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1. Introduction
Perinatal mortality refers to the death of a fetus or neonate and is the basis to calculate the
perinatal mortality rate. The perinatal period is the most vulnerable period in the life of an
individual and the rate of death during this period is higher than at any other period of life.
Deaths during this short period equal the rate of death over the next forty year period.
Social, cultural, environmental and genetic factors all play vital roles in determining the
outcome of this period of life.
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Perinatal mortality is at an unacceptably high level in low income countries, especially those
in sub-Saharan Africa and south central Asia [1]. Recent estimates show that the perinatal
mortality rate in high income countries of the world is about 10 per 1000 live births
compared with 50 per 1000 live births in low income countries [2]. These figures are
particularly troubling because the perinatal mortality rate is a key indicator of the health
status of a community. Specifically, it reflects the quality of prenatal, delivery and early
infant care practices available in any setting. It is also a major contributor to overall underfive mortality [1].
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Reducing the 1990 childhood mortality levels by two-thirds by the year 2015 is one of the
Millennium Development Goals (MDG-4) set by the United Nations. Recent evidence
shows that perinatal mortality accounts for about 40% of infant mortality globally (Figure
1). In addition 75% of all neonatal deaths occur during the perinatal period. It is therefore
obvious that MDG-4 cannot be achieved without substantially reducing these perinatal
deaths most especially in the high burden countries of south central Asia and sub Saharan
Africa. [3, 4].
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While substantial gains have been made in the reduction of infant and under5 mortality
rates (IMR and U5MR), same cannot be said for perinatal and neonatal mortality rates. As a
result of this disparity, neonatal mortality now accounts for a greater proportion of IMR.
Neonatal mortality was responsible for 27% of IMR globally in 1970 but accounted for 41%
of IMR in 2010 [5]. In countries with low IMR and U5MR, the NMR accounts for an even
higher proportion of IMR [1-5].
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Fig. 1. Child mortality and stillbirth rates in 2000 – adapted from WHO 20051
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While perinatal mortality rate is a useful indicator of the quality of antenatal and perinatal
care, its wholesale application in international comparisons can be misleading if a number of
factors and important determinants that need to be assessed separately before reaching
conclusions about quality-of-care issues are not taken into consideration [6].

2. Definition of terms
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This chapter provides a general overview of perinatal mortality. It will address the burden
of perinatal mortality and its contribution to global childhood deaths. The relationship
between quality of antenatal and perinatal care and risk factors for perinatal mortality, and
how these lead to the perinatal mortality rate will be discussed. Finally evidence based
strategies for reduction and prevention of perinatal mortality and future thrust will be
highlighted.
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Neonatal Period: The first 28 days of post natal life is the neonatal period. It is subdivided
into the immediate (first 24hours), early (first 7 days) and late (8-28 days) neonatal periods.
Perinatal Period: This is the period from the age of viability of the fetus to the first 7 days of
postnatal life.
Live birth: A product of conception which, after complete extraction from its mother, shows
signs of life such as breathing, beating of the heart, umbilical cord pulsation or spontaneous
movement of voluntary muscles regardless of gestational age and whether the cord has been
cut or the placenta has been extracted or not.
Stillbirth: Still birth refers to fetal mortality or death. According to WHO, stillbirth is the
birth of a baby with a birth weight of 500 g or more, 22 or more completed weeks of
gestation, or a body length of 25 cm or more, who died before or during labour and birth.
For international comparisons, WHO recommends reporting of stillbirths with birth weight
of 1000 g or more, 28 weeks’ gestation or more, or a body length of 35 cm or more [4 ].
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Neonatal mortality: Neonatal mortality (NM) refers to neonatal death. It is the death of a
new born within the first 28 days of life. It can also be divided into death of a live-born baby
within the first seven days of life (early neonatal mortality-ENM) and death after 7 days
until 28th day of life (late neonatal mortality-LNM).
NM = ENM + LNM
Perinatal Mortality: Perinatal mortality (PM) refers to the death of a fetus after the age of
viability, until the 7th day of life. It equals the sum of still birth and early neonatal death.
PM = SB + ENM
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Neonatal Mortality Rate: Neonatal mortality rate (NMR) is the number of deaths which
occur in the first 28 days of life over the total number of live births in a given locality over a
given time period divided by 1000. It is usually expressed as number of deaths per 1000 live
births.
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Still birth rate: Still birth rate (SBR) is the number of fetal loss prior to or during labour i.e.
babies born dead over the total number of births in a given period and is expressed as still
births per thousand births.
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3. Perinatal mortality rate
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Varying definitions have been applied to perinatal mortality rate. While some definitions
are more inclusive and encompass infant deaths at age of less than 28 days of age and fetal
deaths of 20 or more weeks gestation, the more conservative definition that only includes
infant deaths of less than seven days of age and fetal deaths of 28 or more weeks gestation is
preferred for international and region-to-region comparisons due to differences among
countries/regions in completeness of reporting of fetal deaths of 20-27 weeks gestation.
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Perinatal mortality rate (PNMR) is the total number of still births plus deaths in the first 7
days of postnatal life in a given time period over the total number of births multiplied by a
thousand and is expressed as number of deaths per 1000 births. It is usually reported on an
annual basis. It is a major marker to assess the quality of health care delivery in a
community. Comparisons between regions/countries may be hampered by varying
definitions, registration bias, and differences in the underlying risks of the populations.
 (Number of stillbirth  Number of early neonatal deaths) 
PNMR  
 X 1,000
 Number of live births  Number of stillbirth 



4. Epidemiology
Globally about 3 million of the 130 million babies born every year die in the first 4 weeks of
life and another 2.65 million die even before their first breath of life, most often in the last 12
weeks of pregnancy [7]. Low income and middle income countries account for over 99% of
these perinatal deaths. Unfortunately most of these fetuses and infants are unnamed and
unrecorded, indicating the perceived inevitability of their deaths, and thus unaccounted for
[5]. It is therefore not suprising that the reported mortality figures are only estimates and
may just be a tip of the iceberg.
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Three-quarters of neonatal deaths occur in the first week with the highest risk of death on
the first day of life (figure 2).

Fig. 2. Daily risk of death during first month of life (adapted from Lawn JE et al)]6]

Country
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While the south central Asian countries account for the highest numbers of neonatal deaths,
the countries with highest rates are generally in sub-Saharan Africa. Ten countries account
for 75% of all neonatal deaths, with India, China, Pakistan and Nigeria leading the pack
(Table 1). Over 82% of all neonatal deaths occurs in South central Asia and sub-Saharan with
sub-regional variations.
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India
China
Pakistan
Nigeria
Bangladesh
Ethiopia
Democratic Republic of Congo
Indonesia
Afghanistan
United Republic of Tanzania
Total

Number of
neonatal
(1000s)
1098
416
298
247
153
147
116
82
63
62
2682

Percentage of global
neonatal deaths
(n=3·99 million)
27%
10%
7%
6%
4%
4%
3%
2%
2%
2%
67%

Table 1. Countries with largest number of global neonatal mortality
(adapted from Lawn JE) [6]

NMR
(per 1000 live
births)
43
21
57
53
36
51
47
18
60
43
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Though most of the countries in south central Asia and sub Saharan African have made little
progress in reducing perinatal deaths in the past decade, it is important to note that some
progress has been made [9]. During the past decade, China has dropped from the second to
fourth highest burden of stillbirths because of a rapid reduction in stillbirth rate and a
reduced total fertility rate. Nigeria has moved up to the second highest as the national
stillbirth rate and total fertility rate remain high [6].
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There are also major differences in perinatal mortality rates within countries and regions . In
India and Nigeria large variations exist between rural and urban communities. The rates in
rural northern communities in Nigeria are higher than those for urban hospitals in southern
Nigeria [6,10,11]. In high income countries and Latin America, rates are higher in urban than
rural communities [65]. However two-thirds of all stillbirths occur in rural communities and
families.
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Unlike early neonatal deaths, stillbirths are not just a low-income country problem. Rates in
the UK and USA have decreased by only 1% per year for the past 15 years and stillbirths
now account for two-thirds of perinatal deaths in the UK [12, 13] .
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4.1 Causes and determinants of perinatal mortality
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Childhood mortality has been declining globally as a result of socioeconomic development
and implementation of child survival interventions, yet approximately 6 million infants die
every year before the end of their first week of life. The prevention of perinatal death is
greatly dependent on ascertaining the causes of the deaths and the background factors
associated with them. Across the globe the causes of perinatal deaths are strikingly similar,
although their relative importance varies between countries, regions and income status.
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Several important features about perinatal mortality are common globally. The same
socioeconomic, biologic and health factors that influence maternal deaths are also at play in
causing perinatal deaths and rates. For ease of comprehension, the causes and determinants
of perinatal mortality will be discussed under two headings of direct and indirect. It is
however important to note that often the causes are characterized by a chain of events
leading to death making it impossible to single out one factor as the sole cause of the
perinatal death. For example; an unbooked primigravida who presents in the hospital with
prolonged labour and arrives the hospital with fetal heart present. Unfortunately the
hospital requires a cash deposit to be paid before the woman can be attended to. By the time
her relatives are able to make the cash deposit three hours later, the fetal heart has
disappeared. What is the cause of still birth in this situation? Is it due to the background
factors of unbooked status, primigravida status, late presentation, prolonged labour, phase
three delay at the hospital due to hospital policy of user fee charges even in emergency
situation, or poverty?. This scenario is a common finding in low income perinatology.
4.2 Direct causes
Causes of neonatal deaths are often difficult to decipher, because most of the births occur
outside authorized health facilities unattended by health workers, or because the neonates
present with non-specific signs and symptoms. However most neonatal deaths result from
complications of preterm birth, asphyxia, birth trauma, infections and severe congenital
malformations. The proportion of neonatal death due to each cause differs between areas
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with high and low perinatal mortality rates. While in high and middle income countries
with low rates, preterm births and malformations account for majority of the deaths, in
south –central Asia and sub-Saharan Africa with high rates, asphyxia, tetanus, and
infections are the leading causes [5].
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Estimates from 2008 of the distribution of direct causes of neonatal death, indicate that
preterm birth [29.3 %], severe infections (, including sepsis and pneumonia) [25%], tetanus
[2.4%], and diarrhoea [2.4%]), and complications of asphyxia (22%) account for most
neonatal deaths. Congenital anomalies account for 7.3% of the remaining 19.5% (figure 3).
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Fig. 3. Causes of neonatal deaths (adapted from Black RE et al 2008) [14].
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Low birth weight is associated with the death of many newborn infants, but is not
considered a direct cause. The complications stemming from preterm delivery, rather than
low birth weight are the direct cause of early neonatal death. Around 15% of newborn
infants weigh less than 2500 g, the proportion ranging from 6% in developed countries to
more than 30% in some parts of the world [2].
The events leading to the delivery of a baby “still” may occur either before onset of labour
(antepartum death) or during labour (intrapartum death). These deaths may be as a result of
pregnancy complications or maternal illness. Often no identifiable cause could be found for
many antepartum fetal deaths. Complications arising during delivery are the major cause of
death among fetuses, who were alive when labour started. Such complications include cord
accidents, malpresentation, deep transverse arrest and uterine rupture.
4.3 Indirect causes
Several maternal, obstetric, health system and socioeconomic factors and conditions
indirectly contribute to perinatal deaths.
Inadequate nutrition and poor maternal education have been linked to the unacceptably
high stillbirth and neonatal deaths in low income countries. Poorly fed mothers either early
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in childhood or later in life may lead to low birthweight which is one of the significant
contributors to perinatal mortality. Poor maternal education is not only associated with poor
nutrition but poor health seeking behaviour and poor perinatal outcome.
Certain maternal health conditions such as pregnancy-induced or essential hypertension,
diabetes mellitus, anaemia and infections (Malaria, HIV and tuberculosis) predispose to
intrauterine growth retardation (IUGR), low birth weight and perinatal death. Poor birth
spacing with inter birth interval of less than 2 years leading to poor maternal nutritional
reserves predisposes women to low birth weight infants and perinatal death. Maternal status
of high parity and extremes of age (less than 18 years and greater than 45 years) are associated
with poor birth outcomes and perinatal morbidity and mortality. Low socioeconomic status of
the mother has been shown to be associated with higher perinatal mortality rate.
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Effective and appropriate maternal interventions such as micronutrient supplementation,
intermittent presumptive treatment (IPTp) of malaria and tetanus toxoid vaccination cannot
be offered if women do not avail themselves of antenatal services. Several studies in low
income countries has shown that a large proportion of perinatal deaths occur in women who
did not receive antenatal care during pregnancy [15].
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Poorly supervised labour either in a hospital setting or conducted outside a health facility by
persons ill equipped to manage labour and delivery is a major cause of stillbirth and early
neonatal death. Unskilled attendance at delivery and inadequate resuscitation of the newborn
predispose to birth asphyxia and death. Unsanitary conditions when deliveries are conducted
in inappropriate places pave the way for early neonatal sepsis and eventual death.
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Prenatal complications such as antepartum haemorrhage secondary to placenta praevia or
abruptio placenta; pre eclampsia or eclampsia all predispose to fetal loss. In addition
complications during labour and delivery such as cord prolapse and uterine rupture may
lead to still births or birth asphyxia.
Multiple pregnancies are associated withpreterm delivery and low birth weight which are
leading causes of perinatal morbidity and mortality.
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The real causes of adverse fetal and early neonatal outcomes in the low income countries of
sub Saharan Africa and South central Asia are inadequate obstetric and neonatal care, and
harmful home care practices, such as the discarding of colostrum, the application of unclean
substances to the umbilical cord stump, and the failure to keep babies warm [3].

5. Strategies to reduce perinatal mortality
In many parts of the world up to half of deliveries still take place at home without adequate
supervision. This is even higher in the developing countries especially of sub-Saharan Africa
and could be due to cultural practices that stipulate that certain births must take place in the
home. Poor access to health facilities as a result of unavailability or financial constraints; lack
of faith in health systems because of inadequate facility, manpower or poor attitude of
health care workers, or just plain ignorance of the benefits of skilled attendance at deliveries
all contribute to adverse prenatal outcome[,15,16 17]. Also in some deeply religious settings
such as are found in many African countries, a significant proportion of births occur in
spiritual/mission homes with unskilled or poorly skilled attendants. All these practice
predispose to perinatal mortality [15,16,17] .
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Reducing perinatal mortality is a prerequisite for attaining MDG 4. Increased investment in
health by various governments is necessary to tackle the factors predisposing to the
unacceptably high perinatal mortality rates in low income countries. Strengthening of
Health Systems includes provision of sufficient number of well-equipped health facilities
and with proportional spread to meet local needs. Health facilities for the management of
uncomplicated pregnancies and deliveries should be within the reach of every woman in
every community. The peripheral centres should be linked to centrally-located secondary
level health facilities with capacity for assisted or operative deliveries and some advanced
care for the newborns. Regional tertiary centres with facilities to manage high risk
pregnancies and deliveries as well as special care baby units with facilities for neonatal
intensive care should also be established. There should be well established 2-way referral
system between one level of health facility and the next.
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In most low income countries like Nigeria, though these three levels of care exist,
appropriate referral linkages from one level of healthcare to the next are lacking making
the health system inefficient and dysfunctional [16,17] .The roads linking these facilities,
as well as appropriate transport systems are in terrible disrepair or non-existent. In most
low income countries, most deliveries are supervised by unskilled birth attendants.
Efforts over the years have been devoted to training these unskilled attendants with no
appreciable success [17]. If the MDG 4 must be achieved by 2015, investment should be
directed at training a critical mass of health workers with sufficient basic education to
understand the science and techniques of perinatology. The capacity of health workers in
this setting with high perinatal mortality should be strengthened to meet the needs of
women during pregnancy and delivery as well as provide appropriate care for newborns.
All doctors, nurses and midwives should be trained on basic neonatal resuscitation. In
low income countries were traditional birth attendants supervise a large proportion of
deliveries they should be retrained as community liaisons officers- with the responsibility
to link the women and their families to health facility. Specialist skills in obstetrics and
neonatology need to be built among healthcare workers to care for high risk pregnancies,
deliveries and newborns. Specialist skills acquisition is particularly urgent in the low
income countries to man the regional referral centres. Mal-distribution of the specialized
care needs to be addressed in some countries like Nigeria where there is concentration of
highly skilled staff and health care workers in city centres where less than 20% of the
population resides.
Access to maternal and child health facilities should be improved by either the removal of
user fees at these facilities or by introducing affordable and accessible community based
health insurance schemes that ensure that the poorest of the poor have access to these
facilities.
Women empowerment through education of the girl child and the introduction of poverty
alleviation programmes are long term strategies that though may not have immediate
impact on perinatal mortality are essential for sustaining the rate once achieved with some
quick win interventions.
Finally abolition of harmful cultural practices detrimental to fetal and neonatal survival and
early detection and treatment of malformations and genetic diseases will all in no mean
measure contribute to reduction in perinatal mortality.

9

Overview of Global Perinatal Mortality

6. Conclusion
Low income countries account for 97-98 percent of reported global perinatal deaths. This
accounts for 68-70% of annual global under five mortality. It is therefore not possible to
achieve the stated MDG 4 goal of reducing infant mortality rate by two thirds of 1990 rates
by 2015 without addressing the causes and determinants of perinatal mortality especially in
these low income countries. Many useful interventions can be implemented in resourcepoor settings, but weak health care delivery systems remain a major challenge.
Urgently required are alternative approaches to deploy the evidence proven strategies that
had led to the reduction of perinatal mortality in high and medium income countries.
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1. Introduction
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Obstetricians and neonatologists have since long made efforts to estimate precisely the life
chances of neonates soon after their birth, even in the delivery room. The objective is
twofold: to diagnose possible diseases and recognise and differentiate the neonates who are
highly endangered because of the deficiencies and disorders of their bodily development.
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The most common method is still in use: by measuring the bodyweights of neonates, one
can immediately differentiate those whose weights are below 2,500 grams, and who are
regarded as being the most endangered newborns. Recently, however, specialists normally
differentiate between neonates of body weight below 1,500 grams, those less than 1,000
grams and those who weigh less than 500 grams at birth. At the same time, we have learned
that body weight alone is not a reliable parameter to estimate the life chances of a neonate
(Macferlene et al., 1980, WHO, 1961, 1970, Wilcox & Russel, 1983, 1990). This is true for a
series of reasons: (1) body weight depends on many factors; (2) each weight group is
extremely heterogeneous when gestational age, body length and nutritional status
(nourishment) are considered (Berkő, 1992, Berkő & Joubert, 2006, 2009, Zadik et al., 2003),
however, scientific research needs homogeneous groups to study; (3) since the average birth
weights of neonate populations differ greatly by country and race (Meredith, 1970), there is
no practical chance to develop uniform weight criteria to be applicable in each country.
Another option is to determine the gestational ages of neonates in order to differentiate
highly endangered or preterm babies. As the survival chance correlates with gestational
age rather than with birthweight, in 1961 WHO declared that not a birth weight below
2500 grams, but neonates born before the 37th week have to be considered as premature
(WHO, 1961).
Lubchenco was the first to recognise that body weight and gestational age have to be
considered simultaneously in order to determine the bodily development of a neonate
(Lubchenco et al., 1963). On the basis of the birth standards developed by Battaglia &
Lubchenco (1967), it was recommended that newborns below the 10th weight percentile, or
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SGA (small for gestational age), were qualified as being highly endangered. Later on, SGA
neonates were referred to as having intrauterine growth retardation (IUGR), because many
newborns in the weight group under the 10th weight percentile were found to have
retardation syndrome.
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However, it was revealed later that the clinical picture of retardation is not a uniform
syndrome, taking into account its etiology, clinical picture and prognosis (Bakketeig, 1998,
Battaglia and Lubchenco, 1967, Deorari et al., 2001, Doszpod, 2000, Golde, 1989, Gruenwald,
1963, 1966, Henriksen, 1999, Kurjak et al., 1978, Kramer et al., 1990, Lin et al., 1991, Lin,
1998, Rosso & Winick, 1974, Senterre, 1989, Wollmann, 1998). As a basic requirement, one
has to be able to differentiate between proportionally and disproportionally retarded
newborn babies. One can only do that if gestational age and birth weight body length is
also considered (Abernathy et al., 1996, Golde, 1989, Kramer et al., 1990, Miller &
Hassanein, 1971). Rohrer’s Ponderal Index (Hassanein, 1971, Rohrer, 1961) was
introduced for this purpose, but it was not commonly used, because the database to
calculate the index was limited and the proposed mathematical formula [(gram/cm3)x100]
was not popular. Nevertheless, more and more authors underline the need for the
consideration of nutritional status.
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Recent scientific results confirm the recognition that the development and nutritional
statuses of foetuses and neonates have a major impact on their viability, their
intrauterineand neonatal morbidity (Kadi and Gardosi, 2004, Shrimpton, 2003), as well as on
their morbidity in adulthood (Barker et al., 1993, Goldfrey & Barker, 2000, Gyenis et al.,
2004, Henriksen, 1999, Joubert & Gyenis, 2003, Osmond & Barker, 2000). It also has been
proven that development and nutritional status at birth influence the growth rate, bodily
development, and the intellectual faculties of a child up until 18 years of age (Joubert &
Gyenis, 2003).
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The authors firmly believe that more accurate estimations of the survival chances and the
degree of endangeredness of neonates can be achieved if the three important factors are
simultaneously considered: (i) maturity (gestational age); (ii) bodily development (weight
and length standard positions determined on the basis of appropriate weight and length
standards); (iii) nutritional status depending upon the relative weight and length
development. However, the question is how to consider all of these factors at the same time,
and more importantly, how to differentiate less endangered and highly endangered neonate
groups identified in this complex system of classification. The authors developed a new
method to achieve this.
In the present study the authors describe their novel method, the MDN system (MDN:
Maturity, Development, Nutritional status) (Berkő, 1992, Berkő & Joubert, 2006, 2009) and
its application:




to determine the nutritional status of a neonate on the basis of its gestational age, length
and weight delopment considered simultaneously;
to differentiate the most viable and the most endangered neonates on the basis of their
development and nutritional status;
to demonstrate the influence of a neonate’s bodily development and nutritional status
by intrauterine, neonatal and perinatal mortality rate.

The Effect of Intrauterine Development and Nutritional
Status on Perinatal, Intrauterine and Neonatal Mortality: The MDN System
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to identify and distinguish those retarded neonates who are likely to need growth
hormone treatment in the future.

2. Method – The MDN system
The MDN system, integrating four important birth parameters, offers a method to decide to
what extent a neonate is endangered on the basis of its bodily development and nutritional
status. The four parameters: sex, gestational age, birth weight and birth length.
2.1 The determination of weight and length standard positions
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The weight and length development of a newborn is determined on the basis of its sex,
gestational age, body mass and length at birth. To do this, however, sex-specific national
weight and length standards of reference value are needed. In Hungary, Joubert prepared
such standards on the basis of the birth data of babies born in this country between 1990 and
1996 (799,688 neonates) (Joubert, 2000). As is the case with other commonly known
standards, Joubert’s standards apply 7 percentile curves (percentiles 3, 10, 25, 50, 75, 90 and
97) to divide the entire weight and length ranges into 8 weight zones and 8 length zones.
The field under percentile curve 3 forms zone 1; zone 2 is made by the area between
percentile curves 3 and 10, while the area above percentile curve 97 gives zone 8 (as shown
in Tables 1-4).
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Table 1. Weight standards for the Hungarian male neonates born between 1990 and 1996
(grames)

Table 2. Length standards for the Hungarian male neonates born between 1990 and 1996
(centimetres)
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Table 3. Weight standards for the Hungarian female neonates born between 1990 and 1996
(grames)
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Table 4. Length standards for Hungarian female neonates born between 1990 and 1996
(centimetres)
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By using tabulated standards or software designed specifically for the purpose, knowing the
gestational age one can easily determine the weight zone (W) and length zone (L) of a
newborn baby on the basis of its weight and length at birth. Any neonate can be described
with the letters (W and L) and numbers (1-8) of its weight and length zones. For example, if
the birth weight of a newborn is in weight zone 6, i.e., between weight percentile curves 75
and 90, and its length is in length zone 2, i.e., between percentile curves 3 and 10, then the
standard positions of this baby are W6 and L2.
2.2 Description of the nutritional status
To characterize and decribe the nutritional status of the newborn (N) one should know the
relation of his weight standard position (W) to his own length standard position (L). The
authors prepared a matrix comprising eight horizontal lines for the weight standard zones
and eight columns for the length standard zones, which seems a useful tool to determine the
nutritional status of neonates. This 64-cell matrix is referred to as the MDN matrix (see
Figure 1, where the neonate mentioned earlier as [W6, L2] is positioned in the grey cell).
Any newborn can be positioned in this table, no matter what weight or length zone it
belongs to. Each cell is identified by the letter and number of the weight zone and of the
length zone, in the intersection of which the cell is located in the matrix.
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Fig. 1. MDN matrix for the simultaneous representation of weight and length standard
positions of neonates. Neonates in cell W6-L2 belong to weight standard zone 6 (between
percentile curves 90 and 97) and to length standard zone 2 (between percentile curves 3 and 10).
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In order to describe nutritional status (N) of a neonate, one has to know its weight standard
position (weight zone number = W) and length standard position (length zone number = L).
The calculation of the nutritional index, or nourishment status: N = W – L. If the number of
the weight zone is higher than that of the length zone, then N will be a positive number,
which means that the baby is born with a relative overweight (overnourished). When N is a
negative number, the baby is relatively underweight for its length. Using the example
above, (W6,L2) works out to N=+4, or an overnourished baby.
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Figure 2 demonstrates the nutritional status (N value) of neonates in each cell of the 64cell MDN matrix. The N value, representing nutritional status as rated according to the

Fig. 2. The weight and length standard positions (W and L) and N values (W-L) of neonates
with different nutritional statuses in the MDN matrix. The corners of the MDN matrix: PR
(proportionally retarded), POD (proportionally overdeveloped), ON (overnourished), UN
(undernourished).
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matrix, can range from +7 to –7. Obviously, extremely overnourished neonates are
positioned in the cells marked +5,+6,+7, while extremely undernourished ones will be
positioned in the cells marked -5,-6,-7. In an ideal case, a neonate is positioned in the weight
zone and length zone having identical numbers when its N value = 0. Neonates with N = 0,
N = +1 or +2 and those with N = -1 or -2 are regarded as being normally (or proportionally)
nourished.

)

For better understanding, the four corners of the MDN matrix are marked with letters to
indicate the typical differences in the development and nutritional statuses of neonates
positioned in the cells nearest to the corners of the matrix. Abbreviations: PR =
proportionally retarded, POD = proportionally overdeveloped, ON = overnourished, UN =
under-nourished (or DPR, that is disproportionally retarded).
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2.3 Classification of neonates according to the degree of nourishment
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On an MDN matrix the gestational age-group should always indicate the appropriate data
from the standards tables. Figure 3 and Table 5 demonstrate the most typical groups of
newborns according to their nourishment. The figure also demonstrates the incidence rates
of neonates with specific development and nutritional status in the neonate population born
in Hungary between 1997 and 2003 (680,947 newborn babies as recorded by the Hungarian
Statistical Office). About 90.6% of the Hungarian newborns are averagely nourished. Of
these, 25.8% were at an "absolutely normal" level of development and nourishment. The
incidence of the undernourished group (UN, which we consider to be disproportionally
retarded) is 4.5%. The ratio of overnourishment (ON) is 4.9%. The percentage of
proportionally retarded (PR) neonates who are likely to need growth hormone therapy is
4.5%. In the Figure 3, below the 10th percentile – in the weight zone W1-2 - a mixed group of
retarded is to be found among the proportionally and disproportionally retarded neonates
(Berkő, 1996). Looking at the figure it is easy to recognize that the so-called SGA-born
infants form a highly heterogeneous group. This fact implies that it is wrong to consider the
SGA group as a whole to be the potential ones to receive growth hormone treatment, since

Fig. 3. The classification (and percentage distribution) of Hungarian neonates born between
1997 and 2003 by bodily development and nourishment.
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only growth of the proportionally retarded or possibly the mixed group of retarded
neonates (MR) will lag behind the average.

Position
on the MDN table

Prevalence
%

ON

N = +3 - +7

4.9

extremely overnourished

EON

N = +5, +6, +7

0.1

moderately overnourished

MON

N = +3, +4

4.8

NN

N = -2 - +2

90.6

W7-8, L7-8

4.3

W 4-5 L4-5

25.8

W1-2 L1-2

4.5

N = -3 - -7

4.5

Nourishment
Overnourished

Normally nourished
proportionally overdeveloped

NA
TH

Abbreviations
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Table 5 shows how to define and separate the most characteristic groups of neonates
according to their differing nutritional status.

POD
AA

proportionally retarded

PR

AK

absolute average

UN
(DPR)

moderately undernourished

MUN

N = -3, -4

4.4

extremely undernourished

EUN

N = -5, -6, -7

0.1
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Undernourished
(disproportionally retarded, DPR)
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Table 5. Most typical groups of newborns according to their nourishment

UP
NA
TH
J

2.4 The numerical representation of neonates by their maturity, weight and length
with the help of the MDN index

DR
.R

As explained earlier, the MDN method is a tool to describe the maturity, bodily
development and nutritional status of any neonate numerically. The MDN index = GA / W /
L / N, where GA is gestational age in weeks; W is a number that demonstrates which zone
the numeric weight score belongs to (1 to 8); L is the corresponding score of the body-length
standard (1 to 8); N=W-L, the score of the nutritional status. If N is a positive number, this
means that the baby is born with a relative overweight (overnourished, ON). When N is a
negative number, the baby is relatively underweight for its length. The group of UN
neonates can be characterized as disproportionally retarded (DPR). Examples: (a) MDN
index is GA=38 / W= 6 / L= 2 / N= +4; (b) MDN index is GA=38 / W= 2 / L= 6 / N= -4
(Berkő and Joubert, 2006, 2009).

3. The effect of bodily development and nutritional status on perinatal
mortality
By processing the birth data of the entire neonate population, gestational age 24-43 weeks,
born in Hungary in the years 1997 to 2003, the authors studied the perinatal mortality rate of
the neonates in each cell of the MDN matrix (Figure 4). The four cells in the centre of the
table represent the neonates considered an absolute average (AA) or etalon group on the basis
of their weight and length.

18

NA
TH

)

Perinatal Mortality

RU
P

AK

Fig. 4. Perinatal mortality rates (‰) of the entire Hungarian neonate population (gestational
age 24-43 weeks) born between 1997 and 2003, as represented by the cells of the MDN
matrix.
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Relying on the birth data of neonates born between 1997 and 2003, the authors find perinatal
mortality rate to be 8.9‰in Hungary in that period of time. For comparison, this rate in the
absolute average group, which is necessary to determine for comparative studies, was 7‰
in the same period of time. The highlighted sectors of the MDN matrix in Figure 5 represent
the most endangered neonate groups.

Fig. 5. Perinatal mortality rates (‰) in the major groups of the Hungarian neonate
population (gestational age 24-43 weeks) born between 1997 and 2003, which are regarded
as being the most endangered groups on the basis of bodily development and nutritional
status (as represented in the major sectors of the MDN table)
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3.1 The major groups of highly endangered foetuses and neonates with the help of
the MDN matrix
Undernourished (UN) group. These babies were born with insufficient weight and often
show the syndrome of classic disproportional retardation. The perinatal mortality rate is
rather high, 21‰ in the large group of undernourished neonates. The group comprises the
moderately undernourished subgroup with a PM rate of merely 16‰. The cells creating the
triangle of extremely undernourished neonates (EUN) in the UN corner of the table have a
conspicuously high PM rate of 191‰. The MDN table clearly shows that disproportional
retardation, which causes a high mortality rate, can be found not only among the neonates
under weight percentile 10, but also among those over weight percentile 10, as two-thirds of
the investigated cases show.
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Overnourished (ON) group. The PM rate is 10‰ in the overnourished group. This group
includes the moderately overnourished subgroup where the PM rate is only 8‰. The PM
rate is 90‰ in the triangle of the extremely overnourished group (EON) in the ON corner of
the MDN Table.
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Proportionally retarded (PR) group. Proportionally retarded babies are positioned in the
four bottom left cells (in the PR corner) giving the field bordered by weight percentile 10
and length percentile 10. The PM rate in this group is 30‰. However, the smallest
disproportionally retarded neonates, being under percentile 3 by both weight and length
(EPR), have an even higher PM rate of 56‰.

UP
NA
TH
J

I(

DR
.

Proportionally overdeveloped group. The group of extremely proportionally
overdeveloped (EOD) or giant babies should not be overlooked. They are positioned in the
POD corner of the table, with both their weight and length in the 8th percentile zone. They
are also highly endangered, as is shown by the 19‰ PM rate of this cell.
Perinatal mortality in the heterogeneous SGA group. PM rate in the weight group under
the 10th percentile (heterogeneous SGA by length and nutritional status) is 25‰ (in the AGA
group it is 7‰, and 8‰ in the LGA group, which is over the 90th percentile). A very high
PM rate of 43‰ is found in the weight group under the 3rd percentile.
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3.2 The effect of bodily development and nutritional status on perinatal mortality in
the groups of Hungarian premature and mature infants
By comparing the perinatal mortality (PM) of Hungarian preterm and full-term neonates,
using the data given in Figure 6, we can conclude the following: (1) absolutely averagely
developed and nourished (AA) preterm infant mortality is 28 times as high as that of the
full-term AA group, and (2) independently of gestational age disproportional retardation
(DPR), extreme overnourishment (EON) and proportional retardation (PR) significantly
enhance the perinatal mortality risk of preterms born in the 24th-36th gestational week
compared to that of full-term neonates (37th-42nd gestational week).

4. Criticism of the "perinatal mortality" indicator
Perinatal mortality (PM) is one of the most important parameters of public health indicator
data. It describes the incidence of late (24 weeks or older) fetal intrauterine death, plus the
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perinatal (1st to 7th day) death incidence of the live-born fetuses of the population studied.
In standard practice, this is the only indicator with which we can draw conclusions on
prenatal care, delivery room care and neonatal care quality level. I believe that now is the
time for us to realize that the PM is not really suitable for this purpose (Berkő, 2006). Why?
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Fig. 6. Comparison of perinatal mortality of the premature and mature Hungarian infants
with the help of the MDN matrix.
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4.1 Intrauterine and neonatal mortality rate is also important to know
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Morbidity and mortality parameters are useful when they also reveal the cause of the
particular disease or death. PM is not suitable for this. In Hungary, perinatal mortality in
2007 (in two counties) was 11.1‰. But while in one of the three counties, County A, the
intrauterine fetal mortality incidence was 3.6‰ and the neonate mortality 7.5‰, County
B’s situation was vice-versa, with intrauterine death at 7.3‰ and a perinatal (1st to 7th
day of life) mortality rate of 3.8‰. It is quite obvious that there are problems with
neonatal care in County A, while County B suffers from inappropriate prenatal care. If we
only possess the average information of 11.1‰ perinatal mortality for both counties, there
is no mode for recognition of such problems, nor is there any opportunity to set tasks for
specific care improvement. Therefore I propose that each case of perinatal mortality rate
should be supplemented with the two components of the PM: intrauterine and perinatal
mortality.
4.2 Extention of the “perinatal period” concept should be considered!
But there is another problem. The concept of PM along with intrauterine death includes also
mortality occurring on Day 1-7 postpartum. This is unacceptable nowadays. Hungary
clearly shows that there is no reason for feeling satisfied, since along with declining
perinatal mortality (1st-7th day after delivery) a continuous parallel increase of 8th-28th day
neonatal mortality has been observed. The explanation for this is that the use of modern
medications and breathing support allows us to extend the life of many small prematurely
born infants, whom we lose only after the 7th day of their lives. With this in mind, therefore,
I propose to introduce the concept of "extended perinatal mortality" (EPM), which includes
intrauterine deaths (IUM) and live-born infant Day 1-28 mortality (NM).
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In view of facts described above, let us graphically represent the perinatal (PM), intrauterine
(IU) and neonatal (NM, day 1-28) Hungarian mortality data of 1997-2003 in correlation with
bodily development and nutritional status (Figure 7 and Table 6). It is clear to see that
growth retardation and overnourishment nearly identically increase the intrauterine and

680,947 newborns, 1997-2003
ON

8.9

4.3

Day 1-28
neonatal
mortality
(‰)
5.1

Extended
perinatal
mortality
(‰)
9.4

10

6

5

11

EON

90

51

49

100

MON

8

5

5

10

NN

9

5

5

10

POD

10

6

5

11

AA

7

4

4

8

proportionally retarded
Undernourished
(disproportionally retarded)
moderately UN

PR
UN
(DPR)
MUN

30

20

14

34

21

12

12

24

16

9

10

19

extremely UN
Weight for gestational age
large
average

EUN

191

124

78

202

LGA
AGA

8
7

5
4

8
7

13
11

SGA

25

17

25

42

extremely ON
moderately ON
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Normally nourished
proportionally
overdeveloped
absolute average
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Overnourished

Intrauterine
mortality
(‰)
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Nourishment

Perinatal
mortality
(‰)

I(

Abbreviations

RU
P

Fig. 7. Comparison of intrauterine and neonate mortality (‰) based on the MDN matrix

small

Table 6. Intrauterine and perinatal (1-28 day) mortality according to the most characteristic
development and nutritional groups of newborns
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neonatal mortality rate. Is also obvious that following groups are most at risk, in descending
order: in greatest danger - the group of extremely undernourished (severe disproportional
retardation) (EUN), extremely overnourished (EON), and proportionally retarded (PR),
followed by the group of extremely proportionally retarded (EPR). A significantly higher
mortality rate can also be observed among the proportionally overdeveloped neonates
(POD, respectively EPOD). Figure 7 proves that a significant deviation in physical
development and nourishment from the average (i.e., the PR, EON, DPR groups) is of great
danger to both foetuses in utero and and neonates (Day 1-28).

5. Conclusion – The practical importance of the MDN system
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Relying on the empirical fact that the degree of nourishment and the status of development
have a high influence on the life prospects of neonates, the authors developed a method, the
MDN system – including an MDN matrix – to study and qualify the nutritional status at
birth. The MDN system can be applied when gestational age, birth weight and length are
known and when reliable weight and length standards are available for reference.
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The MDN index provides an easy and short numerical characterization of every newborn
according to its state of maturity, bodily development and nutritional status. This requires
only four parameters : MDN index = GA / W / L / N (gestational age, weight, length,
nutritional status).
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The MDN matrix enables effective separation into groups according to their mortality risk
grade, using developmental and physical characteristics and degree of nourishment: the
groups describe averagely developed and nourished neonates, those who were born with
more or less overweight or weight deficit, as well as proportionally over- and
underdeveloped newborns.
Having evaluated nearly 700,000 cases of Hungarian neonate data we have found that
significant deviation from average physical development and nourishment - particularly
undernourishment (disproportional retardation), extreme overnourishment and
proportional retardation – is of great danger to both foetuses in utero and live-born
neonates. This is valid for preterm and full-term foetuses, and for neonates as well.
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As seen in Figure 2, undernourished (N = -3, -4, -5), or disproportionally-retarded,
newborns can occur also above weight zone W2, above the 10th percentile. This is why the
authors do not agree with the definition of retardation as those under the 10th percentile.
Therefore, the authors offer a novel method to identify and differentiate proportionally
retarded, disproportionally retarded and mixed type retarded newborns below the 10th
weight percentile, as well as disproportionally retarded newborns over the 10th weight
percentile. We should however mention that the MDN system is not suitable for
determination of the genetically affected among the proportionally small newborns or for
those who stayed proportionally small due to some pathological pregnancy reasons.
Our investigation found that if bodily development and nutrition significantly differ from
the average, then the fetus has a significantly higher chance of intrauterine death, and this is
also true for the newborn in the 1st-28th day of life. In this respect, the group of extremely
disproportionally retarded is most at risk, followed by the extremely overnourished and the
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proportionally retarded, especially when extremely proportionally retarded. However, the
proportionally overdeveloped fetuses and newborns are highly vulnerable as well.
In addition, the authors propose a definition expansion of the worldwide used concept of
"perinatal mortality" concept. They further recommend the implementation of an "extended
perinatal mortality" (EPM) definition along with obligatory differentiation of intrauterine
mortality (IUM), and neonatal mortality of the live-born respectively (NM, 1st-28th day).
This will allow weaknesses and strengths in prepartum, intrapartum and postpartum
medical care to be identified.

AK

NA
TH

)

The MDN system as a method can be applied in any country. Ideally, the development of
neonates born in the studied country should be determined first according to countryspecific (or preferably race-specific) weight and length percentile standards. Then, each
neonate will be rated by and positioned in its nation-specific MDN matrix. The morbidity
and mortality rates of different national neonate groups with equivalent positions in their
national MDN matrices can be compared with this method. This also makes possible the
comparison of neonatal morbidity and mortality data of countries, even if average birth
weights are significantly different. The MDN system offers a tool to make more accurate and
more reliable national and international comparative studies.
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Such comparative studies have not really been realisable yet. So far, only the mortality of
newborns with equal bodyweight has been compared, which makes little sense. Consider: is
it possible to compare the chances of, say, a newborn in Papua New Guinea weighing 2, 400
grams with those of a newborn of 2,400 grams born in Norway? The body weight of 2,400
grams for a Papua New Guinea child corresponds to the national average birth standard,
while its Norwegian counterpart corresponds to the weight of a premature infant, since in
Norway the average full-term weight is 3,450 grams. A comparison like this obviously
makes no sense. The implementation of the MDN system, however, solves this problem. If
all countries would prepare national new-born weight and length standards, and each of the
country’s newborns would be placed in the locally relevant MDN matrix, national mortality
and morbidity data of the same MDN population variations of newborns could be
realistically compared. Such comparative studies would provide a more solid basis for
scientific conclusions in comparison to those, made today based only on comparative weight
tests. This is the supreme virtue of the MDN system, as this offers a tool to perform accurate
national and international comparative studies.
The MDN system has another important area of application. It allows the prompt and
accurate identification of those newborns for whom systematic follow-up measurements
and growth hormone therapy treatment is likely to be necessary in the future. By
positioning newborns in a corresponding area of the MDN matrix in the delivery room an
immediate in situ distinction of proportional and mixed type retardation is possible. This is
important because the mixed retarded group is the one with a later increased risk of certain
diseases (hypertension, diabetes mellitus, etc). and therefore requires intensified
observation. It is of great importance to register and follow up on the proportionally
retarded and those with mixed retardation, for as a consequence they are most likely to lag
behind the average growth rate in the future, and possibly require growth hormone
treatment at the ages of 2-4.
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In recent years enhanced interest in the MDN system gives us reason to hope that we have
succeeded in enpowering the science and systematics of perinatology and pediatrics with a
multifunctional, practical diagnostic tool.
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1. Introduction
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On November 20, 1989, the United Nations General Assembly adopted the Convention on
the Rights of the Child after about a decade of deliberations between major stakeholders,
including other United Nations agencies and Heads of Government of member states as
well as Non-Governmental organisations (United Nations, 1989). In the World Summit for
Children, which held a year later in 1990, world leaders further affirmed the need to
promote earliest possible ratification and implementation of the Convention on the Rights of
the Child, work for optimal growth and development in childhood, devise methods to
eradicate hunger and globally attack poverty among other commitments, irrespective of
race, age, colour, language, religion, socio-economic class or other considerations (United
Nations, 1990).
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A decade later, following further attempts by the United Nations to boost child survival and
optimal development, the Millennium Development Goals (MDGs) were introduced with
one of them, the MDG 4 specifically dedicated to children while the others directly or
indirectly promote it.

1.1 Definitions
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Perinatal mortality is simply one of the earliest indicators reflecting each countries effort at
ensuring that these goals are actualised and that children are not only protected, but
develop to their maximal potentials.

Perinatal mortality is defined by the World Health Organization as the demise of a fetus in
utero after the age of viability, during labour or within the first 7 days of extra-uterine life.
Technically, this may be represented as Stillbirths + Early Neonatal deaths (WHO).
This definition allowed each country to supply its own data based on the nationally
accepted age of viability in that country. This may result in loss of uniformity, thereby
reducing the validity of international comparisons. While the World Health Organization,
the International Stillbirth Alliance and some developed countries utilise 22 weeks as their
age of viability (WHO, 2006). and may therefore report a loss at that gestational age as
perinatal mortality, a country like Nigeria, with its age of viability as 28 weeks will simply
report it as an abortion. For the purpose of eliminating ambiguity and ensuring uniformity,
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the World Health Organisation had gone ahead to define live birth and stillbirth clearly as
follows (WHO, 2004);

NA
TH

)

“Live birth is the complete expulsion or extraction from its mother of a product of
conception, irrespective of the duration of the pregnancy, which, after such separation,
breathes or shows any other evidence of life, such as beating of the heart, pulsation of the
umbilical cord, or definite movement of voluntary muscles, whether or not the umbilical
cord has been cut or the placenta is attached” while a stillbirth on the other hand is defined
as “death prior to the complete expulsion or extraction from its mother of a product of
conception, irrespective of the duration of pregnancy; the death is indicated by the fact that
after such separation the fetus does not breathe or show any other evidence of life, such as
beating of the heart, pulsation of the umbilical cord or definite movement of voluntary
muscles”.
These definitions are therefore irrespective of gestational age. Despite this however, many
countries continue to report perinatal mortality relative to gestational age.
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Perinatal mortality rate moves a step further to evaluate the absolute number of perinatal
deaths relative to the total number of births. It is usually expressed as an annual figure and
it is calculated as (WHO, 2006);
X 1000
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Stillbirths + Early Neonatal deaths
Total births
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The use of Perinatal mortality rate had however been criticised because many countries still
report it based on their age of viability as stated earlier. Another criticism against it is that
many developing countries either have incomplete or completely lack information on useful
parameters such as stillbirth rates, necessitating estimation and extrapolation of National
figures from surveys. This may make it grossly under-reported and inaccurate. It is however
saddening that despite these disparities; developing countries still have perinatal mortality
rates that are many folds of that reported by the developed countries.
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Another challenge in the utilisation of perinatal mortality as an index of assessing health
care status is that it completely ignores the birth weight of the newborn. It is also completely
silent on the causes of death and therefore cannot be used solely on its own merit as a tool
based on which specific measures will be planned. Despite these criticisms however,
perinatal mortality rates still have the peculiar advantage of taking into consideration
stillbirth rates, a very important index in maternal and newborn health care that even the
Millennium Development Goals targets and indicators ignored. Specifically, it is an
important indicator of the quality of obstetric and paediatric care available in any setting.
In an attempt to complement the utilisation of perinatal mortality rate, many classification
systems had been put forward, such that each country can then review the causes of death
in the perinatal period and institute local measures to tackle it appropriately. Some of these
classification systems include; the Wigglesworth classification, Tulip classification, Whitfield
classification, ReCoDe, CoDaC and the modified Whitfield classification systems (Froen et
al, 2009; Gardosi et al, 2005; Korteweg et al, 2006; Chan et al, 2006; Whitfield et al, 1986;
Wigglesworth et al, 1980).
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The magnitude of innocent lives lost in the transition and early adaptation period to life is
colossal. About 133 million babies are born alive each year with over 6.3 million perinatal
deaths occurring worldwide. Of these perinatal deaths, 3.3 million are stillbirths while 3
million deaths occur in the first week of life (WHO, 2006). A total of 3.7 million deaths,
accounting for almost 40% of under-five deaths occur in the neonatal period. This simply
means that as much as 75% of neonatal deaths occur in the first week of life (early neonatal
period)(WHO, 2004), an additional signal to the strength in perinatal mortality as an index
for monitoring health care status. With 98% of these deaths occurring in developing
countries and 27% in the least developed countries (Stanton et al, 2006), perinatal
mortality in developing countries is obviously receiving far too little attention. Worse still,
for every newborn baby that dies, at least another twenty newborns suffer birth injuries,
complications arising from preterm birth or other neonatal conditions (Unicef, 2009).

2. Nigeria as a case study
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Nigeria was chosen for this review because it is simply Africa's most populous country with
about 150 million citizens. The country with a total fertility rate of 5.2 readily records over 6
million births annually (Unicef, 2009) and despite being just about 2% of the global
population, contributes significantly to the perinatal, neonatal and under five mortality in
the world. It is not surprising that Nigeria, with its buoyant population and high mortality
rates single-handedly contributes about 8% of the world’s annual mortality in neonates with
an annual figure of 242,000 neonates’ death ( WHO, 2006; Federal Ministry of Health,
Nigeria, 2011), a feat for which the country comfortably leads the neonatal mortality chart in
Africa (Lawn at al, 2010). The country, despite a per capital income of 1140 dollars and an
annual growth rate of 1.7% in the last 20 years ( Unicef, 2009) had an under-five mortality
rate of 230 per 1,000 live births in 1990, 207 per 1,000 live births in 2000 and 186 per 1,000
live births in 2009 ( WHO, 2010) and is currently ranked 18th on the under-5 mortality list
(Unicef, 2009). With this scenario, Nigeria amazingly records a total under-five death of
almost a million annually (Cousens et al, 2010).
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The World Health Organization estimated perinatal deaths in Nigeria to be about 30 per
1000 live births in 1990, only for this figure to increase almost three-folds ten years later.
This can be attributed to the short and long term consequences of the depressed economy of
the country within this period, which became marked from about five years earlier – 1985.
This led to the introduction of an economic revival programme under the acronym
‘Structural Adjustment Programme’ (SAP) by the Federal Government; a programme that
led to partial and in some situations to the outright withdrawal of health subsidies in the
country, leading to a rapid decline in the utilisation of maternal health services
(Onwudiegwu, 1993, 1997). This high level of perinatal mortality in Nigeria means that the
country’s dream of achieving MDG-4 by the year 2015 may after all be a mirage unless
decisive steps are taken.
At a national level, countries like Finland recorded the lowest stillbirth rate of 2.0 per 1000
births while Nigeria ranked second only behind Pakistan with a national stillbirth rate of
42 per 1000 deliveries. Nigeria is also among the top ten countries which together
contribute 54% of total world births and unfortunately also account for 67% of all
stillbirths (WHO, 2010).
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Indigenous hospital-based reviews from the Northern part of Nigeria in 1993 reported a
perinatal mortality rate of 58.6 per 1000 deliveries. The same study however reported an
age-specific perinatal mortality rate of 375 per 1000 births among teenage mothers with birth
trauma being the leading cause of perinatal death (Akpala, 1993). This study not only
revealed the high perinatal mortality rate but also confirmed the significant contribution of
teenage pregnancy to perinatal mortality. Nigeria’s perinatal mortality rate may perhaps not
be so surprising, considering the fact that the country has an adolescent fertility rate of 126
per 1,000 girls aged 15-19 years (WHO, 2010).
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A five year retrospective study at the University of Nigeria Teaching Hospital, Enugu, south
eastern Nigeria, between the periods of 1995 and the year 2000 (Adimora and Odetunde,
2007) revealed a perinatal mortality rate of 133.94 per 1,000 births, an unacceptably high rate
while another study by Kuti et al (2003) at Obafemi Awolowo University Teaching Hospital,
Ile-Ife, South-Western Nigeria, in the succeeding 5 year period between 1996 to 2000
reported a perinatal mortality rate of 77.03 per 1000 total births. This study also went on to
report the causes of these deaths with asphyxia, accounting for 58% being the commonest
cause. Other significant causes include prematurity and early neonatal infections. The high
incidence of unbooked patients, multiple pregnancies and low birth weight babies were
cited as major contributors to the high perinatal mortality rates in our environment.
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Onwudiegwu (1994) on the other hand took a community-based approach to the challenges
of perinatal mortality, and factors such as formal educational status of women, rural/urban
dwelling, birth interval and birth order were the significant contributors identified in SouthWestern part of the country. Contrary to the academic causes of these deaths however, a
critical evaluation revealed that the problems that contribute to perinatal mortality in
Nigeria as well as other developing countries go way beyond the identified medical causes.
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Some of these causes are peculiar to the policies in the country while others simply relate to
the health of the mothers and their attitudes. In a country where 58% of pregnant women
had only one antenatal clinic attendance and even fewer women (45%) had at least four
clinic visits (Unicef , 2009; WHO, 2010), the effect is of course poor maternal and perinatal
outcome. Even more worrisome as expressed by Onwudiegwu (1994) is the fact that a
proportion of women who despite having received antenatal care in the hospital resorted to
delivery in the traditional settings or spiritual homes because of economic or spiritual
reasons, while some simply stated disapproval by their husbands as their excuse.
The contraceptive prevalence in the country is also at an unbelievably low level of 15% in
2009, about 50% less than the contraceptive utilisation prevalence in the neighbouring
country Cameroun (WHO, 2010; National population commission 2008). This ultimately
results in high fertility rates and reduction in birth interval with the overall effect
manifesting as high fetal wastages.
2.1 What about the mothers?
It is very difficult and extremely negligent to consider perinatal health without relating it to
the state of health of mothers. This is another benefit that the use of perinatal mortality
confers as it not only considers the babies but also reflects the state of health of the mothers
delivering them as well. Women in developing countries generally tend to have many
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pregnancies. Their lifetime risk of dying in pregnancy therefore reflects the overall burden
on these women. Nigeria, with a maternal mortality ratio (WHO, 2010) of 1,100 per 100,000
is one of the fourteen countries worldwide with a maternal mortality ratio of at least 1000
per 100,000 deliveries. A woman’s lifetime risk of dying in pregnancy in developing
countries is many folds that of the developed countries but the difference is more marked
when countries like Nigeria with a 1 in 18 maternal risk of dying is compared with 1 in
48,000 for Ireland! (WHO, 2007). With Nigeria recording a staggering 33,000 maternal deaths
each year and with about 4 stillborns and seven newborns dying for each maternal death,
the perinatal mortality rate in the country is not so surprising after all (Federal Ministry of
Health, 2011, WHO, UNFPA, 2010).
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The health status of the mother and that of the newborn are very intimately related: death of
the mother automatically spells doom for those newborns that are fortunate enough to
survive the condition that caused the demise of the mother. With so many women dying in
pregnancy in Nigeria, the resulting colossal effect on perinatal mortality cannot be
overemphasized. Complications during birth, such as obstructed and prolonged labour are
established risks for perinatal mortality, yet they are common sights in our everyday
practice. Current obstetric practices such as the use of partographs in monitoring labour had
proven so effective in preventing these conditions (Orji et al, 2007; Fatusi et al, 2008), yet,
this simple and inexpensive practice eludes many Nigerian parturients.
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Lack of maternal health care is causing a large proportion of perinatal deaths by two unique
mechanisms other than the commonly listed medical causes of perinatal mortality. These
include the deaths resulting as a complication of the condition that killed the mother and the
second one is lack of maternal care for the newborn post partum owing to the death of the
mother.
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Intrapartum death rate is a very important indicator enabling health personnel to take the
most appropriate measures to prevent such deaths. An estimated 24- 37% of babies born as
stillbirths in developing countries actually die intrapartum. In Nigeria, intrapartum fetal
death is estimated to be about 25% (FMOH, 2011). The main factors responsible for these
intrapartum deaths are simply poor maternal health, suboptimal care during pregnancy and
medical conditions which had not been diagnosed or was inappropriately treated before or
during pregnancy, coupled with the peculiarity of the travails of a pregnant woman
labouring in Nigeria where only 39% of them benefit from skilled attendance at delivery and
35% actually had institutionalised deliveries (Unicef, 2009; National Population
Commission, 2008). In women who receive good care during childbirth, intrapartum deaths
are due to unexpected severe obstetric complications and it accounts for less than 10% of
stillbirths (WHO, 2003).
The intrapartum deaths are directly related to the place of delivery, which is at home in
about 62% of cases in Nigeria and this also reflects why many of these cases may not be
reported, while delivery in health facilities were reported in only 35% of cases (FMOH,
2011; NPC, 2008). Even some of workers in these health facilities lack appropriate
knowledge in the use of partograph for monitoring the progress of labour (Orji et al, 2007;
Fatusi et al, 2008).
The “three delays” model ( Thaddeus and Maine, 1994) can also be adapted to explain the
high proportion of intrapartum deaths, either singly or in combination. Onwudiegwu et al
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(1999) identified type 3 delay as an important contributor to perinatal and maternal
mortality and went on to report a mean decision-caesarean delivery interval of four hours in
women with indications for emergency caesarean section as a cause of some of the perinatal
deaths. Another report (Omo-Aghoja et al, 2010) from Benin, South-South Nigeria also
identified associated type three delay in 61.9% of the maternal deaths. Type three delay
could not be better exemplified!
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The major contributors to maternal mortality in Nigeria include haemorrhage (23%),
infection (17%), unsafe abortion (11%), obstructed labour (11%), eclampsia/hypertensive
disorders of pregnancy (11%), malaria (11%) and anaemia (11%) (FMOH, 2007). All these are
causes that could readily be taken care of by a well co-ordinated Emergency Obstetric Care
(EmOC), a collection of services with the aim of reducing maternal mortality by improving
the availability, accessibility, quality and use of services for the treatment of complications
that arise during pregnancy and childbirth. The recommendation of this programme is to
ensure at least five EmOC facilities, including at least one comprehensive facility per 500 000
population. Seven services are expected to be rendered by the Basic EmOC facilities while
the Comprehensive centres will render additional two services to make a total of nine
(WHO, UNICEF et al, 2009). The unfortunate challenge in many countries however is that
many of these facilities, albeit established, were not functioning. In Nigeria, a random
survey of 12 out of the 36 states in the country revealed that only 4.2% of the available
public facilities in those states met the criteria for EmOC! ( Fatusi and Ijadunola, 2003).
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Nigeria's health status definitely appears deplorable from all the aforementioned but things
would have been worse than they are if the Government, Non Governmental organisations
and individual stakeholders in the country had not been taking active and drastic measures
to combat the trend. These are the reasons why the under- five mortality rate declined by
22% between the five year period of 2003 and 2008 (NPC , 2008).
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The urban-rural dissociation in health care is perhaps best demonstrated in no other
country than Nigeria. Factors such as teenage pregnancies, lack of health care facilities
and human resources are extremely common in these rural areas where as stated earlier,
at least 51% of Nigerians reside (Unicef, 2009). Presently, despite the associated adverse
outcome, 29% of teenage girls aged 15-19years are married and at least 28% of them
reported giving birth to their first child before the age of 18 years, most of these in rural
areas (Unicef, 2009; NPC, 2008).
The Society of Obstetrics and Gynaecology of Nigeria further supported this by reporting an
all time high maternal mortality ratio of 7, 523 per 100,000 deliveries in Kano, a rural state in
Northern Nigeria (Society of Gynaecology and Obstetrics of Nigeria, 2004).
In an attempt to promote improvement in equity and access to care, the Nigerian Midwives
Service Scheme (MSS) was introduced. Women who deliver in rural areas have been
documented to have an increased risk of perinatal mortality and other adverse outcome in
pregnancy compared with their counterparts in urban areas, yet 51% of Nigeria's population
live in the rural communities. In order to bridge the gap of human resources and improve
the health status of rural community dwellers, the Federal Government initiated this
programme which involves deploying newly qualified, unemployed and retired midwives
to rural areas to render their services after they had been trained to proficiency in basic
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obstetrics life saving skills and integrated management of childhood illnesses. The
programme is currently recording great success in the country (FMOH, 2011).
Contraceptive usage, though universally agreed to be at a lower prevalence rate in Nigeria
than the regional average has also definitely impacted some benefits and that probably
account for the progressive fall in total fertility rate in Nigeria from 6.6, where it had
remained stagnant for the 20 year period preceding 1990 to the present figure of 5.7 (FMOH,
2011; NPC, 2008).. It is expected that with progressive fall in the number of children a
woman delivers, the total burden of morbidity and the cumulative risk of dying from the
reproductive process also reduces.
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At the local level, people are also making efforts to ensure a safe transition from in utero to
life for these newborn by intensifying efforts at reducing the burden of intrapartum deaths
from obstructed and prolonged labour by educating health workers on the partographic
monitoring of labour. The benefit from this was clearly demonstrated in South west Nigeria
where training programmes conducted on the use of partographs in labour resulted in a
significant reduction in perinatal mortality (Orji et al, 2007; Fatusi et al, 2008).
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Poverty was identified as the main barrier to accessing health services in about 56% of
Nigerian women in 2008 (NPC, Nigeria, 2008). Poverty alone could not have been
responsible for the ordeals in Nigeria as other countries in Sub-Saharan Africa who are not
as wealthy as Nigeria, including Botswana, Eritrea and Malawi are already adjudged to be
on track to achieving MDG 4. Nigeria on the other hand had recorded an average annual
reduction rate of 1.2% and presently needs a miraculous 10% annual reduction if it is to
meet the two-third reduction in under-five mortality by the year 2015 ( FMOH, 2011)
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The country is wealthier on the average than these other countries in Africa with better
indices, some of whom are even adjudged to be on track to achieving the health related
MDGs. The country is just yet to commit and co-ordinate its human and material resources
in adequate proportions to this course. In 2001, the country pledged to progressively
increase budgetary allocations to health. This increment in budgetary allocation has
improved minimally from less than 5% to its present rate of 6.5%,16 which is not sufficient to
achieve its goals. In a bid to sustain this however, the country further affirm its commitment
at the last United Nations Summit held in New York in September 2010, pledging to
increase its budgetary allocation to health to as much as 15% by 2015 (United Nations, 2010).
This is a most welcome development.
The Birth, Death compulsory registration decree was established in 1992 in order to
establish a child’s legal status and enhance the appropriate planning and provision for such
children by producing a formidable data base. Presently however, only about 30% of live
births in Nigeria are registered, with deliveries in urban areas being twice as likely to be
registered compared with rural settings (Unicef, 2009; FMOH, 2011; NPC, 2008). Stillbirths,
majority of which occur at home are even less likely to be reported. This ultimately deprives
the country of appropriate and accurate data for planning. It is advised that the Government
and citizens of the country make extra effort to report these vital statistics.
A woman’s educational status goes a long way in influencing her health seeking behaviour
and this reflects most in no other place than perinatal, neonatal and maternal mortality.
These indices decline by about 50% or more as the woman’s educational status increases.
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This has been explained by the fact that she is likely to delay her marriage, use contraception
and health services appropriately as well as utilise her knowledge to establish the best
rational decisions for herself and her family members. Nigeria, with a net female primary
and secondary school enrolment ratio ( Unicef, 2009) of 58% and 33% respectively definitely
has a long way to go if the country hopes to adopt female education as one of its strategies
to reduce perinatal mortality. Promoting education of the girl child to at least secondary
school level is therefore recommended for the countries administrators.
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3. Conclusion
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Lastly, HIV/AIDS has been a most unfair burden on the country. 1.8 percent of the
population of Nigeria was infected with HIV in 1991. Subsequent reports revealed HIV
prevalence rates of 3.8% in 1993, 4.5% in 1998 and presently 3.6% of the Nigerian population
have the disease (Unicef, 2009; UNGASS, 2010). This prevalence may appear low compared
to what obtains in other African countries but considering the large population of Nigeria,
the absolute number of people affected is actually enormous, translating to 3.3 million
individuals. Out of this figure, 1.7 million are women and as much as 360,000 children are
aged 0-4 years. Currently, the World Health organization reported that 6.2% of maternal
deaths are directly attributable to HIV/AIDS in Africa ( Khan, 2006). Various efforts by the
Nigerian Government in response to this challenge include the formation of The President’s
Committee on AIDS (PCA) in 1999 and the National Action Committee on AIDS (NACA) in
the year 2000. Further efforts include the establishment of a three-year HIV/AIDS
Emergency Action Plan (HEAP). Presently, a National strategic framework that will span a
period of 5 years (2010-2015) is being executed as one of the activities of NACA (National
Agency for Control of AIDS, 2009). Nigeria currently also benefits from partnering with
other donor agencies such as the President's Emergency Plan for AIDS Relief (PEPFAR),
Global Funds and the World Bank.
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Finally, it is essential to state that there is no short-cut to the desired improvement in
perinatal mortality rates for Nigeria and other developing countries. Nigeria has been used
as a case study in this article, but the situation is not so different in many developing
countries. The identified medical and socio-economic causes of perinatal mortality are
closely linked to the causes of maternal mortality. Developing countries are therefore
encouraged to desist from merely being attendees at International Summits and signatories
to all United Nations declarations to actually executing the recommendations at their
homestead. The recent introduction of the Integrated Maternal, Newborn and Child Health
(IMNCH) strategy, an accelerated plan of action which aims to provide a continuum of care
for mothers, newborns and children in a single package while ensuring universal coverage
of these interventions by the Federal Ministry of Health of Nigeria is a welcome idea in this
direction (FMOH, 2007). The Millennium Development Goals are feasible, but only with
adequate mobilization, sustained dedication and commitments of material and human
resources to the cause of our women and newborns. The Millennium Development Goals
are not invincible!
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The current chapter provides a review of definitions, incidence, correlates and global
magnitude of neonatal mortality. The chapter also presents evidence based strategies to
improve neonatal survival particularly in resource constrained developing countries.
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The neonatal period (birth to 28th day of life) is the most vulnerable and high-risk time in
lifebecause of the highest mortality and morbidity incidence in human life during this
period. An estimated 40percent of deaths in children less than five years of age occur during
the first 28 days of life (WHO, 2011a). The remaining 60 percent of deaths occur during the
subsequent 1800 days of the first five years of life. The average daily mortality rate during
the neonatal period is close to 30 fold higher than during the postnatal period (one month to
one year of age). During 2010, an estimated 7.7 million children under five years of age died
worldwide (Rajaratnam et al., 2010). This included 3.1 million neonatal deaths, 2.3 million post
neonatal deaths (age one month to one year) and 2.3 million childhood deaths (age 1-4 years).
The neonatal period is the extra uterine continuum of intrauterine foetal life separated by
birth, which is the time when umbilical cord is severed. During the intrauterine period,
foetal life is dependent on its connection with the uterus through the placenta and umbilical
cord. The neonatal period is the beginning of an independent extra uterine life. The
transition from foetal to neonatal life is usually very smooth in a full term newborn baby
(37-41 weeks gestation), born through a normal uncomplicated vaginal delivery, which is
the case in the vast majority of births. However, the process can be complicated either
because of problems in the mother, foetus, placenta, environment, the procedures of birth,
or any combination of these factors leading to neonatal mortality and / or morbidity. The
neonatal mortality is not only a strong indicator of neonatal, perinatal and maternal health
Perinatal Neonatal Outcomes Research Study in the Arabian Gulf (PEARL Study)

*
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in any given country, region or population; it is also a very big challenge for the health
strategists and perinatal health care planners.

2. Definitions
2.1 Neonatal, post neonatal and Infant mortality
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In infants (age 0-364 days), the first 28 days of life (day 0 to day 27) after birth are known as
neonatal period (WHO, 2011a), and day 28 to day 364 as post neonatal period (Rowley,
1994). The neonatal mortality rate (NMR) is defined as the number of neonatal deaths
(during the first 28 completed days of life) per one thousand live births in a given year or
other period (WHO, 2011b). The Post Neonatal Mortality Rate (PNMR) is defined as the
number of post neonatal deaths (from day 28 of life till the first birth day) per one thousand
live births per year or other given period (WHO, 2011b). The Neonatal and Post neonatal
mortality together constitutes the Infant Mortality which is defined as the number of infant
deaths from birth to one year of age per 1000 live births during the same period. Infant
Mortality Rate (IMR) is a very strong indicator of child health in a country, region or
population and is used as a yard stick of progress in health care improvement.
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The neonatal period is further sub-divided into early and late neonatal periods (WHO,
2011b). Early neonatal period corresponds to the first seven completed days of life (day 0 to
6) while the late neonatal period lasts from day 7 to day 27. The majority of problems
during the early neonatal period are causally related with the foetal life or the birth process;
while most problems during late neonatal life are acquired. Early Neonatal Mortality Rate
(ENMR) is defined as the number of neonatal deaths during the first seven days of life per
1000 live births in a given year or any other period. Late Neonatal Mortality Rate (LNMR) is
defined as the number of neonatal deaths between day seven and day 27 of life per 1000 live
births in a given year or any other period. Most neonatal deaths occur during early neonatal
period. Globally some three quarters of neonatal deaths happen in the first week after birth
(Zupan & Aahman, 2005). In Europe the early neonatal deaths range from 58 percent (Czech
Republic) to 89 percent (Northern Ireland) (Euro-Peristat, 2008). The ENMR in Europe is 1.5
to 3.8 and the LNMR is 0.3 to 1.9 per one thousand live births (Fig. 1).
Within the Early neonatal period, mortality is highest (25-45 percent) on day one of life
(Lawn et al., 2005) and decreases as the age advances in number of days (Fig. 2). The EuroPeristat project (2008) reported a trend of shifting mortality from early to late neonatal
period among European countries. This is probably because of better and improved
perinatal care for very sick babies at the time of birth and immediate postnatal period.
2.3 Perinatal mortality
The intrauterine foetal period, in combination with early neonatal period is called Perinatal
period. Therefore, combined foetal and early neonatal deaths constitute Perinatal Mortality.
Foetal death before or during birth (antepartum or intra partum respectively) is also
designated as still birth. Foetal deaths in the second trimester (< 28 weeks gestation) are
designated as early foetal deaths while foetal deaths in third trimester (≥ 28 weeks gestation)
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are designated as late foetal deaths (Fig 3). Perinatal Mortality Rate (PMR) is defined as a
sum of still births (foetal deaths) and early neonatal deaths in a given period of time per
1000 total live plus still births during the same period in the same population. Since the
definition of foetal period varies in individual countries, ranging from 16 to 28 weeks of
gestation, the definition of Perinatal Period also varies from country to country (EuroPeristat Project, 2008).

Source: Euro-Peristat 2008, with permission of the Europeristat Project Team

Fig. 1. Early and Late Neonatal Mortality Rates among European countries.
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Source: Lawn, 2005 with permission of the authors and publishers
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Fig. 2. Daily risk of death during first month of life based on analysis of 10048 neonatal
deaths during 1995-2003.

Source: Lawn, J E. (2011)

Fig. 3. Maternal, Fetal, Neonatal and Perinatal Mortality during and after Pregnancy.
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The International Classification of Diseases 10th revision (ICD-10), by WHO, defines foetal
deaths using one of the three criteria in the following order; a birth weight of 500 grams or
more; if birth weight is unknown, a gestational age of 22 weeks or more; and if both these
criteria are unknown, a crown heel length of 25 cm or more. In some countries e.g. Australia,
not only the foetal period is extended down to 20 weeks gestation and 400 grams birth
weight; the perinatal period is also extended by including the whole neonatal period (day 027) instead of early neonatal period (Australian Bureau of Statistics 2009). These variations
make inter country and regional comparisons of still birth rate and perinatal mortality rates
very difficult. Therefore, for international comparisons, WHO recommends reporting of late
foetal deaths (third trimester stillbirths at ≥ 1000 grams birth weight, ≥ 28 weeks gestation, ≥
35 cm body length). PMR, in association with Maternal, Foetal and Neonatal Mortality
Rates, is a very strong indicator of Maternal and Newborn care in any country /population
(Fig 3).

3. Neonatal mortality: The global magnitude of the problem in 2011
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The 2010 toll of global neonatal deaths ranges from 3.1 million per year (Rajaratnam, 2010) to
3.4 million per year (Population Reference Bureau, 2010). These estimates are based on varying
data collection tools and statistical methods. Table1 shows that, of the 140 million babies born
worldwide, 90percent were born in low-income countries and 10% in high-income countries
while approximately 99percent of neonatal deaths occur in low income countries and 1percent
in high income countries. Every minute seven newborn babies die worldwide (415 newborn
babies every hour). The vast majority of neonatal deaths occur in South Asia and Sub Saharan
Africa. Half of the 3.3 million neonatal deaths in 2009 were in five countries: India, Nigeria,
Pakistan, China and Democratic Republic of Congo. Neonatal mortality constitutes 40percent
of Under-5 Mortality and approximately 57percent of Infant Mortality (Black et al., 2010;
WHO, 2011b).
World
High Income Countries Low Income Countries
6.9 Billion
1.24 Billion
5.66 Billion
140 Million
14 Million
126 Million
6.38 million
80,133
6.3 Million
3.6 million
45,700
3.4 million
9970
125
9845
7
0.11
6.89
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Population / Indicator
Population
Births per year
Infant Deaths per year
Neonatal deaths per year
Neonatal Deaths per day
Neonatal deaths per minute

Neonatal deaths calculated as 57% of Infant deaths
Source: Population Reference Bureau 2010

Table 1. Global Births and Neonatal Deaths 2010.
The global neonatal mortality rate ranges from as low as 1/1000 (e.g. Japan, Singapore) to as
high as 53/1000 (e.g. Somalia, Afghanistan) (WHO, 2011). Among the WHO regions (Table
2), the African region has the highest average NMR (36/1000) and the European region the
lowest average NMR (7/1000). The NMR ranges from 2-5 per one thousand live births in
most European and other high income countries (Euro-Peristat, 2008). Although South East
Asia has the second highest average NMR (31/1000), the highest absolute number of
neonatal deaths occurs in this region because of population density. India alone contributes
one quarter of global neonatal deaths. Combined, the African and South East Asian regions
are sites of two thirds of global neonatal deaths (Lawn, 2005 & WHO, 2011). The global
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African Region

36

South East Asia
Region

31

Lowest NMR
(Countries)
7 (Seychelles)
9 (Mauritius)
8 (Thailand/Maldives)
9 (Sri Lanka)

30
11
9
7

Highest NMR
(Countries)
51 (D R Congo)
50 (Mali)
34 (India/Bhutan)
33 (Lesotho)

4 (Qatar/ UAE)
6 (Bahrain)
1 (Japan / Singapore)
3 (Australia)
3 (Cuba)
4 (USA/Canada)
1 (Andorra/Iceland)
3 (UK/Austria)

11 (China)
15 (Philippines)
12 (Brazil/Colombia)
17 (Guatemala)
12 (Turkey)
15 (Kazakhstan)

30 (Cambodia)
26 (Papua New Guinea)
27 (Haiti)
23 (Trinidad and Tobago)
24 (Tajikistan)
20 (Turkmenistan)

RU
P

Source: World Health statistics 2011, WHO

Table 2. Global Neonatal Mortality Rates 2011.

53 (Afghanistan/Somalia)
42 (Pakistan)
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Regional
NMR

AK

WHO Region

Eastern
Mediterranean
Region
Western Pacific
Region
Region of
Americas
European
Region

Median NMR
(Countries)
39 (Nigeria)
42 (Angola)
19 (Indonesia)
18(Democratic People’s
Republic of Korea)
20 (Morocco)
37 (Sudan)

)

analyses of neonatal deaths are based on estimates because most neonatal deaths occur at
home and are unrecorded in any formal registration system. Therefore, the global toll of
neonatal deaths is probably much worse than what appears in published reports.
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Over the last decade the neonatal deaths have gained an increasing importance on the world
wide policy agenda because neonatal mortality now accounts for 41percent of Under 5
Childhood Mortality, which, according to WHO’s millennium development goal (MDG) # 4
must be reduced by two thirds by 2015. Unfortunately, an equal number of babies die before
birth. These still born babies are neither counted in the MDG’s, nor in the Global Burden of
Disease (GBD) metrics by WHO. Hence still births remain an invisible entity, though, during
2008, the estimated global number of still births was 2.65 million with an uncertainty range
of 2.08 million to 3.79 million. (Lawn, J E. 2011). Although global neonatal mortality has
improved significantly over the last two decades, the Perinatal mortality remains rather
static, even in high income countries, because still birth rate has declined only by
14.5percent (from 22.1/1000 in 1995 to 18.9/1000 in 2009). (Cousens, S. 2011)

DR
.R

4. Neonatal mortality in low birth weight, preterm and non viable babies
The increasing survival of low birth weight and preterm babies over the last three decades
has brought many challenges in estimating the true neonatal mortality and generating
comparative analyses between countries and regions. Similar difficulties occur when babies
are delivered at the limits of viability or born with lethal congenital anomalies. Various
aspects of these issues are discussed in the following section.
4.1 Birth weight and neonatal mortality
The association between birth weight and mortality is among the strongest in epidemiology
(Bosso, 2006). Although birth weight alone may not be the cause of mortality, the association is
robust. Babies weighing less than 1,500g have a mortality risk at least 100-fold higher than
babies at the optimum weight (the weight associated with the lowest mortality).Babies with a
low birth weight are also at higher risk of long-term cognitive and motor impairments (Wilcox,
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2001). Therefore birth weight is used as a very strong indicator to predict an individual baby’s
intact survival. The proportion of babies with a birth weight < 2500g is also used very widely
as an indicator for assessing the population at risk, and historical series exist for many
countries (Euro-Peristat, 2008). The relative risk (RR) of neonatal mortality decreases with
increasing birth weight. According to PEARL Study’s recent comparative analysis of birth
weight specific neonatal mortality between the State of Qatar and Vermont Oxford Network
(VON) expanded data base, the decline in RR is very sharp between birth weight categories
500g to 1500g (Table 3). As compared to babies with normal birth weight (≥ 2500g), the RR of
mortality is 25 times, 17 times and 5.5 times higher (p <0.001) in babies with birth weight
between 500- 750 g, 751-1000g and 1001-1500g respectively. In babies with birth weight >
1500g the RR is 1.5 times higher (p <0.001) (Salameh K, 2011).

1001-1500

16 (9.8)

1501-2000

7 (2.7)

2001-2500

9 (3)

≥2500

17 (1.7)

)

15 (30)
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751-1000

3938 (44.4)
1668 (14.2)

AK

15 (44.1)

VON 2007
n (%)
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P

501-750

RR(95% CI) *
P
24.7(13.5-45.4)
<0.001
16.8(8.9-31.7)
<0.001
5.5(2.8-10.7)
<0.001
1.5(0.6-3.6)
0.357
1.7(1.1-5.5)
0.053
1
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Qatar 2010
n (%)

I(

Birth Weight
(Grams)

1366 (4.9)
340 (2.5)
356 (2.2)
762 (1.7)

RR(95% CI)**
P
25.1(23.6-27.4)
<0.001
7.9(7.4-8.8)
<0.001
2.7(2.6-3.1)
<0.001
1.4(1.3-1.6)
<0.001
1.2(1.1-1.4)
0.001
1
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* Category wise (vertical) comparison of RR of Mortality Qatar 2010
** Category wise (vertical) comparison of RR of Mortality VON 2007

Table 3. The RR of mortality for each birth weight category as compared with normal birth
weight (≥ 2500g) category:
State of Qatar (2010) and Vermont Oxford Network (2007) expanded data base.
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4.2 Gestational age and neonatal mortality
Preterm deliveries are a major cause of neonatal deaths. Worldwide, prematurity and its
complications constitute 12percent of global under five mortality and 30percent of neonatal
mortality (Figs. 5). In absolute numbers, this makes approximately one million neonatal deaths
per year. In high income countries, which have low neonatal mortality rates, prematurity is the
biggest cause of neonatal mortality. In low income countries, which have high neonatal
mortality rates, the proportion of deaths due to prematurity drops with increasing NMR. This
fall is due to the large number of deaths from infections in high NMR countries. In a country
with a very high NMR, the risk of death due to prematurity is still three times higher than a
country with low NMR (Lawn et al., 2005). This is due to very limited resources and very high
number of neonatal deaths in high NMR countries. The NMR is inversely proportional to the
gestational age: the smaller the gestation age, the higher the mortality. PEARL Study’s recent
analysis (Rahman et al., 2011) has shown that the relative risk (RR) of death decreases
significantly with increasing gestational age which is shown in Fig. 4A below.

44

Perinatal Mortality

Risk Ratio (95% CI)
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(Source: Rahman et al., 2011)

Fig. 4. A. Gestational Age wise Relative Risk of Neonatal Mortality
Relative risk calculated by taking immediate next category as reference.
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When compared with babies born at term (Fig. 4B), the relative risk (RR) of mortality is 113.17,
(95% CI 64.45-198.7;P<0.0001) among extremely preterm babies (≤ 28 weeks gestation), 26.4
(95% CI 11.91-58.55, P<0.0001) among very preterm babies (28+1-32 weeks gestation) and 7.32
(95% CI 3.63-14.75; P<0.0001) among moderately preterm babies (32+1-36+6 weeks).

200
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Risk Ratio (95% CI)

250

0
≤28 Weeks

B

28-32 Weeks

32-36 Weeks

≥37 Weeks

Gestational Age (Weeks)

(Source: Rahman et al., 2011)

Fig. 4. B. Gestational Age wise Relative Risk of Neonatal Mortality Relative Risk calculated
by taking Term babies (last category) as reference.
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4.3 Adjusted neonatal mortality
For full term babies (≥ 37 weeks), the neonatal period extends from birth till 28th day of life.
However, the exact duration of neonatal period for preterm babies is not well established.
With the increasing survival of extremely preterm babies, it is becoming important to
establish some rules to adjust for the duration of prematurity and calculate adjusted
neonatal mortality rates. This will render the comparative analyses between neonatal units,
countries and individual studies more homogenous. The exact estimate of gestational age at
birth has always been a challenge both for obstetricians and neonatologists. Traditionally,
the first day of maternal last menstrual period (LMP) has served as a basis for this
estimation.

+ Term Neonatal
Period
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
+ 28 days
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Adjustment for
Prematurity
90 days
83 days
76 days
69 days
62 days
55 days
48 days
41 days
34 days
27 days
20 days
13 days
6days
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Gestation
(Weeks)
24
25
26
27
28
29
30
31
32
33
34
35
36
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However, the accuracy of LMP can be doubtful in many cases. LMP combined with obstetric
ultrasound during antenatal visits provide better estimates. However, antenatal care and the
facility to undertake a reliable obstetric ultrasound may not always be available, particularly
in disadvantaged localities/communities. A postnatal assessment of the baby by an
experienced paediatrician using standard scoring test e.g. Ballard’s Scoring System, can
provide a better estimate in doubtful cases. In PEARL Study, we have used all three
methods (LMP, Obstetric USS and Ballard’s scoring system) to estimate the correct
gestational age in doubtful cases (Rahman et al., 2011).
Total Neonatal
Period
118 days
111 days
104 days
97 days
90 days
83 days
76 days
69 days
62 days
55 days
48 days
41 days
34 days

Table 4. PEARL Study method of estimation of adjusted neonatal mortality.
In order to estimate the adjusted neonatal mortality for PEARL Study, we adopted the
following rules. For all preterm babies, the neonatal period is extended in order to
compensate for their prematurity. For example, a baby born at 24 completed weeks of
gestation is born 90 days earlier before he/she would have been term (37 completed weeks
of gestation). After becoming term (at 37 weeks), the baby’s neonatal period will be counted,
like any other term baby i.e. for another 28 days. This will make up a total of 118 days of
neonatal period for a baby born at 24 completed weeks of gestation. During this extended
neonatal period (118 days), the baby usually stays in neonatal intensive care unit (NICU). In
case the baby dies during this period, his/her death is classified as neonatal death.
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However, some extremely preterm babies stay in NICU longer than their adjusted neonatal
period usually due to complications of prematurity and/or of intensive care procedures. In
this case, their death after the adjusted neonatal period is classified as post neonatal death.

)

During the adjusted neonatal period, the first seven days will be considered as early
neonatal period irrespective of the gestation at birth and the rest of the adjusted neonatal
period as late neonatal period. Therefore, for an extremely preterm baby born at 24 weeks of
gestation, the total neonatal period will be 118 days with first seven days counted as early
neonatal period and the remaining 111 days counted as late neonatal period. Table 4 depicts
a working table developed by The PEARL study in order to adjust the neonatal period for
preterm babies born at various gestational ages, and to calculate their adjusted neonatal
mortality rates for valid comparative analyses with other studies.
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4.4 Limits of viability and neonatal mortality
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The survival of preterm babies has improved exponentially over the last three decades
resulting in gradual lowering of the limits of viability from 28 weeks to 24 weeks in 1990’s,
and most recently to 22 weeks (Euro-Peristat, 2008). However, the practice varies in
individual countries and population groups. Evans and Levene (2001) reported that studies
can exaggerate neonatal survival by 100percent at 23 weeks and 56percent at 24 weeks. This
is a major issue in high income countries, which routinely provide care to extremely preterm
babies born at the limits of viability. Therefore, while estimating and comparing neonatal
mortality between countries, it is important to remove selection bias at the limits of viability.
The WHO and UNICEF’s annual neonatal mortality reports exclude babies <1000 grams and
< 28 weeks gestation from each country’s data to generate a reasonable comparison for low
income countries, which do not provide care to extremely preterm and extremely low birth
weight babies due to resource constraints (UNICEF, 2011).
4.5 Futility and neonatal mortality
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Some babies are either very sick or extremely premature at birth or may be born with lethal
congenital anomalies incompatible with life. These babies may not be resuscitated in labour
room or provided intensive care because of futility. These neonatal deaths, which usually
occur in labour and delivery suites, may not be reported in unit-based studies (Evans &
Levene, 2001). Similarly legal frameworks, clinical guidelines and practice of termination of
pregnancies varies widely between countries and cultural groups, which affects overall
perinatal and neonatal mortality (Papiernik et al., 2008). These variations in policy and
practice generate variations between populations of very preterm births among countries. In
the MOSAIC Study cohort (Europe), pregnancy terminations constituted between 1 and
21.5percent of all very preterm births and between 4 and 53percent of stillbirths. Most
terminations were due to congenital anomalies (Papiernik et al., 2008).
4.6 Corrected neonatal mortality
The neonatal mortality, calculated after excluding babies born alive at limits of viability or
ones with extremely low birth weight (< 500g) or babies with lethal congenital anomalies, is
called Corrected Neonatal Mortality (Lau et al., 1985). The reporting of corrected neonatal
mortality makes inter country comparisons more rational (Euro-Peristat, 2008). The WHO
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and UNICEF exclude babies with a birth weight < 1000g and < 28 weeks gestation in their
annual reports of global neonatal mortality rates (UNICEF, 2011).

5. Plurality and neonatal mortality
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Twin and multiple births are associated with higher neonatal mortality and morbidity. A
large population based study of twin births from United States and Australia (Scher, A.I.
2002) has shown that twins have an approximately five fold increased risk of foetal death,
seven fold increased risk of neonatal death, and four fold increased risk of cerebral palsy
(CP) as compared to singletons. However, at birth weight < 2500 g, twins generally did
better than singletons, both with respect to mortality and CP rates. Second born twins and
twins from same sex pairs were at increased risk of early death but not of CP. Twins from
growth discordant pairs and twins whose co-twin died were at increased risk of both
mortality and CP. The highest rates of CP were in surviving twins whose co twin was either
born (4.7 percent), or died shortly after birth (6.3 percent) or had CP (11.8 percent). In the
Euro-Peristat project (2008), multiples were four to eight times likely to die as compared to
singletons (Fig. 5). Although the incidence of twin deliveries has increased with the
introduction of assisted reproductive technology, perinatal mortality is about 40percent
lower after assisted as compared with natural conception (Helmerhorst et al., 2004).

6. Socioeconomic correlates of neonatal mortality

UP
NA
TH
J

I(

DR
.

Improvement in neonatal and perinatal survival comes as part of a package of development
of human society, which is a multifaceted process involving social, economic, cultural,
educational and health care development. PEARL Study, in its recent study (Rahman, S.
2010), has shown that reduction in poverty, increase in maternal education, and improved
perinatal health care are associated with improved maternal, neonatal and perinatal
survival. A number of other sociocultural factors e.g. ethnicity and consanguinity are also
associated with increased neonatal mortality.
6.1 Poverty and neonatal mortality
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Extreme poverty is the world’s biggest killer and the greatest cause of ill health and
suffering across the globe (Kevany, 1996). Infant mortality, a very strong outcome indicator
of ill health, is most sensitive to poverty (Jahan, 2008). Hence, increased socioeconomic
development is associated with a consistent decline in infant mortality (Rahman et al., 2010).
A recent study from Netherlands (Agyemang, C. 2009) has shown that neighbourhood
income and deprivation are related to Small for Gestational Age (SGA) birth (OR 1.32, 95%
CI 1.04-1.68). Another recent study from Japan has reported increased risk of early
spontaneous abortions among women who smoke (OR 2.39, 95% CI 1.26-4.25) and women
who work outside their home (OR 1.65, 95% CI 1.17-2.35).
The global estimates show that the neonatal mortality is highest in low-income countries
(Table 5,) and consistently declines with increasing regional income (WHO, 2011). During
2009, the average NMR in low-income countries (36/1000) was nine times higher than the
average NMR in high-income countries (4/1000) and 1.5 times the global NMR (24/1000).
During 1990-2009, the NMR decreased by 23.4percent in low-income countries, compared to
33.3percent in high-income countries and 27.3percent worldwide (WHO, 2011).
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Fig. 5. Neonatal Mortality Rates (per 1000) in singleton and multiple births in Europe (EuroPeristat, 2008).
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Income Group
Low Income
Lower Middle Income
Upper Middle Income
High Income
Global

Neonatal Mortality Rate (per 1000 live births)
1990
2000
2009
47
42
36
36
32
26
21
16
11
6
4
4
33
29
24

Table 5. Neonatal Mortality by economic regions (WHO, 2011).
6.2 Maternal education and neonatal mortality
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6.3 Ethnicity and neonatal mortality
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Maternal education is a very important socioeconomic indicator, which has known association
with stillbirth, preterm births, low birth weight babies and neonatal and post neonatal
mortality, which was confirmed by a ten years (1991-2000) population study based on birth
certificate analysis from Quebec, Canada (Zhong-Cheng, L. 2006). The study also confirmed
that the effects of maternal education were stronger than, and independent of, neighbourhood
income (Fig. 6). Pregnant women with a low educational level have a nearly two fold higher
risk of preterm birth than women with a high educational level (Jansen, P.W. 2009). The
women with low educational attainment come from disadvantaged backgrounds with
multiple adverse correlates. A recent study from Sweden (Sundquist, J. 2011) has shown that
the Odds Ratio (OR) of giving birth to a Small for Gestation (SGA) infant for women living in
high versus low deprivation neighbourhood was 0.38 (95% CI 1.32-1.44, p<0.001). Women with
the highest risk of giving birth to an SGA infant were older; never married, widowed or
divorced; had low family incomes; and/or the lowest educational attainment.
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The correlation between maternal ethnicity and neonatal mortality is variable. An
Australian study (Ruan et al., 2011) found no influence of ethnicity on neonatal mortality
(Caucasian, Asian, Indigenous and Polynesian Maori groups). However, ethnicity did
influence foetal and neonatal growth and morbidity. Conversely, studies from multi ethnic
European populations found an association between ethnicity and neonatal mortality. A
study from Denmark (Villadsen et al., 2008), based on 23 years (1981-2003) data from a
population registry (n = 1333452) described higher foetal and infant mortality among
Turkish , Pakistani and Somali population as compared to the Danish population. The
excess risk of mortality was not attributable to socioeconomic condition. A similar
population based study from Brussels (Racape et al., 2010) reported increased perinatal
mortality in particular ethnic groups, independent of socioeconomic status and maternal
characteristics.
6.4 Consanguinity and neonatal mortality
Consanguinity has a known association with congenital anomalies, preterm births (Mumtaz
G, 2010) and perinatal wastage (Assaf S, 2009). The global birth defects report by March of
Dimes provides evidence to this. The Arab countries have the highest rates of birth defects.
The same countries have the highest rates of consanguinity (40-70percent in general and up
to 100percent in some tribes). With limited practice of antenatal terminations, these
countries continue to have high neonatal and perinatal mortality rates (Salameh K 2009).
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Source: (Zhong-Cheng, L. 2006)

Fig. 6. Adverse birth outcomes in Urban and Rural Quebec: A comparison of mothers not
having graduated from high school with those having completed community college or
some university, and mothers from poorest neighbourhood compared with mothers from
richest neighbourhood.
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7. Calculation and reporting of neonatal mortality
7.1 Period neonatal mortality and cohort neonatal mortality
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Neonatal mortality is usually estimated as period mortality (all neonatal deaths per 1000
births during a specific period of time). In period mortality, the neonatal deaths include
babies who were born immediately prior to the period but died as a neonate during the
study period. On the other hand, the period mortality excludes those babies who were born
at the end of the study period but died as neonate after the study period had ended. In
general, the gain of deaths in the beginning of the study is balanced by the loss of deaths at
the end of the study with little, if any, statistical difference. However, a true estimate of
neonatal mortality can be done only by a cohort neonatal mortality, which includes only
neonatal deaths per 1000 total births during a selected period. This necessitates the followup of the birth cohort until the end of the neonatal period of the last-born baby in the cohort.
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This may take a few months in case of extremely preterm babies in which neonatal mortality
needs adjustment for the time these preterm babies were born preterm. It is very important
to report the exact definition of a given cohort during the publication of institution based
neonatal mortality data. Some cohorts can be very selective e.g. cohorts which exclude
babies < 500g at birth, or babies with lethal congenital anomalies or babies born alive but not
resuscitated because of futility or non viability. Therefore, studies with very selective
cohorts usually report significantly higher neonatal survival (Evans & Levene, 2001). This
can be a significant problem at the limits of viability. Evans and Leven (2001), analyzed 67
studies (survival outcomes of 55 cohorts of < 28 weeks gestation babies) and estimated that
the survival was exaggerated by 100percent at 23 weeks and 56percent at 24 weeks of
gestation between the studies (p<0.01).
7.2 Adjusted and corrected neonatal mortality
The neonatal mortality is adjusted for prematurity and corrected for futility and lethal
congenital anomalies for comparative purposes (see section 5.3 and 5.6 above for details).

8. Causes of neonatal mortality
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The most recent global estimate of causes of child mortality (Black et al., 2010) suggested
that 41percent of deaths in 2008 were due to neonatal deaths (Fig 7). The causes of neonatal
mortality are divided into direct and indirect causes of mortality.
8.1 Direct causes of neonatal mortality
According to the global estimates by Black et al. ( 2010), the most important causes of
neonatal mortality (Table 6) were complications of preterm birth (12percent, 1.033 million
deaths), birth asphyxia (9percent, 0.814 million deaths), sepsis (6percent, 0.521 million
deaths) and pneumonia (4percent, 0.386 million deaths). Despite a continuous increase in
the population of children < 5 years, their mortality rate is declining. However, the decline
in mortality is greater in children aged between 1-59 months than in neonates (0-27 days).
Hence the proportion of neonatal deaths increased from 37percent in 2000-03 to 41percent in
2008. Thus, the main causes of neonatal death – preterm birth complications, birth asphyxia,
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sepsis and pneumonia – have become even more important. The distribution of causes of
neonatal death varies by regions and countries, correlating with the degree of neonatal
mortality (Fig. 8). In very high neonatal mortality settings, almost 50percent of deaths are
due to severe infection, tetanus and diarrhoea. In low neonatal mortality settings, sepsis and
pneumonia account for < 20percent of deaths, while tetanus and diarrhoea become almost
non-existent as a cause of neonatal death.

Fig. 7. Global Causes of Neonatal (0-27 days) and Child (1-59 months) Mortality, Source:
(Black, 2010).
Estimated Number (UR; millions)

Preterm birth complications

1.033 (0.717-1.216)

Birth asphyxia
Sepsis
Other
Pneumonia
Congenital abnormalities
Diarrhea
Tetanus
Total Global Neonatal Deaths

0.814 (0.563-0.997)
0.521 (0.356-0.735)
0.409 (0.318-0.883)
0.386 (0.264-0.545)
0.272 (0.205-0.384)
0.079 (0.057-0.211)
0.059 (0.032-0.083)
3.573 million
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Cause of Neonatal Death (0-27 days)

(UR: Uncertainty Range is defined as 2.5-97.5 centile) Source: (Black, 2010)

Table 6. Estimated global number of Neonatal deaths by cause 2008.
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Fig. 8. Regional Causes of Neonatal (0-27 days) and Child (1-59 months) Mortality.
The risk of neonatal death due to severe infections and asphyxia in very high neonatal
mortality countries as compared to low neonatal mortality countries is about 11 and 8 fold
respectively (Lawn et al., 2005). Although the proportion of deaths due to prematurity drops
with increasing NMR, the risk of mortality due to prematurity is three times higher in high
neonatal mortality countries as compared to low neonatal mortality countries (Lawn et al.,
2005). The causes of neonatal death may also vary within the same country depending upon
the socioeconomic status of the regional population and access to health care services.
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8.2 Indirect causes of neonatal deaths
A number of indirect maternal and perinatal determinants affect neonatal outcomes.
Maternal health before, during and after pregnancy, conditions at the time of labour and
delivery and post natal care of babies play a significant role in reducing neonatal mortality.
Jehan et al. (2009), have documented direct and indirect determinants of neonatal mortality
in a recent population based study from Pakistan, which has the third highest NMR in the
world. PEARL study has also documented similar determinants of neonatal mortality (Table
7) in the State of Qatar which has very low NMR (4/1000).
Alive
N=117

Odds Ratio (95%CI)

30(78.9)
7(18.4)
1(2.6)

91(78.4)
7(6.0)
18(15.5)

1 ref
3.0(1.1-9.4)
0.2(0.1-1.3)

32(72.7)
12(27.3)

14(12.1)
102(87.9)

27(62.8)
16(37.2)

12(10.3)
105(89.7)

P- value

NA
TH

0.028

<0.001

14.8(6.2-34.8)
1 ref

<0.001

113(96.6)
4(3.4)

1 ref
5.8(1.5-22.0)

0.009

24(54.5)
20(45.5)

88(75.2)
29(24.8)

1 ref
2.5(1.2-5.2)

0.012

26(61.9)
16(38.1)

1(0.9)
116(99.1)

*

<0.001

14(32.6)
29(67.4)

0
117(100)

*

<0.001

27(65.9)
14(34.1)

7(6.0)
110(94.0)

1 ref
30.3(11.1-82.3)

<0.001
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19.4(8.2-46.2)
1 ref

29(82.9)
6(17.1)

DR
.R

Fetal growth
AGA
SGA
LGA
Birth weight
<2500g
≥2500 g
Gestational age
<37 weeks
≥37 weeks
Presentation at birth
Cephalic
Breech
Mode of delivery
Vaginal
C-Section
APGAR Score
(1 minute)
≤6
>6
APGAR score
(5 minutes)
≤6
>6
Delivery room
resuscitation
Yes
No

Dead
N=44

)

Variable

(Source: PEARL study Statistics 2011)
(* Valid odds ratio not calculated due to very few numbers in one category, ref=reference category, p
value based on chi square or fisher exact test where the expected cell count is <5, odds ratio based on
univariate logistic regression)

Table 7. Determinants of neonatal mortality, State of Qatar 2011.
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9. Global trends in neonatal mortality (1970-2010)
Childhood mortality is a major concern for health care strategists, policy makers and planners.
Although worldwide, the childhood mortality rates, including neonatal mortality rates, have
declined since 1960s (Fig. 9, 10 & 11), the progress made has been alarmingly slow. This was
recognized in the United Nation’s Millennium Summit in 2000 which lead to the incorporation
of Millennium Development Goal # 4 (MDG 4) in the World Millennium Declaration.
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MDG 4 requires two thirds reduction in the deaths of children aged < 5 years by 2015. This
required a reduction of childhood mortality at a rate of 4.4percent per year. According to a
recently published review on reduction in neonatal, post neonatal, childhood and under five
mortality by Rajaratnam et al. (2010); although significant progress has been made towards
achieving MDG 4, many countries will fail to achieve the target by 2015. The two most
recent annual World Health statistics published by WHO (2010 and 2011a) have also
confirmed this fact.
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From 1990 to 2010, the global rate of decline has been 2.1percent per year for neonatal mortality,
2.3percent for post neonatal mortality, and 2.2percent for childhood mortality against the
required rate of 4.4percent per year. The under 5 mortality has been reduced from 16 million in
1970 to 11.9 million in 1990 to 7.7 million in 2010 which is more than 52% reduction in mortality
over four decades (Fig. 9), despite an increase in total births by 16percent during the same period
(Rajaratnam et al., 2010). Within the world regions, the reduction in under 5 mortality (all three
components -- neonatal, post neonatal and childhood) is uneven (Fig. 10).

DR
.R

UP
NA
TH
J

I(

DR
.

In 1970, South Asia and Sub Saharan Africa together accounted for 55 percent of all child
mortality.

(Source: Rajaratnam et al., 2010)

Fig. 9. Worldwide neonatal, post neonatal and childhood mortality from 1970-2010.
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In 2010, they accounted for more than 82percent (33percent in South Asia and 49.6percent
in Sub Saharan Africa). The regions of Caribbean and Latin America, North Africa and
Middle East, East and South East Asia have achieved 63percent reduction in child hood
mortality between 1970 and 2010.
Some countries, e.g. the State of Qatar, have done exceptionally well by achieving all
MDG’s by 2007; just half way towards the target year 2015 (Qatar Statistics Authority,
2008). This is due to exceptional socio economic development and investment in perinatal
health care in Qatar (Rahman et al., 2010).
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Other countries (e.g. Sri Lanka, Nicaragua, Moldova, Indonesia, Honduras, Vietnam) have
also done exceptionally well in reducing their neonatal mortality even though they have
an annual GDP per capita < US $ 5000 (Martines et al., 2005). The improvement in Under 5
mortality has also been uneven between its three components. Most of the improvement
has been in post neonatal (1-12 months) and childhood (1-5 years) mortality with slower
progress in reducing neonatal mortality (Fig.9). Between 1970 and 2010, the global NMR
decreased by 57percent (from 53/1000 in 1970 to 23/1000 in 2010); post neonatal mortality
rate by 62percent and childhood mortality rate by 60percent. This decline resulted in
neonatal mortality constituting 28 percent and 40 percent of Under 5 mortality in 2000 and
2010 respectively as opposed to 23percent in 1980. (Lawn et al., 2005; WHO, 2011a).
Within the neonatal mortality, the decline in late neonatal mortality has been more
significant than declines in early neonatal mortality (Fig. 11).

(Source: Rajaratnam, 2010)

Fig. 10. Regional neonatal, post neonatal and childhood mortality from 1970-2010.
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(Source: Lawn 2005)
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Fig. 11. Meeting MDG-4: Trends in under 5 Mortality and Neonatal Mortality (Total, Early
and Late) between 1965 & 2010.

10. Strategies to reduce neonatal mortality
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Ever since the Millennium Declaration was announced, intense efforts began to achieve
MDG’s within the target period of 15 years (2000-2015). MDG-4 brought together
individuals, organizations and media to draw comprehensive plans to ensure two thirds
reduction in under 5 childhood mortality by 2015. Since 99 percent of childhood deaths
occur in developing countries, which have constrained resources, the interventions must be
cost effective, community based and within the reach of every citizen, particularly the
urban, deprived and disadvantaged populations (The Lancet Neonatal Survival series,
2005). Significant progress has been made in reducing Under 5 childhood mortality over the
last decade (2000-2010), though the progress towards reduction of neonatal deaths has been
slow (Bhutta et al., 2010). A rapid progress is not only desirable; it remains a major challenge
for the next five years (2011-2015).
Reduction of neonatal mortality is not a phenomenon in isolation. Improved neonatal
survival should be seen as part of wider package (Fig 12) which should not only include
care before, during and after pregnancy; it should also address wider issues of
socioeconomic development including reduction in poverty and increased maternal
education (Rahman 2010).
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(Source: Lawn 2006)
Perinatal 1: for neonatal data collection as per International Classification of Diseases Version-10 (ICD-10);
Perinatal II: for international comparison of date as recommended by WHO
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Fig. 12. The continuum of care for Mothers, Newborns and Children, showing
epidemiological terms around the time of birth and packages of care relevant to Newborn
health, according to service delivery level.
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The Perinatal Health Care model developed by Lawn et al (2006) places neonatal mortality
within the broad context of maternal and child health care. Strategies to reduce neonatal
mortality should cover the whole continuum of care from maternal health before and during
pregnancy to delivery, and early neonatal care to child health programmes (Fig. 12 middle
bar). The model proposes three streams of service delivery strategies: clinical care, outreach
services and family-community levels (Fig. 12 Upper part).
The clinical care strategies emphasize on provision of emergency and basic services in
facilities and circumstances where minimum resources are available. The family planning
strategies not only cater to prenatal health; they also take care of complications after
delivery. Family-community level strategies include education and awareness of parents,
families and public at large in health practices including clean delivery, breast feeding, basic
newborn care and emergency preparedness. The model also highlights reporting of
perinatal mortality for comparative analysis using WHO standards and alternative
standards (Fig 12 Lower part). The model is extremely useful for low income countries
which are struggling to reduce their very high burden of neonatal and perinatal mortality.
Looking at the whole picture of continuum of care, the first week of life is the most
important period because 75percent of neonatal and 50percent of maternal deaths occur
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during this period. Maximum health coverage should be provided over these first seven
days, particularly in disadvantaged and poor communities (Lawn et al., 2006). While the
three direct causes of neonatal death (prematurity, asphyxia and sepsis ) must be addressed,
the indirect causes of neonatal deaths (low birth weight, poor maternal health, inadequate
health care system, poverty and illiteracy) should also be addressed at all levels.
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10.1 Interventions to reduce neonatal mortality
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The State of Qatar is unique in having achieved all its MDG’s by 2007 and hence provides an
ideal model for study. The improved maternal, neonatal and perinatal survival in Qatar
provides an example of how addressing wider community issues e.g. reduction in poverty,
socioeconomic development, clean drinking water, sanitation, pest control, increased
maternal education, investment in maternal and child health, high coverage antenatal and
postnatal care, childhood vaccination and access to health care, can dramatically improve
reproductive outcomes (Rahman 2010). Qatar’s trends of maternal, neonatal and perinatal
mortality since 1974 also provide an evidence that major reductions in mortality can be
achieved through low cost community based interventions and not by high cost institutional
investment. This gives a very strong message to low income countries that a lot can be
achieved within their constrained resources.
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Lawn and colleagues (2006) developed and categorized interventions to reduce neonatal
mortality (Table 8), which addresses all periods of the continuum of care (pregnancy,
intrapartum, postpartum and neonatal period). Some of these interventions are universally
applicable because of their cost, feasibility and impact on mortality; others are more
complex and are applicable only in relevant situations. This model led to the development
of packages of intervention (Table 9) for universal scale up newborn care. These packages
start from the family-community level and are carried over as essential, extra and
emergency newborn care packages.
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The Countdown to 2015 project (Bhutta et al., 2010) for maternal, newborn, and child
survival monitors coverage of priority interventions to achieve MDG’s for Child mortality
and maternal health. The project has most recently reported on 26 key interventions in 68
countries, which account for more than 90percent burden of maternal and child mortality
(Bhutta et al., 2010).
The median coverage of 20 interventions in 68 countries is shown in Fig. 13. According to
this report, 19 countries were on track, 47 had accelerated and 12 countries showed
decelerated progress in reducing childhood mortality. Progress towards reduction of
neonatal mortality has been slow and maternal mortality remains high in most of these
countries. However, there is strong evidence that rapid progress is possible. Focused and
targeted interventions can reduce inequities related to socioeconomic status and gender. No
country can afford not to seriously address neonatal care (Martinez et al., 2005).
Although NMR’s are generally inversely correlated with GDP per capita; several lowincome countries (e.g. Honduras, Indonesia, Moldova, Nicaragua, Sri Lanka, Vietnam) have
achieved excellent reductions in their neonatal mortality rates (Fig. 14). Success is possible in
low-income countries without the use of expensive high technology newborn care. The
countries which have achieved excellent neonatal survival rates did so long before any
expensive technology was introduced. In England, the NMR fell from more than 30/1000 in
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1940 to 10/1000 in 1975, a reduction linked to the introduction of free antenatal care,
improved care during labour, and availability of antibiotics (Mac Farlane et al., 1999). The
State of Qatar achieved huge reduction in its NMR during the era of low cost, communitybased interventions, backed by socioeconomic development (Rahman et al., 2010).

Family planning [B]:

Situational interventions
(where specific conditions
are prevalent)

HIV prevalent:

)

Prepregnancy

Additional interventions
(where the health care
system has additional
capacity and the NMR is
lower; for example
transition countries)
Rubella immunization
either of girls only or of all
population if regular
coverage can be maintained
at more than 80 percent of
the population [A]
Periconceptual or
preconceptual provision of
folate [A]
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Period

Interventions for
universal coverage
(priority interventions
for high-mortality
settings)

delay age of first
pregnancy to after
18



space births by two Information counseling
and support for
to three years



provide opportunity
to women to reduce
births to their

desired number and
to avoid pregnancy
after age 45
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smoking [RF A]

Prevention,
identification, and

management of sexually
transmitted diseases [A]


iodination of salt [B]



primary prevention
strategies [ B]



voluntary counseling
and testing and option
of antiretroviral
therapy [A]
High prevalence of
recessive conditions (such
as sickle cell disease) or
high rates of
consanguineous marriages:
offer genetics counseling
[ RF A ]

alcohol and drug
abuse [RF A ]
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women experiencing
violence [ RF A ]
Four-visit prenatal care Identification and treatment
During pregnancy
HIV prevalent:
package, including
of bacteriuria [ A]
Information counseling
primary prevention

Essential for all 
two tetanus
strategies [ B ]
pregnancies
immunizations [ A] and support for
voluntary counseling and

iron and folate

smoking cessation
testing and option of
supplements [ B]
[ RF A ]
antiretroviral therapy [ A ]

syphilis screening 
alcohol and drug
and treatment [ A ]
abuse [ RF A ]

identification and
referral of multiple healthy diet and avoidance
of unhelpful dietary taboos
pregnancy,
[ C]
abnormal lie,
preeclampsia [ B]

birth planning and
women experiencing
emergency
violence [ RF A ]
preparedness [ C]
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Malaria endemic :



multiple pregnancy
Fetal growth monitoring
or abnormal lie
[A]
(breech or
transverse ) [ RF A ]





pregnancy-induced
hypertension or
preeclampsia [ RF A ]



diabetes [ RF A ]



severe anemia
[ RF A ]



previous fetal or
neonatal death
[ RF A]

)

intermittent
presumptive
treatment monthly
after 20 weeks [ A ]

insecticide-treated
bednets [ B based on
effect on LBW, not on
NMR]
Hookworm infestation
prevalent:

presumptive
treatment with
mebendazole [ B]
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Emergency for
those with
Management of
In utero transfer of highcomplications (
emergencies, including risk pregnancies [ B ]
first referral
level and above)
* preeclampsia or
eclampsia [ A ]
* bleeding in pregnancy
[ A *]
* uterine infection
[ RF A ]
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Extra prenatal care (
External cephalic version
more frequent visits,
for breech presentation at
more skilled caregiver) if 36 weeks [ A ]

RU
P



Extra care for
those at
risk of
complications

prenatal counseling
and preparation for
breastfeeding [ C ]

DR
.



Situational interventions
(where specific conditions
are prevalent)

I(

Period

Additional interventions
(where the health care
system has additional
capacity and the NMR is
lower; for example
transition countries)

Interventions for
universal coverage
(priority interventions
for high-mortality
settings)

Iodine deficiency
prevalent:
* iodine supplementation [
B]
Famine:
* targeted food
supplementation [ B ]
Group B streptococcus
prevalent:
* screening and treatment [A ]

Birth

* Essential

Skilled care in labor,
Supportive companion in
including
labor [ A ]
* monitoring progress of
labor ( partograph),
maternal and fetal wellbeing [ A ]
* infection control [ A *]
Newborn resuscitation if
required [ A *}

Mother HIV positive:


Antiretroviral therapy
[A]
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Period

Extra care

Perinatal Mortality
Interventions for
universal coverage
(priority interventions
for high-mortality
settings)

Extra care if



Additional interventions
(where the health care
system has additional
capacity and the NMR is
lower; for example
transition countries)

Situational interventions
(where specific conditions
are prevalent)

Maternity waiting home if
limited access to
Tocolytics in preterm labor
emergency obstetric care,
and transfer to higher-level
high-risk condition
care if available [ A ]
identified, and culturally
acceptable [ B ]

Postnatal and
Newborn

Essential
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* Emergency
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preterm ( < 37
weeks) or
prolonged (>18
If preterm labor, then give
hours) rupture of
prenatal steroid injection to
membranes or
mother [ A ]
evidence of
chorioamnionitis;
give antibiotics to
woman [ A ]

failure to progress
in labor including
instrumental
vaginal delivery (
vacuum ) if required
[ RF A ]
Newborn resuscitation if
required [ A*]
Emergency obstetric care
for acute intrapartum
emergencies [ A *]

obstructed labor
and fetal distress

bleeding, infections,
or eclampsia
Neonatal resuscitation if
required [ A*]
Essential newborn care Trained breastfeeding
Hepatitis B prevalent:
for all newborns,
counselors undertaking
Give hepatitis B
including
home visits [ A ]
immunization early [A ]
Vitamin K (cost-effective as Mother HIV positive:
early and exclusive
prophylaxis for all babies provide counseling and
breastfeeding [ B ]
in transition countries )
support for feeding choices
[B]
[ C]
Routine newborn screening
warmth provision and
programs for sickle cell
avoidance of bathing
disease, glucose 6
during first 24 hours [ C ] phosphate dehydrogenase
deficiency [ B ]
infection control
including cord care and
hygiene [ B ]
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Additional interventions
(where the health care
system has additional
capacity and the NMR is
lower; for example
transition countries)

Situational interventions
(where specific conditions
are prevalent)

postpartum vitamin A
provided to mother [B]
eye antimicrobial
provided to prevent
ophthalmia [ A ]
information and
counseling for home care
and emergency
preparedness [ C]
Extra care for small
babies ( preterm or term Provide special or intensive Mother with tuberculosis:
IUGR) and multiple
care for preterm babies [ A keep baby with mother and
births, severe congenital ]
give isoniazid prophylaxis
abnormalities:
extra attention to
warmth, feeding support,
Mother with syphilis:
and early identification
treat the baby even if
and management of
symptomatic [A]
complications [ B ]
kangaroo mother care [
A: morbidity not
mortality data]
vitmain K injection [ B ]
Emergency care
providing specific and
Provide special care for
supportive care
sick and small babies using
according to evidenceskilled nurses and a higher
based guidelines for the nurse-to-patient ratio [ B]
following:
severe infections [ A]
neonatal encephalopathy
(following acute
intrapartum insult)
severe jaundice or
bleeding [ A *]
neonatal tetatnus
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Period

Interventions for
universal coverage
(priority interventions
for high-mortality
settings)

Note: A = rigorous meta-analysis or at least one good randomized controlled trial exists, RF A =
evidence regarding risk is strong, B = well conducted clinical studies exist but no randomized
controlled trial done, C = some descriptive evidence and expert committee consensus exists A*=
unethical to test rigorously and widely practiced as standard ( for example, blood transfusion, neonatal
resuscitation). Bold text signifies priority packages or interventions considered in detail in this chapter.
Source: Authors, based on extensive literature review. References detailed on
http://www.fic.nih.gov/dcpp/

Table 8. Interventions to Reduce Fetal and Neonatal Mortality by timing of intervention and
by Scalability of Intervention.
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Familycommunity
care of the
newborn at
home after
birth

Number of target
Estimated
Implementation
Reduction Comments on
population per year
current coverage
Strategy
evidence
in all(millions)
(percent)
cause
Sub
NMR
South
Saharan
(percent)
Asia
Africa
Women's groups
Healthy
and community
home care
Mortality
health workers
practices
reduction based
doing postnatal
(Exclusive
on studies in high
visits, with links to
NMR settings
breastfeeding,
the formal health
warmth
with weak health
care system,
protection, All newborn infants:
systems. Extra
including support
clean cord
World 130 South
care of LBW
for referral. If
36
28
10--40
care, care
Asia and Subinfants and
appropriate, extra
seeking for
Saharan Africa 63
community
care of moderately
emergencies);
management of
small babies at
if birth
acute respiratory
home and
outside a
infections not
community-based
facility, then
included in range
management of
shown.
clean delivery
acute respiratory
kit
infections.
Immediate
Skilled attendant,
Based on
drying,
or if no skilled
conservative
warmth, early
attendant
All newborn infants:
combining of
breastavailable, some
World 130 South
single
feeding,
simple postnatal
11
14
20 - 30
Asia and Subinterventions ( for
hygiene
practices are
Saharan Africa 63
example,
maintenance,
feasible at home
breastfeeding) in
and infection
with other cadres
the package
prevention
of workers
Limited studies,
mainly from
Newborns not
lower NMR
Resuscitation breathing at birth:
settings with high
after birth if World 6.5 South Asia Skilled attendant
3
3
10 --25
percentage of
and Sub-Saharan
required
asphyxia deaths,
Africa 3.2
so range from
studies was
reduced
Extra
Most studies are
support for
nonrandomized
Facility-based care
warmth
controlled trials at
for severely
(kangaroo
LBW neonates:
the community
preterm babies:
mother care), World 20.0 South
level in settings
Community-based < 10
< 10
20- 40
feeding, and
Asia and Subwith extremely
care is effective for
illness
Saharan Africa 10.7
high LBW rates.
moderately
identification
Effect depends on
preterm babies
and
baseline NMR
management
and LBW rates
Meta-analysis of
Facility-based care
effect on the
with antibiotics
Management
NMR of oral
and supportive
of ill infants,
Neonates with
antibiotic
care. Communityespecially illnesses: World 13.0
management of
based
< 20
< 20
20 - 50
those with South Asia and Subacute respiratory
management with
neonatal
Saharan Africa 6.3
infections in the
oral antibiotics for
infections
community in
acute respiratory
high-mortality
infections
settings
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Contents

Number of target
Estimated
Implementation
Reduction
population per year
current coverage
Strategy
in all(millions)
(percent)
cause
Sub
NMR
South
Saharan
(percent)
Asia
Africa

Neonatal
packages as
Supply of care
above, in
throughout
addition to
pregnancy,
All newborn infants:
Neonatal
family
childbirth and
World 130 South
packages plus planning,
postnatal period
Asia and SubMCH package
prenatal
with increased
Saharan Africa 63
care, and
demand and
comprehensi
improved referral
ve obstetric
systems
car packages

<5

<5

--

)

Intervention
package

Comments on
evidence

No study data
identified.
Marginal
budgeting for
bottlenecks tool
suggests 58
percent in South
Asia and 71
percent in SubSaharan Africa
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Source: Local data or Darmstadt and other 2005: Knippenberg and others 2005; Lawn Cousens, and
Zupan 2005
Note: The range of reduction of all-cause NMRs given for each package is independent of the others;
hence the total is greater than 100 percent.
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Table 9. Packages for Universal Scale-up of Newborn Care.

Source: (Bhutta et al., 2010)

Fig. 13. Median coverage for effective maternal, newborn and child interventions in 68
countries accounting for more than 90% of maternal and child deaths worldwide.
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(Source: Martines, et al., 2005)
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Fig. 14. Correlation between neonatal mortality and GDP per Capita < USD 5000 (in year
2000).
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11. Challenges to the reduction in neonatal mortality and the way forward
Reduction of neonatal mortality has become the most significant challenge as the world
progresses in its fight to reduce Under 5 childhood mortality. Socioeconomic and
developmental in-equalities combined with low political priority of maternal and child
health in most parts of the world, remain significant contributors of neonatal mortality.
Poverty, illiteracy and lack of public awareness further intensify the grave situation. These
wide spectrum challenges require a unified approach by the governments, public as well as
the international organizations (Bhutta et al., 2010).

12. Case studies
Sri Lanka, Brazil and The State of Qatar are presented in separate panels as stories of
success. These countries are excellent case studies in reducing neonatal mortality rates and
achieving MDG 4 in resource constrained environment.
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Sri Lanka – Achievement of excellent NMR using community based primary health care
services
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Sri Lanka had a population of 20 million with a GDP(PPP) per person of US $3470 in year 2000
when the NMR had already fallen to 10/1000. During this time, more than 6.6percent of the
population was living on an income of < US$1 a day. Public expenditure on education and
health was 1.3 percent and 1.8percent of GDP, respectively. The female literacy rate was high at
90percent. The first neonatal intensive care unit opened in mid-1980s in Colombo when the
NMR was already < 20. In 1999, there were just 40 incubators and five neonatal intensive care
units in the country. The great decline in neonatal mortality shown was not due, therefore, to
the availability of high technology facilities, but was the result of sustained inputs into and use
of primary care services and facilities in the government sector. Starting in 1913, health services
for rural communities started receiving special attention in Sri Lanka. Midwives were posted to
the rural areas to provide both home and institutional care. By 1996, there was one midwife for
a population of 3000-5000. Outreach antenatal care is provided by these midwives, with
antenatal coverage of almost 100percent in 1999. In 1996, 86percent of deliveries were in
government hospitals, where a cadre of 2500 skilled hospital midwives attend services free of
charge. There is also equitable and easy access to health care facilities throughout Sri Lanka. The
average distance from every house to a health facility is 1.4 km, and from smaller hospital to the
more advanced hospitals is only about 5 km. Government health facilities are used by both the
poor and the rich, and efforts have been made to maintain high quality of service. (Source:
Martinez et al., 2005)
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Brazil – Moving from a high mortality country to achieving MDG’s beyond targets
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Brazil is a high mortality country that is on target to achieve MDG-4. In children < 5 years
old, mortality has been dropping by about 5percent a year since 1990, which is substantially
faster than the 4.4percent yearly reduction needed to reach the MDG target. Currently, 22 of
every 1000 children die before their fifth birthday. The prevalence of underweight children <
5 years dropped from 5.7 percent in 1990, to 1.7 percent in 2006, and stunting fell from
19.9percent to 7.1percent in the same period. Overall progress has been accompanied by a
sharp reduction in inequalities between socioeconomic quintiles. In 1996, about 30percent of
all births to mothers in the poorest quintile did not receive skilled care, but by 2007, coverage
was universal. Likewise, stunting prevalence fell from 40percent to 10percent in children in
the poorest quintile between 1989 and 2007, remaining stable at around 3-5 percent in the
richest quintile. These examples are only two of many indications of reproductive, maternal,
newborn, and child health for which equity has improved in the past two decades.
Brazil’s successful reduction of inequities cannot be attributed solely to one factor. Although
economic growth has been moderate since 1990, income distribution has improved strikingly in
recent years. A nationwide tax-based Unified Health System without any user fees was
launched in 1989, and geographical targeting has guided deployment of family health teams of
doctors, nurses, and community health workers in the poorest areas of the country. As a result,
primary health-care coverage e.g. by skilled birth attendants, is now almost universal.
Additionally, conditional cash transfer programmes cover about a third of the population, and
several health sector initiatives-including immunization, HIV/AIDS control, and breast feeding
promotion activities-have been highly successful. Perhaps more than any one policy or
initiative, the reduction of regional and socio economic disparities in health and development
has been a central element in Brazil’s political agenda for the past 20 years, and this approach is
now starting to bear fruit. (Source: Bhutta et al., 2009)
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The State of Qatar – An exceptional example of achieving all MDG’s by 2007

13. Conclusions
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The State of Qatar stands unique among the world countries by having achieved all MDG’s
by 2007. The State provides universal access to health care including Maternal and Child
Health care. A shift from home to hospital deliveries took place during 1970’s. Since 1980,
Qatar has achieved almost 100% coverage of its pregnancies and deliveries by trained birth
attendants. Since 1974 a trained person has seen almost 100% of the newborn babies. The
level of childhood immunization, which was 80% in 1980, reached 96-100% by 1986. The state
had only three cases of neonatal tetanus in 1980 and one case in 1986. Since then there has
been no recorded case of neonatal tetanus in Qatar. The Maternal Mortality Ratio (MMR)
remained zero in 1993, 1995 and then from 1998 until 2000. For the rest of the years, MMR has
been approximately 10/100,000. The major decline in Qatar’s neonatal and perinatal mortality
took place during the 1970’s. By 1976 Qatar’s NMR was 12/1000 and PMR 20/1000, both
achieved by using very basic low cost neonatal technology (neonatal resuscitation,
temperature control using incubators, infection control, fluid balance, breast feeding and care
of low birth weight babies). Between 1974 and 1993 Qatar’s overall per capita health
expenditure increased only by 19%. During 1993-2008 Qatar’s per capita health expenditure
increased by 137%. This was the era of using very expensive high-tech neonatal intensive
care, which resulted in the decline of NMR from 8.3 to 4.4.
Qatar’s remarkable achievement of maternal, neonatal and perinatal survival was not a
phenomenon in isolation. It has evolved as a part of the global socioeconomic and cultural
changes in the society; the most important being reduction in poverty and increase in female
literacy. Poverty, measured by the ratio of those with an income of < US$1 a day, has long
been eliminated in Qatar. The state has a high rate as well as a high level of Female literacy (>
99%). Qatar’s standard of living is very high with abundant across the board supply of clean
drinking water, efficient sewerage, drainage, pest control, environmental control, public
health awareness programs, communication, electricity and transportation facilities. The state
of Qatar is a very good model to illustrate the fact that Neonatal Perinatal Survival is part of a
package of development of human society which is a multifaceted process involving social,
economic, cultural, educational and health care development. (Source: Rahman et al., 2010)
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Although significant progress has been made in reducing childhood mortality over the last
four decades; the progress in achieving targeted reduction in neonatal mortality remains
very slow. The evidence shows that the targets are achievable with the use of packages of
simple, cost effective and feasible interventions without the use of very high and expensive
technology. Over the remaining one third period to achieve MDG 4 (2011-2015), newborn
care must be placed on top priority, without which any further significant reduction in
childhood mortality will remain a dream.
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Twins and higher–order multiple pregnancies account for approximately 3% of all
gestations in the United States (Ananth et al, 2004) and seem to be stabilized since 2006 after
a dramatically increase since the beginning of the 1970s (Vayssière et al, 2011). There are two
main causes for the change in the rate of multiple pregnancies: advanced maternal age and
use of assisted reproductive techniques (ART) (Chauhan et al, 2010).
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In occidental society, there is increasing tendency for women to delay pregnancy after 35
years. Use of fertility treatment is also more frequent in this advanced age group. The
need to maximise treatment success has led to a culture of acceptance of multiple
pregnancies, including high order multiples. In ART, the overall twin rate is around 26%.
In the United States, the twin rate is 32%; in Latin America, it is 25%; in Europe, it is 23%;
in Asia and the Middle East, it is 22%, and in Australia/New Zealand, it is 21% (Chauhan
et al, 2010). Women should therefore be informed reasonably early in their childbearing
years of the risks associated with late pregnancy. The perinatal mortality for multiple
pregnancy exceeds that of singleton pregnancy and the optimal management should
minimise losses.
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2. Perinatal risks of multiple pregnancies
Health risks associated with multiple pregnancies involve both fetal and neonatal mortality.
The main cause is prematurity and extreme prematurity (birth before 28 weeks gestation).
The prognosis for these very preterm infants is poor, with a very low chance of intact
survival if born before 26 weeks. The risk of cerebral palsy in twins has been estimated at
four times that of singletons, and even moderate prematurity is associated with long term
educational and behavioural problems and infant death (Black et al, 2010). Multiple
pregnancies pose a number of unique challenges, such as discordant growth abnormalities,
intrauterine demise, preterm premature rupture of the membranes, or premature delivery of
one or both twins. At a more complex level, multiple pregnancies sharing a single placental
circulation are associated with additional problems in their diagnosis and management,
including twin-twin transfusion syndrome. All adverse outcomes of pregnancy, including
mortality, are more likely in multiples compared with singleton pregnancies, and associated
risks increase in higher order multiples.
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3. Risk factors for perinatal mortality
Systematic ultrasound assessment is essential for diagnosis risk factors for fetal mortality
(Hubinont et al, 2010).
3.1 Diagnosis of chorionicity and amnionicity
Chorionicity denotes the type of placentation. Monochorionic twins are always
monozygotic, while dichorionic twins can be either monozygotic or dizygotic.
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Diagnosis of amnionicity and chorionicity in multiple gestations is essential as
monochorionic pregnancies have a greater risk for fetal morbidity and mortality than
dichorionic pregnancies. The earliest and most accurate predictor for multiple gestations is
the assessment of amnionicity and chorionicity. Accuracy in this diagnosis is essential, and
will form the cornerstone of pregnancy counselling, decision-making, and management.
Management and treatment options are now available in pregnancies with monochorionic
placentation and can result in improved fetal outcome.
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Every report of an ultrasound examination of a multiple pregnancy during the first
trimester should include information about chorionicity and amnionicity. It is
recommended that chorionicity be diagnosed as early as possible in multiple pregnancies,
because the earlier the diagnosis, the more reliable it is.
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During the first trimester, the most relevant signs are the number of gestational sacs
between 7 and 10 weeks and the presence of a lambda sign between 11 and 14 weeks. The
‘Lambda’ or ‘Twin peak’ sign was first described by Bessis (1981) and referred to the
triangular projection of tissue extending up to the base of the inter-twin membrane in
dichorionic placentation. This sign is most useful in assessing pregnancies after 10 weeks.
Visualization of a thin wispy membrane that comes to a T-shape 90° junction at the base
indicates the presence of a diamniotic-monochorionic gestation.
In dichorionic twin pregnancy, the intertwin membrane includes two chorion layers
interposed between amnion. Thus a thick intertwin membrane is more likely to be seen in
dichorionic than a monochorionic-diamniotic twin pregnancy.
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Sensitivity for determining chorionicity based on membrane thickness declines with
increasing gestation. There is no clear cut-off for membrane thickness, although several
studies reported a 2 mm cut-off, while others suggest a lower cut-off of 1.5 mm. The absence
of any dividing membrane on repeated investigations, the absence of a T-sign, and the
presence of a single yolk sac are associated with a monochorionic-monoamniotic gestation.
Two separate placentas or gender discordance ensures dichorionicity of the twin
pregnancies, but the converse is not always true. Dichorionic twin pregnancies can be of the
same gender and a single placenta could be the result of two contiguous fused placenta of a
dichorionic twin pregnancy.
Membrane analysis in the second trimester is similar to that performed in the first trimester
for thickness and the presence of either the twin-peak or T-shaped sign. Many authors have
reported that chorionicity assessment is less accurate in second and third trimester. After 20
weeks of gestation the ‘twin-peak sign’ disappeared in about 7% of dichorionic pregnancies
due to regression of the chorion frondosum (Sepulveda et al, 1997).
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The number of layers in the dividing membrane can also be used to assess chorionicity;
however it is not particularly helpful. The inter-fetal membrane needs to be magnified
under high resolution and ideally perpendicular to the ultrasound probe to identify the
number of layers.
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If chorionicity is appropriately diagnosed during the first trimester of pregnancy and the
‘explicit photograph of the ultrasound image allowing diagnosis of chorionicity’ can be
available, this diagnosis should not to be reconsidered later.
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Fig. 1. Chorionicity determination in the first trimester. Ultrasound images of dichorionic
pregnancies. The ‘full’ lambda sign reflects the apposition of the two placental disks.

Fig. 2. Ultrasound images of a monochorionic diamniotic twin pregnancy. The ‘empty’
lambda sign or the T sign: only two thin layers of amniotic membranes separate the twins.
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3.2 Congenital malformations
Twin pregnancies have an increased risk of congenital malformations, especially
monochorionic twins (Sperling et al, 2007). Congenital anomalies may be the result of the
teratogenic insult responsible for the twinning. For any given defect in a twin pregnancy,
the pregnancy may be concordant or discordant, although the majority of structural defect
are discordant, regardless of zygosity. Discordance in non-identical (dizygotic) twins is
usually due to differences in genetic predisposition, whereas in identical (monozygotic
twins) twins, it may be a consequence of the underlying stimulus to zygote splitting,
variation in gene expression, or abnormal placentation (Hendrix et al, 1998).
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Structural anomalies have been reported to occur more often in monozygotic twins with
relative risks of congenital anomalies in twins compared with singletons of 1.17 for
dizygotic twins (Myrianthopoulos et al, 1978) and 1.25 for monozygotic twins (Mastroiacovo
et al, 1999). Major congenital defects are found in about 6% of twin pregnancies and usually,
only one twin is affected (Lewi et al, 2007). Cardiac anomalies are significantly prevalent
amongst monochorionic twins (Manning et al, 2006 and Bahtiyar et al, 2007). The incidence
of congenital malformations was 3.2% among monozygotic and 2.2% among dizygotic
twins. Cardiac abnormalities accounted for 68% of all abnormalities (Sperling et al, 2007).
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3.3 Aneuploidy screening
3.3.1 Maternal serum markers
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Serum screening is of limited value in twin pregnancies because the mean sensitivity is
associated with a high false-positive rate and the screening test does not provide the
separate risk for each fetus. Screening in twin pregnancies requires adjustment of the
multiple of the median (MoM) to account for the presence of two fetuses. Different factors
are required for the observed corrected MoM for free β human chorionic gonadotropin and
pregnancy-associated plasma protein-A (Spencer et al, 2008). The routine use of serum
markers during first trimester is not recommended but their use is currently being assessed
(Vayssière et al, 2011)
3.3.2 Nuchal translucency (NT)
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Enlarged nuchal translucency appears in fetuses affected by pathological conditions such as
some chromosomal abnormalities, congenital heart defects, major extracardiac
malformations and genetic syndromes. In singleton pregnancies, enlarged nuchal
translucency (greater than the 95th centile) is encountered in about 5% of cases and in
dichorionic pregnancies the frequency is about the same. In fetuses of monochorionic
diamniotic pregnancies the frequency of an enlarged nuchal translucency is significantly
higher, about 15%, without epidemiological demonstration of a higher frequency of
chromosomal abnormalities (Sebire et al, 2000). In a monochorionic pregnancy, in which
fetuses share the same placenta, enlarged nuchal translucency may affect one or both
fetuses. First-trimester imbalance in the placental circulation between the two fetal
compartments may be one of the causes of the nuchal translucency enlargement.
Discordance in nuchal translucency is more frequent in cases that are later complicated by
twin-to-twin transfusion syndrome or have an unfavourable outcome. The risk of
developing severe TTTS requiring fetoscopic laser surgery can be predicted from the

77

Perinatal Mortality in Multiple Pregnancy

)

intertwin discordance in fetal nuchal translucency at 11 to 13 + 6 weeks. The risk is more
than 30% in those pregnancies with discordance in nuchal translucency of 20% or more,
compared to less than 10% in those with a smaller discordance (Kagan et al, 2007). Nuchal
translucency enlargement may also be attributable to the presence of fetal structural defects
especially cardiac defects (Bahtiyar et al, 2007). When enlarged nuchal translucency is found
in both fetuses, the presence of an abnormal karyotype may be the underlying pathological
condition. Discordance in nuchal translucency and discrepant karyotype (heterokaryotypia)
may result from a mitotic error arising after splitting and resulting in the chromosomal
abnormality only in one of the fetuses. Although the frequency of heterokaryotypia is very
low, this possibility should be kept in mind when a discordant nuchal translucency
thickness is found (Cheng et al, 2006).
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4. Complications and contribution of multiple pregnancies to the burden
perinatal mortality
4.1 Preterm delivery
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Twins are more likely to be delivered preterm (< 37 weeks of gestation) than singletons. In
2006, in the United States, approximately 60% of the twins were preterm and weighed less
than 2500g. Approximately 1 out of 10 twin was born at below 32 weeks of gestation or
weighed less than 1500g (Chauhan et al, 2010). The perinatal mortality in twins is related to
comorbidity factors such as premature rupture of membranes, socioeconomical and ethnical
factors, gestational age, fetal gender and availability of antenatal management with
corticosteroids. In some complicated and high-risk twins pregnancies, elective preterm birth
is indicated to avoid specific complications described later.
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4.2 Complications of monochorionicity

Monochorionic twins account for 20% of spontaneous twin pregnancies and almost 5%
occur as a result of assisted reproductive techniques (Cordero et al, 2005). The incidence of
monochorionic twin pregnancies is increasing, as there are more pregnancies in older
women associated with twins (Aston et al, 2008).

DR
.R

These fetuses are at higher risks of adverse outcome, compared with dichorionic twins and
singleton pregnancies. The main reason for this is an unbalanced flow in the placental
vascular anastomoses connecting both fetal circulations. Vascular complications in
monochorionic twins are well known and may cause different disorders. The most
important is twin-twin transfusion syndrome (TTTS), complicated around 10-15% of twins
with monochorionic placentation. Other complications include growth retardation, twin
anemia polycythemia sequence, twin reversed arterial perfusion, congenital heart disease
due to vascular instability, fetal demise, and long-term neonatal and pediatric morbidity
secondary to vascular insults in fetal brain, heart and kidneys (Lewi et al, 2010). Vascular
disruptive sequences cumulating in TTTS can include infarction of the intestine or skin
resulting in widespread skin aplasia or intestinal atresia, or infarction of the brain, kidneys,
liver and lungs (Sperling et al, 2007).
A recent systematic review demonstrated that the incidence of congenital heart
malformations is about 5%, some 9-fold higher than expected for a singleton pregnancy.
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Given this last observation (Bahtiyar et al, 2007), detailed echocardiography would seem to
be an appropriate routine investigation in all monochorionic pregnancies.
4.2.1 Twin-to-twin transfusion syndrome (TTTS)
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TTTS, also called twin oligoamnios polyhydramnios sequence (TOPS), complicates around
15% of monochorionic pregnancies irrespective of the mode of conception. It is a
hemodynamic, and probably hormonal, discordance secondary to imbalanced blood flow
through the vascular anastomoses (Hubinont et Fisk, 1990) (Chalouhi et al, 2011). The
natural history of untreated TTTS leads to intra- or perinatal death in 90% of cases (Robyr
et al, 2006). Impaired neurological development is reported in up to 50% of survivors as a
consequence of prematurity or the intrauterine fetal demise of one twin (Haverkamp et al,
2001).
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TTTS can be diagnosed at any time in gestation. Membrane folding or intertwin disparity in
fetal growth, nuchal translucency thickness or amniotic fluid volumes are early signs of the
possible development of TTTS and indicate the need for increased ultrasound surveillance
of monochorionic pregnancies. This syndrome can also be suspected by acute maternal
symptoms related to polyhydramnios (uterine distension, uterine contractions, dyspnea)
(Chalouhi et al, 2011).

Fig. 3. ’Stuck twin’ in a TTTS in a monochorionic diamniotic twin pregnancy.
The diagnosis relies upon strict ultrasound criteria as defined in the Eurofetus trial (Senat et
al, 2004) and consist of a polyuric polyhydramnios in the recipient twin with a deepest
vertical pool of at least 8.0 cm at or before 20 weeks of gestation or 10.0 cm after 20 weeks of
gestation together with a distended fetal bladder, with oliguric oligohydramnios in the
donor twin, showing a deepest vertical pool of at most 2.0 cm. Ultrasound staging of TTTS
was introduced in 1999 by Quintero and provided a reproductible classification.
TTTS may also occurs in monoamniotic twins. In these patients, the absence of a dividing
membrane does not allow development of oligohydramnios in the donor. Rather, the single
amniotic cavity has polyhydramnios. The diagnosis is made by noting polyhydramnios and
differences in bladder filling or Doppler studies.
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Stage
I
II
III
IV
V

Poly/oligo
Hydramnios
+
+
+
+
+

Absent bladder
Abnormal
in the donor
Dopplers flow
+
+
+
+
+
+
+

Hydrops

Demise

+
+

+

Table 1. Quintero staging of TTTS based on sonographic and Doppler findings (Quintero
et al, 1999)
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The prognosis is not accurately related to the Quintero’s staging because the natural history
of TTTS does not follow an orderly progression through the stages over time. A number of
‘early stage’ cases do not progress and remain at stage 1 or even regress. As Quintero’s
staging does not take into account the fundamental cardiovascular perturbations, recent
articles have focused on the value of the recipient’s cardiac function (Barrea et al, 2006). This
has led to the development of independent scoring systems based upon
echocardiographic and peripheral Doppler findings. Rychik et al (2007) proposed the
Children’s Hospital of Philadelphia scoring system, designed to represent the
cardiovascular status of the twins and which correlated with the Quintero staging system.
Shah et al (2008) designed a very similar scoring system with the cardiovascular profile
score. Stirnemann et al (2010) developed cardiac profiling allowing discrimination of cases
with significant myocardial dysfunction as well as assessment of the severity of the
recipient’s cardiomyopathy.
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4.2.2 Twin anemia polycythemia sequence (TAPS)
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Twin anemia-polycythemia sequence (TAPS) is an atypical form of twin-twin transfusion
syndrome. There is a large intertwin hemoglobin difference with one twin developing
chronic anemia with reticulocytosis and the other developing polycythemia, without
oligohydramnios-polyhydramnios sequence (Lopriore et al, 2007). The prenatal diagnostic
criteria for TAPS require that the middle cerebral artery-peak systolic velocity (MCA-PSV)
measure greater than 1.5 multiples of median (MoM) in the donor twin and less than 0.08
MoM in the recipient twin (Robyr et al, 2006). A chronic rather than an acute intertwin
transfusion is diagnosed by an elevated reticulocyte count in the anemic twin. The
presumed etiology of TAPS involves the presence of small unidirectional artery-to-vein
anastomoses, suggesting that TAPS results from a chronic net transfusion across these tiny
anastomoses. TAPS can occur spontaneously in about 5% of previously uncomplicated
monochorionic pregnancies. It is, however better known in its iatrogenic form as a
complication of incomplete laser treatment for TTTS. TAPS begins usually after 30 weeks,
especially in pairs with late-onset discordant growth (Lewi et al, 2007). Because of its late
presentation, the mortality of TAPS is likely to be lower than that of TTTS (Lewi et al, 2010).
Symptomatic treatment consists of intrauterine transfusion of the anemic twin combined
eventually with hemodilution of the polycythemic co-twin. Laser therapy was used as
causative treatment to interrupt the shared circulation. Selective feticide by cord occlusion
can be offered in cases with severe associated anomalies (Gucciardo et al, 2010)

80

Perinatal Mortality

4.2.3 Selective intrauterine growth restriction
Selective intrauterine growth restriction (sIUGR) is a common condition associated with
monochorionic pregnancy. It is increasingly considered to be an important complication of
monochorionic twins, with potentially significant risks of intrauterine fetal demise or
neurological adverse outcome for both twins (Lewi et al, 2008).
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The term ‘selective intrauterine growth restriction’ in monochorionic pregnancies is
applicable to cases where the estimated fetal weight (EFW) of the small fetus falls below the
10th percentile. Significant fetal weight discordance is an important element of the clinical
picture, which will often accompany this condition, but is not necessary for diagnosis. Fetal
weight discordance is defined as a difference between the EFW of two fetuses > 25% and is
calculated as the difference between the EFW of the larger twin and the smaller twin
divided by the EFW of the larger twin. The prevalence of sIUGR based on an EFW below the
10th percentile ranges from 10 to 15%. However, in contrast to TTTS, it has a much lower
mortality, about 10 versus 55% (Lewi et al, 2007).
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The most feared complication of sIUGR is the intrauterine demise of the growth-restricted
twin. However substantial risks for the normally grown twin are well known even if both
fetuses are born alive. These risks stem from two main factors. First, since these pregnancies
must by definition be delivered before the death of the IUGR fetus, the normal twin is
exposed to severe prematurity with its known consequences in terms of
neurodevelopmental sequelae. Second, even if prematurity is avoided, there may be an
increased prevalence of neurological complications in the normally grown twin due to a
high risk of acute feto-fetal transfusion accidents in utero (Ishii et al, 2009). The specific risks
for these two complications may vary in different types of sIUGR, as discussed later.
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The principle cause for the development of sIUGR in monochorionic twins is inadequate
placental sharing. Aside from placental territory discordance, a second factor largely
influencing fetal weight discordance and the natural history of sIUGR in monochorionic
twins is the presence of vascular anastomoses in the monochorionic placenta (Lewi et al,
2007). The presence of placental anastomoses has a protective effect on the IUGR fetus,
which receives blood from its co-twin that may partially compensate the placental
insufficiency.
As a consequence of the combination of the effects of placental insufficiency with those of
the inter-twin vascular connections, monochorionic pregnancies with similar degrees of fetal
weight discordance may be associated with remarkable differences in clinical course and
outcome. The identification of groups with similar clinical behavior may facilitate clinical
management. To date, the clinical technique that best achieves this goal is umbilical artery
(UA) Doppler of the IUGR twin.
A classification system of sIUGR is established into three types according to the umbilical
artery Doppler patterns in the fetus with IUGR. Accordingly, pregnancies are defined as
type I (normal umbilical artery Doppler), type II (persistent absent or reversed end-diastolic
flow, AREDF) or type III (intermittently absent or reversed end-diastolic flow, iARED). This
classification may help to understand and predict the distinct clinical evolutions and to plan
clinical management of the different clinical forms of sIUGR (Valsky et al, 2010).
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4.2.3.1 Type I sIUGR
The type I Doppler pattern is distinguished by positive diastolic flow in the umbilical artery
of the small twin.
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Types I cases are generally associated with good outcomes with intrauterine mortality rates
of 2-4% (Gratacos et al, 2007). As clinical evolution of sIUGR type I cases has been shown to
be benign in most cases, a policy of expectant management and close follow-up to rule out
progression to type II Doppler patterns seems reasonable. In the absence of such
progression, bi-weekly sonographic and Doppler surveillance could be proposed. In most
cases, the IUGR fetus will remain with a normal Doppler until advanced stages of
pregnancy allowing elective delivery, which can be performed at around 34-35 weeks
(Valsky et al, 2010).
4.2.3.2 Type II sIUGR
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Type II pattern is characterized by persistently absent or reversed end-diastolic flow
(AREDF) in the umbilical artery.
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Unlike type I, the great majority sIUGR type II will show in utero deterioration, but with
important differences with respect to singletons or dichorionic twins. Type II sIUGR
shows a remarkably longer latency time between the onset of AREDF and delivery, on
average 10 weeks, compared with the 3-4 weeks reported in singletons with IUGR and
similar findings in the UA Doppler (Vanderheyden et al, 2005). Severe fetal deterioration,
as defined by abnormal venous Doppler or biophysical profile, will occur in the majority
of type II cases (Gratacos et al, 2007). Elective delivery is indicated in most of these
pregnancies earlier than 30 weeks of gestation (Gratacos et al, 2007) with only a small
minority surviving in utero beyond 32 weeks. Thus, placental insufficiency in type II is far
more severe than in type I and cannot be fully compensated by inter-twin transfusion. In
2007, Gratacos et al reported the outcome of 30 type II pregnancies, showing an extremely
high deterioration rate (90%), as defined by abnormal venous Dopplers or biophysical
profile. Mean gestational age at delivery was 30 weeks and the rate of neonatal brain
damage of the small twin was 15%. In 2009, Ishii et al reported the outcome of 27 type II
pregnancies. Intrauterine death occurred in 30% among IUGR twins and 22% among
larger twins. The rate of neonatal brain damage of the small twin at 6 months was 15%.
Mean gestational age at delivery was 28 weeks. The latency time between diagnosis of
AREDF and fetal deterioration may be long and UA Doppler cannot be used as a
predictor of imminent fetal death. The abnormal ductus venosus defined by absent or
reversed atrial flow can be used as a criterion suggesting imminent fetal demise and
indicating selective feticide or delivery to prevent the occurrence of in utero death
(Gratacos et al, 2007). A weekly follow-up scheme may be reasonable if venous Doppler is
normal, and a more frequent follow-up when venous Doppler pulsatility index becomes
abnormal. Biophysical profile can be included in the follow-up protocol after viability is
reached. Management options depend on gestational age and the severity of growth
restriction. Fetal therapy should be contemplated to protect the larger twin from the death
of its co-twin if deterioration occurs before viability is reached. Cord occlusion is the most
straightforward and less risky procedure (Valsky et al, 2010).
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4.2.3.3 Type III sIUGR
Type III is defined by the presence of intermittent absent or reversed end-diastolic flow
(iAREDF) in the umbilical artery Doppler of the IUGR twin. The characteristic feature of this
Doppler pattern is the alternation of phases of positive with phases of absent or reversed
diastolic flow, normally but not always in a cyclical fashion. The observation of this sign
indicates the presence of a large placental arterio-arterial (AA) anastomosis (Gratacos et al,
2004).
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Contrary to type I cases these pregnancies are associated with a significant increase in the
risk of unexpected intrauterine fetal demise of the IUGR fetus and of brain injury in the
normally grown twin. These adverse outcomes are explained by the high risk of acute fetofetal hemorrhagic accidents through the large AA vessel, which may lead to death of the
smaller twin or acute hypovolemia in the larger one. Such acute feto-fetal transfusion may
occur in the presence of short episode of bradycardia or hypotension in the smaller twin,
and are facilitated by the large diameter of the AA anastomosis, which facilitates direct and
rapid transfusion over a period of seconds (Valsky et al, 2010).
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The majority of type III IUGR fetuses progresses until 32 weeks or later without abnormal
venous Doppler or biophysical profile changes suggestive of fetal deterioration. In spite of
this apparently benign evolution, 15% of IUGR fetuses die unexpectedly hours or days
after a normal examination. In addition, even if both twins are alive, the larger twin had a
significantly increased incidence (19%) of abnormal neonatal brain scans (Valsky et al,
2010).
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Management of type III sIUGR represents a challenge (Valsky et al, 2010). Left to its natural
evolution the prognosis would be better than in type II cases, but clinical decisions are more
difficult due to the unpredictability of adverse outcomes. If expectant management is
chosen, follow-up schemes should be similar to these discussed for type II cases; weekly
follow-up if venous Doppler is normal, and closer follow-up with consideration of active
management if venous Doppler becomes abnormal. Unfortunately, in type III the IUGR
fetus will rarely show signs of fetal deterioration in venous Doppler, and therefore one
reasonable option may be to deliver electively around 32 weeks of gestation. The reasons are
similar to those used for decisions in monoamniotic pregnancies: to reduce the opportunity
for unexpected adverse outcomes to occur. Type III pregnancies with milder forms of
intermittent absent end-diastolic flow and moderate EFW discordance could probably be
prolonged until 34 weeks. In case fetal therapy is considered, cord occlusion is a
straightforward treatment. It seems reasonable that this therapy should normally be
reserved for cases with extreme forms of iAREDF and/or extreme EFW discordance, or if
fetal deterioration of the IUGR fetus is observed.
4.2.4 Twin reversed arterial perfusion (TRAP) sequence
TRAP is an abnormality unique to monochorionic twins with an estimated prevalence of
approximately 1 in 35.000 pregnancies. In TRAP, the acardiac twin is a true parasite
receiving blood from the pump twin through an arterioarterial anastomosis. The condition
is associated with a high risk of perinatal death of the pump twin caused by a combination
of high-output cardiac failure and polyhydramnios-related preterm birth (Moore et al, 1990).
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Fig. 4. Monochorionic twins pregnancy complicated by TRAP sequence.

Fig. 5. Acardiac twin in a TRAP sequence.
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The outcome may be improved by intrauterine intervention to arrest the circulation of the
acardiac twin, as described below. In 33% of pregnancies, spontaneous death of the pump
twin occurs between diagnosis and planned intervention. In 21%, there is a spontaneous
arrest of flow (Lewi et al, 2010).
4.2.5 Monoamniotic twins
Monochorionic monoamniotic twins represents approximately 1% of all monozygous twins
(Dickinson et al, 2005). Monoamniotic twins are the result of ovum division beyond 8 days
postconception and are characterized by a single amnion and a single yolk sac. There may
be two or one (conjoined twins) embryos present.
4.2.5.1 Conjoined twins
Conjoined twinning arises when the twinning event occurs at about 13-14 days after
fertilization. Conjoined twinning occurs by the incomplete splitting of the embryonic axis.
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Conjoined twins are typically classified by the point at which their bodies are joined.
Management could be based on early assessment of fetal sharing by ultrasound and
fetoscopy (Hubinont et al, 1997).
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Fig. 6. Fetoscopic image of conjoined twins (Hubinont et al, 1997).
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Fig. 7. Dicephalus: unusual case of conjoined twins (Hubinont et al, 1984).
4.2.5.2 Cord entanglement in monoamniotic twins
In monoamniotic twins, the high perinatal mortality rates have been attributed mainly to
umbilical cord entanglement, intertwin transfusion syndromes, discordant fetal abnormality
or growth restriction. Fetal demise because of umbilical cord entanglement and secondary
cord occlusion is a unique characteristic of monoamniotic twin pregnancies. Umbilical cord
entanglement is present in the great majority of monoamniotic twin pregnancies and may
result in dual or single fetal demise. Umbilical cord entanglement may be detected with
prenatal ultrasound and color Doppler. The initiation of cord entanglement can occur as
early as first trimester, when the amniotic fluid volume in relation to the fetal mass is
greater (Arabin et al 1999). In the literature, many strategies have been proposed
including admission to hospital – after viability has been established – with
cardiotocography several times a day and the use of pharmacological agents to reduce
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amniotic fluid volume in the hope of preventing fetal loss from cord accidents. Intensive
cardiotocographic monitoring may prevent some fetal deaths, but it is not surprising that
it does not prevent all intrauterine death, as cord accidents can occur acutely without
prior warning. Medical amnioreduction with sulindac, a non-selective prostaglandine
synthase inhibitor used to treat preterm labor and polyhydramnios, was described to
prevent the accumulation of a relative abundance of amniotic fluid that would otherwise
allow unrestricted fetal movements and changes in fetal position, which contribute to the
high intrauterine death rate from cord entanglement, compression and/or tightening of
cord knots (Pasquini et al, 2006).
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The cumulative rates of cord entanglement and perinatal mortality in the recent literature
are 74% and 21% respectively (Table 1).

Reference
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Fig. 8. Ultrasound image and color Doppler showing umbilical cord entanglement in a
monoamniotic twin pregnancy.

Sau et al. 2003
Ezra el al. 2005
Cordero et al. 2006
Pasquini et al. 2006
Hack et al. 2009
Dias et al. 2010
Total

Number
of cases

Cord entanglement
(n(%))

7
30
36
20
98
18
209

4 (57)
26 (87)
15 (42)
19 (95)
Not reported
18 (100)
82/111 (74)

Perinatal
Intrauterine Survivors
survival rate
(n)
death (n)
(%)
5
9
64
24
35
58
1
66
92
0
40
100
34
150
77
2
32
89
332/418
79

Table 2. Review of the published literature since 2000 indicating prevalence of cord
entanglement and perinatal outcome (Dias et al, 2010).
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4.3 Management of a twin pregnancy after in utero death
Single fetal death in a twin pregnancy is known to be a serious complication of pregnancy. It
is a relatively rare complication of multiple pregnancies (6,2% of all twin pregnancies,
Hillman et al, 2010) but may carry with its increased risk of perinatal morbidity and
mortality.
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Single intrauterine death can lead to adverse outcomes on the surviving co-twins, especially
in monochorionic pregnancies. Co-twin death, neurological damage and preterm delivery
have been reported as potential complications of these pregnancies. Surviving twins of
dichorionic pregnancies develop fewer complications mainly due to prematurity, whereas
those of monochorionic twins sets are also at greater risk of perinatal death or significant
sequelae. In monochorionic pregnancies, placental anastomoses account for the poor
outcome of the surviving twin (Ong et al, 2006). Two theories have been advanced to
explain severe sequelae and co-twin death in these pregnancies. The first is that there is
passage of thrombotic materiel from the dead to healthy twin following derangement in
coagulation due to the death of one twin (Benirschke et al, 1993). The second theory states
that the placental anastomoses allow transfer of blood from the surviving twin to the dead
co-twin giving rise to periods of hypoperfusion, hypotension and acute fetal anemia,
resulting in neurological damage (Bajoria et al, 1997). If the hypovolemic episode is severe,
the surviving twin may develop ischemic lesions in vital organs such as the brain and the
kidneys or, in some cases, die from hypovolemic shock or parenchymal damage.
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It has been suggested that the possible mechanism responsible for organ damages or death
of monochorionic co-twins occur probably before or at the time of single death and no
therapeutic strategies after the diagnosis of death have been clearly demonstrated to reduce
the risks of adverse outcome (Fichera et al, 2009).
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Current practice advocates an expectant approach by serial fetal ultrasound and cerebral
magnetic resonance imaging (MRI). An intensive surveillance in the 1-4 weeks following the
diagnosis of intrauterine death is recommended to exclude cerebral lesions in utero and
subsequent neurological sequelae in surviving monochorionic co-twins (Hillman et al, 2010).
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Given this sequence of events in the death of monochorionic twins, conservative
management has been advocated as the option of choice to avoid the risks of prematurity
and therefore immediate delivery is an ineffective strategy to prevent co-twin damage
(Nicolini et al, 1999).
A recent study (Fichera et al, 2009) confirmed the trend to an increased risk of perinatal
mortality for the co-twin in case of single intrauterine death. This study reported a risk of
co-twin death in utero of 16,5% for monochorionic pregnancies. A systematic review
reported a risk of 18% of neurological sequelae in these cases (Ong et al, 2006).

5. Preconceptional prevention of multiple pregnancy related perinatal
mortality
One of the priorities in the management of infertile couples remains the prevention of twin
and higher-order multiple pregnancies in assisted reproductive techniques (ART). Attempts
at reducing the incidence of higher-order multiples, such as triplets or more, have met with
some success in countries that have legislated against multiple embryo reimplantations
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during in vitro fertilization (IVF) cycles. However, even in these tightly controlled cycles
twin pregnancies occur at a rate 10-fold that of normal cycle conception (Wimalasundera et
al, 2003).

6. Antenatal prevention of multiple pregnancy related perinatal mortality
6.1 Selective termination of severely affected twin and multifetal pregnancy reduction
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In the case of a discordant aneuploidy or an especially severe malformation of a twin, a
selective feticide can be performed as early as the end of the first trimester. A multifetal
pregnancy reduction can also be performed in patients with high-order multiple gestations
in an effort to improve perinatal survival. Techniques should be chosen according to
chorionicity.
6.1.1 Dichorionic twins
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In dichorionic twins, selective pregnancy reduction or feticide are possible by potassium
chloride intracardiac administration and do not present a direct risk to the healthy twin
(Evans et al, 2004).
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6.1.2 Monochorionic twins
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In monochorionic pregnancies, a selective termination requires special considerations. The
acute blood loss into the vascular anastomoses can cause death or severe neurologic
impairment of the remaining unaffected twin. Selective feticide by umbilical cord occlusion
is performed with bipolar forceps to prevent co-twin death and transfusional tissue injury.
In the absence of imminent risk for the healthy twin, this procedure is recommended at or
after 18 weeks. The risk of premature rupture of the membranes is approximately 20% and
survival around 80% of the other twin (Vayssière et al, 2011).
Recent advances in vascular-occlusive techniques have allowed the possibility of selective
termination in monochorionic pregnancies in the presence of discordant anomalies or
multifetal reduction with radiofrequency ablation and cord occlusion appearing to be the
most successful (Wimalasundera et al, 2010).
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In early gestation intra-fetal techniques including interstitial laser and radiofrequency are
used. Pregnancy loss and prematurity are the main risks of selective feticide and fetal
reduction. Such complications have decreased as experience with the procedure has grown
(Evans et al, 2005).
6.2 Invasive fetal therapy in monochorionic complications
TTTS is clinically characterized by an acute polyhydramnios (uterine distension, uterine
contractions, dyspnea) causing maternal discomfort with an increased risk for preterm labor
and premature rupture of the membranes.
6.2.1 Amnioreduction
One of the first treatments implemented for TTTS was serial therapeutic amnioreductions.
The rationale for this technique is to prevent preterm labor related to polyhydramnios. It
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was also hypothesized that amnioreduction may improve fetal hemodynamics by
decreasing pressure on the placental surface vasculature (Elliott et al, 1991). Therapeutic
amnioreduction has the great advantage to be a simple technique but has the disadvantage
to require multiple procedures in the majority of cases (Hubinont et al, 2000).
6.2.2 Septostomy
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Septostomy involves intentional puncture or rupture of the inter-twin septum and was first
reported by our team on the occasion of a case that did improve following unintentional
septostomy (Hubinont et al, 1996). The proposed mechanism of septostomy in TTTS is to
equilibrate amniotic fluid pressure and maybe to provide available amniotic fluid around the
donor and improve fetal hemodynamics. The main specific additional risk is the iatrogenic
creation of a pseudo-monoamniotic twin pregnancy that can lead to cord entanglement.
However, this may be reduced by performing a small hole just as in transeptal diagnostic
amniocentesis in twins. Another potential risk of septostomy is to create floating amniotic
membranes that could induce amniotic band syndrome (Hubinont et al, 2000).

Fig. 9. Fetoscopic image of intertwin septostomy in TTTS.
6.2.3 Laser coagulation
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Fetoscopic (selective) laser coagulation of the placental vascular anastomoses is currently the
best available treatment for TTTS diagnosed before 26 weeks. In the Eurofetus randomized
controlled trial, Senat et al (2004) compared the safety and efficacy of laser surgery and
amnioreduction in TTTS diagnosed between 15 and 26 weeks; endoscopic laser treatment
resulted in a higher likelihood ratio of survival of at least one twin, and a smaller risk of
neurological complications in the infant at 6 months of age. The risks of brain injury are
reduced after fetoscopic placental laser but incompletely prevented in cases of incomplete
coagulation of vascular anastomoses. Whereas previous data had shown a benefit of laser
treatment only in foetuses with Stages 3 and 4, Senat also found a better outcome for fetuses
with Stages 1 and 2. After 26 weeks, TTTS could be managed by amniodrainage, elective
preterm delivery and in particularly sick twin by selective cord coagulation.
At the present time, amnioreduction is no longer the treatment of choice for pregnancies
complicated by TTTS. It may still have a role in the management of TTTS under certain
conditions. For example, to allow a patient to be transported to a center where laser may be
offered, to decompress the uterus before a cerclage (in case of cervical shortening), to
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manage symptomatic polyhydramnios when TTTS develops outside the gestational age
when laser can be performed or when laser is technically not possible and finally,
potentially, to manage stage I TTTS (Fichera et al, 2010).
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It is important to recognize signs of TTTS early to improve the management of these
pregnancies and diminish fetal loss and infant mortality rate among twins. Twice-monthly
ultrasound monitoring, sometimes even weekly, is recommended for this type of
pregnancy. TTTS is an obstetric emergency that is easy to diagnose with ultrasound.
Treatment and counselling must be performed in a center that can offer fetoscopic laser
coagulation of placental anastomoses. Monitoring after treatment should be conducted in
association with the reference center. In the absence of complications after laser treatment,
planned delivery is recommended from 34 weeks and no later than 37 weeks.
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Fig. 10. Fetoscopic image of laser coagulation of the placental vascular anastomoses.

Fig. 11. Fetoscopic image of selective cord occlusion in a TTTS. Selective feticide by cord
coagulation.
In twin reversed arterial perfusion (TRAP) sequence, the technique used to arrest the flow
toward the acardiac twin consists of either ultrasound-guided intrafetal coagulation or
fetoscopic laser coagulation of the umbilical cord and/or placental anastomoses. Intrafetal
coagulation can be performed by using a radiofrequency needle (Livingston et al, 2007).
Prophylactic surgery at 16-18 weeks seems to be the best option. Intrauterine interventions
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are performed after 16 weeks (after obliteration of the celomic cavity) to reduce the risk of
miscarriage. It seems preferable not to await signs of cardiac failure in the pump twin.
Prophylactic intervention precludes the difficulty of achieving arrest of flow in the larger
and often hydropic acardiac mass later on in pregnancy. In the patients undergoing
prophylactic surgery at 16-18 weeks, 90% of infants survived and in 90% delivery was after
32 weeks (Lewi et al, 2010).
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Fig. 12. Intrauterine intervention by radiofrequency ablation in a TRAP sequence.
6.3 Management of preterm birth
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Considering the increased likelihood of preterm births among twin pregnancies, it is
essential to determine whether it can be predicted. Transvaginal ultrasound measurement of
cervical length and vaginal fetal fibronectin (fFN) level can be useful tool to differentiate
those pregnancies that are likely to deliver prematurely. The rate of spontaneous preterm
birth is significantly higher when either fFN is positive and/or cervical length is < 20 mm
(Chauhan et al, 2010).
6.3.1 Tocolysis therapy

When preterm labour is diagnosed in twin pregnancies, its management should be done
taking in account several factors such as maternal and fetal risks. The use of tocolytics for
the treatment of preterm labour has not been shown to decrease the incidence of delivery
within 7 days of treatment or perinatal death (Anotayanonth et al, 2004). The lack of proven
efficacy, the high incidence of side-effects with some drugs such as adrenergic receptors
agonists should be taken in account in the tocolysis guidelines for multiple gestations
(ACOG, 2004). In Europe, atosiban and nifedipine seem to have the best balance between
efficiency and side-effects profile. The role of progesterone should still be evaluated in
randomized controlled trials (Dodd et al, 2008).
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In contrast to tocolytics, the use of antenatal corticosteroids has been shown to decrease the
incidence of neonatal death and others neonatal complications (respiratory distress
syndrome, intraventricular hemorrhage, necrotizing enterocolitis) (Roberts et al, 2006).
Tocolytic drugs should then aim to allow the pregnant patient transfer to a tertiary referral
center or to ensure a proper antenatal corticosteroids course administration.
6.3.2 Cerclage
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Another approach to decrease premature births could be to reinforce the cervix with a
cerclage. The use of history-indicated (prophylactic) cerclage for twins gestation in a
randomized trial did not decrease the rate of prematurity significantly (45% with cerclage
vs. 48% without suture) or neonatal mortality (18% vs. 15% for suture vs. no suture,
respectively) (Dor et al, 1982). More important, when cerclage was used in asymptomatic
woman with twin gestations and short cervical length on transvaginal ultrasound
examination, it significantly increased the risk of delivery at < 35 weeks of gestation
(Berghella et al, 2005). Thus, cerclage of asymptomatic short cervical length should be
avoided for twin gestations. Treatments that prevent preterm birth in singleton pregnancies,
such as progesterone and cervical cerclage appear to be ineffective in multiple pregnancies
(Stock et al, 2010).
6.4 Delayed twin delivery
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One of the most common and serious complications of multiple gestations is preterm
delivery. In some cases, preterm delivery of one fetus may occur without spontaneous
delivery of the remaining fetus. This unique event raises the possibility of prolonging a
pregnancy to a more advanced gestational age before delivery of the remaining fetus. The
benefits of a delayed delivery can lead to a significant decrease in neonatal morbidity and
mortality. During critical gestational ages, delayed delivery can also change the risk of
delivering a periviable baby with severe morbidity related to prematurity instead of
delivering a previable fetus. Attempts to delay delivery should only be undertaken in the
absence of any maternal or fetal indications for delivery. Unfavorable conditions for delayed
interval delivery are: monochorionic placentation, evidence of intrauterine infection,
rupture of membranes of the retained fetus, placental abruption and fetal abnormalities. The
gestational age at the time of delivery of the first fetus should be at least 16 to 18 weeks
before prolonged interval delivery is considered (Farkouh et al, 2000). The conservative
management of triplet pregnancy after delivery of one fetus is a feasible and reasonable
approach and is not associated with significantly increased fetal-maternal morbidity (Biard
et al, 2000). At the present time, the optimal management of a delayed delivery is not
known, but immediate cerclage, broad-spectrum antibiotics, tocolysis and steroids for fetal
lung maturity are a reasonable strategy (Graham et al, 2005).

7. Intrapartum prevention of multiple pregnancy related to perinatal mortality
7.1 Choice of delivery for uncomplicated twins
There is a general consensus that vaginal delivery for twins is safe when both are in vertex
presentation, whereas planned caesarean section is typically indicated for breech
presentation of the first twin.
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A systematic review (Rossi et al, 2011) suggests that an attempt at vaginal delivery should
be considered in twin pregnancies without inter-twin birth weight discordance (of more
than 20%) and very low birth weight (< 1500g). Current literature shows that in twins with
vertex/vertex presentation, vaginal delivery is safer than caesarean section for the first twin,
and no differences are observed for the second twin after vaginal or caesarean section. In
pregnancies with vertex presentation of the first twin and non-vertex presentation of the
second twin, women should be counselled that trial of labour is a safe option in the absence
of risk factors that may increase the risk of a caesarean delivery of the second twin after
vaginal delivery of the first twin.
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It is desirable for women with a twin pregnancy to have epidural analgesia. Vaginal
delivery should be performed by an obstetrician with experience in the vaginal delivery of
twins (Vayssière et al, 2007).
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There is no reason to recommended one type of delivery rather than another in twin
pregnancies, regardless of gestational age at birth. For both vertex/vertex and vertex/nonvertex presentations, morbidity and mortality are similar for vaginal and caesarean
deliveries of twin gestations at or beyond 30 weeks of gestation and with birth weight twin
greater than 1500 g (Peaceman et al, 2009).
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7.2 Delivery of the second twin
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At the present time, an international randomised controlled trial – the Twin Birth Study,
coordinated by the University of Toronto – is underway. This study aims to provide more
reliable information as to the optimal mode of delivery of uncomplicated twins. This study
is in progress and the first results will be available in May 2012.
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The systematic review (Rossi et al, 2011) describes a mild reduction of neonatal death
occurred after vaginal delivery in both vertex and non-vertex presentation of the second
twin as compared with caesarean section.
Active management of the delivery of the second twin is recommended to reduce the
interval between the births of the two twins, because this interval is associated with:
Progressive degradation of neonatal acid-base indicators,
Increase in the number of caesareans for the second twin,
Neonatal morbidity of the second twin,
Obstetrical complications including placental abruption, umbilical cord prolapse,
uterine atony and cervical spasm.
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In the case of non-vertex presentation, total breech extraction, preceded by internal version
manoeuvres if the twin’s position is transverse, is associated with the lowest caesarean rates
for second twins. In these situations, external cephalic version may be harmful. In the case of
a high and not yet engaged cephalic presentation and if team is appropriately trained,
version by internal manoeuvres followed by total breech extraction is to be preferred to a
combination of resumption of pushing, oxytocin perfusion, and artificial rupture of the
membranes, because the former strategy appears to be associated with fewer caesareans for
the second twin. In the case of an engaged cephalic presentation, management should
involve resumption of pushing, oxytocin perfusion, and artificial rupture of the membranes.
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Obstetric manoeuvres on the second twin should be practised as first-line treatment with
intact membranes (Vayssière et al, 2011).
A large dataset of twin deliveries (Peaceman et al, 2009) supports the safety of breech
extraction for the non-vertex second twin, in contrast to studies of singleton breech vaginal
deliveries, with their higher reported rates of morbidity and head entrapment. Perhaps this
is because the larger twin usually delivers first, diminishing the chances that the cervix will
be insufficiently dilated for the subsequent breech delivery.
7.3 Delivery of monochorionic pregnancies
7.3.1 Delivery of monochorionic diamniotic twins
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A large cohort of monochorionic twin pregnancies without TTTS reported a risk of fetal
death after 32 weeks of 5 in 1000 births and an incidence of perinatal mortality in term
monochorionic twins of 7 per 1000 infants (Hack et al, 2011). This is three-fold higher than
in term singletons and term dichorionic twin pregnancies. Unfortunately, current
antenatal surveillance (i.e. fetal heart monitoring, fetal ultrasound and Doppler studies)
fails to predict and prevent intrauterine fetal death. The increased risk of (unexpected)
intrauterine fetal death (even at term), with subsequent consequences for the surviving
twin (possible co-twin death or brain damage), and the failure to predict and prevent all
cases of excess intrauterine fetal death by current antenatal care raise the question as to
when to deliver monochorionic twins. Offering planned delivery between 36 and 37
weeks seems therefore to be the best consensus by preventing term mortality and
avoiding the risk of neonatal respiratory disorders that is linked to preterm delivery
(Escobar et al, 2006).
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The contribution of mode of delivery to the increased perinatal mortality in monochorionic
twins is not clear and there is no consensus regarding the optimal mode of delivery.
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The monochorionic twins are more likely to have intrapartum complications as acute TTTS
during labour. These complications may necessitate emergency caesarean delivery. Such
complications could be prevented by offering planned caesarean section to all
monochorionic twin pregnancies, as has been suggested in the literature (Smith et al, 2005).
However, these benefits should be weighed against the risks of neonatal respiratory
morbidity in infants delivered by planned caesarean section and maternal complications
from the caesarean section.
There is a need for randomised data to determine the best strategy with respect to when and
how to deliver the monochorionic twins.
7.3.2 Delivery of monochorionic monoamniotic twins
The timing of delivery in monoamniotic pregnancies is a balance between the risk of
preterm birth and the risk of intrauterine death at a given gestation. The basis for timed
elective delivery is to prevent cord-related deaths. Recent publication advocates delivery at
32-34 weeks gestation after corticosteroid maturation, when perinatal mortality rates in most
neonatal intensive care units at gestations of 34 weeks are very low.
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The majority of units use caesarean birth as the preferred delivery mode for monoamniotic
twins. Caesarean delivery offers more control over complex events such as umbilical cord
entanglement with difficulty in delivery of second twin (Dickinson et al, 2005).

8. Conclusion
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Twins and higher-order multiple pregnancies are well known to carry a higher risk of adverse
outcomes compared with singletons. Multiple pregnancies present numerous challenges for
the obstetrician from conception onwards, until the timing and mode of delivery. The stillbirth
rate in twins is four times and neonatal mortality is five to seven higher than in singletons
(Anthony et al, 2009). The main cause of mortality is preterm birth and its short and long-term
sequelae. Monochorionicity adverse effects, aneuploidy, congenital malformations, growth
restriction, single fetal demise and delivery related problems are additional factors for
increased perinatal mortality and should be diagnosed as soon as possible. A systematic
ultrasound careful exam should be offered to these pregnancies (Hubinont et al, 2010). This
chapter illustrates most of the complications of multiple pregnancies and the prevention of
perinatal mortality. The higher risks have been shown in monochorionic pregnancies. All of
these high-risk pregnancies require careful consideration with regard to the management of
their specific complications in a maternal-fetal medicine center.
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1. Introduction
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The number of obstetric and pediatric doctors has been the most insufficient in all the
fields of clinical medicine even in the age of decreasing birthrate in Japan. Obstetric
departments in local hospitals and private obstetric clinics have been closed and
reorganized especially in the sparsely populated areas during late 10 years. The perinatal
transportation system becomes more critical than ever before to maintain the quality of
perinatal medicine.
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The Helicopter Emergency Medical Service was started in Japan in 2001 after the civil
aeronautic law was partly amended to allow the service. The so-called “doctor-helicopter
law” was then enacted in 2007 to promote introduction of the Helicopter Emergency
Medical Service nationwide based on governmental funding. As of June 2011, 27 helicopters
are in emergency medical service in the field of emergency medicine (Japanese Society for
Aeromedical Services, 2011). Since Japan is an island country and has many isolated islands,
helicopters have sporadically been involved in the maternal or neonatal transportations.
However, there seems to be no other hospitals like Wakayama Medical University Hospital
where a helicopter routinely has taken part in the maternal and neonatal transportation that
obstetric and pediatric doctors are involved in, respectively.
The objective is to study the effectiveness of helicopter transport in the perinatal medicine.

2. Methods
2.1 Helicopter emergency medical service at wakayama medical university hospital
In January 2003, Wakayama Medical University Hospital became the 7th hospital in Japan to
introduce a helicopter for Emergency Medical Service. The helicopter, a Eurocopter
EC135Pi, is based at the rooftop of the 13-story university hospital, and the helicopter
administration office where communication center is, and medical and flight crews are
standing by is on the 13th floor. Emergency room and perinatal medical center are on the
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first and 6th floors of the same building, respectively. The helicopter was installed with a
respirator, a cardiorespiratory monitor, a portable echo, and an automated external
defibrillator. The hospital is located in northwest Wakayama prefecture. The coverage area
is the whole of Wakayama prefecture (4,726.12 km2), the southern part of Nara prefecture
(1,727.52 km2), and the southern part of Mie prefecture (991.74 km2). The flying time is 30
minutes for 100 km. Service hours are 8:00 am to 5:00 pm (6:00 pm in summer) and the crew
comprises a pilot, co-pilot, emergency medical doctor, and emergency medical nurse. The
flight frequency is currently 390/year (0-5/day).
2.2 Modifications of the helicopter emergency medical service for perinatal transfer
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Wakayama Medical University Perinatal Medical Center, the only one tertiary perinatal
medical center in Wakayama prefecture (Section on Transport Medicine American Academy
of Pediatrics, 2007), was equipped with a vehicle installed with a neonatal respirator, two
incubators, and two cardiorespiratory monitors for neonatal ground transfer in 2000. Use of
the helicopter emergency medical service for perinatal and maternal medical transport
began in June 2003 and some modifications were needed in order to provide these services.
Perinatal medical transport was for high-risk pregnant women or sick neonates, and
basically limited to inter-facility transport. The crew is comprised of the 4 personnel
described above, plus a neonatal intensive care doctor (NICU) for neonatal transport or an
obstetric doctor for maternal transport. The NICU or obstetrics department receive the
request for helicopter transport from a local medical facility and ask the helicopter
administration office to set up the rendezvous point and time with the local ambulance
office, which then transfer the patient from the local medical facility to the rendezvous
point. The NICU doctor on departure loads a neonatal transport incubator into the
helicopter. The coverage area include the whole of Wakayama prefecture and the southern
part of Mie prefecture from which it takes more than 3 hours to transport a patient to the
perinatal center overland. The frequency of neonatal and maternal transports has been 411/year each since the services were introduced.
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Statistical data from 2003 indicated that south Wakayama (SW) comprised 50.4% of the area,
19.6% of the population, and 20.7% of the live births in Wakayama Prefecture; and south
Mie (SM) comprised 17.2% of the area, 4.7% of the population, and 3.4% of the live births in
Mie Prefecture (Fig. 1)
Perinatal helicopter transportation was started in June 2003, and therefore maternal and
child health statistics were compared for the three years before (2000-2002) and after (20042006) this year, (Department of Health and Welfare, Mie Prefecture; Department of Health
and Welfare, Wakayama Prefecture; & Ministry of Health, Labor, and Welfare) using a square test and Fisher’s exact test. The neonatal mortality rate was defined as number of
deaths at < 28 days after birth in three years / number of live births in three years × 1,000 and the perinatal mortality rate as perinatal deaths (fetal deaths after 22 weeks of pregnancy
+ early neonatal deaths) in three years / total births (live births + fetal deaths after 22 weeks
of pregnancy) in three years× 1,000. The fetal death rate was defined as fetal deaths in three
years / total births in three years × 1,000 (Mothers’ & Children’s Health & Welfare
Association, 2006).
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Fig. 1. Tanabe City is the central part of Wakayama prefecture. South Wakayama (SW) is
Tanabe City and south of it, and north Wakayama (NW) is north of it. Perinatal Helicopter
Medical Service covers area within the 100 km radius, mainly SW and south Mie (SM).

3.1 The result of the perinatal and maternal emergency helicopter transport from June
2003 to Dec 2010 is presented
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3.1.1 Neonatal helicopter transportation

There were 51 cases of neonatal transfer by helicopter (6.8 cases/year), one of which was a
pair of twins, during the time period from June 2003 to December 2010. The reasons of
transport were critical congenital cardiac disease (n=19), neonatal asphyxia (n=12),
congenital digestive tract anomaly (n=7), low birth weight (n=5, including 3 extremely low
birth weight (ELBW) infants), neonatal jaundice (n=4), respiratory distress (n=3), posthemorrhagic hydrocephalus (n=1), and neonatal vomiting (n=1) (Table 1).
The referring facilities were located in north Wakayama (NW) (n=17) and south
Wakayama (SW) (n=34) based on division of the prefecture into north and south with
respect to the location of Tanabe City, which is in central Wakayama (Fig. 2). The average
time from request of helicopter transport by a local hospital until take-off and return to
site 13R of the university hospital was 23 ± 23 min and 1 hr, 23 ± 33 min (mean ± 1S.D),
respectively.
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Reasons for neonatal transports
Critical congenital cardiac disease
Neonatal asphyxia
Congenital digestive tract anomaly
Low birth weight (ELBW)
Neonatal jaundice
Respiratory distress
Post-hemorrhagic hydrocephalus
Neonatal vomiting
Total

No.(%)
19 (37.3)
12(23.5)
7(13.7)
4*(7.8))
4(7.8)
3(5.8)
1(2.0)
1(2.0)
51(100.0)
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*: A pair of twins included

Reasons for maternal transports
No.(%)
Threatened premeture delivery
25(46.3)
Preterm PROM
13(24.1)
Pregnancy induced hypertension
4(7.4)
Threatened abortion
3(5.6)
IUGR
2(3.7)
Placenta previa
2(3.7)
TTTS & IUFD
1(1.9)
Invasive GAS infection & IUFD
1(1.9)
Ectopic pregnancy
1(1.9)
Atonic bleeding
1(1.9)
Traffic accident
1(1.9)
Total
54(100.0)

ELBW: extremely low birth weight <1000 g, PROM: premature rupture of the membranes, GAS: group
A streptococcus, IUGR: intrauterine growth restriction, TTTS: twin-to-twin transfusion syndrome,
IUFD: intrauterine fetal death.
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Table 1. Reasons for neonatal and maternal transports (June 2003 – Dec 2010).
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Pacific Ocean

■: Tertiary Perinatal Medical Center (Helicopter Base)
●: Secondary Perinatal Medical Center (Heliport)
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Fig. 2. Number of perinatal (neonatal/maternal) helicopter transports in Wakayama
prefecture and southern Mie prefecture from June 2003 to December 2010, and the perinatal
transport system in 2011.
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3.2 Maternal helicopter transportation
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There were 54 cases of maternal transfer (7.1 cases/year) by helicopter during the same time
period. The reasons of transfer were threatened premature delivery (n=25), preterm
premature rupture of membranes (PROM) (n=13), pregnancy-induced hypertension (PIH)
(n=4), threatened abortion (n=3), intrauterine growth restriction (IUGR) (n=2), placenta
previa (n=2), twin to twin transfusion snydrome (TTTS) & intrauterine fetal death (IUFD)
(n=1), invasive group A streptococcus (GAS) infection & IUFD (n=1), ectopic pregnancy
(n=1), atonic bleeding (n=1) and traffic accident (n=1) (Table 1). We transported one patient
with threatened premature delivery and another with placenta previa from Shingu Medical
Center in southeast Wakayama prefecture to Kinan hospital, a secondary perinatal medical
center in south Wakayama with the helicopter. Two out of the 3 threatened or imminent
abortions resulted in abortion. The patients with ectopic pregnancy and atonic bleeding,
respectively, both survived. Six pregnant women with threatened premature delivery were
back-transferred to their local hospitals overland once the condition stabilized. The other 42
patients, including four twin pregnancies, resulted in 45 live births (5.9 infants/year) in our
hospital and one stillbirth due to maternal invasive GAS infection. Delivery after helicopter
transfer was 42 (1.12 %) out of 3763 total deliveries in ten years. The referring facilities for all
54 patients were in north Wakayama (n=11), south Wakayama (n=34), and south Mie (n=9)
(Fig. 2). The average time from receiving request of helicopter transport from a local hospital
until take-off and return to site 13R was 19 ± 19 min and 1 hr, 20 ± 27 min, respectively.
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An exception to the rule of inter-facility perinatal transport was made in the case of a patient
at 36 weeks of pregnancy who was involved in a traffic accident. The patient had
pneumothorax, femur fractures, and threatened premature delivery, and was transported
from a primary school playground near the traffic accident site, based on a request by a
paramedic. Caesarean section was performed soon after emergency medical treatment was
completed.
3.3 Propagation of installing in-facility heliport

DR
.R

In-facility heliports have been installed in local hospitals since 2006 in Wakayama prefecture
(Fig. 2). These are advantageous since there is no need for a local ambulance to transfer
patients from a hospital to a heliport site outside the hospital. Thus, in-facility heliports
simplify helicopter inter-facility transportation without using heliports outside the local
hospital as a rendezvous point. Until February 2006, all neonatal (n=23) and maternal (n=19)
helicopter transports occurred by way of non-hospital rendezvous points. After February
2006, in-facility heliports were used in 23 (82.1%) out of 28 cases of neonatal transports and
26 (74.3%) out of 35 cases of maternal transports (Fig. 1). Using the in–facility heliport, the
time from landing at the site where patients were waiting to landing at the helicopter base
on 13R of the hospital has been shortened 3 to 12 minutes compared to using the
rendezvous points outside the hospital (Table 3).

4. Change in maternal and child health statistics after introduction of
helicopter emergency medical service into perinatal transportation
There were 36 perinatal helicopter transports (16 maternal transports and 20 neonatal
transports) in 2004-2006. The maternal transports comprised 9 from SW, 2 from NW and 5
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from SM; and the neonatal transports comprised 13 from SW and 7 from NW (Table 4).
Therefore, origin of perinatal helicopter transports in Wakayama Prefecture comprised of
29% from NW and 71% from SW, although SW had only 21% of the live births in Wakayama
Prefecture in 2003. Live births-based frequency in perinatal helicopter was 9.3 times greater
in SW than in NW. There were no accidents during transport and no requested flights were
cancelled.
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Time course in neonatal transport
Heliport Outside the facility: n=28
Time from reception to lift-off
mean
0:19
median
0:11
Time from reception to landing on the spot
mean
0:38
median
0:33
Time from reception to landing on the base
mean
1:22
median
1:17
Time course in maternal transport
Heliport Outside the facility: n=24
Time from reception to lift-off
mean
0:12
median
0:10
Time from reception to landing on the spot
mean
0:38
median
0:36
Time from reception to landing on the base
mean
1:21
median
1:20

1:25
1:13

Difference
0:07
0:11
Difference
0:06
0:04
Difference
0:03
-0:04

In-facility: n=25
0:19
0:17
0:38
0:40
1:15
1:12

Difference
0:07
0:07
Difference
0:00
0:04
Difference
-0:06
-0:08

Region
Area, km2
Population in
2003
Live births in
2003
Maternal
transports
Neonatal
transports
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Table 3. Comparison of the transportation time course using in-facility heliport with the one
using the rendezvous points outside the hospital.
South Wakayama
2383.2（50.4％）

North Wakayama
2342.92（49.6％）

South Mie
991.74（17.2％）

North Mie
4769.66（82.8％）

207,200（19.6％）

850,263（80.4％）

88,075（4.7％） 1,776,110（95.3％）

1772（20.7％）

6789（79.3％）

566（3.4％）

15,931（96.6％）

9

2

5

0

13

7

0

0

Table 4. Regional differences between southern and northern parts in Wakayama and Mie
prefectures, and number of perinatal helicopter transports for 3 years from 2004 to 2006 in
each region.
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The gestation periods in the maternal air transports from SW and SM were 19 weeks in 1
case, 22-23 weeks in 4 cases, 24-27 weeks in 7 cases, and 28-31 weeks in 2 cases (Table 5).
Twelve of the 14 maternal transports (86%) were performed at less than 28 weeks of
gestation. The number of twin pregnancies was 2. Eight out of 14 (57%) of the babies were
delivered in less than 7 days after transport. One case ended as stillbirth at 20 weeks’
gestation. All four women who were air-transported at 22-23 weeks delivered in less than 7
days after air-transportation (Table 5).
No. of Delivery

No. of mothers

)

1
4*
4
3*
0
2
14

Span between transport
and delivery: Days
<１
1〜6
7〜13
14〜30
31〜60
60 <
Total

NA
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< 22W
22-23W
24-27W
28-31W
32-36W
37-41W
Total

No. of
transport
1
4*
7*
2
0
0
14

3
5*
0
4*
1
1
14

AK

Pregnancy

*: included 1 twin-pregnancy
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Table 5. Gestation at transport and delivery, and span between transport and delivery in the
maternal helicopter transports from South Wakayam and South Mie.
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No anomalies were observed in the 15 infants born alive, but 9 of the 15 infants (60%) were
extremely low-birth-weight (ELBW<1000 g) and one of these (11%) died. Three of the 13
neonatal air-transports (23%) from SW died due to ELBW + rupture of the liver capsule,
severe asphyxia, and congenital heart disease, respectively (Table 6). There were no
maternal deaths in the women transported by helicopter.
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Outcome of maternal transports
South Wakayama
Stillbirth 0/1
N= 9 (1: twin)
ELBW
5/5
VLBW
3/3
NBW
1/1
South Mie
ELBW
3/4
N=5 (1: twin)
LBW
1/1
NBW
1/1
Total
14/16

Outcome of neonatal transports
South Wakayama CHD
N=13
Birth asphyxia
Neonatal jaundice
ELBW
Hydrocephalus
Anal atresia
Total

4/5
2/3
2/2
0/1
1/1
1/1
10/13

ELBW: extremely low birth weight, VLBW: very low birth weight, NBW: normal birth weight
CHD: congenital heart disease

Table 6. Outcome of infants after perinatal transportation. Number of infants discharged
alive from NICU/number of infants admitted to NICU after perinatal helicopter
transportation.
The neonatal and perinatal mortality rates for the three years (2004-2006) after introduction
of helicopter transportation decreased by -0.31 and -0.57 in South Wakayama (SW), -0.28
and -0.18 in North Wakayama (NW), -0.90 and -2.49 in South Mie (SM), and -0.49 and -1.48
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in North Mie (NM), respectively, compared to the three years before introduction of the
helicopter (2000-2002) (Table 6). The differences in neonatal and perinatal mortality rates in
2004-2006 compared to 2000-2002 were greater in SW than in NW, and in SM compared to
NM. The fetal death rate decreased by -0.78 in SW, -1.19 in NW, -1.59 in SM, and -2.65 in
NM in 2004-2006 compared to 2000-2002, with greater decreases in NW than in SW, and in
NM compared to SM. Fetal death rate in NW (p<0.05) and neonatal mortality rate (p<0.01),
perinatal mortality rate (p<0.01), and fetal death rate (p<0.01) in NM all differed
significantly between 2004-2006 and 2000-2002 (Table 7). The changes in the number of
maternal deaths between 2000-2002 and 2004-2006 were 0 in SW, 1 in NW, -2 in SM, and -1
in NM, with the greatest change occurring in SM (Kumagai, et al., 2011)
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Difference
-0.31
-0.28
-0.90
-0.49*
Difference
-0.57
-0.18
-2.49
-1.48**
Difference
-0.78
-1.19**
-1.59
-2.65**
Difference
0
1
-2
-1
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2004-2006
1.84
1.16
0.597
1.29
2004-2006
3.88
4.92
2.97
4.55
2004-2006
31.9
27.4
28.4
25.3
2004-2006
1
1
0
2
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2000-2002
2.14
1.44
1.5
1.78
2000-2002
4.45
5.10
5.46
6.03
2000-2002
32.7
28.6
30.0
28.0
2000-2002
1
0
2
3
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Neonatal mortality
South Wakayama
North Wakayama
South Mie
North Mie
Perinatal mortality
South Wakayama
North Wakayama
South Mie
North Mie
Fetal death rate
South Wakayama
North Wakayama
South Mie
North Mie
No. of maternal deaths
South Wakayama
North Wakayama
South Mie
North Mie

95％CI
-0.362, 3.06
-0.98, 0.42
-3.04, 1.24
-0.99, -0.01
95％CI
-3.05, 1.90
-1.54, 1.18
-6.74, 1.76
-2.40, -0.56
95％CI
-7.46, 5.89
-4.34, 1.96
-12.36, 9.19
-4.67, -0.64

CI: confidence interval, *: p<0.05, **: p<0.01

5. Discussion
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Table 7. Differences in maternal and child health statistics between 3 years before (20002002) and after (2002-2004) introduction of perinatal helicopter transportation.

Prefectural and national governments have a responsibility to maintain and improve
perinatal medical care in Japan, and the efforts made at the prefectural level is reflected by
the maternal and child health statistics. Maternal and child health care in Japan has reached
a world-class level and is still improving year by year. In this study, a comparison of
neonatal and perinatal mortalities between the three-year periods before and after
introduction of helicopter transport for perinatal cases showed greater decreases in the
southern parts of Wakayama and Mie Prefectures compared to the northern part of each
prefecture. The southern parts of each prefecture are sparsely populated areas that are
remote from each prefectural capital. The highest decrease in the number of maternal deaths
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occurred in South Mie, most likely due to the introduction of perinatal helicopter transport
since all 5 helicopter transports from this region were maternal transports. Overall, the data
suggest that perinatal transportation using a single “doctor-helicopter” in a sparsely
populated area will contribute to improvement of maternal and child health despite the fact
that statistical differences were not significant, as the areas involved are sparsely populated.
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In a large metropolitan area in Southern California, a helicopter transport service has been
used successfully to move emergency patients from referring hospitals to a perinatal center
(Elliot JP, O’Keeffe DF & Freeman RK). Cooperation among helicopter transports
overlapping each coverage area is important for improving perinatal medicine, especially
for handling patients during a disaster. In 2010, Wakayama prefecture has secured flight
cooperation for helicopter transports with neighboring Osaka and Tokushima prefectures
(Fig. 2).
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Maternal helicopter transport represented 1.12% of all deliveries in our hospital and the
cause of it was threatened premature delivery, preterm premature rupture of membranes,
and pregnancy-induced hypertension in numerical order. This order is the same as the
report from Nova Scotia that the primary reasons for maternal air transfer representing 1.3%
of all deliveries were threatened preterm labor (41%), preterm premature rupture of the
membranes (21%), hypertensive disease/hemolysis, elevated liver enzymes, and low
platelets (16.5%) in the Women's Hospital (Jony & Baskett, 2006).
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One of the effects of maternal helicopter transport was a high rate of ELBW (58%) in infants
born after transport from South Wakayama and South Mie, which does not necessarily
mean that helicopter transport caused high rate of ELBW infants to the mothers transported.
The gestation period in the cases of maternal transport was less than 28 weeks in 12 out of
14 women, and all 4 women at 22 or 23 weeks’ gestation delivered within 7 days after
transport. The pregnant women who were transported from distant local hospitals tended to
have earlier pregnancy and earlier delivery after transport. The both factors seemed to lead
to the high rate of ELBW.
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Abortion is de facto legal in Japan, with some limitations. Approved doctors can virtually
practice abortion to anyone after 12 and before 22 weeks gestation if consent was given by
the mother. The decision to request maternal transport for high risk pregnancy tends to have
been made in local hospitals after 22 weeks and 0 days of gestation, at which time abortion
is redefined as preterm birth by the maternal health protection law amended in 1996.
A helicopter flight of 100 km is completed around 30 min and is less bumpy and invasive
than ground transport for more than 3 hours (Ohara et al., 2008). However, hurried and
noisy helicopter transport may add stress to pregnant women and lead to triggering of
earlier delivery (American Academy of Pediatrics Section on Transport Medicine, 2007).
The fetal death rates in South Wakayama and South Mie remain higher than those in North
Wakayama and North Mie. Since perinatal mortality rates are already lower in the southern
areas compared to those in North Wakayama and North Mie, fetal deaths before 22 weeks
gestation are thought to be a cause of the high rate in fetal death after 12 weeks of pregnancy).
Fetal death is divided into spontaneous and artificial. The artificial fetal death rate in Japan has
been higher than the spontaneous rate since 1984, and in 2006 these rates were 15.6 and 11.9,
respectively. Socioeconomic problems in sparsely populated areas, such as fewer primary
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obstetric facilities, a higher maternal age (Salihu et al., 2008), and lower income (Nishi &
Miyake, 2007) compared to urban areas, may be related to the higher fetal death rate.

6. Conclusion
Human resources in the fields of obstetrics and pediatrics have decreased in Japan, and
patient transportation is important for maintaining the quality of perinatal medicine,
especially in sparsely populated areas. The Helicopter Emergency Medical Service is of
value in perinatal transportation and this approach is likely to be adopted nationally in
Japan.
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1. Introduction
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The continuum of pre-eclampsia/eclampsia accounts for about one-third of maternal deaths
in developing countries (Thomas, 1998).Perinatal deaths still occur preponderantly in lowincome and middle-income countries and in places such as south Asia and sub-Saharan
Africa, many of these occur during labor or birth. These are areas where, if the median
proportion of births attended by skilled attendants were 100% rather than 49%, or if the
median caesarean section was 24% instead of 3%, most of these tragedies would not have
happened (Lawn, 2011).In each materno-fetal unit, the mother is like an “incubator” for the
fetus. Perinatal outcome directly reflects the quality of existing obstetrical and neonatal
services (Baveja, 2001, Lumley & Bakoula, 1993). Consequently, adverse outcomes to the
mother during pregnancy and labour may impact negatively on the fetus and newborn
resulting in perinatal death. A composite perinatal audit is the need of the hour for each
obstetric unit so as to evolve a system of professional analysis of maternal and child health
(MCH) services This study aims to: (i) highlight the magnitude of perinatal mortality among
39 consecutive cases of severe pre-eclampsia/eclampsia(SPEE)during the study period; (ii)
classify perinatal deaths using the Tulip classification; (iii) to determine the effect of
birthweight, antenatal care, multiple pregnancy and parity on perinatal death; (iv)to
highlight the imperativeness of skilled attendance at birth on a 24 hour basis by using the
workload indicator of staffing needs(WISN) concept; (v) to profer suggestions to accelerate
progress for coverage of clinical-care interventions to stem the tide of intolerably high
perinatal mortality rate among cases of SPEE.

2. Patients and methods
During the study period from 1st of January,2006 to 31st of January,2007, 39 consecutive
cases of SPEE were admitted into the maternity unit of the Obafemi Awolowo University
Teaching Hospitals Complex, Ile-Ife Nigeria. Each case on presentation was categorized into
(1) severe pre-eclampsia, on the basis of hypertension after the 20th week of gestation, the
diastolic blood pressure >110 mmHg on admission, proteinuria >30mg/dl in random urine
specimen or > 300mg in a 24hr urine specimen. (2) Imminent eclampsia, on account of
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parameters in (1) and symptoms of headache, blurring of vision and upper abdominal pain.
(3) Eclampsia, existence of the parameters in (1) and occurrence of seizures.
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The infant outcome of all the consecutive cases of SPEE admitted during the study period
were determined. The perinatal mortality (PNM) rate associated with cases of SPEE was
determined. Perinatal deaths were classified using the Tulip classification (6 main causes
and 6 mechanisms). The 6 main causes of perinatal mortality were congenital anomaly,
placental/umbilical disorders, prematurity, infection, others like fetal hydrops of unknown
origin, maternal disease, trauma and unknown causes. Five expert observers (raters) namely
3 senior registrars in obstetrics,1 senior registrar in neonatology and 1 pathologist
independently determined the most probable cause of perinatal death and the mechanism of
such death for each case. Statistical analysis was by Stata version 11. Fleiss kappa was used
to determine the degree of agreement beyond chance. Kappa value ranging from 0.81 – 1.00
indicates very good strength of agreement and value ranging from 0.21- 0.40 indicates fair
agreement The 6 specified mechanisms for PNM are cardio-circulatory insufficiency, multiorgan failure, respiratory insufficiency, cerebral insufficiency, placental insufficiency and
unknown causes. The effect of antenatal care, birth weight, multiple pregnancy and parity
on perinatal mortality among the cohort of cases of SPEE was also determined.

3. Results
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The workload indicator for staffing need (WISN) ratio was also determined for the labour
ward, labour ward theatre and neonatal intensive care unit. This is a WHO concept
developed to show the adequacy or otherwise of available skilled attendants manning
hospital units such as the labour/labour ward theatre delivery and neonatal care units. The
patient load of the unit is determined and the job description for each cadre of skilled
attendants is determined. From these, the required number of staff needed is calculated
making provisions for sick leave, annual leave and off duty. The WISN ratio is calculated
thus: ACTUAL number of staff on ground (numerator)/ REQUIRED (Calculated) number of
staff(denominator). If the WISN ratio is < 1.0, the staff strength is inadequate. If the ratio is >
1.0, the staff strength is adequate or more than enough.
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During the study period, there were 39 consecutive cases of SPEE with 43 infants delivered.
The age of the mothers ranged from 18-38 years, 27(69.2%) were unbooked and the
gestational age at presentation ranged from 22-41 weeks. The cases were severe preeclampsia 16 (41.02%), imminent eclampsia11(28.2%), eclampsia- antepartum 6(15.4%),
intrapartum 2(5.1%), and postpartum 4(10.3%).10 (25.6%) of the mothers with SPEE had
spontaneous vaginal delivery, 4(10.3%) had operative vaginal delivery while majority
25(64.1%) had lower segment Caesarean section.
Perinatal mortality among the women with severe preecalmapsia/eclampsia is shown in
Table 1. There was 6 perinatal deaths among the four cases. Three early neonatal death were
in a set of triplet. All the mothers with perinatal deaths were unbooked despite the fact that
they were all high risk cases namely multiple pregnancy of higher fetal order,
primigravidity, grand-multiparity and previous perinatal death. All the cases with perinatal
death were also delivered preterm.
During the study period, there were 6 (13.95%) perinatal deaths out of 43 infants delivered
by mothers with SPEE. The total births during the period were 1026. Consequently, the
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perinatal mortality rate associated with cases of SPEE (a single disease entity) during the
study period was 5.84 per 1000 births.

31

P2

31

U

Eclampsia
(Postpartum)

2

21

P0

22

U

Eclampsia
(Antepartum)

3

35

P5

31

U

Imminent
Eclampsia

4

30

P3

36

U

Imminent
Eclampsia
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1

Mode of
Delivery
Spontaneous
Vaginal
Delivery
Spontaneous
Vaginal
Delivery
Spontaneous
Vaginal
Delivery
Spontaneous
Vaginal
Delivery

)

Diagnosis at
presentation
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AGE
E.G.A Booking
Parity
(Weeks) status
(Years)
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S/N

Infant outcome
Triplets, Early
neonatal death. All
dead before arrival
0.7kg; Male; Early
neonatal death.
2.3kg; Male; Fresh
Still Birth
2.8kg; Male; Fresh
Still Birth
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Table 1. Perinatal mortality among the women with severe preeclampsia/ eclampsia during
the study period.
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Cases of
Perinatal
Mortality
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
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The causes of perinatal deaths among the cohort are in shown in Table 2a. It shows the level
of agreement between the 5 expert raters concerning the cause of each perinatal death.
While there was consensus that prematurity was the cause of perinatal death in the first 4
cases, the cause of perinatal death in cases 5 and 6 was agreed to be due to placenta and cord
anomaly (Kappa = 1.00, z=7.75, p<0001). Showing a very good strength of agreement among
the 5 expert observers as regards the most probable cause of death for each case.

Congenital
Anomaly

Placenta and
Cord Anomaly

0
0
0
0
0
0

0
0
0
0
5
5

Prematurity Infection Others Unknown
5
5
5
5
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

Kappa = 1.00, z=7.75, p<0001

Table 2a.The causes of perinatal deaths among cases of SPEE by the experts according to
Tulip classification.
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Table 2b shows the mechanism for perinatal deaths according to the 5 expert raters.
Cases of
Multiple
CardioCerebral
Placental
Respiratory
Unknown
perinatal pulmonary
organ
Insufficiency insufficiency insufficiency
Deaths insufficiency failure
Case1
0
0
5
0
0
0
Case 2
0
0
5
0
0
0
Case 3
0
0
5
0
0
0
Case 4
0
0
4
1
0
0
Case 5
2
0
0
0
3
0
Case 6
2
0
2
0
1
0

)

Kappa= 0.36662, z=4.08,p=< 0.000.
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Table 2b. Mechanisms of perinatal deaths among the women determined by the experts
using Tulip classification.
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All the 5 raters agreed that for cases 1,2 &3, the mechanism for perinatal death was
respiratory insufficiency. For case 4,four raters agreed the mechanism was respiratory
insufficiency while one thought it was due to cerebral insufficiency. For case 5, while two
raters thought the mechanism was cardio-pulmonary insufficiency, remaining 3 thought it
was due to placental insufficiency. For case 6, two raters each thought it was due to cardiopulmonary and respiratory insufficiency respective while only one rater thought it was due
to placental insufficiency (Kappa= 0.36662, z=4.08,p=< 0.000). Showing only a fair level
agreement among the 5 expert observers.

Factors assessed
Antenatal Care
Booked

Total no of
infants

Perinatal death

Perinatal mortality
(per 1000 total births)

8(18.6%)

0(0%)

0

35(81.4%)

6(100%)

5.84

> 0.05

16(37.2%)
27(62.8%)

5(83.3%)
1(16.7%)

4.87
0.97

< 0.05

17(43.6%)
21(53.8%)
1(2.6%)

1(16.7%)
4(66.8%)
1(16.7%)

0.97
3.89
0.97

< 0.05

36(83.7%)
4(9.3%)
3(7.0%)

3( 50%)
0
3(50%)

2.92
0
2.92

<0.001
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Unbooked
Birth weight
<2.5kg
>2.5kg
Parity
0
1-4
> 5
Multiple Pregnancy
Singleton
Twins
Higher Order
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The effect of antenatal care, birth weight, parity and multiple pregnancies on perinatal
mortality among cases of SPEE is shown in table 3.
P value

Table 3. Effect of antenatal care, birth weight, parity and multiple pregnancy on perinatal
mortality among cases of SPEE.
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Death was recorded only among those that were unbooked. However the difference
between the two groups (booked vs unbooked was found not to be statistically significant.
Low birth weight was also found to contribute significantly to perinatal death among the
cohort. Though more number of perinatal deaths were recorded in nulliparae and grandmultiparae women compared to women of low parity, the difference was statistically not
significant. Higher order pregnancies were also found to be to be a significant contributor to
perinatal mortality.
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Total no of births during the study period: 1026.
Total no of days during the study period: 396.
Delivery rate per day: 2.7(~3).
Cadre and no of certified and experienced staff available per day:

Nurses/Midwives: 6(2per 8 hour shift).

Physicians: 5(*1 Consultant Obstetrician, 2 Senior Registrars,2 Registrars)
Total no of heath care workers available (actual) within each 24 hour period: 11.
Required no of health care workers to attend to 2.7(~3) parturients within each 24-hour
period=3.
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Tables 4A, 4B and 4C shows the workload indicator for staffing need (WISN) in the labor
ward, labor ward theatre and neonatal intensive care unit. The WISN ratio in the labour
ward and labour ward theatre were 3.66 and 1.0 respectively. Average of three NIC unit
personnel were available to take care of one neonate.
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Total no of Caesarean sections(C/S) during the study period: 345.
Total no of days during the study period: 396.
Caesarean section rate per day: 345/396=0.87 (~1 C/S per day).
Cadre and no of certified and experienced staff (minimum) that should handle a C/S:

Surgeons: 2

Perioperative Nurses: 2

Anaesthetists: 2.

Neonatologist: 1*(except when handling multiple pregnancies).
Total minimum no of personnel required for a C/S in a teaching hospital: 7
Total no of personnel available in the labour ward theatre within each 24 hour period
for a C/S: 7.
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Table 4A. The Workload Indicator for staffing need (WISN) in the labour ward.

Table 4B. The workload indicator for staffing need in the Labour ward theatre.





Total no of neonates admitted during the study period: 311.
Total no of days during the study period: 396.
Neonatal admission rate per day: 311/396=0.78 (~1 neonate per day).
Cadre and no of certified and experienced staff covering the NIC UNIT within each 24hour period:

Physicians: 4(1 Consultant Neonatologist, 1 senior registrar,2 registrars.

Nurses: 8 (At least 2per 8hour shift).

Table 4C. The workload indicator for staffing need in the Neonatal Intensive Care Unit

116

Perinatal Mortality

4. Discussion
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Maternal and fetal outcomes at birth are a sensitive indicator of the status of health systems
so also are outcomes for newly born infants within the first week of extra-uterine life.
Perinatal mortality is a severe adverse pregnancy outcome that involves death of the fetus
in-utero (still-birth) as well as death of the newly born infant within the first week of life.
The International Classification of Diseases, 10th revision (ICD-10) refers to fetal deaths and
not stillbirths. Fetal death is defined as “death prior to the complete expulsion or extraction
from its mother of a product of conception……. The fetus does not breathe or show any
other evidence of life, such as beating of the heart, pulsation of the umbilical cord, or
definite movement of voluntary muscles”. The measurement focus is on fetal deaths in the
last two trimesters of pregnancy and is defined by a birth-weight > 500g;if birth-weight is
unknown, by gestational age of >22 completed weeks; or, if both of these criteria are
unknown, by crown-heel length of > 25cm (WHO,ICD-10,1993).However, for international
comparability, WHO recommends reporting of late fetal deaths (third trimester stillbirths at
>1000g birth-weight,> 28 completed weeks of gestation, >35 cm body
length)(WHO,1993).Nevertheless, it has also been recommended that outcomes at
thresholds lower than 28 weeks may also be reported(WHO,2004). Globally, it has been
estimated that about 2.6 million stillbirths occur annually (Cousens,2011).
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The continuum of SPEE is still a highly recurrent obstetric complication in Ile-Ife, Nigeria
and it has been noted to be accountable for about one-third of maternal deaths in
developing countries (Thomas,1998;Makinde,2009). In the same hospital, an analysis
revealed a perinatal mortality rate of 77.03 per 1,000 total births in 2003(Kuti,2003). This
present study was therefore carried out to know the magnitude of the contribution of SPEE
towards perinatal mortality within the hospital. The limitation of hospital based data in the
correct assessment of the magnitude of a problem in a general population is recognized, the
dearth of nationally collected vital statistics in most low-income countries has made regional
surveys impracticable.
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Table 1 shows the 6(13.9%) perinatal deaths out of 43 infants delivered by 39 females with
SPEE. The perinatal mortality rate (PMR) attributable to SPEE was 5.8 per 1,000 total births
since there were 1026 total births during the study period. From a single attributable factor,
this PMR is intolerably high. It is noteworthy from Tables 1 and3, that all the 4 mothers with
SPEE and 6 perinatal deaths never had ante-natal care (unbooked) whereas there was no
perinatal death among the booked cases. All the 4 affected mothers with perinatal deaths
were high risk cases namely multiple pregnancy of higher fetal order, primigravidity,
grande-multiparity and previous history of perinatal death. Due to the lack of antenatal care
by the affected mothers, there was no supervision of their pregnancies neither was there
awareness about emergency preparedness and interventions which had dire consequences
on their perinates.
Table2a shows the causes of the 6 perinatal deaths during the study period by the Tulip
classification method. The first 4 cases were attributable to prematurity while the last 2 were
due to placenta and cord anomalies. There was very good inter-rater agreement among the 5
observers with a Fleiss Kappa value of 1.00(z=7.77,p<0.0001). The estimated gestational ages
of the 6 cases of perinatal deaths ranged from 22-36 weeks. This is not surprising since the 4
affected mothers had life-threatening obstetric emergencies like eclampsia which would
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have necessitated delivery after initial stabilization. There were 2 fresh stillbirths which
were adverse outcomes due to the maternal conditions.

)

Table2b shows the mechanism of the causes of death. The first 3(the triplets) were
attributable to respiratory insufficiency while there were no perfect agreement for cases 4,5
and 6. Overall, the Fleiss Kappa value for mechanism for the causes of death was 0.36662
(z=4.08, p< 0.0001),this shows that there was fair inter-rater agreement. Knowing the causes
of perinatal mortality is essential when designing interventions, and there are at least 35
published classification systems which makes comparison of the systems almost impossible
or difficult. The Tulip classification for perinatal mortality allows unambiguous
classification of underlying cause and mechanism, gives a good inter-rater agreement, with
a low percentage of unknown causes and is easily applicable in a team of clinicians when
guidelines are followed(Kortweq,2006).
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The TULIP classification attempts to answer the question “why”, while Wigglesworth
system answers the question” when” and the RECODE answers the question “what”. In
order to answer these 3 questions related to perinatal mortality, there should be a
combination of the classification systems (Kortweq, 2006; Gordjin,2009). Obviously, this
would be cumbersome and may be unattainable in many health-care facilities especially in
low-income countries.
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Table 3A shows the glaring effect of antenatal care on perinatal mortality since antenatal
care is one of the pillars of safe-motherhood. None of the booked cases recorded any
perinatal death even though all the mothers had SPEE, however, the effect of antenatal care
on perinatal mortality was not found to be statistically significant. Table3B shows that
preponderantly, low birth-weight infants
had a higher perinatal mortality
rate(4.87compared with 0.97 per 1000 total births) and this was found to be statistically
significant(p<0.05). Table 3C shows that parous mothers preponderantly experienced a
perinatal mortality rate of 3.89 per 1,000 total births compared with 0.97 per 1000 total births
respectively for both nulliparous and grande-multiparous mothers. There were more
perinatal deaths associated with singleton and pregnancies of higher fetal order than in
twins. This was found to be statistically significant with a p value<0.001.
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The causes of maternal mortality are often inseparable from causes that lead to perinatal
mortality (Pattinson et al, 2011). WHO has identified four main interventions which are
critical in efforts to reduce maternal mortality in developing countries namely, family
planning, antenatal care, skilled birth attendance and emergency obstetric care. Table 4A, B
and C shows the workload indicator for staffing needs (WISN) in the labour ward, labour
ward theatre and neonatal intensive care unit of the hospital.
Workload indicator for staffing need is a method that can help planners and managers
estimate staff requirements, allocate staff among diverse health facilities, and monitor staff
performance (Shipp,1998).The job description of each cadre of staff within a health-care
facility to meet acceptable professional standards of service delivery is determined. Thus,
the calculated (required) number of staff in a unit is determined based on their activities and
compared with the number actually on ground using the WISN ratio. If the WISN ratio is
1.0, i.e actual staff equals calculated staffing requirement, then the current staff is just
sufficient to meet the workload according to the professional standards which have been set.
If the WISN ratio is < 1.0, then the current staff is not sufficient to meet the standards set and
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if the ratio is > 1.0, then there are more than enough staff to meet the standards set. Table 4
A, shows a WISN ratio of 3.66 for the labour ward of the hospital indicating that there are
more than enough skilled attendants of different cadres to cope with the deliveries. Table 4B
indicates that the labour-ward theatre had a WISN ratio of 1.0 indicating that the staffing
strength was just enough to cope with basic and comprehensive emergency obstetric
services in the unit.
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Progression of pre-eclampsia to eclampsia is an obstetrical emergency. Hypertensive disease
of pregnancy has been reported to have 20% antepartum and intrapartum stillbirth effects
each(Bhutta,2011; Dolea,2003). It is therefore imperative to detect and manage hypertensive
disease in pregnancy promptly and effectively as part of advanced antenatal care. However,
this would be possible only if the affected pregnant females access care in a standard healthcare facility thus community mobilization and education strategies for promotion of
appropriate care seeking should be evolved. In low-income areas, poverty is prevalent,
therefore, emergency loans through micro-insurance funds effected through public-private
partnerships may be instituted for emergency obstetric care.
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The availability of skilled birth attendants adequate numerically on a 24-hour basis is
essential to stem the tide of intolerably high maternal and perinatal mortality and morbidity.
For such skilled staff, there should be proficiency in partogram usage in labour and neonatal
resuscitation and care. An earlier study in our community had shown that proficiency in
partograph usage in labour can be achieved by lower cadre health care givers like
community health extension workers especially in rural /semi-urban areas(Fatusin, et
al,2008).
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Prevention of a disease state and its complications is always better. In this study, 26/39
(66.6%) of the mothers were unbooked and a perinatal mortality rate of 5.84 per 1000 total
births was recorded all in unbooked mothers. In many high income countries, the perinatal
mortality is <10 per 1000 births from various causes. It is therefore glaring that from a single
disease entity(SPEE), perinatal mortality rate of 5.84 per 1000 births is intolerably high. In an
environment like this, the Pre-eclampsia Community Guidelines (PRECOG)
recommendations when adhered to would go a long way in minimizing the incidence and
complications of SPEE. The PRECOG provides an evidenced based risk assessment with
criteria for early referral for specialist input, a two-tiered schedule for monitoring women in
the community after 20 weeks of gestation and referral for stepped-up
care(Milne,2005).Chemo-prophylaxis such as antenatal Calcium supplementation and lowdose aspirin(75mg) may also be beneficial in females at risk of hypertensive disease in
pregnancy(Bhutta,2011; CLASP study,1994).

5. Conclusion
From this study, with a perinatal mortality rate of 5.84 per 1000 births attributable to a single
disease entity, severe pre-eclampsia/eclampsia contributes significantly to perinatal
mortality in our environment. Improvement of the quality and coverage of care to reduce
maternal and perinatal deaths is complex as both are inextricably linked. Successful
implementation of known lifesaving interventions within health system packages requires
consideration of many interfaces between individual agents that affect whether the
introduction of the packages will be effective. Every interface contributes to reduction of
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unnecessary deaths of mothers and their babies. There should also be a high degree of
cooperation between policy makers, health promotion managers, the community, patients,
health-care providers and managers within the health system to effect needed change to
drastically reduce the high maternal and perinatal mortality in our environ.
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1. Introduction
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Vital statistics in Japan show that the fetal death rate at ≥28 weeks gestation was 2.1/1000
live births in 2009 (Table 1), which is the lowest among high-income countries (Mother’s &
Children’s Health & Welfare Association, 2011). Japan started to use 22 weeks instead of 28
weeks as a definition of late fetal death in 1995. Since these statistics started in 1947, the fetal
death rate in Japan after 22 weeks gestation has been decreasing, and recently, the rate of
decrease has slowed down since 2005. This is a common phenomenon among high-income
countries, and especially in the UK, the late fetal death rate after 28 weeks gestation is
actually starting to increase in the last few years. This is thought to be related to late child
bearing and an increase in multiple births due to assisted reproductive technology in the UK
(Confidential Enquiry into Stillbirths and Deaths in Infancy, 2001). Any ‘child’ expelled or
issued forth from its mother after the 24th week of pregnancy that did not breathe or show
any other signs of life is registered as a stillbirth in U.K., whereas a stillbirth after the 22nd
week of pregnancy is registered as a late fetal death in Japan. Thus, there is a two-week
difference in the definition of stillbirth between the U.K. and Japan, and medical
interventions have been performed based on these definitions. The WHO general
recommendation is 22 weeks of gestation.
Country

Year

Japan
Singapore
Sweden
Italy
Germany
Netherlands
U.S.A.
U.K.
France

2009
2008
2008
2007
2007
2007
2003
2003
2007

Perinatal
mortality rate
2.9
3.1
4.3
4.5
5.6
5.8
6.8
8.5
10.8

Fetal death rate at
≥28 weeks
2.1
2.2
3.0
2.8
3.5
3.4
3.1
5.7
9.2

Early neonatal mortality
rate at < 7 days of age
0.8
0.9
1.3
1.7
2.1
2.4
3.7
2.8
1.6

Table 1. Perinatal mortality rate in selected countries using fetal death rate at ≥28 weeks for
international comparison.
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Late fetal deaths at ≥22 weeks have outnumbered early neonatal deaths at < 7 days of age in
the last 10 years (2000-2009) in the whole of Japan (77.9-80.7%) and in Wakayama prefecture
(75.7-85.7%). Therefore, it is important to study risk factors or causes of late fetal deaths for
prevention of these deaths and reduction of perinatal mortality. Obesity, socioeconomic
status, and advanced maternal age in pregnancy have been listed as risk factors. Placental
abruption, lethal congenital anomalies, infections, birth traumas, and blood type
incompatibilities have been described as causes of late fetal death (Fretts, 2005). However, it
is difficult to specify the cause of fetal death in a practical clinical setting, and the cause may
be unknown in 25 to 60% of cases (Alessandri et al, 1992; Frøen et al, 2001; Huang et al, 2000;
Yudkin et al, 1987). Even in a study with a 97% autopsy rate (Fretts, 1992), the causes of fetal
death were unknown in 14% of the cases.
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Using the new ReCoDe (relevant condition at death) classification, Gardosi et al. (2005)
found that intrauterine growth restriction (FGR) was the cause of fetal death in 57.7% of
cases classified as due to unknown causes using the conventional classification by
Wigglesworth et al. (1980). The ReCoDe classification is based on the relevant condition at
death. It does not mean the basic cause of fetal death. We surveyed late fetal deaths by
means of a questionnaire mailed to obstetricians or midwives in all labor institutes in
Wakayama prefecture, one of the 47 administrative divisions of Japan, which has a
population of 1.000 million and live births of 7,516 in 2009. Data were examined using the
ReCoDe classification, with the goal of obtaining results that will be useful for reducing the
perinatal mortality rate in Japan and compensating for the dwindling birthrate in Japan.

2. Methods
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We surveyed late fetal deaths, which were defined as stillbirths after 22 weeks of gestation,
every year from 2001 to 2010 in Wakayama prefecture using a questionnaire mailed to
obstetricians or midwives in all labor institutes in the prefecture. We mailed the
questionnaire in March or April every year and requested a report on late fetal deaths in the
previous year, including data and conditions that the obstetrician or midwife in charge
considered to be most relevant to stillbirth. The requested data included the date of delivery,
gestational age, the baby’s birth weight and sex, maternal characteristics, and pregnancy
details. The questionnaire collection was completed by the end of June. The cases were
classified according to the ReCoDe classification using the data of the questionnaire
obtained from the obstetrician or midwife in charge of them who reviewed the case record.
The ReCoDe classification system seeks to establish what went wrong, but not necessarily
why. The hierarchy of classification starts from conditions affecting the fetus and moves
outwards in simple anatomical groups to those affecting umbilical cord, placenta,
amniotic fluid, uterus, mother, intrapartum, trauma, and unclassified, which are
subdivided into pathophysiological conditions, with the primary condition being the first
on the list that is applicable to a given case. More than one category can be coded if the
information is available. Intrauterine growth restriction is included as the last category in
group A (A7): a fetus below the 10th percentile is assigned this classification only if no
other specific fetal conditions are present (Committee of Neonate, Japan Pediatric Society,
2010). All cases were divided into groups of primipara and multipara pregnancies and the
relationships between the parity and the relevant conditions for fetal death were
compared by Fisher’s direct method.
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3. Results
Sixteen to 35 late fetal deaths (stillbirths after 22 weeks of gestation) per year from 2001 to
2010 were reported from 27-30 facilities in Wakayama prefecture. The total was 240 cases in
the 10-year period. The mean response rate for the questionnaires mailed yearly to
obstetricians and midwives in all labor institutes in the prefecture was 0.843 (0.743-0.933).
There were 81425 live births and 303 late fetal deaths in Wakayama prefecture during the 10
years from 2001 to 2010, according to the vital statistics based on residence (Vital statistics in
Japan, Tokyo: Ministry of Health, Labor and Welfare, 2010).
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In the ReCoDe classification, the most frequent condition associated with late fetal death
was intrauterine growth restriction (FGR) (A7) (n=73, 30.4%); followed by umbilical cord
abnormalities excluding prolapse, entanglement, knot, and velamentous insertion (n=29,
12.1%); unexplained antepartum stillbirths (n=27, 11.2%); lethal congenital anomaly (n=27,
11.2%); placental abruption (n=26, 10.8%); intrapartum asphyxia (n=15, 6.3%); and twin-twin
transfusion (n=15, 6.3%) (Table 2).
Year 01-05 06-10 01-10

1. Lethal congenital anomaly

Fetus

2. Infection, 2.1 Chronic
2.2 Acute
4. Isoimmunisation
5. Fetomaternal transfusion

DR
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3. Non-immune hydrops

16

11

%

27

11.3

0

0

1

2

0.8

2

2

0.8

A4

0

0

A5

0

0

A2.1

A2.2

1

A3

7

8

15

6.3

A7

35

38

73

30.4

B,

1. Prolapse

B1

2

2

4

1.7

Umbilical

2, Constricting loop or knot

B2

2

2

4

1.7

cord

3. Veramentous insertion

B3

1

1

0.4

4. Umbilical cord-other

B4

13

16

29

12.1

C,

1. Abruptio

C1

11

15

26

10.8

Placenta

2. Previa

C2

1

1

0.4

3. Vasa previa

C3

1

1

0.4

4. Placental insufficiency

C4

0

0

5. Placenta-other

C5

1

1

0.4

D,

1. Chorioamnionitis

D1

1

1

0.4

Amniotic

2. Oligohydramnios

D2

1

1

0.4

fluid

3. Polyhydramnios

D3

1

1

0.4

I(

A6

7. Fetal growth restriction
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6. Twin-twin transfusion

A1
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Primary ReCoDe classification

E,

1. Rupture

E1

Uterus

2. Uterine anomalies

E2

3. Uterus-other

E3

3
1

3

1.3

0

0

1

0.4
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Year 01-05 06-10 01-10

Primary ReCoDe classification

F1
F2
F3
F4
F5
F6
F7
F8

1

G,
1. Asphyxia
Intrapartum 2. Birth trauma

G1
G2

9

H,
Trauma

H1
H2

1. External
2. Iatrogenic

I,
1. No relevant condition identified
Unclassified 2. No information available

2

I1
I2

)

6

%

1
0
0
2
0
0
0
2

0.4
0
0
0.8
0
0
0
0.8

15
0

6.3
0

0
0

0
0

13

14

27
0

11.3
0

118

122

240

100.0
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Total

2
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1. Diabetes
2. Thyroid diseases
3. Essential hypertension
4. Hypertensive diseases in pregnancy
5. Lupus or antiphospholipid syndrome
6. Chorestasis
7. Drug misuse
8. Other maternal condition

AK

F,
Mother
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Table 2. Primary ReCoDe classification for 240 late fetal deaths in 2001-2010 in Wakayama
prefecture.
There was no major change in the number of each primary ReCoDe classification between the
first 5 years (total 118) and the latter 5 years (total 122) during the 10 years form 2001 to 2010.
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A second ReCoDe class was found in 86 cases (35.8%). Among 73 cases whose primary
ReCoDe classification was FGR (since FGR was the first on the list), 48 (65.8%) had a second
category, with umbilical cord-other (B4) (n=21) and placental abruption (C1) (n=10) being the
most frequent second ReCoDe category for FGR (A7) (Table 3). FGR was the second ReCoDe
category in 19 (70.4%) of the 27 cases of lethal congenital anomalies (A1), 1 of 2 acute infections
(A2.2), 1 of 2 non-immune hydrops (A3), and 6 (40%) of 15 twin-twin transfusions.
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(A7) FGR
(A7) alone
(A7) with 2nd ReCoDe
(B2) Constricting loop or knot
(B3) Veramentous insertion
(B4) Umbilical cord-other
(C1) Placental abruption
(C2) Placenta previa
(C4) Placental insufficiency
(D3) Polyhydramnios
(E3) Uterus-other
(F4) Hypertensive diseases
(F8) Other maternal condition
(G1) Intrapartum aspyhxia

n=73
n=25
n=48
3
1
21
10
3
1
2
1
2
1
3

Table 3. Second ReCoDe categories in cases with FGR as the primary ReCoDe class.
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The time of stillbirth was divided into 7 groups at three weeks intervals. The number of late
fetal deaths was highest in weeks 22-24 of gestation, decreased gradually in weeks 25 to 30,
and increased again in weeks 34 to 39. Late fetal death due to placental abruption occurred
most often from 34 to 36 weeks of gestation (Fig. 1).

Fig. 1. Frequency of major ReCoDe categories according to gestational age.
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A comparison of the causes of late fetal death in multipara and primipara cases showed that
placental abruption was a more frequent cause in multipara cases (OR 3.64 [95%CI 1.479.02]), whereas FGR was a less frequent cause in multipara cases (OR 0.43 [95%CI 0.24-0.77])
(Table 4). Hypercoiled cord was most frequent in the umbilical cord-other category in the
ReCoDe classification (15/29) (Table 5).
Primipara
n=129
(A1) Anomaly
18
(A6) TTTS
8
(A7) FGR
49
15
(B4) Umbilical cord-other
(C1) Abruptio
7
(G1) Asphyxia
5

Multipara
n=111
9
7
24
14
19
10

Odds ratio
0.54
1.02
0.45
1.10
3.60
2.46

95% Confidence limit
[0.23-1.27]
[0.36-2.90]
[0.25-0.80]
[0.50-2.39]
[1.45-8.92]
[0.81-7.41]

Table 4. Odds ratio for major ReCoDe categories in multipara cases compared to primipara
cases.
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(B4) Umbilical cord-other
Hypercoiled
Stricture
Torsion
Single Umbilical Artery
Umbilical Vein Thrombosis
Umbilical Cord Ulcer
Short Umbilical Cord
Unspecified

n=29
13
5(1)
2(1)[1]
2
1
1
1
4

( ): number of cases combined with hypercoiled cord
[ ]: number of cases combined with single umbilical artery
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Table 5. Items in the umbilical cord-other category.
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Intrapartum asphyxia in babies from 22 to 23 weeks of gestation was the highest in the
intrapartum asphyxia group (12/15) (Table 6). Unspecified multiple anomalies were most
frequent and 18 trisomy was the second most common condition in the congenital lethal
anomaly category (Table 7).
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(G1) Intrapartum asphyxia
vaginal delivery at 22, 23 weeks gestation
vaginal delivery at 25 weeks gestation
Shoulder dystocia
Transverse lie

n=15
12
1
1
1

I(

Table 6. Items in the intrapartum asphyxia category.
n=27
10
7
3
3
2
2

DR
.R

UP
NA
TH
J

(A1) Lethal congenital anomaly
Unspedified multiple anomalies
18 trisomy
13 trisomy
Cardiac anomalies
Anencephaly
Other
Table 7. Items in the lethal congenital anomaly category.

There were 51 cases (21.3%) of advanced maternal age in pregnancy (≥35 years old) and the
causes of late fetal deaths were FGR (n=12, 23.5%), placental abruption (n=9, 17.6%),
umbilical cord-other (n=7, 13.7%), lethal anomaly (n=4, 7.8%) and unclassified (n=9, 17.6%).
There were 20 cases (8.5%) of pregnancies with assisted reproductive technology (ART). The
mean maternal age in these cases was 35.0 years old, compared to 29.9 years old for nonART pregnancies. ART included IVF-ET (n=12), AIH + ovulation inducer (n=4), AIH (n=2)
and unspecified (n=2). The causes of late fetal deaths were FGR (n=9, 45%), lethal anomaly
(n=3, 15%), uterus rupture (n=2, 10%), velamentous insertion (n=1, 5%), placental abruption
(n=1, 5%), umbilical cord-other (n=1, 5%), and unclassified (n=3, 15%). Two of the 3 cases of
uterus rupture (E1) involved pregnancies with ART, including one with AIH and one with
an unspecified technique.
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A retrospective review of records is often a weak design due to lack of information
recorded. In order to reduce this risk, this study was based on the yearly surveys obtained
from the doctors or midwives in charge of the late fetal deaths who reviewed the previous
year’s records. The mothers were residents in Wakayama prefecture in 220 of the 240 cases
of late fetal deaths reported in our survey. The custom of home-return for delivery, in which
pregnant women give delivery in their home town where their parents can support them
and care for their baby, is still partially alive in Japan, and this is the main reason why data
from delivery institutes in a certain area do not coincide with the vital statistics in that area.
However, the results of our survey are presumed to reflect the actual conditions of fetal
deaths in Wakayama prefecture because we identified 220 (72.6%) of the 303 fetal deaths
reported in the vital statistics.
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We classified late fetal deaths according to the newly developed ReCoDe system (Gordosi et
al, 2005) and found that the most frequent cause of late fetal death was FGR. This result is
similar to that in a population-based cohort study performed in 1997-2003 in the West
Midlands, U.K. (Gordosi et al, 2005).
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The second most frequent cause of late fetal death in our survey was clearly an umbilical
cord abnormality, excluding prolapse, constricting loop or knot, and velamentous insertion
(B4), and these cases mainly involved a hypercoiled cord. There was no definition of
hypercoiled cord in the questionnaire used in the survey. The obstetrician or midwife in
charge reported conditions that they considered the most relevant to stillbirth and B4
ranked as the second most frequent cause of late fetal death. This is consistent with a report
in Japan that 45% late fetal deaths are related to umbilical cord abnormality and that more
than half of these cases involved a hypercoiled cord (Hasegawa et al, 2008). A hypercoiled
cord has also been related to fetal death, fetal distress, meconium staining, and FGR in other
studies (de Laat et al, 2007; Kashanian et al, 2005; Strong et al, 1994). Umbilical cord-other (n
= 21) and placental abruption (n = 10) were the most common of the 48 second ReCoDes for
FGR. To assess umbilical coiling, the umbilical coiling index (UCI) can be measured by
ultrasound (Degani et al, 1995), but the sensitivity of the UCI for detection of hypercoiled
cord at birth is only 17.3-25.4% (Quin et al, 2002; Predanic et al, 2005) and this method
requires further development before it can be reliably used clinically to assess hypercoiled
cord in utero.
Placental abruption is a serious emergency for both mother and child and is also highly
unpredictable (Gordosi et al, 2005). The incidence of labor with placental abruption is highest
at around 39 weeks of pregnancy, which is slightly earlier than for pregnancies without this
complication (Ananth et al, 2001). The incidence of stillbirth with placental abruption peaked
at 34-35 weeks of gestation in our survey, 4-5 weeks earlier than 39 weeks of gestation. We
could not find any information that explained this difference in this survey. Overall, these
results suggest that placental abruption may develop frequently from 34 to 39 weeks gestation,
but perhaps in different ways in cases of late fetal death and live birth. In addition, multipara
cases were more frequently associated with late fetal death due to placental abruption,
compared to primipara cases. This does not necessarily mean that multipara pregnancies have
a higher risk for placental abruption, since this study was based only on cases of late fetal
death. Cohort studies and case controlled studies (Ananth et al, 1996. Kramer et al, 1997.
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Sanchez et al, 2006) have been conducted in this regard, but these have produced different
results for the risk of placental abruption with higher parity, with some showing no difference
in the incidence of placental abruption between primipara and multipara pregnancies.
Therefore, further studies are needed to reach a conclusion on this issue.
Twelve of 15 intrapartum asphyxias occurred in weeks 22-23 of gestation. Mortality in
infants born at 22-23 weeks gestation has recently decreased in Japan, but the rate of major
handicaps such as neurodevelopmental delay, cerebral palsy, visual impairment and
hearing impairment are yet to improve (Hintz et al, 2005. Lorentz et al, 1998).
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There are different policies on how to resuscitate babies born at 22-23 weeks gestation
among delivery facilities in Japan. Babies with at least 24 weeks gestation are resuscitated at
perinatal centers. If resuscitation at 22-23 weeks gestation becomes widely accepted in the
near future in Japan, these fetal deaths will disappear or change to neonatal death.
Intrapartum asphyxia at 22-23 weeks gestation may also affect the rate of late fetal death.
Therefore, evaluation of the yearly change in late fetal death requires careful observation of
the number of babies at 22-23 weeks gestation included in the sample population. We were
unable to evaluate the extent of the risk of each abnormal condition because our survey was
not performed as a cohort study that included all pregnancies in Wakayama or as a case
controlled study with live births. However, this study does provide useful information for
understanding the causes of late fetal deaths and for developing approaches for future
prevention of these deaths.
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5. Conclusion

6. Summary
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Our data suggest that clinical follow up is important for placental abruption in multiparous
pregnancy during weeks 34 and 36, for cord abnormalities (especially a hypercoiled cord)
after 22 weeks gestation, and for primiparous pregnancy with FGR in order to decrease the
late fetal deaths.
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We surveyed late fetal deaths, defined as stillbirths after 22 weeks of gestation, from 2001 to
2010 in Wakayama prefecture using a questionnaire mailed to obstetricians and midwives in
all labor institutes in the prefecture, one of the 47 administrative divisions of Japan. In the
ten-year period, 240 stillbirths occurred and they were categorized using the ReCoDe
(relevant condition at death) classification. The most common condition was intrauterine
growth restriction (FGR) (n=73, 30.4%); followed by umbilical cord abnormalities such as a
hypercoiled cord, excluding prolapse, entanglement, knot, and velamentous insertion (n=29,
12.1%); unexplained antepartum stillbirths (n=27, 11.3%); lethal congenital anomaly (n=27,
11.3 %); placental abruption (n=26, 10.9%); intrapartum asphyxia (n=15, 6.3%); and twintwin transfusion (n=15, 6.3 %). A hypercoiled cord (n=15/29, 51.7%) was the most frequent
condition in the umbilical cord category. Twelve of 15 stillbirths with intrapartum asphyxia
occurred from 22 to 23 weeks gestation. The number of stillbirths with placental abruption
peaked in the period from 34 to 36 gestational weeks (n=11/26, 42.3%). Multiparous women
had a higher rate of placental abruption as the relevant condition at fetal death compared to
primiparous women (OR 3.60 [1.45-8.92]), whereas fetal growth restriction was less common
in multiparous women (OR 0.45 [0.25-0.80]).
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1. Introduction
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With development of prenatal imaging technology diagnosis of fetal and placental disorders
are becoming widely accepted in the field of perinatology especially so when some fetal
condition may deteriorates before delivery. Awareness of prenatal conditions that may
deteriorate before delivery or worsens soon after delivery is invaluable in planning longterm postnatal medical care. The idea of treating a fetus as a patient should never be
considered strange or unusual any longer. If the affected fetuses do not undergo any
treatment prenatally, devastating complications and/or deaths are likely to ensue.
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Fetal surgical procedures are categorized into three categories of ; open surgery (with
hysterotomy), endoscopic surgery (without hysterotomy), and ultrasound surgery. Using
these procedures, prevention of fetal or neonatal mortality has been increasingly achieved
promoting the chances of successful postnatal treatment with improved long-term quality of
life. Endoscopic surgery is expected to correct fetal abnormalities using relatively simple
modalities. An example of a simple and effective endoscopic surgery is the use of fetal
tracheal occlusion to prevent intrauterine progression of pulmonary hypoplasia in
congenital diaphragmatic hernia (CDH). As fetuses do not breathe in utero, this treatment’s
usefulness and importance cannot be overstated. Unlike this procedure, ex utero
intrapartum treatment (EXIT), fetal myelomeningocele (MMC) repair, fetal lobectomy for
congenital cystic adenomatoid malformation (CCAM), and fetal resection of sacrococcygeal
teratoma (SCT) have been based on open procedure. The goal of these procedures is a longterm improvement of postnatal quality of life in case of MMC, and to save the fetal life in
case of CCAM or SCT.
Fetal surgery is typically performed on fetuses around 19 to 28 weeks of gestation. The
purpose is to treat fetal and placental morphologic defects, which could be diagnosed early
before birth, and inhibit their progressions to point of sever fetal compromise. However, it
may be complicated by surgical infections, premature labor, premature birth and membrane
ruptureThe recent introduction of endoscopic and ultrasound image-guided surgeries have
enabled minimally invasive intrauterine surgery (Harrison et al., 2001) thus reducing these
potential complications of open fetal surgery to the barest minimum.
Our major target diseases are fetal CDH, fetal MMC, twin-to-twin transfusion syndrome
(TTTS) and hypoplastic left heart syndrome (HLHS) or HLHS with restrictive atrial septum
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that inevitablly leads to irreversible pulmonary vascular damages. MMC is a dorsal neural
tube defect with highest risk of hydrocephalus as well as motor/perception and vesicorectal disabilities. Although current fetal repair of MMC is to surgically cover and protect
the lesion in utero, this procedure is hard to accomplish endoscopically with the use of
conventional surgical devices alone (Bruner et al., 1999; Kohl et al., 2006), as a result of a
cramped working. TTTS occurs in 10-15% of monochorionic twin gestations and is caused
by placental vascular anastomoses, resulting in an imbalance in blood flow and volume
between both twins. In severely affected cases, this syndrome is likely to be associated with
high perinatal mortality or postnatal life-long handicaps (Feldstein et al., 2000). As a
definitive prenatal treatment, fetoscopic laser photocoagulation of the anastomotic vessels
has been widely accepted (Senat et al., 2004; Quintero et al., 2000). Current procedures for
correction of restrictive fetal atrial septum are still invasive because they require ultrasoundguided puncture of tiny beating fetal heart (Kohl et al., 2000; Marshall et al., 2004; Mäkikallio
et al., 2006).
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In order to overcome the challenges of fetal endosciopic surgery, improve surgical outcome
and allow for more advanced surgery , we developed sets of new devices that will act as
super eyes, super hand and improve navigation. We called them “super eyes”, “super
hands” and “super navigations”.
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In this chapter, we present details of these super devices and their applications for future
fetal intervention. These technologies is sure to be employed both for stand-alone and
combined use.

2. Super eyes

UP
NA
TH
J

I(

An ideal super eyes for intrauterine surgery should be able to exapand the views of the
conventional endoscopic and ultrasound machine for preoperative diagnosis, intraoperative
activities and visualisation of the operative field as well as postoperative monitoring
Achieving this requires the use of high performance endoscopes and high-resolution 3D/4D
ultrasound machine . We developed new endoscopes and ultrasound machines that perform
the function of super eyes.
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2.1 Three-dimensional fetoscope

Inside the uterus, fetal bodies and placental tissues are fragile and delicate. The Surgeon
must be careful about manipulating surgical instruments, however conventional fetoscopes
give only a two-dimensional (2D) view without depth perception. To solve this issue, we
developed a miniature three-dimensional (3D) fetoscope of 5.4-mm diameter mounting
double 1/10-inch CCDs and lens-units on the distal-end tip including a laser fiber channel
of 1-mm diameter for safe laser photocoaguration (Fig. 1) (Kobayashi et al., 2009). This
fetoscope can supply surgeons with a 3D front or a diagonally front view without any eye
fatigue, enabling safe procedures in the uterus.
2.2 Fluorescence endoscope
In TTTS therapy, surgeons must assess anastomotic communicating blood vessels. However,
small vessels are often missed due to the poor view which obtained with a fetoscope.
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Fig. 1. Appearance of the 3D fetoscope. Miniature double CCD and lens-unit are in the
distal-end tip to receive right-eye view and left-eye view. We developed another type of 3D
fetoscope with a laser fiber channel.
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To help this assessment, we developed a fluorescence endoscope which is capable of
visualizing very small vessels, even in the cloudy amniotic fluid (Harada et al., 2009;
Ishiyama et al., 2011). We did in vitro test to visualize a placenta of cynomolgus monkey.
After the injection of indocyanine green (ICG) into the vessel, the endoscope can detect nearinfrarede fluorescence (peak: 845 nm) from the vessels on the placenta in fluorescence mode
of the camera. (Fig. 2).
2.3 Ultra-high sensitive endoscope

DR
.R

A conventional endoscope needs high-powered light to see inside the uterus. Using this
light raises concern about causing negative effect to perinatal fetal ocular development by
the intense heat and illumination. Therefore, we developed an ultra-high sensitive
endoscope using High-gain Avalanche Rushing amorphous Photoconductor (HARP)
camera technology, which has been originally developed by Japan Broadcasting
Corporation (Nippon Hoso Kyoukai : NHK) for broadcasting. This endoscope enables
observation with extreamely low lighting such as LED (Fig. 3) (Kim et al., 2011). We
compared conventional endoscopic image with our new endoscopic image to visualize an
intrauterine fetal phantom model without the conventinal light source. (Fig. 4). Our new
endoscope enabled to visualize the clear fetal face only with a white LED lighting.
2.4 High resolution ultrasound
In current fetus surgery, 3D-ultrasound (3D-US) diagnosis is fundamental to guide
endoscopes and surgical instruments. However, the propagation speed of ultrasonic waves
are limited so that there is a trade-off between spatial and time resolutions. We developed a
high resolution ultrasound apparatus, which includes a new US probe to form transmitting
beams simultaneously in two directions and four receiving beams from each transmitting
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Fig. 2. Fluorescence endoscopic images are visualizing a placenta of cynomolgus monkey.
Although the vessels on the placenta are invisible in the cloudy amniotic fluid, they are
clearly visible to gain fluorescence from the vessels in the fluorescence mode.
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Fig. 3. Appearance of the endoscopes. Left: New ultra-high sensitive endoscope with small
LED light. Right: Conventional endoscope with xenon light source.

Fig. 4. Comparison of endoscopic image of an intrauterine fetal phantom model without
conventional light source. Left: Conventional endoscopic image. Right: New ultra-high
sensitive endoscopic image.
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beam, to achieve double density volume data in spatial or time resolution (Fig. 5). Using our
new apparatus, moving endoscope near intrauterine fetal phantom model are clearly and
smoothly visible without diplopia of the endoscope (Fig. 6).
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Fig. 5. System configuration of the high resolution ultrasound diagnosis apparatus.

Fig. 6. (A) Conventional 3D-US image including diplopia of the endoscope by frame rate
issue. (B) New 3D-US image without diplopia of the endoscope.

3. Super hands
To accomplish a safe and dexterous surgical procedure in utero, we developed specified
manipulators (multi degrees-of-freedom) as well as fetal stabilizers having multi-joint distal
ends. These devices are 4-mm or less in diameter to minimize uterine injuries and/or reduce
perioperative complications.
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3.1 Miniature manipulator
Manipulation of surgical instruments in the uterus should be safe, careful and dexterous
because of fragile tissues of fetal body, placenta, amniotic membrane and so on. For this
issue, we developed two miniature bending manipulators which have multi degrees-offreedom (DOFs). One is the wire-guided linkage-driven 3.5-mm manipulator with an easily
exchangeable distal end-effector such as forceps and laser fiber (Fig. 7: Left) (Yamashita et
al., 2008a). The other is the more miniature wire-driven 2.4-mm manipulator (Fig. 7: Right)
(Harada et al., 2006). These manipulators are mainly composed of metal (stainless steel,
titanium, etc.) and sterilizable for clinical application.
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These manipulators with a laser fiber to photocoagulate placental communicating vessels
for laser therapy of TTTS were evaluated by underwater phantom or in vitro experiments
(Fig. 8), confirming their performance to photo coagulated a wide range of tissues with
flexible bending motions. In addition, the 3.5-mm manipulator with forceps is controlled
manually with one hand to grasp and pass needle or thread in the intrauterine fetal
phantom model dexterously by under endoscopic guidance(Fig. 9).
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Fig. 7. Distal-end part of the miniature bending laser manipulators with a laser fiber. Left:
Wire-guided linkage-driven 3.5-mm manipulator. Right: Wire-driven 2.4-mm manipulator.

Fig. 8. Left: Nd:YAG laser photocoagulations of the placental phantom model surface with
bending motion of the 3.5-mm laser manipulator. Right: Nd:YAG laser photocoagulation of
the vessels on the rat mesenterium with the wire-driven 2.4-mm bending laser manipulator.
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Fig. 9. Bi-manual maneuver evaluation with a new 3.5mm forceps manipulator and
previously developed 10-mm forceps manipulator. These manipulators performed
transferring a needle or thread endoscopically.
3.2 Bending stabilizer

Safe approach to the intrauterine fetus is difficult because the fetus is floating and rotating in
amniotic fluid. For this issue, we developed two types bending stabilizers, especially for the
therapy of MMC with a covering patch and laser therapy of TTTS. One is the 2.4-mm wiredriven bending stabilizer to stabilize around the affected area. And the other is the 4-mm
wire and linkage-driven balloon manipulator to hold the fetal whole-body softly (Yamanaka
et al., 2008). These devices have multi-joints structure and multi-DOFs to approach fetal
body non-invasively. We evaluated these devices and confirmed their effective performance
in in vitro test with a cynomolgus monkey‘s brain tissue (Fig. 10: Upper right) and in
phantom test with a silicone model (Fig. 10: Under right).
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Fig. 10. Bending stabilizer to hold fetal body in uterus. Upper right: In vitro test of the
bending stabilizer for laser photocoagulation. Under right: 3D-US image of the bending
balloon manipulator in intrauterine phantom model.

4. Combination of “super eye and hands”
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To ensure synergy and reduce the number of instruments in use during surgey when
separate super eyes and hands are used, We developed two types of super device that
comprise super eyes and hands to realize real-time capture of fetoscopic images for effective
laser photocoagulation in utero: one is the composite-type laser fiberscope and the other is
the computer-aided high-intensity focused ultrasound (HIFU) machine.
4.1 Composite-type laser endoscope
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In current laser therapy in fetal surgery, a glass fiber is aligned parallel with a fetoscope,
therefore it is difficult to position the laser spot with adequate distance. To solve this
problem, we developed two composite-type laser endoscopes. One is the composite-type
laser flexible fiberscope including central mono fiber to pass 40-W Yb fiber laser to
photocoagulate target tissue with focused energy by a distal-end collective-lens (Fig. 11)
(Oka et al., 2010). The outer diameter of this fiberscope is 2.2 mm (Fig. 12), and enables
distance measurement with laser Doppler and blood flow detection of targeted blood
vessels (Seki et al., 2009, 2010). In in vivo test using pig mesenteric vessel underwater, we
confirmed occlusion of the vessels by laser photocoagulation fetoscopically (Fig. 13).
The other is a steerable laser endoscope (Yamanaka et al., 2010). Nd: YAG laser from the
laser source is reflected by two galvanomirrors in a galvanometer and a beam-splitter to
pass through relay lenses in the rigid endoscope. On the other hand, visible light from the
distal end of the endoscope passes through the relay lenses and beam-splitter to CCD
camera (Fig. 14). The galvanometer is controlled by indication of the laser spot on the
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Fig. 11. Concept of the composite-type laser fiberscope.
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Fig. 12. System configuration of the composite-type laser fiberscope.

Fig. 13. In vivo test to photocoagulate a mesenteric vessel of swine.
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endoscopic view of PC display to steer direction of the Nd:YAG laser beam (Fig. 15). The
positioning of accuracy of the laser spot is mostly within 1.0 mm in the endoscopic view at
the distance between 10 and 20 mm.

DR
.R

UP
NA
TH
J

I(

Fig. 14. System configuration of the steerable laser endoscope system.

Fig. 15. Laser spot steering control test. Positioning error is around 0.2 mm in the endoscopic
view.
4.2 Automatic HIFU delivery system
Current intervention to correct cardiac morphologic abnormalities such as hypoplastic left
heart syndrome (HLHS), that is sonographic cardiocentesis for atrioseptostomy is invasive
because of penetrating procedure of uterus wall, fetal skin and fetal heart wall. For
implementation of minimal invasive cardiac intervention, we take advantage of high
intensity focused ultrasound (HIFU), and developed an automatic HIFU delivery system
controlled by a real-time computer-based analysis of 2D-US left ventricular images (Fujisaki
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Fig. 16. System configuration of the computer-based automatic HIFU delivery.
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et al., 2010; Yamashita et al., 2008b). The system consists of HIFU delivery device with
monocoque spherical shaped piezo transducer and diagnostic 2D-US imaging probe, 2D-US
imaging equipment, workstation, function generator and RF power amplifier to drive the
transducer (Fig. 16). In in vivo evaluation using the beating hearts of anesthetized adult
rabbits, the system successfully achieved a non-touch gross ablation and small transmural
opening of the atrial septum (Fig. 17).

Fig. 17. Experimental setup using an adult rabbit. HIFU delivery was done through a
silicone sheet at the bottom of the degassed water tank.
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5. Super navigations
To guide surgical devices with much less invasiveness in utero, we developed three
navigation systems based on realtime 3D/4D-US data. These systems enable us display of
intrauterine operative space for position recognition of devices intuitively.
5.1 On-site 3D display
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The current 3D-US data is displayed on 2D dusplay such as LCD monitor, however 3Dimage data should be displayed on 3D display from the point of view of intuitiveness. We
developed on-site 3D display system using real-time Integral Videography (IV) providing
images (or visual display) without any specific glasses unlike general 3D-movie or 3D-TV.
Our system can display spatial position and posture of 3D objects precisely by combination
of a high-resolution large LCD monitor and a plate of micro-lens array. High-speed
computing performs a real-time rendering of 3D-US diagnosis data, and transforms to clear
and give a picturesque autostereoscopic 3D-model (Fig. 18). We tested our performance of
this system using an intrauterine fetus silicone model, confirming on-site 3D-ultrasaound
image of fetus, and surgical instruments from multi-viewpoints with maximum frame rate
of 3 Hz (Fig. 19).

Fig. 18. System configuration of the on-site 3D display with real-time Integral Videography
rendering.
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Fig. 19. Feasibility test of the on-site 3D display system to display an intrauterine fetal
phantom model with surgical instruments.
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5.2 Distance alarm system
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The interios of the uterus is very narrow and manipulation of instruments requires the
utmost attention. To support the manipulation, we developed a distance alarm system
based on a real-time updated 3D/4D-US data. After receiving 3D/4D-US data of uterus and
high-speed computing with multi-core processor system, the relative positions of
intrauterine tissue and surgical tools such as a fetoscope and feoceps are supplied as a color
mapping and warning alarm for surgical navigation (Fig. 20). From the result, accuracy of
the system was about 3mm in position error, and the updating time was about 200-500ms.

Fig. 20. Color-mapped distance alarming system with alarming caution.
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5.3 Placental vascular mapping
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In current TTTS laser therapy, the network of placental anastomotic vessels needs to be
restructured from the narrow fetoscopic view in the surgeon’s head. For this issue, we
developed placental vascular mapping system based on the placental 3D-US data and
continuous placental vessels’ fetoscopic image mosaics (Fig. 21) (Liao et al., 2009). 3D spatial
position of the fetoscopic images and the US image are tracked by 3D position tracking
device, and the mosaiced fetoscopic images are registered to the surface of 3D-US placenta
model by using the fast image rendering method and the seamless multi-images processing.
As the fetoscope is moved, the range of placental vessels mapping is enlarged gradually.
Results of phantom test show that the system may provide an improved and effrvtive
planning and guidance of laser therapy.

Fig. 21. Placental vascular mapping navigation system to make an entire vessel network by
integration of the individual endoscopic images of placenta.
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6. Conclusion
Our super devices are certainly useful in future fetal intervention independently. However
integration between super eyes, hands and navigations must be more effective surgery,
which results in applications in general surgery (Fig. 22). Although part of our device is stil
in the experimental phase, there is a device which is ready for a clinical use with high
performance. Our research members are making efforts to improve these technologies for
future all over the world.
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We developed super eyes, hands and navigations of surgeons and these applications for
future fetal intervention. These technologies are not only for stand-alone use but also
applicable for integrated use. And, because fetal surgery is one of the most difficult
surgeries, our achievements will be also applicable to general surgery.

Fig. 22. Overview of super device integration of super eyes, hands and navigations for
future fetal intervention, which is applicable to general surgery.
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