations in the use of the CRP have 
been reported; these include the risk of false-positive 
results due to a physiological increase in CRP after birth 
or a non-infectious response (e.g., post-surgery response) 
as well as the risk of false negative results due to a delayed 
response to an infection (approximately 10 to 12 hours) 
(62,63). However, by taking these limitations into account 
and monitoring temporal changes in CRP, serial CRP 
measurements can be used to detect a slow-onset infection 

before it becomes symptomatic, rule out possible infection, 
and monitor infant responses to the treatment for the 
infection (63). 

Summary and future perspectives

This  r ev i ew  ha s  de l inea ted  the  va r ious  un ique 
features of clinical management of extremely preterm 
infants in Japanese NICUs, which are summarized in  
Table 1. Although some of these management strategies 
are supported by high-quality evidence, many are not 
supported by enough data or empirical findings. Therefore, 
future studies are needed to assess the effectiveness of 
these Japanese management strategies that are aimed at 
improving the outcomes of extremely preterm infants. 
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Table 1 Unique clinical management of extremely preterm infants in Japan

Perinatal medical system General PMCs with NICU and MFICU Neonatal Research Network of Japan

Limit of viability Active resuscitation of infants at 22–23 weeks gestational age

Circulation Circulatory management guided by neonatologist-performed echocardiography

Monitor of ESWS

Respiration Relatively invasive respiratory management to prevent IVH

Nutrition Promotion of breast milk, early minimal enteral feeding, routine glycerin enema, probiotics 

Infection Common use of gloves, masks, or gowns for patient care

Serial CRP monitoring

Neurology Minimal handling

Sedation for ventilated infants

Serial brain ultrasound

Monitoring the fluctuation of blood flow of ICV

ESWS, end-systolic wall stress; IVH, intraventricular hemorrhage; MFICU, maternal fetal intensive care unit; NICU, neonatal intensive care unit. 
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