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Changes in mortality rate of extremely preterm infants born at
22−25 weeks of gestation in Kitasato University Hospital

Manabu Kemmochi, Masako Kitsunezaki, Yuichirou Yokozeki, Mari Ohoka,
Ayano Yamaguchi, Kazumasa Akiyama, Masahiro Ishii
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Objective: The mortality rate of extremely premature infants remains high.  We report the clinical data
and causes of mortality of extremely premature infants in our hospital and compare survivors and
nonsurvivors in an effort to improve patients' outcomes.
Methods: We investigated the maternal and neonatal records, and medical charts on delivery, of
patients born at 22−25 weeks of gestational age (GA) for the 12-year period from 2001 through 2012.
Results: A total of 3,200 babies were admitted to our NICU (neonatal intensive care unit) in the 12
years for which data for the present study was evaluated.  Among these infants, 99 (3.1%) were born
at 22−25 weeks of GA.  Infants with multiple anomalies or for whom there insufficient data were
excluded.  The survival rates were: 0% (0/3), 33% (2/6), 61.8% (21/34), and 68% (34/50) at 22−25
weeks of GA, respectively.  The leading causes of mortality were necrotizing enterocolitis (NEC) and
sepsis.  There were significant differences in birth weight.  Survivors were heavier than nonsurvivors.
And patients with NEC or intraventricular hemorrhage exhibited a significantly high mortality rate.
Conclusions: Recently, our newborn survival rates have been improving; however, we must improve
infection control to help prevent NEC and sepsis.
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Introduction

mprovements in perinatal intensive treatment have
resulted in the increased survival of low birth weight

infants.1,2  However, the mortality rate of extremely
premature infants remains high.  Itabashi1 reported the
mortality rate of infants of 24−25 weeks of gestational
age (GA) to be 18.6%.  On the other hand, that of 22−23
weeks of GA was 50.9% in 2005.

In the present study, we report the outcomes of very
premature infants (GA, 22−25 weeks) at Kitasato
University Hospital.  We discuss the causes of mortality
and compare survivors and nonsurviors to improve the
rate of survival of infants born at 22−25 weeks of
gestation.

Methods

We investigated the maternal and neonatal records, and
medical charts on delivery, of patients born at 22−25

weeks of GA for the 12-year period from 2001 through
2012.  Infants with multiple anomalies or for whom there
was insufficient data because of being transferred to
another hospital were excluded.  We evaluated the
infantile morphometric data, laboratory data,
complications, and maternal backgrounds.  We examined
the mortalities at each GA and birth weight.  We analyzed
the mortality rates separating patients treated during the
periods from 2001 through 2006 and those from 2007
through 2012.  We also compared these cases with other
recent outcomes in Japan.  And we investigated the cause
of mortality of infants who died while they were being
treated in the neonatal intensive care unit (NICU) of the
Kitasato University Hospital.  For the surviving infants,
other than 3 infants transferred in the chronic phase, we
describe their length of stay.  We also compared the
infants who survived with those who died during their
NICU stay regarding their fetal and maternal
backgrounds, status at labor, and complications.

GA was evaluated based on the mother's last menstrual

I

Received 9 September 2013, accepted 18 September 2013
Correspondence to: Manabu Kemmochi, Department of Pediatrics, Kitasato University School of Medicine
1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0374, Japan
E-mail: kenmochi@kitasato-u.ac.jp



70

Kemmochi, et al.

period and/or ultrasound examinations performed during
early pregnancy.  Small for gestational age (SGA) was
defined as a birth body weight less than -1.5 SD.  This
data was based on Shinozuka's criteria by fetal
ultrasound.3  The data of cord blood were collected from
the umbilical artery.  When cord blood could not be
collected, we used blood gas from the infant on admission
as a substitute.  Respiratory distress syndrome was
diagnosed radiographically based on Bomsel's
classification and clinically based on the need for a
surfactant.  Necrotizing enterocolitis (NEC) was
diagnosed in patients with Bell's stage IIb, moderate type
NEC, and a considerable history of surgery.
Intraventricular hemorrhage (IVH) was diagnosed based
on ultrasound findings of Papile's classification grade 2
unilateral disease.  Deafness was diagnosed in patients
with a unilateral moderate auditory brainstem response
of more than 40 dB.  Retinopathy of prematurity was
diagnosed using unilateral retinal laser photocoagulation.
Chronic lung disease was diagnosed based on the need
for oxygen at 36 weeks of corrected age.  The diagnosis
of patent ductus arteriosus (PDA) was clinically
determined based on both the need for indomethacin
infusion and the presence of a PDA left-to-right flow on
color Doppler echocardiography.  The diagnosis of
chorioamnionitis was made based on the detection of
contaminated amniotic fluid or rupture of the membranes.

Statistical analysis
All parameters were compared using the Student's two-
sided t-test with an alpha level of 0.05.  All data are
presented as the mean ± SEM with the survivors' data
presented first.

Results

A total of 3,200 babies were admitted to our NICU during
the 12 years from 2001 through 2012.  Among those
infants, 99 (3.1%) were born at 22−25 weeks of GA.
We excluded 6 infants from the total, leaving a total of
93 patients included in this study.  The patient's
characteristics are shown in Table 1.  The survival rates
were: 0%, 33%, 61.8%, and 68% at 22−25 weeks of
GA, respectively (Figure 1).  Comparing treatment
periods, infants in the latter period exhibited higher
survival rates than did those in the former period at each
GA, especially infants born at 25 weeks of GA had
significantly higher rates of survival (Figure 2).  In the
analysis of the patients according to birth weight, there
were no survivors among the infants with a birth weight
of <300 g.  The group with a birth weight in the 700−
799 g range had the most survivors (Figure 3).

There were 36 infants who died during their NICU
stay.  The leading cause of mortality was NEC, followed
by sepsis (Figure 4).  Among the early neonates, the
leading causes of mortality were NEC, asphyxia, and

Table 1.  Characteristics according to GA (mean ± SEM)

Characteristic 22 w (n = 3) 23 w (n = 6) 24 w (n = 34) 25 w (n = 50)

Survivor (%) 0 (0)   2 (33.3) 21 (61.8) 34 (68.0)
Male (%)0 (0) 3 (50.0) 17 (50.0) 22 (44.0)
Singleton (%) 3 (100)   5 (83.3) 21 (61.8) 38 (76.0)
BW (g) 480.0 ± 22.7 514.0 ± 70.9 639.5 ± 18.7 698.3 ± 23.7
Ht (cm) 26.9 ± 0.5 27.3 ± 1.1 30.8 ± 0.6 30.9 ± 0.3
HC (cm) 19.8 ± 0.7 20.4 ± 0.6 21.6 ± 0.4 22.3 ± 0.2
Apgar 1 min   1.3 ± 0.3   1.8 ± 0.7   2.8 ± 0.3   4.1 ± 0.3
Apgar 5 min   1.3 ± 0.3   2.5 ± 1.2   4.7 ± 0.4   5.7 ± 0.3
Cord pH 7.16 ± 0.05   7.18 ± 0.11   7.26 ± 0.03   7.30 ± 0.02
Out born (%) 0 (0)   0 (0) 2 (5.8) 3 (6.0)
Maternal transport (%) 1 (33.3) 2 11 19
C-section (%) 0 (0)   3 (50.0) 25 (73.5) 36 (72.0)
Antenatal steroid (%) 0 (0)   1 (16.7)   7 (20.6) 12 (24.0)
Placenta (g) 249.7 ± 39.1 271.7 ± 44.7 322.9 ± 23.0 271.1 ± 14.3
Abruption (%) 0 (0)   3 (50.0) 3 (8.8) 4 (8.0)
PIH (%) 0 (0) 0 (0)   5 (14.7)   9 (18.0)
CAM (%) 2 (66.7) 0 (0)   6 (17.6)   8 (16.0)
GDM (%) 1 (33.3) 1 (16.7)   0 (0)   0 (0)

BW, birth weight; Ht, height; HC, head circumference; PIH, pregnancy induced hypertension;
CAM, chorioamnionitis; GDM, gestational diabetes mellitus.
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Figure 1.  Number of births and the survival rate according to GA

Figure 2.  Survival rates: earlier group (2001−2006) and latter group (2007−2012)
*P < 0.05

Figure 3.  Total numbers and survival rates of the patients in each birth weight group
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Figure 4.  Causes of mortality during the hospital stay (n = 36)

Figure 5.  Length of stay in the NICU (n = 54)

Note: Present study: N = 57, above: N = 54.  We
excluded 3 infants who were transferred in the chronic
phase.

Table 2.  Comparison of survivors and nonsurvivors (infants'
data)

Survivors (n = 57) Nonsurvivors (n = 24)

GA (week)   24.6 ± 0.36   24.7 ± 0.15
BW (g)* 682.8 ± 16.5 613.6 ± 31.6
Male (%) 24 (42.1) 14 (58.3)
Singleton (%) 42 (73.7) 17 (70.8)
C-section (%) 41 (71.9) 15 (62.5)
In-born (%) 53 (93.0) 23 (95.8)
SGA (%) 8 (14.0)   6 (25.0)
Ht (cm)   31.1 ± 0.38   29.8 ± 0.52
HC (cm)   22.1 ± 0.26   21.3 ± 0.31
Apgar 1 min     3.9 ± 0.25     3.0 ± 0.41
Apgar 5 min     5.7 ± 0.26     4.8 ± 0.45
Cord pH 7.287 ± 0.02 7.289 ± 0.02
RDS (%) 53 (98.1) 24 (100)
PDA (%) 34 (59.6)  15 (62.5)
IVH (%)** 3 (5.3)  12 (50.0)
NEC (%)** 3 (5.3)    8 (33.3)

*P < 0.05, **P < 0.01.
SGA, small for gestational age; RDS, respiratory distress
syndrome; PDA, patent ductus arteriosus; IVH, intraventricular
hemorrhage; NEC, necrotizing enterocolitis
Note: Present study: N = 93, above: N = 81.  We excluded 12
infants who died during the first 24 hours after birth.

Table 3.  Comparison of survivors and nonsurvivors (maternal data)

Survivors (n = 57) Nonsurvivors (n = 24)

Placenta (g) 304.2 ± 16.7 305.7 ± 31.2
Antenatal steroid (%) 14 (24.6)   5 (20.8)
Abruption (%)   6 (10.5) 2 (8.3)
PIH (%) 10 (17.5)   4 (16.7)
PROM (%) 18 (31.6) 10 (41.7)
CAM (%) 10 (17.5)   4 (16.7)

PROM, premature rupture of membranes.
Note: Present study: N = 93, above: N = 81. We excluded 12 infants who
died during the first 24 hours after birth.

lung hemorrhage.  After the neonatal period, the leading
causes of mortality were sepsis and conditions of
respiratory distress, such as chronic lung disease,
hypoplastic lung, and lung hemorrhage.

Regarding the hospital stay for 54 surviving infants,
the 4- to 5-month-old age group was the largest.  Few
patients were discharged from the hospital before the
estimated date of birth, while only 3 patients were over 1
year of age at the end of their hospital stay (Figure 5).

There were 57 survivors in this study, however 36
patients died during their NICU stay.  We excluded 12
infants who died during the first 24 hours after birth.
Therefore, 24 infants died compared with 57 infants who
survived in the present study.  There were significant
differences in birth weight.  The survivors were heavier
than the nonsurvivors.  On the other hand, there were no
differences in GA, difficulty in labor, or maternal histories
of multiple births or complications.  Regarding the infants'
status, the nonsurvivors tended to have lower Apgar
scores, while the patients with IVH or NEC exhibited a
high mortality rate (Tables 2, 3).

Discussion

In this study, infants born at a GA of 22 weeks and a birth
weight of <300 g tended not to survive.  We have adopted
the policy that infants with a non-reassuring fetal status
at more than 23 weeks of GA should be treated
aggressively, including delivery by C-section.  We usually
discuss the treatment alternatives with the parents
regarding fetuses at 22 weeks of GA.  Because our policy
is the achievement of the intact survival of these infants.
This policy may explain the lower rate of survival at 22
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weeks of GA in the case series in the present study.  The
policies for neonatal resuscitation of extremely low birth
weight (ELBW) infants at birth vary worldwide.  Some
European countries have adopted a "statistical approach";
specifically, infants with a GA of <25 weeks or a birth
weight of <600 g are considered to be out of the range of
indications for active treatment.4

Our results are, therefore, worse than those of other
studies.  However, among the infants born at a GA of
>23 weeks, the results obtained within the latter 6 years
demonstrated outcomes closer in similar levels to the
average findings reported in Japan.  In fact, in 2005, the
survival rate of infants of 23, 24, and 25 weeks of GA in
Japan were 54.2%, 76.6%, and 85.4%, respectively.1  On
the other hand, our results were 40.0%, 81.3%, and 80.6%,
respectively, from 2007 through 2012.

Regarding factors for improvement, it is difficult to
list only a few because there are multiple factors involved.
One is that the improvement of care depends on the
doctors and nurses.  Recently, specialists in this field are
increasing.  At our hospital, they are leading in
standardizing the care for ELBW infants.  Nowadays, all
pediatricians can perform ultrasound examinations that
help to prevent heart failure as well as IVH and NEC.  In
comparison of survivors and nonsurvivors, the prevention
of IVH and NEC was most important to increase the
survival rate.  We think that video-assisted thoracoscopic
surgery for PDA (VATS-PDA) was also effective.  The
first choice of PDA therapy was indomethacin infusion.
However, if two courses of indomethacin were
unsuccessful, we then performed VATS-PDA.  This
procedure has been used since 1991. In Japan, the first
case of VATS-PDA was reported in 2004.5  Subsequently,
VATS-PDA has improved the outcomes of preterm
infants over both the long and short terms.6  We know
that the treatment for PDA is related to the prevention of
NEC and IVH.

Although, we have shown, in Table 2, that the
survivors are heavier than the nonsurvivors, we have
also shown that the group with a birth weight in the 700
−799 g range contains the largest group of survivors.
We think the reason that the heavy-for-date infants have
some risk of outcomes is diseases like fetal hydrops.

The leading causes of mortality were NEC and sepsis.
These results are similar to those previously reported.
We must, therefore, improve infection control in order to
prevent both NEC and sepsis.  Regarding infection

control, we have changed the standard precautions used
in our hospital and expect these efforts to improve
outcomes.  Asphyxia also caused a large number of deaths.
Recently, the rate of severe fetal growth restriction (BW
<500 g) has increased.  Therefore, perinatal management
and the term of labor, among other issues, must be
discussed further with obstetricians.

We previously reported that several patients among
extremely preterm infants were admitted for a long term.7

However, in the present study, only 3 patients (5.6%)
were over 1 year of age.  This result might suggest that
the number of infants with severe complications did not
increase, despite a decreased mortality rate.  For future
studies, we consider that the long-term outcomes of these
patients should be assessed using developmental tests.
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