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INTRODUCTION

Development of technology and systems in perinatal care has 
been lowering the perinatal mortality rate for several decades. 
The neonatal mortality rate in Japan has currently been at the 
lowest level in the world1,2 and it is still decreasing. Shiga, locat-

ed in the middle of Japan, is a prefecture with one of the highest 
birth rates. The neonatal mortality rate of Shiga, however, has 
been continuously higher than the Japanese average.3 To un-
cover the reason for this, we conducted a population based 
study to find ways of reducing neonatal mortality in our region. 
Our analysis of neonatal death cases in our region was based 
upon data from the death certificates. From this, we first inves-
tigated the backgrounds of neonatal death cases, and we then 
assessed the possibilities of preventing neonatal death, explor-
ing specific recommendations for how this could be achieved.

MATERIALS AND METHODS

We have 13000 births on average annually in Shiga prefecture, 
two-thirds of them in 30 primary obstetric clinics and the re-
maining one-third in eleven hospitals, including four perinatal 
centers. All clinics and hospitals were enrolled in this study. 
Since 2012, we have organized a peer-review team consisting of 
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six obstetricians and six neonatologists to analyze the perinatal 
death cases in our region during the period of 2007 to 2010.

The 103 neonatal deaths of 66682 births in our prefecture 
during this period were registered in the National Vital Statistics 
of Japan.3 We inspected all of the neonatal death certificates with 
permission of the Japanese Ministry of Health, Labor and Wel-
fare. Based on the evaluating of the information, we designed 
an original questionnaire and sent it to each medical staff who 
submits a death certificate. The peer-review team retrospec-
tively reviewed the questionnaires returned from the institu-
tions.

Analyzing the questionnaires, primary causes and circum-
stances of neonatal death were identified. Focusing on end-of-
life care approaches, we abstracted primary nonintervention 
cases. In addition, we assessed the possibilities of preventable 
neonatal death, formulating recommendations for preventions.

This study was approved by the Institutional Review Board, 
Shiga University of Medical Science.

RESULTS

The 103 neonatal deaths among 66682 deliveries in our prefec-
ture during 2007–2011 were registered by the National Vital 
Statics in Japan. We analyzed 102 (99%) of neonatal deaths. 
Among the 102 neonatal deaths, 52 (51%) died within 24 hours 
and 77 (75%) died within day six of life. The numbers of neona-
tal deaths by locations were 93 (91%), eight (8%), and one (1%), 
respectively, in hospitals, primary obstetric clinics and home, 
respectively (Fig. 1).

Cause of death
The primary causes of 102 deaths listed in Table 1, were classi-
fied as described previously.4 We were able to classify the most 
explainable cause of 100 (98%) but were unable to identify two 
(2%) of them due to lack of sufficient information. Most com-
mon causes were congenital malformations including renal 
(24%), lung (21%), brain (17%), tracheal (14%), skeletal (14%), 
and cardiac (10%) ones. Extreme prematurity (born at 22–23 
weeks of gestation) was the second most common cause. In 
thirteen perinatal asphyxia cases, three cases of placental ab-
ruption were identified. Respiratory complications included 
four cases of pneumothorax and three of pulmonary hypopla-
sia. Of eight chromosome abnormality cases, 18 trisomy con-
stituted six (75%) of them. Autopsy of the neonatal deaths was 
performed in 21 cases (21%).

Prenatal diagnosis and end-of-life care
Congenital abnormalities, including malformations and chro-
mosome abnormality were classified in terms of prenatal diag-
nosis and non-invasive care (Table 2). More than half of con-
genital abnormalities (59%) were diagnosed before birth. 
Although abnormalities of brain, skeleton and kidney were fre-

quently diagnosed (87–100%), only 13% of chromosome abnor-
mality were prenatally diagnosed.

We had 22 neonates with non-intensive care, including eigh-
teen cases with congenital abnormality and four with extreme 
prematurity. The neonates with non-invasive medical care were 
49% of congenital abnormalities. All neonates of brain anomaly 
or skeletal dysplasia with prenatal diagnosis received non-in-
tensive care. Neither neonates with congenital diaphragmatic 
hernia (CDH) nor congenital heart disease (CHD) received non-
intensive care, even though 67% of them were prenatally diag-
nosed. On the other hand, two cases of 18 trisomy without pre-
natal diagnosis received non-intensive care because they were 
diagnosed as such only after birth.

Possibility and recommendation of preventable 
neonatal death
The audit conference concluded that 75% (77/102) of neonatal 

Fig. 1. Overview of neonatal death in our region.
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Table 1. Primary Causes of Neonatal Deaths

n
Congenital malformation 30
Prematurity (<24 wk) 18
Perinatal asphyxia 13
Respiratory complications 10
Chromosome abnormality 8
Sepsis 8
Hydrops fetalis 7
Severe IVH 4
Metabolic disease 1
NEC 1
Unknown 2
Total 102
IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis.
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deaths could not have been avoided. On the other hand, 23% 
(23/102) of them were judged to have had some possibility of 
prevention with one case (1%) having had a strong possibility. 
The remaining one case could not be judged due to lack of suf-
ficient information. Among the 23 cases with some possibility 
of prevention, the most common cause of death was perinatal 
asphyxia (5 cases) with extreme prematurity (4 cases) and sep-
sis (3 cases) as the second and third most common, respective-
ly. In addition, there was no case of congenital abnormality 
with non-invasive care among these 23 cases. With nine cases 
delivered at clinics or home, three cases were determined to 
have been somewhat preventable and one case easily prevent-
able.

We made 24 recommendations of possible procedures to 
prevent neonatal deaths and classified them for obstetricians, 
neonatologists and others (Fig. 2). We had fourteen (58%) rec-
ommendations targeting obstetricians for improvement of 
medical management including managing threatened prema-
ture labor, multiple pregnancy, and heart rate monitoring of the 
fetus. Those recommendations also suggested earlier maternal 

referral from clinics to higher perinatal centers for neonatal in-
tensive care, including fetal growth restriction, threatened pre-
mature labor, and nonreassuring fetal status. There were seven 
(29%) recommendations, targeting neonatologists with some 
advice of improving medical management of very premature 
infants including those with respiratory complications as well 
as emphasizing that infectious controls should carefully be 
maintained.

DISCUSSION

In this study, almost all of the neonatal death cases in our re-
gion for five years were reviewed and we ascertained two 
points. We investigated the background of neonatal death in-
cluding age, location, causes, prenatal diagnosis, and end-of-
life care and concluded that some neonatal deaths could have 
potentially been prevented, and some recommendations were 
made to prevent such cases.

Based on Japanese vital statistics, we concluded that congen-
ital malformation and extreme prematurity were, respectively, 
the first and the second most common cause of death. Our 
finding is consistent with the data from studies5-8 of domestic4 
and other developed countries’, in which neonatal death is 
mostly attributed to prematurity, congenital anomalies, and 
perinatal asphyxia. We also showed that few of chromosome 
anomalies were prenatally diagnosed whereas most of the con-
genital abnormalities were. Fetal aneuploidy such as 18 and 21 
trisomy were determined conventionally in our region during 
the period. As cell-free DNA screening of fetal aneuploidy has 
greater specificity than the conventional one,9,10 it’s wide use 
would make it possible to increase accurate prenatal diagnosis 
of chromosomal anomaly in the future.

In addition, by analyzing the relation to perinatal diagnosis 
and end-of-life care in congenital abnormality, we found that 
none of prenatally diagnosed CDH or CHD received primary 
non-invasive care although the majority of prenatally diag-
nosed congenital abnormalities did. Neonatal survival in CDH 
and CHD with prenatal diagnosis was 38–70%11 and 71–90%,12,13 
respectively. Based on the relatively high survival rate of these 
two maladies, intensive care for them with prenatal diagnosis is 
generally acceptable in our society.

The next important point in our study is prevention of neona-
tal deaths. We concluded that 23% of neonatal deaths were 
somewhat preventable with 1% much more so. Our estimate of 
possible neonatal death prevention in our population-based 
study differs from that of another study in Japan which estimat-
ed only 6% of them were preventable.4 Two factors might ex-
plain for this difference. First, all neonatal death cases were 
judged to be either preventable or not in our study whereas only 
near term asphyxia cases were judged to be preventable in the 
other study. Next, we classified preventable neonatal deaths 
into three grades according to their relative possibility, there-

Table 2. Congenital Abnormality in Relation to Prenatal Diagnosis and 
Non-Invasive Care

Congenital abnormality n
Prenatal

diagnosis
Non-invasive

care
Chromosome anomaly 8 1 (13%) 3 (38%)

18 trisomy 6 1 3
21 trisomy 1 0 0
Atypical 1 0 0

Potter sequence 7 6 (87%) 6 (87%)
Congenital diaphragmatic hernia 6 4 (67%) 0
Brain anomaly 5 5 (100%) 5 (100%)
Congenital heart anomaly (isolated) 3 2 (67%) 0
Skeletal dysplasia 4 4 (100%) 4 (100%)
Other 5 0 0
Total 38 22 (58%) 18 (47%)
Excluding 4 cases of non-invasive care with extreme prematurity. Non-inva-
sive care means neonatal death occurred after primary nonintervention.

Fig. 2. Target of recommendations in possibly preventable cases.
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fore, it is difficult to compare the proportion of prevention be-
tween these two studies.

In terms of preventing neonatal deaths, we could suggest 
some recommendations on neonatal deaths prevention. The 
fact that more than half of them were for obstetricians indicates 
that prevention of neonatal death requires grater prenatal care 
by obstetricians before birth, compared with improved neona-
tal care by neonatologists after birth. We concluded with rec-
ommendations for obstetricians, which included earlier referral 
from clinics to perinatal centers upon recognition of high risk 
pregnancy such as multiple pregnancy, fetal growth restriction, 
and fetal distress. Improvement of obstetrical care in primary 
clinics would reduce neonatal deaths.

In the present study, there is a limitation in the lack of identi-
fication of the primary cause of the two neonatal deaths oc-
curred after birth: one in obstetrical clinic and another at home. 
It was impossible to determine the primary cause of death in 
both cases by autopsy.

In conclusion, we have shown in our regional study the back-
grounds of neonatal death and the possibility of prevention 
with recommendations. We conclude that improving obstetric 
care before birth is required much more than focusing upon 
improved neonatal care after birth to reduce neonatal death. 
This study might contribute to the reduction of neonatal death 
not only in our region, but also in other areas as well.
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