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Definitions

The following definitions and recommendations have been given by the
World Health Organization (WHO, 1977) and have been adopted by FIGO
(1976, 1982):

Live birth

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; each product of such a
birth is considered 1ive born.

Gestational age
The duration of gestation is measured from the first day of the last

normal menstrual .period. Gestational age is expressed in completed days
or completed weeks (e.g. events occurring 280 to 286 days after the
onset of the last normal menstrual period are considered to have
occurred at 40 weeks of gestation).

Birthweight
The first weight of the newborn obtained after birth. This weight should

be measured preferably within the first hour of life before significant
postnatal weight loss has occurred.

Preterm
Less than 37 completed weeks (less than 259 days).

Low birthweight
Less than 2500 g (up to, and including 2499 g).

Early neonatal death
Death of a liveborn infant during the first seven completed days (168
hours) of life.

Late neonatal death

Death of a liveborn infant after 7 completed days but before 28 com-
pleted days of life. (WHO-Approved by FIGO with the modification of
"completed days".
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Neonatal death
Death of a liveborn infant before 28 completed days of life.

In addition to these, FIGO (1976; 1986) issued the following recommen-
dations:

Low birthweight (LBW)
500 g to less than 2500 g (up to and including 2499 g).

Very low birthweight (VLBW)
500 g to less than 1500 g (up to and including 1499 g).

Extremely low birthweight (ELBW)
500 g to less than 1000 g (up to and including 999 g).

The above mentioned definitions do not adequately cover all circumstan-
ces. In the absence of recommendations by WHO or FIGO, we use the
following additional definitions:

Postneonatal death
Death from 28 completed days to less than 1 year from birth (i.e. up to
and including 364 days) (Pharoah, 1976; Hack, 1980; Chiswick, 1986).

In-hospital death

Death of a liveborn infant during the hospital stay following birth and
before discharge home, irrespective of transferral between hospitals
within this period.

Very preterm
Less than 32 completed weeks of gestation (less than 224 days).
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1.1 Historical perspective

Since the beginning of this century, attention has been given to "low
birthweight" (LBW) infants. In the past, the reported neonatal mortality
in this group was very high (table 1.1.1.), even though some authors
excluded "abortions, i.e. fetuses less than 1500 g 1in weight and less
than 32 cm in Tlength" (Peckham, 1938). Death was generally ascribed to
"debilitas vitae", weakness of life. Follow-up was scanty, due to the
high infant mortality rate and the large number of patients lost to
follow-up for other reasons. Yet, substantial numbers of handicapped
survivors were found in some studies (Wallich & Fruhinsholz, 1911;
Ylppd, 1919; Capper, 1928a; Looft, 1928; Mohr & Bartelme, 1930; Brander,
1935; Duyzings, 1935; Hess & Lundeen, 1949). Other authors, however, saw
the outcome as more favourable (Wall, 1913; Hess et al, 1934; Drillien,
1948; Koenig, 1950).

With the introduction of intensive care, the possibilities for
treatment of very low birthweight infants increased considerably;
neonatal mortality decreased, but from then on the quality of life in
the surviving infants became a matter of growing concern, and the
discussion still continues (Rawlings et al, 1971; Calame & Prod'hom,
1972; Francis-Williams & Davies, 1974; Stewart & Reynolds, 1974; Davies
& Stewart, 1975; Davies, 1976; Hommers & Kendall, 1976; Sabel et al,
1976; Alberman, 1977; Saint-Anne Dargassies, 1977; Reynolds, 1978;
Stewart et al, 1978; Brown & Taeusch, 1979; Dunn et al, 1979; Gamsu et
al, 1979; Gordon, 1979; Jones et al, 197Sb; Nelson et al, 1979; Philip,
1979; Reynolds & Stewart, 1979; Roberton, 1979; Bennett-Britton et al,
1981; Chalimers & Mutch, 1981; Jones & Davies, 1981; McDonald, 1981;
Stewart et al, 1981; Ailberman et al, 1982a,b; Fledelius, 1982;: Noble-



Table 1.1.1. Evaluative studies on "low birth weight”, 1913-1953.

year of definition number of mortality* follow-up duration infant** handicaps***

author publication location period LBW patients rate (%) n (years) mortality % rate (%)
Wallich 1911 France 1849-1909 900-1500 g 17 2-62 3)

1500-2000 g 25 2-26 3)
Wali 1913 Breslau 1892-1910 Fruhgeburt 691 29 183 3-20 16 1
Ylppo 1919 Berlin 1909-1918 <2500 g 598 53 278 6

600-1000 g 37 84 7

1001-1500 g 178 49 15
Looft 1928 Bergen 1910-1916 <2500 g 91 91 8 4-11 8
Capper 1928ab Vienna 1911-1926 <2500 [¢] 437 45 1-16 majority
Mohr 1930 Chicago 11920 <2500 g 13 1- 7 (35)
Brander 1935 Helsingfors 1000-2000 g 78 7-15 27
Duyzings 1935 Rotterdam 1907-1927 28-38 wks 1450 49 712 6-26 34

<1500 g 193 94 12 6-26 2
Baedorf 1937 Frankfurt 1919-1929 <1700 g 434 77 27 (%)
Tyson 1946 Philadelphia 1930-1944 <2500 [} 2960 25

1000-1500 g 331 80
Hess 1949 Chicago 1922-1947 735-1260 g 216 0-17 (31)
Koenig 1950 New York  +1940-1950 <2500 g 650 2-10 (19)
Howard 1952 Detroit 1930-1942 <1820 g 22 8 (6)
Blegen 1953 Oslo 1930-1939 400-2500 g 833 17 541 10-20 5 27)

<1000 g 11 100

1001-1500 g 89 61 9

1501-2000 g 201 24 6

2001-2500 g 592 7 3

*deaths in hospital, expressed as percentage of admitted infants
**deaths after discharge, expressed as percentage of admitted infants

***expressed as percentage of liveborn infants or (between parentheses) actual number

oz
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Jamieson et al, 1982; Shapiro et al, 1983; Kiely et al, 1984; McCor-
mick et al, 1985a; McCormick 1985b; Mitchell, 1985; Allen & Jones,
1986; Bax, 1986).

It must be kept in mind, however, that the selection criteria for the
different study populations and the definition of intensive care have
changed enormously, especially in the last few decades.

1.2 Very low birthweight

1.2.1 History

Usually, low birthweight (LBW) 1is defined as a weight of less than
2500 g at birth (WHO, 1977) and very low birthweight (VLBW) as less
than 1500 g. A few years ago, the concept of extremely low birthweight
(ELBW) was introduced, the upper limit being taken at 1000 or 800 g
(Bavikatte et al, 1980; Egan et al, 1980; Nelson et al, 1980; Yu et al,
1981; Orgill et al, 1982b). Recently, FIGO defined ELBW as 500 to less
than 1000 g (FIGO, 1985). Some authors refer to such infants as very
very low birthweight (VVLBW) (Vidyasagar, 1986).

1.2.2 Incidence

The reported incidence of VLBW ranges from 0.2 to 2.0 per 100
liveborn infants (table 1.2.1).

Although this might be interpreted as a small number of infants, it
accounts for a large proportion (30-50%) of the total neonatal mortality
(Usher, 1977; Stewart et al, 1981; Kitchen et al, 1982d; Goldenberg et
al, 1983b; Alberman, 1984; McCormick, 1985b). Thus, variations in the
incidence of VLBW have a strong impact on the total neonatal mortality
rate (Davies, 1980; Lee et al, 1980a; MacFarlare, 1981; Miller, 1983).
Lee at al (1980b) reported iittle or no change in the incidence of LBW
in the USA over the last 30 years, whereas David & Siegel (1983b)
described a positive birthweight shift. In Australia the same shift in
birthweight distribution towards heavier babies was noted between 1968
and 1975, accounting for 22% of the fall in total neonatal mortality
during this period (Stanley & Hobbs, 1980). In England and Wales a
decrease in the incidence of VLBW (Gordon, 1977a,b;) was followed by
indications of an increase (Stewart et al, 1981).

Birthweight shifts within the VLBW range are less distinct. For a long
time, the extremely low birthweight group has been considered virtually
"non viable"™ (Drillien, 1947; Smallpeice & Davies, 1964; Alden et al,
1972; Usher, 1977; Haesslein & Goodlin, 1979; Amiel-Tison et al, 1981a),
and has therefore been underreported (Weatherall, 1977; Alley & Terry,
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Table 1.2.1 Incidence of very low birthweight (as percentage of
liveborn infants) in various countries and cities

author country or city %
Blegen, 1953 Oslo (Norway) 1.1
Lee et al, 1980a Japan 0.3
Norway 0.5
Canada 0.8
U.S.A. 1.1
Denmark 0.6
Austria 1.0
Poland 1.5
Hungary 2.0
Wallace & Goldstein, 1975 Sweden 0.6
Usher, 1977 Quebec (Canada) 0.8
Stanley & Hobbs, 1980 Western Australia 0.78
Tasmania 0.67
Milligan & Shennan, 1980 Toronto (Canada) 0.9
Amiel-Tison et al, 198la Paris (France) 1.0
Mutch et al, 1981 England 0.7
Saigal et al, 1982 Hamilton (Canada) 0.78
Goldenberg et al, 1983a Alabama (USA) 1.2
David, 1983a USA (1965) 1.0
(1976) 0.9
McCormick, 1985b USA (1982) 1.1
Erjavec et al, 1984 Yugoslavia (1980) 0.7
Papiernik et al, 1985a France (1975-1978) 0.5
(1979-1982) 0.2

1979). Presently attention has focused on this group (Nars, 1976;
Stewart AL et al, 1977; Bhat et al, 1978; Pape et al, 1978; Yu &
Hollingworth, 1979a,b; Nelson et al, 1980; Bennett-Britton et al, 1981;
Hernandez et al, 1981; Ruiz et al, 1981; Campbell, 1982; Cohen RS et al,
1982; Driscoll et al, 1982; Nickel et al, 1982; Orgill et al, 1982b;
Bennett et al, 1983; Hirata et al, 1983; Hoskins et al, 1983; Hutson et
al, 1983; Rothberg et al, 1983; Buckwald et al, 1984; Saigal et al,
1984; Walker et al, 1984; Goldenberg et al, 1985a; Hack & Fanaroff,
1986; Raju, 1986; Yu et al, 1986a,b) due to the simultaneously growing
interest of obstetricians and paediatricians and due to technological
advances in perinatology, that have pushed the limit of viability down
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to 750 g (Hein & Brown, 1981) or even 500 g (Koops et al, 1982; Stahl-
man, 1984).

When countries or populations are compared, it should be kept in mind
that, in comparable gestational age groups, the mean birthweight can
show considerable variation (Macfarlane, 1980; Priolisi, 1980; Rooth,
1980) because of different ethnic factors and socio-economic condi-
tions. The various birthweight distributions of the studied groups or
populations and the accompanying mortality risks should be taken into
account in the interpretation of the results.

1.3 Preterm birth

1.3.1 History

Both birthweight and gestational age are strongly correlated with
mortality and handicap rate (Lubchenco et al, 1972; Keirse & Kanhai,
1981a; Philip et al, 1981; Bennett et al, 1982; Field et al, 1982;
Orgill et al, 1984).

Traditionally, paediatricians tended to classify newborn infants by
birthweight, because this measurement is generally readily available and
reasonably accurate. Gestational age was considered to be unreliable in
at least 10-15% of all pregnancies (Keirse, 1979). This percentage was
subject to wide variations in subpopulations depending on their ethnic
and cultural background (Kloosterman, 1977).

The tendency to classify by birthweight was encouraged by the WHO. In
their final report in 1950, the expert group on prematurity recommended
to apply the term “"prematurity"” to all infants with a birthweight of
2500 g or less (WHO, 1950). At that time, van Gelderen (1954) reported
an incidence of "prematurity" (birthweight < 2500 g) in the Netherlands
of 3-4 %. Soon after, researchers felt the restraints of this defini-
tion, for a considerable proportion of infants with a birthweight of
less than 2500 g were born at term or even postterm.

In 1961, the WHO recommended to apply the term “prematurity" to
infants born before 37 completed weeks after the beginning of the last
menstrual period. Infants with a birthweight of less than 2500 g were
referred to as "low birthweight infants" (WHO, 1961).

Although these definitions improved mutual understanding, confusion
remained omnipresent. Some authors continued to apply the term "prema-
ture” to infants with low birthweight, while others restricted its use
to infants born too early in terms of gestational age. Furthermore some
distinguished obstetricians and neonatologists raised objections to
relate an infant's "maturity" to gestational age only.

The "Committee on Fetus and Newborn" of the American Academy of
Pediatrics had a meeting in Chicago on October 22, 1966, to consider
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standard terms for the classification of newborn infants (American
Academy of Pediatrics, 1967). Adhering to the WHO recommendation to
calculate gestational age in "completed weeks", the participants agreed
that duration-of-gestation categories should be indicated by words that
refer unequivocally to time and time alone. Therefore, "pre-term",
"term", and "post-term" were recommended as being appropriate, simple,
and time oriented. No agreement could be reached as to where the cutoff
point for preterm gestational age in completed weeks should be made.

During the Second European Congress of Perinatal Medicine 1in 1970, a
"Working party to discuss nomenclature based on gestational age and
birthweight" recognised the need "to group babies in terms of gestatio-
ral age". Among other things, the working party suggested the following
definitions (Working Party, 1970):

1. Pre-term : less than 259 days (37 completed weeks)
2. Term : 259-293 days (37-41 completed weeks)
3. Post-term: 294 days (42 weeks) or more

No lower limit of gestation was provided. Birth was defined as the
delivery of an infant with a weight of 500 g or more; consequently,
preterm birth applies to infants born with a weight of 500 g or more and
a gestational age of less than 259 days.

The International Federation of Gynecology and Obstetrics (FIGO), in
1976, and the Worid Health Organization (WHO) in 1977, formally recom-
mended these definitions for use in statistical tables relating to the
perinatal period (FIGO, 1976; WHO, 1977a,b).

A better understanding of the physiology of pregnancy and the intro-
duction of modern diagnostic tocls (ultrasound) in obstetrics greatly
improved the obstetrician's possibilities to determine accurately
gestational age. In modern, highly developed countries the percentage of
pregnancies with uncertain gestational age continues to fall. When
gestational age remains uncertain, the paediatrician's scoring of
physical and neurological characteristics of the newborn infant can help
to estimate gestational age (Dubowitz et al, 1970; Finnstrdm, 1977;
Ballard et al, 1979). In prospective surveys, adequate information about
gestational age can be obtained if the following information is inclu-
ded: last menstrual period, menstrual cycle, last use of oral contra-
ceptives, pregnancy test by means of urine analysis, first trimester
ultrasound examination, and growth of fundal height. If circumstances
prevent the recording of complete information, at least the last
menstrual period, menstrual cycle, and the results of a first trimester
ultrasound examination are needed.

In this study, we strictly adhere to WHO and FIGO definitions of low
birthweight and preterm birth. However, with advancing perinatal care
the need for a more detailed classification of preterm infants becomes
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apparent. In the absence of an official subclassification, various
authors used different subclassifications of preterm birth in recent
papers, e.g. less than 28 weeks, 28-33 weeks, and 34-36 weeks, with or
without mentioning whether the last week has been completed or not.

In this study, gestational age will be referred to in days and, if
necessary, in completed weeks, i.e. 30 weeks = 210-216 days (postmen-
strual age, taking into consideration cycle irregularities or ultrasound
examinations whenever appropriate). The term "very preterm” is applied
to infants born with a gestational age of 1less than 32 completed
weeks (from 112 up to and including 223 days).

1.3.2 Incidence

Contrary to the large amount of data on the incidence of (very) low
birthweight, information on the incidence of preterm or very preterm
birth is scarce and often unreliable. Only few countries routinely
record gestational age of all live births (chapter 9.1).

In the absence of a national registration system in the Netherlands,
the only available data are provided by the "Nederlands Huisartsenge-
nootschap" (Dutch Society of General Practitioners). Their estimate of
the incidence of preterm birth in the Netherlands is 5.4% (Kloosterman,
1977).

In the United States of America in 1983, the birth certificates
of 49 States and the District of Columbia included the first day
of the mother's 1last menstrual period (New Mexico did not require
this information). The 1length of gestation for a given pregnancy
can be determined by calculating the interval between the onset of the
last menstrual period and the date of birth. If one takes into account
possible irregularities in the menstrual cycle, it becomes plausible
that calculated incidences of preterm birth are minimum estimates. In
1983, 9.6 percent of all infants were born preterm (prior to 37 comple-
ted gestational weeks). This percentage has risen slowly since 1981:
9.4% and 1982: 9.5% (National Center for Health Statistics, 1983).

In Norway, the Medical Birth Registry records all 1live births and
fetal deaths with a gestational age of 16 weeks or more since 1967. The
registry includes information on birthweight, gestational age, mother's
health during pregnancy as well as complications and interventions
during labour and delivery. During the years 1967 and 1968 a total of
135,731 1live births were studied by Bjerkedal et al (1973). They
reported on the distribution of male and female, singleton live births
in specific gestational age categories. The results are presented in
table 1.3.2.1.
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Table 1.3.2.1 Distribution of singleton 1live births according to
gestational age in completed weeks (Norway, 1967-1968)

gestational age male female total
(weeks) n n n %
28-31 411 273 634 0.5
31-33 516 406 922 0.7
34-35 1277 1031 2300 1.8
36-37 3860 3066 6926 5.5
38-39 18845 16587 35432 28.3
40-41 30817 30665 61482 49.0
>42 8856 8875 17731 14.1
total 64582 60903 125485 100.0

From data on the 1972-1973 cohort (total number of infants 124,584),
Hoffman & Bakketzig (1984) calculated the cumulative percentage distri-
bution of gestational age in completed weeks for singleton births. The
results are presented in table 1.3.2.2.

Table 1.3.2.2 Cumulative percentage distribution of gestational age in
completed weeks for singleton births (Norway, 1972-1973)

gestational age cumulative
(weeks) percentage
22-23 0.16
24-26 0.42
27-29 0.77
30-32 1.50
33-35 3.68
36-38 17.08
39-41 84.20
42-44 98.73

>44 89.97

unknown 100.00
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In the United Kingdom, the incidence of preterm birth was 5.3% in 1958
and 5.2% in 1970 (Alberman, 1977). A national survey in France showed in
1972 that 8.8% of all infants were born with a gestational age of less
than 37 weeks (Melchior & Berna rd, 1977). Creasy & Liggins (1979)
reported for New Zealand in 1975 an incidence of preterm birth of 6.7% .
More recently, in Finland, Piekkala et al (1986) found an incidence of
preterm birth of 6.6% (gestational age < 37 weeks).

In the Haguenau Perinatal Study in France, Papiernik et al (1985a,b)
demonstrated a decrease in the incidence of preterm birth as a result of
a prevention program. The incidence of preterm birth had fallen from
6.3% in 1971 to 4.2% in 1982.

Even less data on the incidence of live births are available for "very
preterm” 1infants (born with less than 32 gestational weeks). In the
United Kingdom, the incidence of very preterm birth was 0.7% in 1958 and
0.8% in 1970 (Alberman, 1977). In Norway, the incidence of very preterm
birth attained at least 0.5% in 1967 (table 1.3.2.1). In the United
States of America, 64,593 out of 3611,316 infants, liveborn in 1983, had
a gestational age of less than 32 weeks, resulting in an incidence of
very preterm birth of 1.78% (Nat. Center for Health Statistics, 1985).

Only studies based on the total populaticn of a geographically well
defined area have been presented for comparison because hospital based
reports are hampered by selection of cases. For instance, the highest
"incidences" of preterm births are reported by centres for in vitro
fertilisation and embryo transfer techniques. Lancaster (1985) reported
7% very preterm births (9 out of 138 infants born < 32 weeks) and 22%
preterm births (30 out of 138 cases born < 37 weeks).

1.4 Intrauterine growth retardation

It has long been recognised that not all low birthweight infants are
born too early (WHO, 1970), since birthweight depends on both the rate
of intrauterine growth and the duration of pregnancy. Although the use
of ultrasound has now made it possible to study intrauterine growth in
a longitudinal fashion, this tool has hitherto not been fully exploited
for epidemiological studies of intrauterine growth retardation. Virtual-
ly all data on both epidemiology and causes of intrauterine growth
retardation are based on “"growth charts" that are in fact weight-for-
gestational-age charts. Nevertheless, these charts have been very
helpful in understanding the tremendous range of variation in growth
and weight in and between various populations.

In the Netherlands, the "Amsterdam growth charts" made by Kloosterman
and Huidekoper (1969), are commonly used. These curves are based on the
birthweights of babies born between 1931 and 1965 in Amsterdam. Gesta-
tional age was calculated in completed weeks (40 weeks is 281-287 days).
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Corrections have been made for parity, infants' sex, and muitiple
pregnancy. The growth charts start at 25 gestational weeks and have the
shortcoming of containing only limited numbers of infants in the lower
gestational age categories. However, no new growth charts have been
made and hence the Amsterdam growth charts are the best available for
the Dutch population.

Infants born with a weight below the 10th percentile, are said to be
small for gestational age (SGA), and those with a birthweight below the
2,3 percentile are considered very small for gestational age (VSGA).
Both groups are believed to have suffered from intrauterine growth
retardation and carry an increased risk for perinatal mortality and
morbidity (Huisjes, 1981).

1.5 Intensive care

In 1922, a "premature infant station"” was opened in Chicago (Hess,
1953), the objective being "to provide care for premature infants born
in homes or hospitals not equipped with the necessities for their
complete care". Stewart et al (1981) described this as phase I: in the
absence of special treatment, few VLBW infants survived and almost none
weighing less than 1000 g; most of the survivors were said to be healthy
(Douglas & Gear, 1976).

In 1951, a new unit was opened. Now, a permanent, well-trained nursing
staff, aseptic nursing techniques, maintenance of body temperature,
careful and minimal handling, oxygen, use of breast milk, and careful
feeding regulation were seen as significant factors in neonatal care
(Stewart et al, phase II, 1950s and early 1960s; Rider et al, 1957;
Stewart et al, 1981). This led to a gradual decrease in the mortality,
initially accompanied by an increase in the number of handicapped survi-
vors. Technical progress was provided by the incubator, humidifier, skin
temperature monitor, glucose infusion, and tube feeding.

After 1965 (Reynolds, 1978) intensive care was introduced successively
in centres all over the world (Vapaavuori & Rdihd, 1970; Rawlings et al,
1971; Fitzhardinge & Ramsay, 1973; Fitzhardinge, 1975; Fitzhardinge et
al, 1976a, 1978; Kitchen et al, 1978, 1979; Jones et al, 1979b; Kumar
et al, 1980; Koppe & Treffers, 1981; Verloove & Ruys, 1982; Stahlman,
1984; Jivani, 1986): phase III had begun, characterized by a falling
mortality rate achieved "by more rational use of modern knowledge and
increasing sophistication of obstetric and neonatal care", without an
increase in the proportion of handicapped infants (Stewart et al,
1981). Cerebral palsy, one of the handicapping conditions associated
with very low birthweight, even showed a significantly decreasing inci-
dence, when calculated per 1000 liveborn infants (Hagberg et al, 1975;
Jarvis et al, 1985).
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In the years since then, the care has gradually been intensified:-
cardio-respiratory monitcring, IPPV, intravascular P,0z monitoring,
exchange transfusion, orogastric feeding, and servo-controlled incuba-
tors were followed by CPAP, transcutaneous P.02 monitoring, photother-
apy, transpyloric tube feeding, total parenteral nutrition, radiant
heater, and ultrasound detection of intracranial haemorrhage and patent
ductus arteriosus. The results of this type of care, as far as mortality
and handicap rate are concerned, will be discussed in chapter 2.

1.6 Situation in the Netherlands

In the absence of a national registration of birthweight and gestatio-
nal age of liveborn infants in the Netherlands, no data are routinely
available on incidence, morbidity or mortality by gestational age or
birthweight. Collecting data on all high risk newborns in the Nether-
lands would have involved 10,000 or more infants per year. We therefore
decided to collect data only on the smallest and least mature infants
with the highest risk of mortality and morbidity: the very low birth-
weight and very preterm infants.

Assuming an incidence of VLBW of between 0.5 and 0.7% (Lee et al,
1980a; Stewart et al, 1981) and a stable number of live births of
approximately 180,000 per year, this would imply a total of 900 to 1270
VLBW infants per year irn the Netherlands. Only some 500 VLBW infants per
year are admitted tc the 8 university hospital neonatal intensive care
units (NICU). Several of these units (Versluys, 1977; van Doornik et al,
1980; Koppe & Treffers, 1981; Hein et al, 1982; Sporken et al, 1982;
Verloove & Ruys, 1982; Dubois & Koppe, 1984; Kollée et al, 1984; Koppe
et al, 1984; Fetter et al, 1986) have recently published the results of
their intensive care treatment, including data on long term outcome.
Therefore, a similar number of infants per year must have been admitted
to general hospitals. No appropriate data were available about these
infants.

Evaluation of care of the high risk newborn is a necessity, particu-
larly regarding quality control and management of perinatal care at the
hospital, regional, and national level (Mitchell, 1985). Both in the
report on regionalization of neonatal care by the "Commissie Neonato-
logie van de Nederlandse Vereniging voor Kindargeneeskunde" (Working
Party on Neonatology of the Dutch Paediatric Association) (1978) and
in the recommendations on neonatal intensive care of the "Gezond-
heidsraad" (Health Council) (1983) a plea was made for regional or
national (follow-up) studies of high risk newborns, as well as a
national registration of perinatal data.

With the first objective in mind, the members of the "Sectie Perinato-
logie van de Nederlandse Vereniging voor Kinderaeneeskunde" (Division of
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Perinatology of the Dutch Paediatric Association) decided to collaborate
on collecting information on very low birthweight and very preterm
infants in their departments. Thus, the Project On Preterm and Small
for gestational age infants (POPS) was started.

1.7 Scope of the study

Evaluation of neonatal mortality alone is . insufficient for the
assessment of care. Postneonatal mortality and outcome in terms of later
morbidity and handicaps must be reported, based on data collected during
follow-up. For several reasons this is difficult to achieve: the infants
generally belong to younger families who change their residence fre-
quently (Mercer et al, 1978). When the infant appears normal, parents
(and physicians outside the field of perinatology) are not motivated to
continue control visits. When the infant is not normal, the same problem
may occur, e.g. with respect to developmental disorders and family
problems (Kiely & Paneth, 1981). In addition to these "avoidable"
losses, there are "unavoidable" cnes (death and emigration, Douglas &
Blomfield, 1955). In both categories, information about infants lost to
follow-up should be cbtained from family physicians, health clinics,
school physicians, etc. in order to estimate a possible selection bias.
Like mortality and handicaps, the rate of "lost to follow-up" should be
reported as a percentage of liveborn infants. A follow-up of 80 % of
survivors is considered reasonably successful (Dunn, 1986).

The duration of follow-up will depend on feasibility and cost fac-
tors. More than half a century ago, Ylppd (1919) and Capper (1928b) were
convinced that a rather long follow-up period (8 and 18 years respec-
tively) was needed for the recognition of subsequent disorders that
might hamper normal functioning 1in society, and most authors still
favour this point of view (Dunn, 1986).

However, little is known about the etiology of such disorders, and in
addition to perinatal factors other influences seem to play an important
role (Cchen SE et al, 1982; Sameroff, 1975). In order to estimate the
influence of perinatal factors without too much interference from other
sources, a shorter follow-up period may be preferable (Fitzhardinge,
1976b; Shapiro et al, 1980; Ross et al, 1982). Furthermore, a shorter
follow-up period requires less financial support, and the results are up
to date and therefore more useful to the perinatal practice.

In agreement with such considerations, the follow-up period in POPS
was limited initially to two years of age.
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1.8 Qutline of this thesis

In these combined theses, the obstetric and paediatric features of the
study population will be discussed as far as pregnancy, delivery, birth
and hospital stay after birth are concerned.

The final outcome of the study population, i.e. the total morta-
lity, morbidity, and handicaps at two years of age (corrected for
gestational age) will be reported at a later date.

Part 1 (chapters 2-4) contains an outline of the study. Chapter 2
presents a review of the extensive literature on intensive care for very
low birthweight and very preterm infants. In chapter 3, the objectives
of the present study are given, and in chapter 4, the methodology of
collecting, processing and analysis of the data is described and
discussed.

In Part 2, chapters 5-8, descriptive data are presented concerning
incidences, frequencies and distributions of various factors in the
perinatal period. Chapter 9 compares this study to data from other
sources available in the Netherlands.

In chapter 10, mortality rates are reported, while in chapter 11 the
causes of death are discussed. Chapter 12 deals with morbidity during
the neonatal and pocstneonatal hospital stay, and the short term outcome
of the surviving infants at the time of discharge home.

In Part 3, chapters 13-15, inferential statistics are presented.
Chapter 13 explains the methodology of the applied statistical tech-
niques. In chapter 14 and 15, a number of perinatal factors and events
are related to outcome in terms of mortality and short term morbidity.

In chapter 16 conclusions are drawn from the first part of this study
project.,
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PART 1 GENERAL ASPECTS OF THE STUDY

Chapter 2 Review of evaluative studies of intensive care for very low
birthweight and very preterm infants

1 Introduction

2 Trials

3 Regional studies

.4 Reviews

5 Reports from neonatal intensive care units
6 Discussion

2.1 Introduction

Traditionally, perinatal care has mainly been evaluated by observatio-
nal studies in small hospital-based populations (Chalmers & Sinclair,
1985). Only a few regional surveys, free of the selection bias adherent
to a hospital study, have been accomplished, and trials are scarce in
perinatal medicine (Bryce & Enkin, 1985; Chalmers & Sinclair, 1985).

In this chapter a review is presented of the current literature on
these subjects.

2.2 Trials

A controlled trial to assess intensive care versus routine care in
infants weighing 1000-1500 g, performed in Melbourne between 1966 and
1969, (Kitchen et al, 1978; 1979) showed a distinct improvement of
survival in the intensive care group (table 2.5.3), especially during
the second half of the study. Follow-up results indicated in both groups
a considerable reduction in the percentage of survivors with "serious”
handicap, as compared with an earlier period in the same hospital, but
"severe" handicaps were more common among the intensively managed
children than in the routine care group.

In Buffalo (N.Y.), distinct differences were found in the mortality
rate before and after a program of neonatal intensive care was institu-
ted (Egan et al, 1980): aggressive neonatal intensive care for the
smallest viable infants (600-800 g) improved survival tenfold (from 5%
to 52%), the handicap rate (13% of live births) was acceptable (Buckwald
et al, 1984) (table 2.5.7).

A randomized trial of the efficiency of immediate intubation and
stabilization of the airway in very low birthweight infants was effected
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in Melbourne 1in 1978 and 1979 (Drew, 1982). In the electively intubated
infants, survival was improved, (77 versus 51%), without a rise in early
or late complications. Long term results were not yet available.

2.3 Regional studies

A few regional studies in which bias due to sample selection was
minimized have been reported. In New York, a regional survey (Paneth et
al, 1982b) showed considerable differences between the neonatal mortali-
ty rates of low birthweight infants born in three kinds of hospitals:
"those with newborn intensive care units (level 3), those with capabili-
ties for the care of most premature infants (level 2), and those without
any special facilities for premature newborns (level 1)". Across the
entire range of birthweights of 501 to 2250 g, but especially in infants
over 1250 g, the neonatal mortality rate (adjusted for birthweight,
gestational age, race and sex) was significantly lower for level-3
hospitals (12.8%) than for both level-2 (16.3%) and level-1 units
(16.3%). The association between level of care and mortality could not
be accounted for by differences between groups.

With regionalization of perinatal services (as done in the Nova Scotia
Reproductive Care Program) (Peddle et al, 1983) the overall perinatal
mortality rate fell in the central tertiary unit as well as in the
regional and the community hospitals; the mortality rates of the other
hospitals approximated those of the tertiary unit.

Other regionalization programs for perinatal intensive care have also
been reported to be effective. In Columbus (Georgia) for example, after
institution of such a program, neonatal mortality in all birthweight
groups decreased considerably in the regional perinatal centre as well
as in the whole region (Thompson et al, 1976). In Alabama (Goldenberg
et al, 1983a, b; 1985d) and Colorado (Bowes, 1981) neonatal mortality in
the 500-2000 g birthweight group had clearly decreased in the same way
throughout the area after the regionalization of perinatal services.
Birthweight specific neonatal mortality rates were still lowest in the
regional perinatal centre, compared with the rest of the region.

In the Hamilton-Wentworth Region Study (Horwood et al, 1982) mortality
decreased after the introduction of intensive care, but there was no
significant change in later merbidity. The outcome of unreferred babies
was also included in a follow-up report (Saigal et al, 1982), thus
containing an unselected population, which gave a more realistic
picture of the total developmental pattern of VLBW infants (table
2.5.2). The improved survival rate was not associated with an increase
in the incidence of handicapping conditions.

A later study (Saigal et al, 1984) in a bigger area showed once more
improved survival rates in the 501-1000 g infants, with a comparable
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handicap rate (table 2.5.5). Unreferred infants all died (not implying
that referral could have saved them), and similar survival rates
occurred in referred and inborn infants.

In eight geographically defined populations in the United States where
a regionalization program was evaluated, a decrease in neonatal mortali-
ty rate was found at all birthweights including the VLBW group. This
decrease was accompanied by a slightly lower handicap rate (Shapiro et
al, 1983; McCormick et al, 1985a). In comparison areas the same kind of
shift of high risk pregnancies to tertiary centres appeared to have
taken place, and neonatal mortality had fallen as well. Similar results
were reported from North Carolina (Siegel et al, 1985; 1986): declines
in fetal and neonatal mortality rates as well as in birthweight specific
mortality rates were observed in both pilot and control regions. No
differences were reported in developmental and neurological outcomes of
the infants at 1 year except in language development and mother-infant
interaction.

2.4 Reviews

Evaluation of the efficacy of perinatal and neonatal intensive care
must be based mainly on careful assessment of reported results of
neonatal intensive care units, because further controlled clinical
trials of perinatal care are not considered feasible or morally accept-
able (Usher, 1977) and geographically defined population studies are
scarce (Pharoah & Alberman, 1981). Furthermore, comparison of studies
and units can be very difficult, due to differences in criteria,
definitions, selection of patients, and practices (Davies, 1976; Harper
et al, 1979; Pharoah & Alberman, 1981).

Even when such a comparison was made in the course of a collaborative
study (Bajuk et al, 1981; Kitchen et al, 1982a, b; 1983) in which
criteria and definitions were meant to be identical, differences in
neonatal management (early ventilatory support and parenteral feeding
for extremely preterm infants) led to differences in mortality rates,
and different perinatal factors appeared to affect survival. Unfavour-
able outcome in survivors was correlated with different perinatal
factors in the two Melbourne hospitals, and none of the factors (e.g.
short gestation; birthweight below 10th percentile; ventilatory support)
were shared (Kitchen et al, 1983).

In an appreciable number of reviews, surveys, and editorials, attempts
have been made to sort out the reported data.

Davies and Stewart (1975) reviewed papers dealing with infants born
since 1960 and found that the prognosis for survival and normal develop-
ment of LBW infants had improved in that period, compared with similar
infants born during the preceding 20 years. In survivors, an improvement
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of mean IQ of the VLBW group was accompanied by a reduction in major
handicaps.

Versluys (1977) provided data from 4 neonatal intensive care units in
the Netherlands and compared their results with international data. He
concluded that neonatal intensive care i{s worthwhile (though not
necessarily the only or the highest priority in perinatal care).

Hack et al (1979) thought that the prevailing optimistic attitude on
the immediate and long-term outcome of VLBW infants appeared to be
Justified.

An editorial in The Lancet (Anonymous, 1980) stated that neonatal
mortality in VLBW infants had improved remarkably, and that the handicap
rate, expressed as a proportion of live VLBW births, was approximately
constant.

Jones and Davies (1981) reported a gradual decrease in neonatal
mortality in many parts of the world and, starting with the 1970's
also a decline of morbidity in reports from centres with adequate
technological facilities. However, evidence that intensive care, besides
saving lives, also improved the quality of survival, was deemed more
difficult to come by. It was postulated, not only that further and more
widespread application of intensive care would not lead to any marked
change in the number of handicaps but also that the degree of handicap
might even increase.

Stewart et al (1981) reviewed 16 studies dealing with infants weighing
up to 1500 g at birth, and assigned all infants to one of four catego-
ries: "died, survived handicapped, lost to follow-up or survived
healthy”. These authors found the chances of survival to have trebled,
whereas the handicap rate had remained stable and relatively low at 6-3%
of VLBW 1live births. After phases I, II and III, the beginning of phase
IV was predicted: objective technigques such as computerized tomography
and real-time ultrasound will permit controlled trials covering proce-
dures designed to prevent death and brain damage, and will make it
possible to arrive at an ethically justifiable decision about with-
holding of further intensive care.

In a review of some of the above mentioned studies, Amiel-Tison and
Lebrun (1981b) also concluded that the mortality rate had dropped
considerably; the difficulty of assessing major handicap induced them to
plead for regular analysis of fetal and neonatal death as well as severe
sequelae by every perinatal team.

Sinclair et al (1981) reviewed the evaluation of special programs, in
an attempt to assess efficacy (does it work under ideal conditions),
effectiveness (does it work under normal "field” conditions), efficiency
(are the resources needed for the program spent usefully) and availabi-
lity (are the services accessible to babies who may benefit from
them). They found that efficacy had been tested in a number of rando-
mized controlled trials of specific elements and of “packages" of
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neonatal intensive care, mainly with the use of neonatal mortality and
morbidity as measure of outcome. About effectiveness they reported "a
continuing controversy, spawned by the lack of randomized controlled
studies and regional population studies". However, the decline in
birthweight specific mortality rates was thought to be most plausibly
explained by the steady improvement in perinatal medical care. The
effect on morbidity, reported in hospital studies as handicap rate in
survivors, was also considerable, but in population-based data no such
proof of effectiveness could be found. Availability had not yet been
studied at that time, and the same held for efficiency, which was
investigated later by the same group (Boyle et al, 1983).

Kitchen et al (1982d) gave a carefully balanced answer, based on a
large sample of inborn infants from two maternity hospitals in the
preceding 13 years: on the credit side decreasing mortality, higher
psychological test scores, and lower incidence of severe sensory
handicap at two years of age in survivors; on the debit side a substan-
tial increase of all forms of spastic cerebral palsy.

Allen and Jones (1986) concluded that, as the survival of extremely
low birthweight infants improves, these infants remain vulnerable to a
wide spectrum of morbidity. Although the data on the incidence of
spastic diplegia are controversial, the number of major handicaps seems
to decrease.

2.5 Reports from neonatal intensive care units

Consensus between studies from NICUs will remain impossible, espe-
cially regarding overall outcome of VLBW infants, as long as results are
expressed in different ways. For example, the handicap rate is still
usually calculated as a percentage of survivors, sometimes even without
mention of the mortality rate in the original sample, but on this
basis no conclusions can be drawn concerning total "poor", "adverse” or
"not satisfactory” outcome.

Since "death is indeed a major handicap”™ (Knobloch et al, 1982),
the only way that the outcome of liveborn infants can be properly
evaluated is by the inclusion of not only the neonatal mortality, but
also the postneonatal mortality due to perinatal problems (Kulkarni et
al, 1978; Harper et al, 1979; Hack et al, 1980; Keirse & Kanhai, 198la;
Philip et al, 1981; Haas et al, 1983; Kraybill et al, 1384; Yu et al,
1984b; Goldenberg et al, 1985c¢c; Beckwitt Turkel et al, 1986) and the
handicap rate, all three as a percentage of total liveborn infants.
Recently, this has been done in few papers (Stewart et al, 1978; Kitchen
et al, 1979; Bennett-Britton et al, 1981; Koppe & Treffers, 1981;
Kitchen et al, 1982c; Orgill et al, 1982b; Haas et al, 1983; Milligan et
al, 1984; Saigal et al, 1984).
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Tables 2.5.1-2.5.7 show data from a number of papers published since
1970, arranged according to birthweight and year(s) of study samples; in
addition, postneonatal mortality[1] and handicap rate[2] have been
(re)calculated as percentages cf total liveborn infants. A large number
of other publications could not be included, because such recalculation
was impossible due to lack of 1{information about either the follow-up
(Wallace & Goldstein, 1975; Thompson et al, 1976; Kopelman, 1978;
Reynolds, 1978; Stanley & Alberman, 1978; Bowes et al, 1979; Dunn et al,
1979; Gamsu et al, 1979; Haesslein & Goodlin, 1979; Hughes-Davies, 1979;
Jones et al, 1979b; Riegel et al, 1979; Roberton, 1979; Bowes & Simmons,
1980; Lee et al, 1980a,b; Milligan & Shennan, 1980; Staniey & Hobbs,
1980; Amiel-Tison et al, 198la; Hernandez et al, 1981; Mutch et al,
1981; Perkins, 1981; Cordero et al, 1982; Drew, 1982; Koops et al, 1982;
Moriette et al, 1982; Paneth et al, 1982b; Yu et al, 1982; Goldenberg et
al, 1983a,b; Gray et al, 1983; Rhodes et al, 1983; Brans et al, 1984;
Kollée et al, 1984; Teberg et al, 1984; Gérard et al, 1985; Goldenberg
et al, 1985a; Thompson & Khot, 1985) or about the original sample of
liveborn infants and the corresponding neonatal mortality (Teberg et al,
1977; Stave & Ruvalo, 1980; Hertzig, 1981; Rothberg et al, 1981; Bennett
et al, 1982; Fledelius, 1982; McCartonDaum, 1983).

2.6 Discussion

Trials, preferably randomized controlled double blind trials, are the
instrument of choice for evaluation of effectiveness of new procedures.

In perinatal care, there 1is a growing awareness that such trials
should be performed directly at the introduction of new treatments or
practices, and a number of multicentral or even multinational trials are
being undertaken. However, trials do not register trends over time, or
differences between hospitals or countries. For such purposes, epidemio-
logical surveys will still be needed.

Regional studies can be very useful in that respect as for instance
the Hamilton-Wentworth study (Horwood et al, 1982; Saigal et al, 1982;
1984) has shown. Most regional studies however have been undertaken with

[1] deaths on day 29-364, or "first year", due to perinatal problems

[2] includes so-called major, profound, severe, and serious handicaps,
according to Stewart and Reynolds' (1974) definition: "an abnormality
sufficiently severe to interfere with present or future normal function
in society”



Table 2.5.1 Outcome in infants 1000-2000 g
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Eaves 1970 Vancouver 1958-1965 <2041 502 | 16.3 28 19 3-4 lost to follow-up: 14%
Sabel 1976 Goteborg 1869-1970 1500-2000 55| 16 13 29
Michelsson 1983  Helsinki 1971-1974 1510-2000 | 208 | 13 5 18 5
Shennan 1980 Toronto (WCH) 1976-1977 1000-2000 124 | 9 08 56 | 15 1-2
Smith 1982 Oslo 1976-1977 <2000 10% R 62 | 18 50 19 42 cross-section of the
population
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Table 2.5.2 Outcome in infants =1500 g
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% of live births
Wright, FH 1972  Chicago 1952-1956 <1500 | 159 | 65.7 +20 [+75 10
Koppe 1981 Amsterdam (WG) 1959-1964  501-1500 245 | 75 9 84
Jones 1979a London (Ham.) 1961-1965 501-1500 595 16 127 74
Steiner 1980 Mansfield 1963-1971  501-1500 236 | 496 04 55 55 8 no intervention, no intens.
care; general hospital

Hunt 1982 San Francisco  1965-1969 =1500 I+R 100 | 52 3 20 75 8-11 chromos. abn. excl.

(Un. Cal)
Stewart 1978 London (UCH) 1966-1967 <1500 49% | 39 | 55 40 | 59 15-8
Calame 1972 Lausanne 1966-1968 =1500 admitted 185 | 58 36 62 1-4
Rawlings 1971  London (UCH)  1966-1969 <1500 68% | 149 | 47 06 3 51 3
Kitchen 1980 Melbourne(RWH) 1966-1969 <1500 | 456 | 629 55 68 8
Stewart 1974 London (UCH)  1966-1970 <1500 62% | 197 | 45 55* 45 | 55 3-8
Jones 1979a London (Ham.) 1966-1970 501-1500 63.0 24 70 72
Hunt 1982 San Francisco  1970-1975 =1500 128 | 359 46 203 61 4-8

(Un. Cal)
Michelsson 1984  Helsinki 1971-1974 =1500 | 116 | 51 6 57 9
Jones 1979a London (Ham.) 1971-1975  501-1500 519 0 134 65
Mercer 1978  Sydney 1971-1975 =1500 188 | 447 1.0 1.6 47 2-6
Bosch 1981 Bonn 1971-1977 <1500 138 | 514 14 0.7 53 1-7 <24 w. excluded

lost to follow up: 16%

Lam 1978  Singapore 1971-1977 <1500 admitted 140 | 53 36 57 lost to follow-up: 6%
Hommers 1976 Coventry 1973-1974 <1500 admitted 103 | 54 4 2 60 1-2
Klein 1985 Cleveland 1976 <1500 admitted 153 | 27 10 37 5 lost to follow-up: 21%
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Table 2.5.2 (continued)
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van Doornik 1980  Amsterdam (VU) 1973-1977 <1500 114 | 447 170 | 62
Saigal 1982 Hamilton-Wentw. 1973-1978  501-1500 |+ R 294 | 322 53 102 | 48 25  regional study
Galloway 1981 Inverness 1973-1978 VLBW 15% R 102 | 53 2 55 4 lost to follow-up: 24%
Fitzhardinge 1978 Toronto (HSCh) 1974 =1500 R 250 | 34 176 | 52 2
Bucci 1979 Rome 1974-1977 =1500 admitted 177 | 51 2 53 1-3
Paludetto 1979  Naples 1975-1977 =1500 admitted 68 | 65 1.5 | 66 1
Westgren 1982 Lund 1975-1978 <1500 | 72 | 264 83 | 35 2-5 singletons only
Knobloch 1982  Albany 1975-1978 <1501 | 159 | 47 126 | 60 2-5
Koppe 1981 Amsterdam (WG) 1975-1979 501-1500 |+ R 243 | 32 2 34
Lloyd 1984 Wolverhampton 1975-1979 =1500 158 | 54 3 63 | 63 general hospital
Ouden den 1984  Utrecht 1976-1978 =1500 R 170 | 30.6 53 | 36 1.5-3.5
Kitchen 1982 Melbourne 1977-1978  500-1500 86% | 440 | 295 123 | 42 2 prospective collaborative
(ab) RWH 258 | 28.7 124 | &1 study
QvMmC 182 | 30.8 120 | 43
Haas 1983. Tubingen 1977-1981  501-1500 245 | 29.8 82 | 38
Orgill 1982a Melbourne 1979-1980 =1500 81% 1 149 | 17 3 93 | 29 1 delivery-room-death
(QVMC) included
Astbury 1983  Melbourne 1979 =1500 102 | 21 3 1" 35 2 lost to follow-up: 11%
(QVMC)
Urrutia 1984 Toledo (Ohio) 1979-1981 VLBW admitted 376 | 25 48 | 30 1.5-3 lost to follow-up: 41%
Konstantinou 1984  Athens 1980-1982 =1500 | 326 | 55.8 52 61 lost to follow-up: 10%
Fetter 1986 Rotterdam 1979-1983 <1500 admitted 491 | 27 3 9.0 39 1 lost to follow-up: 10%

*1-25 months
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Table 2.5.3 Outcome in infants 1000-1500 g
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% of live births
Kitchen 1978 Melbourne 1966-1969 1000-1500 |, 233 contr. trial: i.c. vs. routine
1979 (RWH) admitted care; cong. malf. and
nursery hydrops excl.
intensive 260 16 14* 42* 8 comparison group:
care 2% handicaps
routine 36.1 04 5* 41+ 8 43% lost to follow-up
care
Sabel 1976  Goteborg 1969-1970 1000-1500 24 | 40 8 48
Kitchen 1983  Melbourne 1977-1978 1000-1500 |, RWH 156 | 141 16.6 31 2 collaborative study
(RWH + QVMC) I, QVvMC 94 | 191 106 | 30 2
Orgill 1982a Melbourne 1979-1980 1001-1500 |+ R 112} 9 89 | 18 1
(QVMCQC)

*profound and severe handicap; "significant” handicap excluded
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Table 2.5.4 Outcome in infants =1250 g
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Hatt 1972 Besangon 1953-1969 =1250 368 | 826 30 | 86 0.5-10
Fitzhardinge 1973 Montreal (RVH) 1960-1966 <1251, AGA 118 | 67 1 186 | 87 5 SGA excluded
Vapaavuori 1970  Helsinki 1966-1967 850-1250 admitted 49 | 55 4 59 2 congenital malformations
excluded
Dweck 1973  Birmingham 1968-1970 =1100 I+R 82 | 81.7 36 | 85 1-3
(Ala)
Kumar 1980 Philadelphia 1974-1977 =1250 | 132 | 545 53 | 60 1 majority black females
(selection bias)
Minkowski 1983 Paris 1976-1977 =1250 76 | 434 39 6.6 54 4-5 lost to follow-up: 8%
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Table 2.5.5 Outcome in infants =1000 g
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Nickel 1982 Seattle 1960-1972 =1000 831 1.7 54 | 90 6-18
Nars 1976 Basel 1963-1975 <1000 74 |1 730 27 27 78 1 lost to foliow-up: 8%
Alden 1972  Seattle 1965-1970 <1000 admitted 161 | 87 1.2 50 | 93 1-6
Stewart, AL 1977  London (UCH) 1966-1975 <1000 47% | 148 | 68 6 4 78 1-8 56% of deaths after electivi
withdrawal of i.c.
Grassy 1976 Madison 1968-1972 =1000 admitted 98 | 71 8.1 79 2-4
(680-1000)

Sabel 1976  Goteborg 1969-1970 500-1000 7] 57 0 57
Rathberg 1983 Hershey 1973-1976 =1000 24% | 69 | 64 101 74

(Pennsylv.)
Pape 1978 Toronto (HSCh) 1974 =1000 R 97 | 53 13 66 2
Bhat 1978 Chicago 1974-1976 <1000 62% R 69 8 58 | 83
Ruiz 1981  Syracuse (N.Y) 1976-1978 =1000 I+R 134 [ 649 52 134 | 83
Bavikatte 1980 Indianapolis 1977 =1000 85% R 56 | 553 53 53 66 1-15
Kitchen 1982 Melbourne 1977-1978 <1000

(a.b) RWH | 79 | 658 51 Al 2 collaborative study
1983 QvMC | 48 | 54.2 145 | 69 2

Driscoll 1982 New York 1977-1978 =1000 55% | 54| 518 40 13.0 69 1.5-3

(Col. Un.)




Table 2.5.5 Continued
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Yu 1979a Melbourne 1977-1978 =1000 40 36
(QVMC)
Orgill 1982b Melbcurne 1977-1980 <1000 44 1
(QVMC)
Orgill 1982a Melbourne 1979-1980 501-1000 43 108
(QvMC)
Hoskins 1983 Toronto (WCH) 1979-1980 =1000 32 85
Saigal 1984 McMaster 1977-1978 501-1000 54+ 10.2 regional study
Health Region
Walker 1984 Providence 1977-1981 500- 999 68 73 .3 lost to follow-up: 4%
Kraybill 1984  Chapel Hill 1980 <1001 46 T A | 3
Skouteli 1985 London (Ham.) 1979-1981 <1001 57 3 3 lost to follow-up: 7%
Yu 1986a Melbourne 1979-1983 500- 999 53 13
(QVMC)
Yu 1986b Melbourne 1977-1982 500- 999 515 36 122
(QVMC)

*in-hospital mortality.
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Table 2.5.6 Outcome in infants 750-1000 g
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Nelson 1980 Gainsville 1974-1979 801-1000 admitted 98 | 50 4 54 developmental evaluation

(Florida) only
Orgill 1982b Melbourne 1977-1980 751-1000 83% | 81 | 39 1 10 50 2

(QVMC)
Cohen, RS 1982 Stanford 1961-1976 751-1000 admitted 229 | 63 4 74 70 lost to follow-up: 6%
Hoskins 1983 Toronto (WCH) 1979-1980 751-1000 67 | 21 0 45 25

=14



Table 2.5.7 Outcome in infants =750/800 g
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Bennett- 1981 Toronto 1974-1977 700-800 R 65 138 79 15 no intensive-care-trans-
Britton (HSCh) <700 R 88.7 1.3 100 port system
Nelson 1980 Gainsville 1974-1979 =800 admitted 70 | 84 4 88 1-45 developmental evaluation
(Florida) only
Egan 1980 Butffalo (N.Y.) 1975-1977 600-800 I+R 44 | 95* 25 97 3-5 before aggressive
management
Hirata 1983 San Francisco 1975-1980 501-750 42% 1 60| 533 83 33 65 2-4
(Ch. Hosp.)
Kitchen 1982 Melbourne 1977-1978 <800 | RWH 43 | 837 47 88
(a.b) (RWH+QVMC) IQvMmC 19| 5§79 10.5 68
Egan 1980 Buffalo (N.Y) 1977-1979 600-800 I+R 58 | 48* 86 55 1-3 after aggressive
management
Bennett 1983  Seattle 1977-1980 <800 I+R 95| 80 31 83 0.5-3
Orgill 1982b Melbourne 1977-1980 501-750 83% | 26| 58 154 73 1-2
(QVMC)
Hoskins 1983 Toronto (WCH) 1979-1980 =750 1,78% MT 39| 51 0 15.0 66
Buckwald 1984  Buffalo (N.Y.) 1977-1981 500-800 I+R 147 | 56* 30 59 1

*postneonatal death included.
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the aim of showing effects of regionalization programs, or effects of
different levels of care. Actually a randomized controlled trial would
be the proper means of finding the answer to such questions, but factors
like place of birth, antenatal transport or adherent 1level of neonatal
care are not easy to randomize, and impossible to blind. Therefore a
regional study before and after the institution of a specific regiona-
lization program {s the usual way to evaluate such procedures (Chiswick,
1982). A1l of these studies (chapter 2.2) show the beneficial effect of
concentrating high risk deliveries at the tertiary units.

At the same time, these regional surveys can be used to follow trends
in mortality and handicap rate in certain groups of infants, for
instance the very low birthweight infants. Since regional studies
contain unselected populations, comparisons between them are often
possible.

This is not the case in reports from neonatal intensive care units.
Due to differences in selection mechanism, infants born in or admitted
to one unit will differ widely from those in another unit, with respect
to such factors as gestational age, birthweight, maternal disorders
during pregnancy, antenatal or neonatal transfers and condition on
admission to the unit. HNevertheless, after arranging all such reports
chronologically and recalculating them to render mortality and handicap
rates mere or less comparable (chapter 2.4), trends can be discerned.

A1l birthweight groups show a distinct gradual decline of the mortali-
ty rate, even the group below 750 g. Postneonatal mortality is steady at
about 1-5 % . The handicap rate shows some fluctuation, probably mainly
due to differences in the definition of handicap and duration of
follow-up. However, no tendency of the handicap rate to increase or
decrease can be discerned, not even among the smallest infants. Inevi-
tably there will always be a "buffer zone" of patients who survive with
some degree of handicap, wedged between those who survive intact and
those who die (Roberton, 1979).

For reasons of comparability, the handicap rate is best expressed as
a percentage of liveborn infants, because handicap rate, calculated as
a percentage of surviving infants, depends on survival rates. In table
2.6.1, this phenomenon 1is illustrated: in addition to the handicap
rates stated in tables 2.5.1-2.5.7 (as a percentage of liveborn infants)
we calculated the rates as a percentage of survivors, in the 14 largest
study populations. These latter rates show more variation, mostly due to
differences in survival rates.

As a result of the changes in the three rates (neonatal mortality,
postneonatal mortality and handicap rate), the "total adverse ocutcome”
is also decreasing steadily in all birthweight groups (figures 2.6.1-
2.6.4). These figures show that the handicap rate has virtually not
changed, while the mortality rate has decreased in all birthweight
groups.



Table 2.6.1 Handicap rate in VLBW infants, as a percentage of liveborn infants and as a percentage of surviving infants

|surviving infants

major handicaps

author study sample liveborn

year of sample criteria infants % of % of
publication n n (follow-up) % n liveborn surviving
Kitchen, 1980 1966-1969 500-1499 456 169 37 25 5 15
Saigal, 1982 1973-1978 501-1500 294 184 63 30 10 17
Kitchen, 1982b 1977-1978 500-1500 440 297 68 54 12 18
Urrutia, 1984 1979-1981 vLBwW 376 281 (127) 18 5 14
Konstantinou, 1984 1980-1982 =1500 326 144 (112) 44 17 5 15
Fetter, 1986 1979-1983 <1500 491 341 (307) 69 44 9 14
Alden, 1972 1965-1970 <1000 161 20 8 5 40
Stewart, 1977 1966-1975 <1000 148 39 26 6 4 15
Saigal, 1984 1977-1980 501-1000 255 117 (110) 46 26 10 24
Walker, 1984b 1977-1981 500- 999 247 78 ( 68) 32 18 7 26
Yu, 1986b 1977-1982 500- 999 196 88 45 24 12 27
Nelson, 1980 1974-1979 =800 70 1" 3 4 27
Bennett, 1983 1977-1980 <800 95 19 ( 16) 20 3 3 16
Buckwald, 1984 1977-1981 500- 800 147 65 ( 53) 44 5 3 9

6t
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Figure 2.6.1 In-hospital mortality @ and total adverse outcome O
(percentage of liveborn infants) in all studies described
in tables 2.5.1-2.5.7
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Except for a general impression of the total outcome, as mentioned
above, the picture given by the findings is very difficult to interpret.
Sometimes the different outcomes in seemingly comparable studies cannot
be explained. One of the most obvious reasons for this problem is the
lack of gestational age data. Most reports mention only a mean gestatio-
nal age, but sometimes not even that. This precludes proper classifica-
tion of the infants in categories related to the pathophysiology, e.g.
intrauterine growth retardation. Uneven distribution of gestational age
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Figure 2.6.2 In-hospital mortality @ and total adverse outcome O
(percentage of liveborn infants) in all studies on infants
with birthweight < 1500 g, described in table 2.5.2
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can introduce a considerable selection bias into the sample, as in the
study done by Kopelman (1978), where the relatively low rate of mortali-
ty is probably due to a large proportion of infants with longer gesta-
tion. In some studies, gestational age was used as the primary criterion
for the classification of infants (Perkins, 1981; Hein et al, 1982;
Kitchen et al, 1982c; Smith et al, 1982; Verloove & Ruys, 1982; Koppe,
1983; Lamont et al, 1983; Koppe et al, 1984; Milligan et al, 1684; Yu et
al, 1984a; Gilstrap et al, 1985; Shennan et al, 1985; Sporken, 13986).
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Figure 2.6.3 In-hospital mortality @ and total adverse outcome O
(percentage of liveborn infants) in all studies on infants
with birthweight < 1000 g, described in table 2.5.5
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Other authors use both gestational age and birthweight in some form or
other, mostly as approoriate for gestational age (AGA) or small for
gestational age (SGA) infants (Fitzhardinge, 1975; Fitzhardinge &
Pape, 1977; Commey & Fitzhardinge, 1979; Vohr et al, 1979; Kitchen et
al, 1982c; Yu et al, 1982; Calame et al, 1983; Goldenberg et al, 1985b).
Regrettably, the simultaneous use of gestational age and birthweight as
such for classification of infants is a rare occurrence (Koops et al,
1982; Goldenberg et al, 1984).



Figure 2.6.4 In-hospital mortality @ and total adverse outcome O
(percentage of liveborn infants) in all studies on infants
with birthweight < 800 g, described in table 2.5.7
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This review of the literature demonstrates a very clear decrease in
neonatal mortality during the last decades 1in all birthweight catego-
ries, coincident with the -introduction and further perfection of
neonatal intensive care. At the same time, the handicap rate, expressed
as a percentage of liveborn infants, remained virtually unchanged.

Consequently, the percentage of intact surviving infants increased
almost threefold.
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Chapter 3 Objectives of the study

3.1 Introduction

3.2 Choice of criteria for inclusion in the study
3.3 General objectives

3.4 Specific objectives

3.1 Introduction

As stated in chapter 1.5, the purpose of the study was to collect,
prospectively, data on a specific group of high risk newborn infants,
those with the highest risk of mortality and later handicaps, in order
to evaluate what happened to such infants in the perinatal period and
subsegquent years.

3.2 Choice of criteria for inclusion in the study

By investigating only VLBW infants (birthweight less than 1500 g) in
accordance with international practice, regardless of gestational age,
many authors have unwittingly mixed two basically different populations.
On the one hand, there are the very preterm infants, of which the
majority has a birthweight appropriate for their gestational age (AGA)
and a minority is small for gestational age (SGA) or very small for
gestational age (VSGA). On the other hand, there are the term or nearly
term infants, who are all SGA or VSGA. These two groups differ in
aetiology, neonatal morbidity and mortality, and may differ in outcome
(Touwen, 1986). Therefore, VSGA infants are often considered separately,
but still selected on birthweight criteria.

The study of such infants on the criteria of both birthweight and
gestational age provides a more comprehensive approach that is useful to
the paediatrician and the obstetrician alike. The sample selection bias
mentioned above can be avoided, and comparability will be increased not
only between centres and regions, but also in time (Battaglia & Lubchen-
co, 1967; Yerushalmy, 1970; Behrman et al, 1971; Lubchenco et al, 1972;
Harris et al, 1978; Anonymous, 1980; Philip et al, 1981; Koops et al,
1982). Comparison of the figures published by Koops et al in 1982, with
those of Lubchenco et al dating from 1972, shows an impressive overall
decrease in neonatal mortality. The infiuence of birthweight at any
given gestational age is unmistakable and the effect of gestational age
at a given birthweight is also very clear.

With these considerations in mind, we decided to study not only
birthweight, but also gestational age influences in high risk neonates.
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3.3 General objectives

The main objectives of the POPS-study were to obtain epidemiological
data (incidences, mortality and morbidity rates) on very low birthweight
or very preterm infants in the Netherlands, and to investigate relation-
ships of a variety of perinatal factors affecting these infants.
Recently, recommendations to this effect have been published by the U.S.
Department of Health and Human Services (Rosen, 1985).

Such data will then be available as a basis for health care planning,
as a standard for quality control for individual hospitals, and as a
historic control for future studies. Hypotheses can be generated on
feasibility and efficacy of procedures in neonatal care; these will have
to be tested in prospective trials.

Subsequently, the newly acquired knowledge will be put at the disposal
of all clinicians for use in medical practice and as an aid for parental
counseling. Finally, the data can be incorporated in teaching programs.

3.4 Specific objectives

Primarily, the study was meant to determine:

- incidence of liveborn very low birthweight infants

- incidence of liveborn very preterm infants

- demographic, geographic and obstetric backgrounds

- frequencies of perinatal procedures, including maternal and infant
referral and backtransport

- mortality rates and causes of death

- neonatal morbidity (e.g. incidence of congenital malformations,
idiopathic respiratory distress syndrome, intracranial haemorrhage and
septicaemia)

- morbidity in the first two years of life (e.g. handicap rate and
rehospitalization rate)

- resulting total adverse outcome

By analysis of the information collected on the pre-, peri- and
postnatal periods, combined with the above mentioned outcome data, we
hoped to elucidate relationships between perinatal factors and outcome.
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Chapter 4 Methodology

Introduction
Study design
Eligibility for entry into the study
Data collection
Data processing
Data analysis
1 Descriptive statistics
.2 Inferential statistics
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4.1 Introduction

Since the objective of the study was to obtain information that would
be relevant for the Netherlands as a whole, a survey in a geographically
defined area was required on at least a regional basis. The Netherlands
is a small, densely populated country (36,842 sq. km = 14,255 sq. miles,
14 million inhabitants) with 224 hospitals; nevertheless, there are
small regional differences in e.g. urbanization, socio-economic situa-
tion and access to care. To avoid any bias from such unintentional
selection, the survey was conducted throughout the country.

4.2 Study design

The optimal approach was thought to be a truly perinatal study, in
which obstetricians and paediatricians would collect information on
stillborn and liveborn infants from 16 weeks gestational age onwards;
however, a study of such scope was not feasible.

Therefore, paediatricians were asked to collect, prospectively, infor-
mation on liveborn infants with a gestational age of less than 32
completed weeks and/or a birthweight of less than 1500 g. The collected
data included pre-, peri- and postnatal information (chapter 4.4.) that
was entered on precoded forms by the attending paediatrician(s) during
the hospital stay of the infant.

For the surviving infants, a follow-up period of 2 years ensued
during which data were collected. At the age of 3, 6, 12 and 24 months
(corrected for gestational age) information on health, growth, develop-
ment, handicaps and psychosocial problems was recorded. The attending
paediatrician completed the precoded forms during or shortly after the
scheduled visits at the outpatient department, either in the hospital
near the home of the infant, or in the referral hospital, according to
local practice and the parents' preference.
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The choice of an observational study, carried out with the cooperation
of a great number of paediatricians, enabled us to collect currently
available information on all study infants in a standardized manner,
without implementing any new treatments. On the other hand, such a study
poses problems of inter-observer variability (Bax, 1983); therefore, the
information to be collected was restricted to conditions, diseases,
and treatments that were either generally accepted and used (e.g. number
of pregnancies, multiple pregnancy, infant's sex, pneumonia, inter-
mittent positive pressure ventilation) or defined precisely (e.g.
number of abortions, hypothermia of the newborn, septicaemia, reti-
nopathy of prematurity).

4.3 Eligibility for entry into the study

A1l infants, 1liveborn in the Netherlands in 1983, with a gestational
age of less than 32 completed weeks (less than 224 days) and/or a
birthweight of less than 1500 g, were eligible for entry into the study.

Life at birth was considered to be present in accordance with the
WHO-definition:"when the infant breathes or shows any other evidence of
life, such as beating of the heart, pulsation of the umbilical cord, or
definite movement of the voluntary muscles” (WHO, 1977). By including
all infants born in the MNetherlands, the study was geographically
defined by place of birth.

In accordance with FIGO-and WHO-recommendations, gestational age was
classified in categories of completed weeks, e.g. 30 weeks meaning 30
weeks and 0 days up to and including 30 weeks and 6 days (210 up to and
including to 216 days). Birthweight was classified into categories of
100 g, e.g. 1000 to less than 1100 g.

The upper limits of less than 32 completed weeks gestational age and
that of less than 1500 g birthweight were chosen 1in accordance with
internationally accepted standards, and because of the reduced mortality
rate beyond those limits. In choosing these 1limits, we followed the most
recent recommendations of the WHO (1977) and FIGO (1986).

The importance of adhering strictly to international standards for
classification cannot be overemphasized. Clinicians tend to round birth-
weights (and other measurements) to the next nearest round figure
(Verlcove et al, 1985a), resulting in artificially increased numbers of
infants with these "easy" weights, e.g. 1000 or 1500 g. Thus the choice
of the cut off points (e.g. below 1501 g or below 1500 g) influences the
distribution of {infants over specific categories (0ffice of Population
Censuses and Surveys, 1984). Consequently the reported mortality rates
are affected to such an extent (Hermansen & Hasan, 1983) that comparison
is of limited value. Reports such as the recently published volume on
"The tiny baby" (Vidyasagar, 1986) only add to the confusion.
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Contrary to WHO-recommendations (FIGO, 1982) to use a lower limit of
500 g or 22 weeks for national statistics, no lower limits were set. We
considered the collection of information on all infants who showed any
sign of 1ife of great importance, regardless of gestational age or
birthweight. Since our dataset comprises all birthweight and gestational
age categories, it is possible to calculate various rates (incidence and
mortality) according to different definitions. Especially with regard to
future use this is essential, because the criteria for "viability" of
today may easily be obsolete in only a relatively short period of time.
It is precisely the lack of information from the past on extremely low
birthweight infants, that hampers the epidemiologic research of today.

According to Dutch obstetrical definitions, any birth after a gesta-
tional age of 16 completed weeks 1is called “partus" and is entered
into the labour ward ledgers; these are easily accessible to the
paediatrician of the hospital. Therefore, it was possible to include in
the study infants who were never admitted to paediatric or neonatal
departments. This group included infants who died shortly after birth
in the delivery room after unsuccessful resuscitation by the paediatri-
cian, and infants who at birth were not attended by a paediatrician.

4.4 Data collection

The data to be collected were agreed upon during many discussions with
participating paediatricians, obstetricians and statisticians. In a
pilot study preceding the survey, the feasibility of data collection and
processing was tested.

For the data collection, precoded forms were used: one for the
perinatal period (appendix A), and four during the follow-up period at
3 months (appendix B), 6 months (appendix C), 12 months (appendix D) and
24 months (appendix E) of corrected age respectively. Another form
(appendix F) was used to record results from post mortem examinations.
A translation of the collected items is presented in tables 4.4.1
(perinatal period) and 4.4.2 (follow-up).

The forms were completed during the hospital stay and outpatient
visit, or shortly afterwards, and were sent to the study centre. They
were then entered into a registration system which enabled us, on the
one hand, to be aware of the number of infants entered into the study
and of any threatening loss to follow-up and, on the other hand, to keep
in touch with the attending paediatricians of all study infants. Before
the start of the study, the participating paediatricians received oral
and written instructions. During the study period, progress reports were
presented at the meetings of the "Sectie Perinatologie van de Nederland-
se Vereniging vecor Kindergeneeskunde" (Division of Perinatology of
the Dutch Paediatric Association). Detailed instructions and, if neces-
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Table 4.4.1 Collected data concerning perinatal period (the numbers

correspond to those on the registration forms used)

Mother

1. registration number POPS

2. date of birth

3. maiden name (first 3 letters)

4. postal code (place of residence)

5. education and occupation (mother and father)
health insurance: national health/private

6. ethnic origin: caucasian, mediterranean, asian, negroid or other (of
either parent)

7. marital status

Cbstetric history

8.
9.
10.
11.
12.
13.

14.

15,

16.
17.

18.

first day of last menstrual period

number of previous pregnancies

number of previous abortions

number of previous preterm deliveries

number of children alive

pre-existing maternal disease: heart disease, epilepsy, diabetes
mellitus, renal disease, hypertension

diseases during pregnancy: diabetes mellitus of pregnancy, isoimmu-
nization, hypertension

toxic agents during pregnancy: smoking, alcohol abuse, soft drugs,
hard drugs, methadon

hospital admission during and because of the index pregnancy
cardiotocographic tracings before labour (Fischer score < 5 or late
decelerations)

drug treatment: diuretics, antihypertensives, tranquilizers, anti-
epileptics, antibiotics, progestatives, asthma-therapeutics, others

Delivery/Birth of infant

19.
20.
21.
22.
23.
24,
25.

date of birth

time of birth

gestational age (best obstetrical estimate)

degree of reliability of gestational age

sex

fetal presentation

tocolysis (beta-mimetics, prostaglandin synthesis inhibitors,
others), together with glucocorticoid administration
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27.
28.

29.
30.
31.
32.
33.
34,
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use of oxytocic drugs during labour

induction of labour

mode of delivery: vaginal (vertex, vacuum, forceps, spontaneous
breech, breech extraction, version and extraction), caesarean
section (with or without labour and/or ruptured membranes)
cardiotocographic tracings during labour

sedatives and/or analgesic drugs

anaesthesia during labour and delivery

prolonged duration of ruptured membranes

chorioamnionitis

staining of amniotic fluid (clear, fetid, meconium or bloodstained)

Infant

35.
36.
37.
38.
39.
40,

43,
44,

45,
46.
47.
48.

49.
50.

51.

52.
53.
54,
55.

56.
57

birthweight

length at birth

head circumference at birth

paediatric maturity score (Dubowitz, Ballard, Finnstrdm, other)
Apgar scores

pH (umbilical artery, umbilical vein, capillary)

PCO2 (umbilical artery, umbilical vein, capillary)

singleton or multiple pregnancy; number of infants; birthing order
place of birth (perinatal intensive care centre in university
hospital, perinatal unit in general hospital, other obstetrical ward
with or without paediatric service, elsewhere)

transport (antenatal and neonatal)

infant transport service used

hypothermia

respiratory tract disorders (idiopathic respiratory distress
syndrome; wet lung; (congenital) pneumonia; atelectasis; air leaks;
interstitial emphysema; meconium aspiration; milk aspiration;
bronchopulmonary dysplasia; Mikity Wilson's disease)

persistent fetal circulation

persistent ductus arteriosus Botalli (treated by fluid restriction
and diuretics; indomethacin; surgical closure)

apneic spells (treated with caffein/theophylline; continuous posi-
tive airway pressure; intermittent positive pressure ventilation)
bradycardia

continuous positive airway pressure (days)

intermittent positive pressure ventilation (days)

intrauterine infection (haemolytic streptococcus Group B;
hepatitis B; herpes; cytomegalovirus; listeriosis; rubella;
toxoplasmosis; syphilis)

septicaemia

causative bacteria
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58.
59,
60.
61.
62.

64.
65.
66.
67.

69.

70.
71.

72.
73.
74.
75.

76.
7
78.

79.
80.
81.

82.

83.
84,
85.
86.

meningitis

highest serum bilirubin concentration

day of highest value

phototherapy

exchange transfusions (for hyperbilirubinaemia, septicaemia,
metabolic disorder, intoxication)

total parenteral nutrition; duration

transpyloric nutrition

necrotizing enterocolitis

intracranial haemorrhage (diagnosed by lumbar puncture; ultrasound;
computerized tomography scan; pulsatility index; postmortem)
localization (subependymal, parenchymal, subarachnoidal, intraven-
tricular, cerebellar, subdural)

convulsions

hydrocephaly, (ventricular dilatation, increased headcircumference;
treatment)

central nervous system disorders

peripheral nervous system disorders

retinopathy of prematurity

drug treatment (antibiotics, diuretics, digoxin, corticosteroids,
anticonvulsives, other)

congenital malformations (lethal, non-lethal)

description of congenital malformation

causes of death (congenital malformation; idiopathic respiratory
distress syndrome; intracranial haemorrhage; intrauterine infection;
septicaemia; necrotizing enterocolitis; other)

date of death

time of death

special features of death (spontaneous; intensive care withheld or
withdrawn; error or accident)

date of discharge from neonatal intensive care unit in university
hospital

date of discharge home

condition at discharge home

weight at discharge home

mental and psychomotor development at discharge home.




Table 4.4.2 Collected data concerning follow-up (the numbers

correspond to those on the registration forms used)

3.
4.
5.

7.

8.

29.
30.
31.
32.
33.

34,
35.
36.
37.
38.
39.

40.

41.
42,

date of visit to outpatient department

cause of loss to follow-up (death, family move, other)

length

weight

headcircumference

psychomotor development (according to Dutch standards, appendix G)
central nervous system disorders

peripheral nervous system disorders

convulsions

physical therapy

respiratory tract disorders (bronchopulmonary dysplasia, Mikity
Wilson's disease; other chronical disorders; repeated infections of
upper respiratory tract; repeated (broncho) pulmonary infections)
digestive tract disorders (feeding difficulties; infections)
inguinal and umbilical hernias

hearing disorder

visual disorder (retinopathy of prematurity, squint; other)
rehospitalization

consultation of other specialists (e.g. ophthalmology, ear-nose-
throat surgery, paediatric neurology, orthopedic surgery, physical
rehabilitation, paediatric cardiology)

psychosocial problems (crying, sleeping disorder, restlessness,
eating disorder, battering)

mother's height

father's height

At age 2 years (additional)

45,

46.

further particulars (congenital malformations detected at a later
age; disease presumably without relation to preterm /VLBW birth;
details of central nervous system disorder if present

conclusion of attending paediatrician concerning handicap: none,
minor, major
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sary, explications were given to minimize differences in interpretation
when collecting data. One of the members of the study group visited
nearly all hospitals involved, in order to maintain personal contact
with the participants to the study. In addition, frequent consultations
by telephone took place in both directions.

4.5 Data processing

Upon arrival at the secretarial office, all forms were checked by
one of the study team. Any incompleteness, ambiguity or other discrepan-
cy (such as between the last menstrual period and the stated gestational
age) was traced and crosschecked with the paediatrician concerned. The
data were then entered into the computer (IBM-3083 mainframe). A
plausibility-control system, written in PL/I, traced improbable values
(e.g. mother's year of birth later than 1970) or impossible combinations
(e.g. caesarean section, and no anaesthetics whatsoever) prior to
entrance into the database. Any questions resulting from these checks
were put to the paediatrician concerned once again, who then provided
the correct answers. No data were changed without permission from the
participating paediatrician. After this verification and correction of
the data, the final version was entered into the data base system. Data
management was performed with the Statistical Package for the Social
Sciences (SPSS-X 2.1), which was also used for analytical purposes.

During the study, summaries were produced at regular intervals for
management of the study and to keep the participating paediatricians
informed about their own part in the study, including loss to follow-up.

4.6 Data analysis

For the final analyses, the Statistical Package for the Social
Sciences (SPSS-X 2.1) and the Statistical Analysis System (SAS, 1982)
were used. SPSS-X was used primarily for all descriptive statistics and
reporting to the participants. SAS was used for logistic regression
analysis.

4.6.1 Descriptive statistics

From the database system, frequencies and rates were computed per-
taining to demographic data and events during pregnancy, delivery and
the period of hospital stay. These will be described in detail in
chapters 5-8 and 10-12.

As stated 1in chapter 3.2, the study cohort was designed to comprise
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several high risk categories simultaneously, based on gestational age
and birthweight criteria. In addition to the usual VLBW population, all
infants born before 32 weeks gestation were included even if they
weighed more than 1500 g at birth. Thus, at gestational ages under 32
weeks, all possible weights are considered, while at gestational ages
over 32 weeks only infants weighing less than 1500 g are included.

To study frequencies and rates more fully, the total study population
will be divided into the following subpopulations whenever appropriate:

- less than 32 weeks gestational age versus equal to or over 32 weeks

- less than 1500 g birthweight versus equal to or over 1500 g

- small for gestational age (chapter 7.5) and appropriate or large for
gestational age

The position of these subpopulations within the total study cohort is
depicted in figure 4.6.1. Similar graphics will be used in forthcoming
chapters to facilitate the understanding of the subgroups.

The tables presented in chapters 5-8 and 9-12 are for descriptive
purposes only. No statistical tests have been applied. Differences in
distribution as expressed by the cross tabulations should be inter-
preted on the basis of clinical relevance. Application of routine
statistics, such as chi squares, would have been inappropriate; the
underlying clinical research questions should be addressed in a multiva-
iriate way to avoid bias (chapter 4.6.2).

4.6.2. Inferential statistics

Besides describing our study population in terms of mortality and
morbidity, and discussing the difference from or similarity to the
existing literature on these subjects, we considered it of paramount
interest to analyse this large cohort of infants more thoroughly. In the
search for associations between a number of perinatal facters on the one
hand, and certain measures of outcome on the other hand, the method
commonly applied 1in neonatal 1literature until recently was to evaluate
separately the relationship between each perinatal factor and each
outcome. Usually Student t-tests or chi squares test statistics (univa-
riate analyses) were used. These procedures have a distinct disadvan-
tage: in using univariate analyses only, the many interdependencies
between the various factors cannot be taken into account. For instance,
the relationship between "mode of delivery” and neonatal mortality
should not be analysed just by itself; fetal presentation and gesta-
tional age, for example, have to be taken into account.

A multivariate analysis is especially suited for the study of the
relationship between two (or more) variables while controlling for cne
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Figure 4.6.1

Position of various subpopulations within the total study

cohort, by gestational age and birthweight
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or more other variables. The advantages of a multivariate over univa-
riate analysis can be summarized as follows:

1. Controlling for more "confounding" factors at the same time

2. Quantification of the prognostic influence of more than one factor
simultaneously

3. Assessment of "interaction" between factors

The choice of which factors to include in a multivariate analysis can
be made in several ways. The practice of using only the "significant"”
factors of a number of univariate procedures in a subsequent multi-
variate analysis (Bergman et al, 1985; Low et al, 1986; Ounsted et al,
1986) has a distinct disadvantage: factors not significantly associated
with the outcome in the univariate analysis, due to positive or negative
associations with other factors, may be wrongly omitted from the
multivariate analysis, which could lead to highly biased estimates and
misleading conclusions. It is far better to select perinatal factors in
advance. With the available literature and medical science as a basis, a
deliberate choice can be made. We used this procedure in the present
study: 31 perinatal factors were selected for inclusion into the
multivariate analysis. Each factor was studied in relation to all other
factors by scrutinizing crosstabulations. We decided not to include
three of the factors as such into the multivariate analysis because of
the number of missing data on these variables (chapter 14.1.2).

If the number of factors to be studied simultaneously in relation to
the outcome is small, stratification into subgroups can be a good
solution. However, in our study population we wanted to study many
perinatal factors in relation to several different measures of outcome.
We deliberately refrained from univariate statistical testing when
estimating associations between factors and outcome, and used multiva-
riate modeling techniques (such as logistic regression) to obtain
information on adjusted odds ratios, confounding effects, and interac-
tion effects. These methods can be applied very well to cohorts such as
our study population.

The logistic regression technique is well suited to obtain valid and
precise estimates of exposure-disease relationships, while controlling
(adjusting) for the effects of many other factors.

Chapter 13 presents details of the statistical technique used and
serves as an introduction to the later chapters. An excellent descrip-
tion of logistic regression in epidemiological research can be found in
Kleinbaum et al (1982).
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PART 2 DESCRIPTIVE STATISTICS

Chapter 5 Maternal data

5.1 Introduction

5.2 Maternal age

5.3 Ethnic origin

5.4 Socio-economic class

5.5 Marital status

5.6 Parity

5.7 History of preterm birth or abortion

5.8 Surviving infants from previous pregnancies
5.9 Pre-existing maternal disease

5.10 Summary

5.1 Introduction

The participating paediatricians prospectively entered data on a
cohort of 1338 infants, born alive in 1983 with a gestational age of
less than 32 weeks and/or a birthweight of less than 1500 g. The
population will be described in the following way: maternal data in
chapter 5; pregnancies and deliveries in chapter 6; study infants in
chapter 7; place of birth and transpert in chapter 8. In chapter 9 the
completeness of the study population wiil be discussed: the study cohort
comprises 94% of all such infants born alive in 1983 in the Netherlands.

The participating paediatricians entered each of the 1338 infants into
the study as an "individual patient". For each infant all variables on
the forms were recorded separately. Three hundred and twelve infants
were born after a multiple pregnancy and 1026 infants were born after a
singleton pregnancy (table 5.1.1).

Between January 1st and December 31st, 1983, none of the mothers
experienced another pregnancy that resulted in the delivery of an infant
eligible for inclusion into the study. All data regarding maternal
factors and pregnancies in chapter 5, refer to 1214 mothers and their
pregnancies.

The 1214 mothers of the study cohort are characterized by the follow-
ing parameters.
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Table 5.1.1 Outline of the cohort

mothers infants

singleton births 1026 1026
twins, complete sets 107 214
first only 26 26
second only 37 37
triplets, complete sets 7 21
incomplete 10 13
quadruplet 1 1

188 312

total 1214 1338

5.2 Maternal age

Maternal age was calculated in days as the difference between the date
of delivery and the date of birth, thus representing the exact age at
delivery. Maternal age ranged from 13 to 44 years. The distribution of
maternal age over the study population and over the general population
of mothers who delivered a baby in 1983 is presented in table 5.2.1 and
figure 5.2.1.

The population curve has been normalized in such a way that the areas
under both curves are proportionally equal (%). The curve of maternal
ages in the POPS-cohort is shifted to the left compared to the curve of
the total population. The mean age of the POPS-mothers was 27 years. In
the general population of mothers who delivered a baby in 1983 in the
Netherlands (170,246 births) the mean age at delivery was 27.9 years
(Centraal Bureau voor de Statistiek, 1985b).

The teenage mothers are an important group in the POPS-cohort, as is
demonstrated in table 5.2.1. Fifty nine (1.3%) of the 4666 infants born
to teenage mothers in the general population in 1983 in the Netherlands
were very preterm and/or very low birthweight infants. This is twice as
frequent as in the 20-34 year old group (table 5.2.2). The same phenome-
non is observed in cases with advanced maternal age: 22 out of 1465
infants (1.5%) born in 1983 to a mother aged 40 years or more, met the
criteria for inclusion into the POPS-study.
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Table 5.2.1 Maternal age at delivery

maternal age POPS-cohort general population
(years) n % n X
<19 59 4.4 4,666 2.7
20-24 334 25.0 40,304 23.7
25-29 516 38.6 74,862 44.0
30-34 290 21.7 39,263 23.1
35-39 78 5.8 9,686 5.7
>40 22 1.6 1,465 0.9
unknown 39 2.9 - -
total 1,338 100.0 170,246 100.0

Figure 5.2.1 Maternal age at delivery
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Table 5.2.2 Incidence of very preterm and/or very low birthweight
deliveries in various maternal age groups

maternal age incidence of very preterm and/or

(years) very low birthweight deliveries

n %

<19 59/ 4,666 1.3
20-24 334/40,304 0.8
25-29 516/74,862 0.7
30-34 290/39,263 0.7
35-39 78/ 9,686 0.8

>40 22/ 1,465 1.5
discussion

These findings agree with the majority of previous studies, e.g.
Miller & Handsieigh (1978) and Hall (1985). However, as has been
demonstrated in the 1958 British Perinatal Mortality Survey (Butler et
al, 1969), pregnancy in young mothers has been associated with several
adverse factors, such as illegitimacy, lower socio-economic class and
minimum education. Maternal age will be included in the analyses in
chapters 14 and 15.

5.3 Ethnic origin

Ethnic origin has been reported as an important factor influencing
perinatal outcome. However, the high socio-economic level of the popula-
tion as a whole, limits the significance of this variable in the cohort.
The ethnic origin of the POPS-mothers is presented in table 5.3.1.

discussion

No comparison has been made between the group of POPS-mothers and the
general population, because in the Netherlands the certificate of birth
only registers nationality. Since the immigration and subsequent natura-
lization of considerable groups of different ethnic origins, nationality
is not equivalent to race in the Netherlands. Roughly estimated, there
seem to be no notable differences in distribution of ethnic origin,
compared to the general population.
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Table 5.3.1 Ethnic origin

ethnic group n %

caucasian 1025 84.4
mediterranean 77 6.4
asian 50 4.1
negroid 42 3.8
other/unknown 20 1.6
total 1214 100.0

5.4 Socio-economic class

Socio-economic class cannot be represented by one single character-
istic, but is usually described by a variety of indices, such as
education, occupation of the father and/or mother, average income, mode
of health insurance or other variables. At the same time, it may be
closely related to other factors such as the use of antenatal care,
hygienic environment, alcohol consumpticn, and dietary and smoking
habits. Various studies point at the (inverse) relationship of social
class and preterm birth (Fedrick & Anderson, 1976).

As listed in table 4.4.1, in the POPS registration form questions were
asked about mother's and father's education and occupation and about
mode of health-insurance. Based on the stated occupation(s), each case
was classified in accordance with the "Beroepenklapper"” (a standard of
classification by profession) from Het Instituut voor toegepaste Socio-
logie in Nijmegen (van Westerlaak et al, 1975). The classes range from
1 (low) to 6 (high). Whenever parents had occupations with different
classifications, the highest class was chosen. In case of doubt, the
level of education and the mode of health-insurance were used to decide
between classes. Notwithstanding vigorous efforts of the secretarial
staff of the study centre, infoermation on socio-economic class was
complete in only 841 cases (63%). The distribution of socio-economic
class in "known" cases 1is presented in table 5.4.1. To facilitate
comparison with the general population in the Netherlands, we included
the distribution of socio-economic class in a random sample of 1046
persons in the Netherlands (Prinssen & Kropman, 1975) in table 5.4.1.
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Table 5.4.1 Distribution of socio-econcmic class

socio-economic study population random sample
class Dutch population

n 5 n %
1 (low) 83 9.9 116 11.4
2 254 30.2 369 35.3
3 258 30.7 231 22.1
4 68 8.1 179 17.1
5 62 7.4 39 9.5
6 (high) 116 13.7 52 5.0
total 841 100.0 1046 100.0
discussion

Unfortunately, in 37% of the study population no adequate information
was submitted on the original forms. It was decided to repeat the
questions on the form used for the follow-up investigation (form e.3,
appendix E). Supplementary data will be added in future. At present no
conclusions are justified regarding associations of socio-economic class
and outcome variables such as mortality.

5.5 Marital status

Detailed information on marital status and/or cohabitation of the 1214
mothers was recorded on the POPS registration form (table 5.5.1).

discussion

Marital status of the mother is recorded routinely on the certificate
of birth in the Netherlands. 1Illegitimacy depends upon the marital
status of the mother at the moment of delivery. Data on numbers and
percentages of illegitimate births have been compiled for a long time.
Since the beginning of this century, the percentage of illegitimate
births has declined from over 3% to approximately 1.3% during the
1950's. This includes infants born to mothers whose marriage had been
dissolved more than 306 days before delivery (Centraal Bureau voor de
Statistiek, 1979).
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Table 5.5.1 Marital status

relationship n %
married 1061 87.4
unmarried, but supported 108 8.9
unsupported 34 2.8
unknown/other 11 0.9
total 1214 100.0

Since the 1950's, the percentage and number of illegitimate births
have increased sharply, reflecting a change in public opinion with
regard to marriage. In 1983, the percentage of illegitimate births
in the Netherlands attained 7% (Centraal Bureau voor de Statistiek,
1985b). However, a considerable proportion of the unmarried mothers was
supported by a partner sharing their household. The group of truly
"single” mothers in the POPS cohort was small: 34 (2.8%).

5.6 Parity

According to Dutch standards, parity is defined as the number of
previous pregnancies terminating in either a live birth or a stillbirth
after 16 gestational weeks. The frequency and distribution are presented
in table 5.6.1.

Table 5.56.1. Parity

parity POPS-cohort general population 1983
n % n 5
nulliparae 535 44,1 74.602 43.8

multiparae 679 55.9 95.644 56.2
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discussion

Older studies (Butler et al, 1969) found increasing parity to be
related to an increasing frequency of spontaneous preterm birth. This is
in accordance with the tendency of preterm labour to repeat itself
(Keirse et al, 1978). In a recent study, Hall found preterm labour to be
more common in the first pregnancy (Hall, 1985). However, these studies
were based on cross-sectional data. Bakketeig and Hoffman (1981) have
shown that such studies are hampered by artifacts. They used data from
the Medical Registration of Birth in Norway, covering all births with a
gestational age of more than 16 weeks. In a subset of 81,400 mothers who
had both their first and second births registered during a seven year
study period, the risk of preterm labour proved to be decreasing with
successive pregnancies up to the fourth.

5.7 History of preterm birth or abortion

The 679 multiparous mothers had various obstetrical histories. Some
mothers had as many as eight previous pregnancies. The proportion of
mothers with an obstetrical history that included one or more preterm
births, defined as a birth from 16 up to and including 36 completed
weeks (112 up to and including 258 days), is shown in table 5.7.1. Of
the 679 multiparae, 200 mothers (29.4%) had such an obstetrical history.

Table 5.7.1 Number of previous preterm births in multiparous mothers

previous preterm births multiparous mothers
n n %

0 479 70.6

1 160 23.6

2 26 3.8

3 11 1.6

z4 3 0.4

total 679 100.0

A history of previous abortion (pregnancy ending before 16 gestational
weeks = up to and including 111 days) was present in 248 (36.5%) of the
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679 multiparous mothers. The number of previous abortions varied from 1
to 6 and is presented in table 5.7.2.

Table 5.7.2 Number of previous abortions in multiparous mothers

previous abortions multiparous mothers
n n %

431 3.4
175 5.8
53 7.8
12 1.8
0.4

0.4

0.3

N ooy
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discussion

A history of previous 1live birth with the infant weighing less than
2500 g, increases the likelihood of spontaneous preterm birth (< 37
weeks ) in subsequent pregnancies from 2 to 7-fold depending upon the
number of previous infants weighing < 2500 g (Fedrick & Anderson, 1976).
However, Bakketeig et al (1977; 1979) showed that the incidence of
preterm delivery in a second single pregnancy correlates far better with
the gestational age than with birthweight of the first single birth. In
76,938 cases for which birthweight and gestational age were known for
both the first and second births from 16 weeks of gestation onwards, the
over-all risk of preterm delivery in the second pregnancy was 4.9%, but
this percentage increased to over 205 if the birthweight of the first
birth was less than 2500 g and the gestational age was less than 34
weeks. The relative risk of a subsequent preterm delivery was 4 times
higher for mothers who had previously delivered preterm compared to
those who had not. This is in agreement with the findings of a retro-
spective study by Keirse et al (1978) of more than 8000 singleton live
births. They showed that the incidence of spontaneous preterm delivery
is closely related to a history of two or more pregnancies ending
spontaneously in the first trimester (<14 weeks) and one or more in the
second trimester (14-27 weeks) or from 28 to less than 37 completed
weeks. The risk of spontaneous preterm delivery was highest in patients
with previous deliveries between 28 and 37 weeks and lowest in those
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with only first trimester abortions. Up to now, there are no national
data available on the incidence and recurrence-risk of preterm delivery
in the Netherlands. Based on data collected by the "Nederlands Huisart-
sengenootschap” (Dutch Society of General Practitioners), the incidence
of births before the 37th gestational week is estimated around 5-6%,
comparable to the neighbouring countries (chapter 1.3.2).

In the past, there has been confusion about the late effects of
induced abortions. Whereas some authors (Liu et al, 1972; HWright et al,
1972) found a positive correlation between induced abortion and subse-
quent spontaneous preterm delivery, others have found no such associa-
tions in carefully controlled studies (Daling & Emanuel, 1975). The
reasons for these differences are unknown. In the Netherlands, there are
at present no indications that abortions, induced in the first trimester
of pregnancy, significantly increase the 1likelihood of spontaneous
preterm labour and delivery in subsequent pregnancies (van der Slikke &
Treffers, 1978). For practical purposes, in this study a composite index
was established to characterize a mother with a history of previous
preterm delivery (defined as a delivery from 16 up to and including 36
completed gestational weeks) and/or a history of two or more first
trimester abortions. In chapters 14 and 15 we shall focus on the
relationship between a history of preterm delivery or abortions and
neonatal mortality or morbidity.

Table 5.8.1 Surviving infants from previous pregnancies in
multiparous mothers

surviving infants multiparous mothers
n n %
0 186 27.4
1 313 46.1
2 121 17.8
3 33 ) 4.9
4 17 2.5
5 2 0.3
6 2 0.3
7 1 0.1
8 3 0.4
unknown 1 0.1

total 679 100.0
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5.8 Surviving infants from previcus pregnancies

In studying neoratal mortality and morbidity, parity by itself is
insufficient. In our opinion, the number of surviving infants from
previous pregnancies in multiparous mothers should be taken into
account as well. This parameter is of particular interest to the
mothers, since the result of a pregnancy is all that counts. Vlaanderen
(1983) demonstrated the tendency of mothers to repeat pregnancies until
the desired results have been achieved. Therefore, in addition to
parity, the number of surviving infants from previous pregnancies was
recorded. The frequencies are presented in table 5.8.1.

5.9 Pre-existing maternal disease
In table 5.9.1 the frequencies of maternal diseases are presented.

A1l recorded diseases were present before the beginning of the index
pregnancy.

Table 5.9.1 Pre-existing maternal disease

disease n %
hypertension 50 4.1
renal disease 23 1.9
heart disease 12 1.0
epilepsy 5 0.4
diabetes mellitus 4 0.3
no disease 1120 92.2
total 1214 100.0
discussion

Previous aetiological studies failed to establish a firm relationship
between pre-existing maternal disease and spontaneous preterm delivery.
Yet, adverse maternal conditions may lead to an increased percentage of
elective preterm deliveries, especially if the disease is associated
with poor fetal growth. For instance, hypertension has been associated
with low birthweight for a long time, but an association with spentane-
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ous preterm labour {s less certain.

The vast majority of mothers were healthy women. Because of the
small number of women with a pre-existing disease, all mothers with
(any) pre-existing disease have been brought together into a group with
a composite index variable named pre-existing maternal disease. In this
group, 82 mothers were delivered of 86 infants.

5.10 Summary

As stated in chapter 4, various subpopulations may be distinguished
within the total study population. The distribution of the discussed
maternal factors is not equal in the various subpopulations, possibly
as a result of the influence of these same factors. In crder to facili-
tate comparison between subpopulations, we present the distribution of
the various factors according to subpopulaticn in table 5.10.1.

As stated in chapter 5.1, each infant in the POPS-study was entered
into the study as an "individual patient". For the sake of clarity, in
the following chapters all variables will be counted per infant con-
cerned.



Table 5.10.1 Distribution of maternal factors over various subpopulations (numbers adjusted to the infants)

chapter  maternal factors total < 32 weeks = 32 weeks <1500 g = 1500 g AGA/LGA SGA
n = 1338 n = 1010 n =325 n = 1097 n =241 n = 884 n =454

n % n % n % n % n % n % n %
52 maternal age <20 yr 68 ( 5.0) 50 ( 5.0) 18 ( 5.5) 54 ( 4.9) 14 ( 5.8) 46 ( 5.4) 21 ( 4.6)
=36 yr 56 ( 4.2) 40 ( 4.0) 15( 4.6) 42 ( 3.8) 14 ( 5.8) 34 ( 4.0) 21( 46)
53 ethnic: caucasian 1135 (84.8) 857 (85.3) 275 (84.9) 928 (84.8) 207 (87.0) 740 (83.7) 395 (87.0)
non-caucasian 193 (14.4) 146 (14.4) 47 (14.5) 164 (14.9) 29 (12.0) 137 (15.5) 56 (12.3)
55 marital status 1169 (87.8) 889 (88.5) 278 (85.5) 943 (86.4) 226 (93.8) 775 (87.7) 394 (86.8)

(married)
56 parity >0 640 (47.8) 524 (51.9) 116 (35.7) 511 (46.6) 129 (53.5) 445 (50.3) 181 (39.9)
57 history of preterm 273 (20.4) 230 (22.8) 43 (13.2) 224 (20.4) 49 (20.3) 185 (21.7) 80 (17.6)
birth or abortion

59 pre-existing maternal 86 ( 6.4) 50 ( 5.0 35 (10.8) 77( 7.0) 9( 30 38 ( 4.5) 47 (10.4)

disease

18
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6.1 Introduction

In this chapter, we present and discuss obstetrical data concerning
pregnancies and deliveries in the study population. As in the other
chapters of part 2 of this thesis, the data will be presented by means
of descriptive statistics only and we shall refrain from univariate
statistics however tempting this may be. Application of univariate
statistical techniques would preciude controlling for confounding
factors and quantification of the prognostic influence of more factors
simultaneously (chapter 4.6.2). Most variables discussed in this
chapter will be included in the logistic regression analyses presented
in chapter 14 and 15.

Generally, the data will be presented for the cohort as a whole.
Whenever appropriate, the data on very preterm infants (< 32 weeks) and
very low birthweight infants (< 1500 g) will be presented separately.

Since one of the key concepts of the POPS-project is to analyse the
survival and development of the study population, each of the 1338
infants is considered as an individual case. Data concerning multiple
pregnancies and deliveries are presented in chapter 7.8. In forthcoming
chapters, special reference to twin and triplet infants will be made
when appropriate.
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6.2 Pregnancies complicated by diabetes mellitus

A diagnosis of diabetes mellitus prior to the index pregnancy was
present in 4 mothers, who all had a singleton pregnancy. They were
treated with insulin throughout their pregnancies.

Gestational diabetes, defined by Coelingh Bennink (1980) as a distur-
bance in glucose tolerance which occurs during, but disappears after
pregnancy, was present in 59 cases (4.4%). Half of this group, 29 cases,
was treated solely with a diet. The other half, 30 cases, received
insulin therapy which was started at various stages of pregnancy. No one
received oral antidiabetic drugs.

discussion

The observed frequency of gestational diabetes mellitus is high in
comparison to the general population. According to Coelingh Bennink's
(1980) estimate, gestational diabetes mellitus occurs in 1-2% of all
pregnant women. Since diagnostic criteria and treatment protocols vary
widely between different hospitals, we did not study (possible) associa-
tions between gestational diabetes mellitus and outcome variables.

Maternal diabetes mellitus has been associated with increased fetal
risk. Consequently, most obstetricians opt for a timely delivery by
either an induction of Tlabour or an elective caesarean section. In the
Netherlands, this usually takes place at 38-39 gestational weeks and
is, therefore, beyond the scope of this study. However, instability of
the diabetes or, more frequently, concomitant hypertension, may indicate
earlier intervention. Infants born from any such preterm delivery may
seem large, but this is a poor indicator of fetal development. Although
there is evidence of a delayed initial growth in diabetic pregnancies,
which can occur as early as the first trimester (Fog Pedersen & Mglsted-
Pedersen, 1979), this may later be either clouded or compensated for by
macrosomic influences.

6.3 Bloodgroup incompatibility

Evidence of haemolytic disease caused by Rhesus(D)isoimmunization was
found in 4 (0.3%) pregnancies. Three infants were born by elective
caesarean section at gestational ages of 27-38 weeks. One infant was
born after spontaneous labour at 31 gestational weeks. Three infants
survived and were discharged home.
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discussion

In previous years, Rhesus disease figured prominently on the list of
factors involved in preterm births, because this condition often causes
intervention to end pregnancy in the preterm period. However, since the
introduction of prophylactic anti Rhesus (D)immunoglobulin in 1969 in
the Netherlands (administered within 48 hours of delivery) the number of
sensitized women has been greatly reduced: in 1969, 3.5% of Rhesus
negative, pregnant women had a positive Coombs-test in the 32nd gesta-
tional week. In 1982 this percentage had declined by 85% to under 0.5%
(Bennebroek Gravenhorst et al, 1984).

6.4 Maternal hypertensive disorders

In spite of many efforts to establish international definitions and
standards, the classification of hypertensive disease in pregnancy is
stitl a matter of debate. The "Committee on terminology of the American
College of Obstetricians and Gynaecologists" recommended the following
grouping (Hughes, 1972):

1. Normotensive: mothers who have blood pressure readings recorded, but
none as high as 90 mm diastolic.

2. Pregnancy induced hypertension: a blood pressure in excess of 140/90
mm Hg, measured at least twice in the second half of pregnancy in a
previously normotensive mother.

3. Preeclampsia: acute hypertension arising after the 20th week of
gestation, together with abnormal edema or proteinuria, or both.

4. Eclampsia: the occurrence of one or more seizures in a mother with
preeclampsia. Epilepsy and other convulsive disorders must be
excluded.

5. Pre-existing or chronic hypertension: hypertension diagnosed before
the onset of pregnancy (any cause). This condition may be complicated
by a superimposed preeclampsia or eclampsia.

The frequencies of the various types of hypertensive disorder in
pregnancy in the cohort are presented in table 6.4.1.

Although the various types of hypertension may have different aetiolo-
gies, all cases with (any) hypertensive disorder in pregnancy were
brought together. The total number of cases was 300 (22.4%), of whom
126 (42%) were treated with antihypertensive drugs during pregnancy.

The difference in distribution of hypertension over the various
birthweight and gestational age categories is remarkable. While there is
little difference between successive 100 g birthweight categories, the
frequency of hypertension increases in advancing gestational age
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Table 6.4.1 Frequency of various types of hypertensive disorders

in pregnancy

condition infants
n %

normotensive pregnancy 1033 77.2
pregnancy induced hypertension 174 13.0
preeclampsia 73 5.5
eclampsia 6 0.4
pre-existing hypertension + no complication 30 2.2

+ preeclampsia 16 1.2

+ eclampsia 1 0.1
blood pressure not recorded 5 0.4
total 1338 100.0
categories. For instance, the group with a gestational age of less than

32 weeks experienced hypertension in 139 out of 1010 cases (13.7%)
versus 161 out of 325 (49.5%) cases in the group with a
of 32 weeks or more. In table 6.4.2, the distribution of hypertension in
pregnancy is presented according to gestational age categories, while in
table 6.4.3 the data are presented according to birthweight categories.

gestational age

Table 6.4.2 Hypertension in successive gestational age categories

gestational number of infants hypertension
age (weeks) n %
<23 8 0
24-25 67 1 148
26-27 180 11 6.1
28-29 307 39 1257
30-31 448 88 19.6
>32 325 161 49.5
total 1335 300 2245
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Table 6.4.3 Hypertension in successive birthweight categories

birthweight number of infants hypertension
(9) n $
<500 S 0 0.0
500-599 14 4 28.6
600-699 33 9 27.3
700-799 51 9 17.6
800-899 88 23 26.1
900-999 101 24 23.8
1000-1099 124 29 23.4
1100-1199 139 54 38.8
1200-1299 161 43 26.7
1300-1399 179 47 26.3
1400-1499 202 47 23.3
>1500 241 11 4.6
total 1338 300 22.4

A1l infants were classified as AGA or SGA by means of the Amsterdam
growth charts (Kloosterman, 1969). Infants with a birthweight below the
10th percentile have been classified as SGA (chapter 7.4). As might be
expected from the data mentioned above, we observed a large number of
SGA infants in the hypertensive group (table 6.4.4).

Table 6.4.4 Distribution of AGA and SGA infants according to

hypertension
blood pressure number of infants AGA/LGA SGA
n % n %
normotensive 1038 801 77.2 237 22.3
hypertensive 300 83  27.2 217 72.3

total 1338 884 66.1 454 33.9




88

discussion

Depending on definitions and patient selection, the reported inciden-
ces of hypertensive disorders in pregnancy in the medical literature
vary from 2.4% to 34% (Chesley, 1978; MacGillivray, 1983). The observed
incidence in the study population (22.8%) may be considered high, since
our study population represents the total population of very preterm and
very low birthweight infants.

The groups of patients with pre-existing hypertension and a super-
imposed hypertensive disease in pregnancy carry an increased risk for
both the fetus and the mother (Chesley, 1978). Fifty-one out of 300
cases (17%) with hypertension during pregnancy had pre-existing hyper-
tensive disease. Other authors found a slightly higher percentage (25%)
in their (selected) population (Wellen, 1953).

6.5 Smoking during pregnancy

Active smoking of cigarettes by the mother during pregnancy was
recorded in 387 (28.9%) out of all cases. Although explicit questions
were asked in the questionnaire, it 1is remarkable that this very item
has a high number of cases with missing information. The recorded
frequencies of smoking during pregnancy are presented in table 6§.5.1.

Table 6.5.1 Smoking during pregnancy

mother's smoking infants

n %
no smoking 785 58.7
from 1 up to 10 cigarettes per day 221 16.5
more than 10 cigarettes per day 166 12.4
no information recorded 166 12.4
total 1338 100.0

The distribution of cases with a mother who smoked cigarettes in
pregnancy shows some association with other perinatal factors. For
instance, the incidence of smoking mothers 1{s highest among very young
mothers and decreases with advancing maternal age (table 6.5.2).



Table 6.5.2 Distribution of infants of smoking mothers according to
maternal age

maternal age number of infants infants of smoking mothers
(years) n 5

<19 53 23 43.4
20-35 1044 350 33.5

>36 50 13 26.0
age unknown 25 4 4.0
total 1172 387 33.0

As described in chapter 5.4, socio-economic class is recorded in only
910 (68%) out of all cases. Although the number of unknown cases
restricts the validity, there is an interesting association between
socio-economic class and the incidence of smoking in pregnancy. In the
841 cases with both variables recorded, we observed a higher incidence
of maternal smoking in the lower socio-economic classes (table 6.5.3).

Table 6.5.3 Distribution of infants of smoking mothers according to
socio-economic class

socio-economic number of infants infants of smoking mothers
class n %
1 83 33 39.8
2 254 114 44.9
3 258 96 37.2
4 68 21 30.0
5 62 16 25.8
6 116 22 18.9

total 841 302 35.9
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discussion

As in other European countries, the incidence of smoking by women
has increased in the MNetherlands since the second world war (Russell,
1980). In 1979, de Haas and de Haas-Posthuma (1982) found that 55-60%
of the women in the 20-34 year old group smoked. The highest prevalence
of smoking occurred in the lower socio-economic classes.

Data on the incidence of smoking in pregnancy in the Netherlands were
collected by 317 midwives throughout the country. They found a decrease
in the incidence of smoking from 56% at the beginning of pregnancy to
46% during the rest of pregnancy (de Jonge & van der Klaauw, 1982).
These figures comply with data from other European countries.

Several authors reported a reduction in the average duration of
pregnancy in smokers compared to non-smokers of 1.4 to 1.8 days (Lowe,
1959; Buncher, 1969), whereas other authors did not find a difference in
length of gestation (Yerushalmy, 1964). However, the limited reduction
in the duration of pregnancy cannot account for the average 200 g
reduction in birthweight of infants of smoking mothers (van der Velde,
1985).

Although we do not have information on smoking during pregnancy in
12.4% of the cases, the observed 28.9% of cases with a smoking mother is
low in comparison to the general population in the Netherlands. We
did not look for further associations between outcome variables and
maternal smoking, because we considered the number of cases with
missing data on smoking too high for unbiased results.

6.6 Other intoxications during pregnancy

Consumption of alcoholic beverages in such quantities that the
consulting physicians classified the mother as an alcoholic, occurred in
7 cases (0.5%). All were singleton pregnancies. Four infants were born
with a gestational age of less than 32 weeks and 3 infants were born
with a gestational age beyond 32 weeks, all growth retarded.

The use of marijuana or other "soft drugs" was recorded for 6 mothers
who all delivered a singleton infant (0.4% of all cases). Only one of
these was born in the very preterm period with a gestational age of less
than 32 weeks (0.1% in that group). The remaining 5 cases were born with
a gestational age of more than 32 weeks, but with a birthweight of less
than 1500 g (1.5% in that group).

Addiction to "hard drugs" was recorded for 4 mothers, who all
delivered a singleton infant (0.3% of all cases). All 4 mothers used
" heroin as well as methadon during pregnancy. No attempt was made to
quantify the doses that were used. Three infants were born with a
gestational age of less than 32 weeks (0.3% in that group) and died. Two
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of these died of congenital malformations and one died of respiratory
problems after a birth at 24 gestational weeks. The fourth infant was
born with a gestational age of 36 weeks. This growth retarded but
otherwise normal infant (birthweight 1470 g) survived at least one year.
The results of the follow-up study will be presented in future.

discussion

During the last 15 years, many reports have drawn attention to the
harmful effects of maternal drinking during pregnancy (Rosett et al,
1983). Fetal growth can be severely reduced in the fetal alcohol
syndrome which is characterized by:

1. Prenatal growth retardation: birthweight may be reduced by as much
as 1200 g at term when compared with controls, and bodylength by as
much as 5 cm (Bierich, 1978).

2. Congenital malformations: mostly skeletal, cardiac and genital

. Characteristic facial dysmorphology.

4. Disturbance of mental development.

w

Three of the 7 infants with mothers, addicted to alcohol, were "growth
retarded". Two of these SGA infants and one AGA infant had congenital
malformations other than those characteristic for the fetal alcohol
syndrome. Three of the 7 infants born to an alcoholic mother died in
the neonatal period. Results of the follow-up investigations of the
surviving infants will be published when completed.

The personal use of marijuana is tolerated by the Dutch authorities.
No official registry exists, but this soft drug i{s not uncommon. There
is a strong association with smoking. Although previous reports have
cautioned against the potential hazards of marijuana during pregnancy
(Marihuana and Health, 1976), those reports do not provide conclusive
evidence for severe ill-effects of marijuana itself.

The observed incidence (0.3%) of cases with mothers who are addicted
to hard drugs may be considered high for the Netherlands. Soepatmi
(personal communication, 1986) estimates the number of babies born to
mothers addicted to hard drugs in Amsterdam around 70-80 per year and in
the country as a whole 150-200 per year. This results in an incidence of
0.1% of 1live births. The use of heroin during pregnancy has been
associated with shortened gestation as well as with reduced weight for
gestational age (Hogerzeil et al, 1982). The small number of observed
cases precludes conclusions on the higher incidence in the cohort.
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6.7 Use of medicatfon during pregnancy and delivery

The use of drugs prescribed during pregnancy was recorded with the
exception of iron and vitamin supplements, because these are considered
"routine" drugs during pregnancy. The recorded number of cases exposed
to drugs in utero was during pregnancy 796 (59.5%), and during delivery
869 (64.9%). The majority of cases has been exposed to several drugs
during pregnancy and delivery that have been used concurrently or one
after the other.

Inhibition of preterm uterine contractions was attempted in 591 out of
1338 (44.2%) cases and will be described in more detail in chapter 6.10.
One hundred and ninety infants (14.3%) were born after a pregnancy in
which the mother received glucocorticoids to accelerate fetal pulmonary
maturation. These cases will be described in chapter 6.11.

Apart from the above mentioned tocolytic drugs and glucocorticoids,
other drugs were used in 398 (29.7%) cases. The observed pharmacological
groups and frequencies are presented in table 6.7.1.

Table 6.7.1 Drugs used during pregnancy

pharmacological group infants
n %

diuretics 33 2.5
anti-hypertensive drugs 126 9.4
sedatives 103 7.7
anti-epileptic drugs 16 1.2
antibiotics 141 10.5
progestagens 23 1.7
anti-asthma drugs 11 0.8
various other drugs 112 8.4

The drugs used during labour and delivery are presented in table 6.7.2.
discussion

In spite of tragedies such as the "thalidomide-affair", drugs are
still frequently prescribed and used during pregnancy. Although Eskes
et al (1983) found a decrease in the use of medication from 82.7% to
71.7% during the years 1974-1977, this percentage is still alarmingly



Table 6.7.2 Drugs used during labour and delivery

pharmacological group infants

n 5
oxytocic drugs 35 2.6
prostaglandins 4 0.3
pethidine 40 3.0
diazepam 71 5.3
other sedatives 61 4.6
local analgesics 77 5.7
epidural analgesia 56 4.2
general anaesthesia 525 39.2

high. The observed frequencies of medication in the POPS-cohort are
lower than expected for a population with complicated pregnancies.
The interpretation of the effects of drugs is hampered, because many
cases received more than one drug at a time.

The use of medications, of excess alcohol, heroin, and marijua-
na as well as maternal smoking all have a potential deleterious influ-
ence during pregnancy. Therefore, the exposed cases were brought
together in one group with a composite index: "medication and intoxica-
tion during pregnancy”. The total number of exposed cases is 668 out of
1338 (49.9%). In chapters 14 and 15 we shall analyse possible associa-
tions with outcome parameters.

6.8 Premature rupture of membranes

Premature rupture of the membranes is defined as a spontaneous
rupture of the fetal membranes which occurs at any moment before the
onset of labour. The period of time elapsing from the moment of rupture
of membranes to the moment regular uterine contractions start, is
designated the "latent period”.

A diagnosis of premature rupture of membranes had been established in
517 cases (38.9%). Since clinical management relates particularly to
gestational age, it is worth mentioning that there are differences in
incidence when one considers infants with a gestational age of less than
32 weeks versus older infants. Of the 1010 cases with a gestational age
of less than 32 weeks, 453 (45.5%) had premature rupture of membranes,
whereas this diagnosis was made in only 64 (19.6%) of 325 cases with a
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gestational age of 32 weeks or more.

In cases

with premature rupture of membranes, the latent period has

been recorded. For practical purposes, the various latent periods have

been stratified

into four groups. The observed frequencies of premature

rupture of membranes in relation to the latent period are presented in

table 6.8.1.

Table 6.8.1 Number of cases with premature rupture of membranes in

relation to the

latent period

latent period infants
n %
not ruptured 812 60.7
<12 hours 231 17.3
12-24 hours 46 3.4
1- 7 days 149 11.1
> 7 days 91 6.8
not reccrded 9 0.7
total 1338 100.0

In 309 out of 517 cases (59.7%) with premature rupture of membranes,
beta-mimetic drugs have been administered to inhibit secondary uterine
contractions, with the aim to prolong pregnancy. In 182 cases (58.8%),
this tocolytic therapy was successful for a period of at least 24 hours,
but in 127 cases (41.1%) the course of this therapy did not last that
long. The cases in which more than 24 hours elapsed between the moment
of rupture of membranes and the moment of delivery are described in
chapter 6.9.

A well-known complication of premature rupture of membranes is
chorioamnionitis caused by an ascending infection. On clinical grounds
(fever and/or leucocytosis), a diagnosis of chorioamnionitis had been
established in 100 cases. The association between chorioamnionitis and
the duration of the latent period is illustrated in table 6.8.2.

discussion

Premature rupture of membranes is a fairly common event, occurring in
appreoximately 10% of all pregnancies (Head, 1980). The incidence
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Table 6.8.2 MNumber of cases with chorioamnionitis according to the
duration of the latent period

latent period number of infants chorioamnionitis
n %
not ruptured 810 10 1.2
<12 hours 230 7 3.0
12-24 hours 46 12 26.1
1- 7 days 149 52 34.9
> 7 days 91 19 20.9
total 1326 100 7.6

shows an inverse relationship with gestational age, and in preterm
studies 1ike ours, higher incidences have been reported (Kanhai, 1981;
Schutte, 1983). The observed incidence of 45.5% in cases with a gestati-
onal age of less than 32 weeks must be considered high.

The aetiology of premature rupture of membranes is unknown and may be
different at various gestational ages. In the preterm period the
aetiology may include subclinical infection in a number of cases. In
this cohort, we observed a sharp rise in the incidence of overt chorio-
amnionitis when the latent period exceeded only 12 hours. After this
initial rise in the incidence of chorioamnionitis, the association with
the duration of the latent period is less clear. In 240 out of 517 cases
(46.4%) the latent period exceeded 24 hours. Data on these cases are
presented in chapter 6.9.

6.9 Prolonged duration of ruptured membranes

Prolonged duration of ruptured membranes designates those cases in
which a period of at least 24 hours elapses between the moment of
membrane rupture and the onset of labour.

The observed frequency of prolonged duration of ruptured membranes in
the POPS-cohort is 17.9% (240 cases). In 149 cases, the time interval
between the rupture of membranes and the onset of labour is 1-7 days and
in 91 cases the duration exceeds 7 days.

In agreement with current standards in obstetric care in the Nether-
lands, most cases with prolonged duration of ruptured membranes have
been admitted to hospital for observation. Out of 240 cases, 225 (94%)



96

have been admitted for periods of varying duration. Fifteen cases (6%)
were admitted only after labour had begun.

Although the percentage of cases with prolonged duration of ruptured
membranes was nearly the same in all 100 g birthweight groups, the
incidence of prolonged duration of membrane rupture is higher in the
younger gestational age groups (table 6.9.1).

Table 6.9.1 Prolonged duration of ruptured membranes in successive
gestational age categories

gestational number of infants prolonged duration of
age (weeks) ruptured membranes
n %
<23 8 0 0.0
24-25 67 16 23.9
26-27 180 46 24.2
28-29 307 64 25.5
30-31 448 100 22.3
>32 325 14 4.3
total 1335 240 18.0

In accordance with this finding are the higher incidences of tocolysis
and administration of glucocorticoids in cases with proicnged duration
of ruptured membranes. Out of 240 cases with prolonged duration of
ruptured membranes, 182 (76%) received tocolytic treatment, versus 409
out of 1098 cases (37%) without. In 47 out of 240 cases (20%) with
prolonged duration of ruptured membranes, the mother received glucocor-
ticoids in an attempt to accelerate fetal pulmonary maturation, whereas
the incidence in cases without prolonged duration of ruptured membranes
was 143 out of 1096 (13%).

The well-known association between prolonged duration of ruptured
membranes and chorioamnionitis is confirmed by this study. The incidence
of chorioamnionitis is ten times higher in cases with prolonged duration
of ruptured membranes as is illustrated in table 6.9.2.

The association between neonatal septicaemia as diagnosed by the
paediatrician on clinical grounds after delivery (chapter 12.5), and a
history of prolonged duration of ruptured membranes is illustrated in
table 6.9.3.
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Table 6.9.2 Distribution of cases with chorioamnionitis according
to prolonged duration cf ruptured membranes

fetal membranes number of infants chorioamnionitis
n 5

intact or ruptured

<24 hours 1094 29 2.6
prolonged rupture 240 1 29.6
total 1334 100 7.5

b4

Table 6.9.3 Distribution of cases with clinical septicaemia according
to prolonged duration of ruptured membranes

fetal membranes number of infants clinical septicaemia
n 5

intact or ruptured

<24 hours 1091 346 31.7
prolonged rupture 238 98 41.2
total 1329 444 33.4
discussion

The presented data reflect to some extent the conservative approach
Dutch obstetricians take when managing a pregnancy in which the mem-
branes rupture spontaneously in the preterm period. Most cases have been
admitted to hospital for close observation (94%).

Whether a cause or a result of preterm, premature rupture of membranes
(Thomsen et al, 1987), intrauterine infection is potentially a serious
complication. Of the cases with prolonged duration of ruptured membranes
76% received tocolytic treatment with the aim to prolong pregnancy. In
spite of the controversy around the administration of glucocorticoids to
women with preterm, premature rupture of membranes (Simpson & Harbert,
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1985; Morales et al, 1986), 20% of the cases with prolonged duration of
ruptured membranes received such treatment.

The observed association between prolonged duration of ruptured
membranes and chorioamnionitis is unexpectedly strong (Wilson et al,
1982), but the association between prolonged duration of ruptured
membranes and septicaemia is difficult to interpret. All cases with
clinical septicaemia have been brought together and so the group
includes cases with "early" neonatal septicaemia related to obstetric
infection, as well as cases with "late" neonatal septicaemia related to
factors in the neonatal period.

6.10 JTocolysis

Tocolysis is defined as the suppression of uterine contractions.
Medical drugs used by obstetricians to arrest the course of preterm
labour are termed tocolytics.

Use of tocolytic drugs has been recorded when the therapy lasted at
least 24 hours. Very short lasting courses of therapy were not recorded,
because in such cases a distinct prolongation of the pregnancy had not
been achieved.

On pharmacological grounds, three major groups of tocolytic drugs were
distinguished: beta-mimetics such as ritodrine and phenoterol, prosta-
glandin synthesis inhibitors such as indomethacin, and a third group
comprising all others. The pharmacological groups and the observed
frequencies of their use are presented in table 6.10.1.

Table 6.10.1 Tocolytic drugs used during pregnancy

pharmacological group n %
beta-mimetics 582 43.5
prostaglandin synthesis inhibitors 49 3.7
others 12 0.9

Fifty-two cases received tocolytic drugs from more than one pharmaco-
logical group, e.g. a beta-mimetic drug and a prostaglandin synthesis
inhibitor. Tocolytic drug therapy of at least 24 hours duration has
been administered to 591 cases (44.2%). These 591 infants emanate from
515 pregnancies: 410 were singleton infants and 181 cases were part of a



multiple pregnancy.

The difference in the percentage of cases with tocolysis in the
various birthweight and gestational age categories 1is remarkable.
Tocolysis occurred more frequently in cases with a gestational age of
less than 32 weeks: 533 cases (52.8% in that category), whereas there
were only 58 cases with a gestational age of more than 32 weeks (17.8%
in that category). It should be noted that this latter category com-
prises many SGA infants (chapter 7.4). A postponement of delivery was
often contra-indicated.

In the birthweight categories, the inverse trend was observed. Tocoly-
sis occurred less frequently in infants with a birthweight of less than
1500 g: 445 cases (40.6% in that category) versus 146 cases (60.6%) with
a birthweight of more than 1500 g but a gestational age of less than 32
weeks. In tables 6.10.2 and 6.10.3, the distribution of tocolysis is
presented according to gestational age and birthweight categories
respectively.

Table 6.10.2 Tocolysis in successive gestational age categories

gestational number of infants . tocolysis
age (weeks) n %
<23 8 3 37.5
24-25 67 31 46.3
26-27 180 98 54.4
28-29 307 165 53.7
30-31 448 236 52.7
>32 325 58 17.8
total 1335 591 44.3

In agreement with the above mentioned difference in the distribution
of tocolysis over birthweight and gestational age categories is the
observation of a lower incidence of small for gestational age infants in
cases treated with tocolytics. This phenomenon 1is illustrated in table
6.10.4.
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Table 6.10.3. Tocolysis in successive birthweight categories

birthweight number of infants tocolysis
(9) n %
<500 5 1 20.0
500-599 14 ' 5 35.7
600-699 33 6 18.2
700-799 51 22 43.1
800-899 88 41 46.6
900-999 101 47 46.5
1000-1099 124 53 42.7
1100-1199 139 43 30.9
1200-1299 161 67 41.6
1300-1399 179 68 38.0
1400-1499 202 92 45.5
>1500 241 146 60.6
total 1338 591 44.2

Table 6.10.4 Distribution of tocolysis according to "appropriate” and
"small" for gestational age

classification number of infants tocolysis

n 5
AGA/LGA 884 477 53.9
SGA 454 114 25.1
total 1338 591 44.1
discussion

Although various therapeutic measures such as bedrest and diets have
been employed in attempts to reduce the incidence of preterm delivery,
tocolytic drugs are used increasingly to inhibit untimely uterine
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activity. In 1983, prostaglandin synthesis inhibitors were not (yet)
generally accepted for the treatment of preterm uterine contractions.
Beta-mimetics were obviously the drugs of choice since 582 out of 591
cases (98.4%) with tocolysis have been treated with these drugs for a
period of at least 24 hours. The low frequency of tocolysis in cases
that are small for gestational age suggests careful selection of
cases by the obstetricians. Symptoms of placental insufficiency are
sometimes considered a contra-indication for the use of tocolysis.

Obviously, none of the presently used beta-mimetics can qualify
as the perfect tocolytic agent to arrest preterm labour, as is demon-
strated by the number of preterm deliveries that occurred in these
gestational age categories in spite of tocolytic treatment. Neverthe-
less, Falck Larsen et al (1986) and Leveno et al (1986) showed that
beta-mimetics can inhibit preterm labour in the initial stage, resulting
in a gain of 24 hours to a few weeks in the duration of gestation.
Possibly, such (short) gains are important to increase the chances of
survival. In any case, the advantage of a short increase in the duration
of pregnancy is the possibility of an antepartum transport of the mother
to a more specialized hospital with a neonatal intensive care unit or
the administration of glucocorticoids to accelerate fetal pulmonary
maturation.

6.11 Administration of glucocorticoids

In 190 cases (14.2%), glucocorticoids have been administered to the
pregnant mother for the acceleration of fetal pulmonary maturation. This
group comprises 131 infants from singleton pregnancies and 59 infants
from multiple pregnancies, with a total of 165 mothers.

In accordance with the accepted treatment protocols in the Nether-
lands, most cases who received glucocorticoid treatment had a gesta-
tional age ranging from 26 weeks up to 32 weeks. We found no association
between the administration of glucocorticoids and birthweight. The
distribution of cases treated with glucocorticoids according to gesta-
tional age and birthweight categories is presented in tables 6.11.1 and
6.11.2.

With the exception of 21 singleton pregnancies, all glucocorticoid
therapies have been combined with tocolysis. The observed frequencies of
combined glucocorticoid- and tocolytic treatment are presented in table
6.11.3.
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Table 6.11.1 Use of glucocorticoids according to successive gestational
age categories

gestational number of infants glucocorticoids
age (weeks) n %

<23 8 0 -
24-25 67 5 7.5
26-27 179 34 19.0
28-29 307 54 17.6
30-31 445 80 18.0

>32 324 17 5.2
total 1330 190 14.3

Table 6.11.2 Use of glucocorticoids according to successive birthweight

categories

birthweight number of infants glucocorticoids
(9) n %

<500 5 0 -
500-599 14 1 7.1
600-699 33 4 12.1
700-799 51 8 15.7
800-899 87 17 19.5
900-999 101 13 12.9
1000-1099 123 14 11.4
1100-1199 139 12 8.6
1200-1299 161 20 12.4
1300-1399 178 17 9.5
1400-1499 201 33 16.4
>1500 240 51 21.2
total 1333 190 14.2
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Table 6.11.3 Use of glucocorticoids according to tocolytic treatment

tocolysis number of infants glucocorticoids
n %
beta-mimetics 542 157 29.0
PG-synthesis inhibitors 9 2 22.2
ccmbination 40 10 25.0
no tocolysis 747 21 2.8
total 1338 190 14.2

Surprisingly, 90 out of 190 cases (47.3%) treated with glucocorti-
coids had a diagnosis of premature rupture of membranes as well. In 47
cases (24.7% of that subgroup), the membranes had ruptured at least 24
hours before the onset of labour, thus establishing a diagnosis of
prolonged duration of ruptured membranes. In table 6.11.4 we present
the incidence of cases treated with glucocorticoids according to the
duration of ruptured membranes.

Table 6.11.4 Distribution of glucocorticoid treated cases according to
the duration of ruptured membranes

latent period number of infants glucocorticoids
n %

not ruptured 812 100 12.3
<12 hours 229 34 14.8
12-24 hours 46 7 5.2
1- 7 days 146 28 19.2
> 7 days 91 19 20.9

total 1324 188 14.2
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discussicn

In 1983, the administration of glucscorticoids for the acceleration of
fetal pulmonary maturation was still a matter of debate in the Hether-
lands. Betamethasone was the almost exclusively used drug for the
acceleration of fetal pulmonary maturation. With only few exceptions,
all cases received the glucocorticoid treatment in accordance with the
protoco! described by Schutte (1981). In 1983, use of this therapy was
limited to 41 hospitals. One hundred and two cases (53.6%) were patients
of 3 university hospitals, the remaining 88 cases (46.3%) were collected
from all over the Netherlands. These findings are in agreement with the
results from a questionnaire survey conducted by Keirse (1984b) in the
Netherlands: 17% of the responding obstetricians routinely used gluco-
corticoids, 57% occasionally and 26% would never use glucocorticoids.

Several reports (Kubli, 1977; Elliott et al, 1978) cautioned against
combined use of glucocorticoids and beta-mimetics, because of the risk
of maternal pulmonary oedema. Névertheless, we found that the majority
of cases were treated with both drugs. Maternal complications have not
been recorded in this study. However, in the last decade Dutch obstetri-
cians have not reported maternal deaths associated with the combined use
of these drugs (Nederlandse Vereniging voor Obstetrie en Gynaecologie,
Committee on maternal deaths; personal communication, 1987).

The administration of glucocorticoids to pregnant mothers with
ruptured membranes is even more controversial (Simpson & Harbert, 1985;
Morales et al, 1986). The number of cases with ruptured membranes, that
have been treated with glucocorticoids, is surprisingly high. In chapter
14, we shall analyse the influence of these factors on perinatal outcome
variables.

6.12 Hospital admissions

Admissions to hospital during pregnancy for reasons directly related
to the index pregnancy are described in this section. Admissions during
delivery are described in chapter 8.

Out of 1214 pregnant mothers, 955 (78.6%). experienced one or more
admissions to hospital of varying duration. Multiple pregnancies were
evenly distributed over mothers who had been admitted to hospital and
those who had not. As a result, 1051 infants (78.6%) were born after a
pregnancy during which the mother had been hospitalized and 287 (21.4%)
infants were born to mothers without hospitalization during pregnancy.

The duration of the mothers' admission to hospital varied greatly,
because different medical reasons were involved. For practical reasons
the lengths of the hospital admissions have been classified into three
groups, presented in table 6.12.1.
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Table 6.12.1 Distribution of cases whose mother had been admitted
to hospital, according to length of hospitalization.

admission to hospital n %
no admission 285 21.3
from 1 up to and including 6 days 508 38.0
1 week or more 543 40.6
not recorded 2 0.1
total 1338 100.0

Pre-existing maternal disease was recorded in 74 out of 1051 cases
(7%) with hospitalization.

The cases with a mother who had been admitted to hospital during
pregnancy are evenly distributed over the various gestational age- and
birthweight categories. Seven hundred and ninety-one out of 1010 cases
(78.3%) with a gestational age of less than 32 weeks have a mother who
was hospitalized versus 260 out of 325 cases (80.0%) with a gestational
age of 32 weeks or more. Eight hundred and sixty out of 1097 cases
(78.3%) with a birthweight of less than 1500 g have a mother who had
been admitted to hospital versus 191 out of 241 cases (78.2%) with a
birthweight of 1500 g or more, but a gestational age of less than 32
weeks. Nevertheless, we observed an increased incidence of SGA infants
in the group whose mother had been hospitalized during pregnancy: 376
out of 1051 cases (35.8%) with a hospital admission were SGA versus 78
out of 287 cases (27.2%) without hospitalization during pregnancy.

discussion

The number of mothers who have been admitted to hospital for a
pregnancy related reason is surprisingly high (78.6%). In this study,
only general information on the mothers' admissions was recorded, but
many different medical reasons were involved. In some cases several
reasons occurred concurrently, e.g. maternal hypertension and fetal
growth retardation. Although the reasons for admission to hospital vary
from case to case, 1in itself admission to hospital may be considered a
beneficial factor, favourably influencing the outcome of a pregnancy.
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6.13 Electronic monitoring of fetal heart rate

The use of electronic monitoring (CTG) to determine the fetal condi-
tion is widespread in modern obstetric practice; many obstetricians
consider it the method of choice for surveillance of a high risk
pregnancy or delivery.

A normal fetal heart rate pattern ("reactive nonstress test") is
defined as a pattern with accelerations of the fetal heart rate equal to
or in excess of 15 beats per minute above the baseline for at least 30
seconds and without decelerations. Such patterns are common in the
normal term fetus, although occasionally a flat ("non-reactive") tracing
may occur depending on rest-activity cycles (low variability episodes
of up to 40 minutes duration).

In the course of a pregnancy, considerable changes occur in fetal
heart rate patterns. Before 30 weeks of gestation, there is little
baseline variability and accelerations are lower in number and amplitudo
than at term. Decelerations of short duration ("spikes") may occur quite
frequently without associated tetal impairment. Rest-activity cycles are
of shorter duration with low variability episodes of up to 30 minutes.
With advancing gestational age, the normal pattern emerges.

In this study, cardiotocographic tracings have generally been inter-
preted by the obstetrician following Fischer's Score (Fischer et al,
1976). Tracings with either late decelerations or a Fischer score of
less than 5 have been classified as "abnormal”.

In 1039 out of 1338 cases (77.6%), cardiotocographic tracings have
been interpreted. In the remaining cases either no cardiotocographic
tracings were made or adequate interpretation of the tracing was
impossible because the tracing was of too short a duration or low
technical quality. In tables 6.13.1 and 6.13.2 we present the recorded
number of tracings during pregnancy and delivery respectively.

Table 6.13.1 Number of cases and cardiotocographic tracings during

pregnancy
cardiotocographic tracing n %
normal tracing 6§75 50.4
abnormal tracing 364 27.2
not recorded 299 22.4

total 1338 100.0
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Table 6.13.2 Number of cases and cardiotocographic tracings during

delivery
cardiotocographic tracing n %
normal tracing 446 33.3
abnormal tracing 282 21.2
not recorded 610 45.6
total 1338 100.0

Because of the large number of missing cardiotocographic tracings
during delivery (partly due to the high number of caesarean sections)
and controversy among obstetricians regarding the interpretation of
cardiotocographic tracings made during the second stage of labour, we
shall confine ourselves to describing the cardiotocographic tracings
that were made during pregnancy.

We observed a consistently increasing incidence of cases with cardio-
tocographic tracings 1in relation to advancing gestational age. This
observation, as well as the classification of the tracings in the
various gestational age categories, is presented in table 6.13.3.

Table 6.13.3 Number of cardiotocographic recordings in successive
gestational age categories

gestational number of infants abnormal CTG not recorded
age (weeks) n % n 5

<23 8 0 - 7 87.5
24-25 67 0 - 34 50.7
26-27 180 26 14.4 63 35.0
28-29 307 51 16.6 70 22.8
30-31 448 110 24.6 91 20.3

>32 325 177 54.5 32 9.8

total 1335 364 27.3 297 22.2
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The high incidence of abnormal cardiotocographic tracings in cases of
more than 32 weeks gestation (but very low birthweight) is the more
striking since there are very few missing cases in that gestational age
category. All of these infants were growth retarded with birthweights
under the 10th percentile for their gestational age. The more even
distribution of cases with cardiotocographic tracings over the various
birthweight categories is presented in table 6.13.4.

Table 6.13.4 Number of cardiotocographic tracings in successive
birthweight categories

birthweight number of infants abnormal CTG not recorded
(g) n % n %
<500 5 0 - 2  40.0
500-599 14 6 42.9 5 35.7
600-699 33 16 48.5 9 27.3
700-799 51 14 27.5 17 33.3
800-899 88 27 30.7 26 29.5
900-999 101 34 33.7 27 26.7
1000-1099 124 45 36.3 26 21.0
1100-1199 139 49  35.3 24 17.3
1200-1299 161 52 32.3 32 19.9
1300-1399 179 43 24.0 39 21.8
1400-1499 202 50 24.8 38 18.8
>1500 241 28 11.6 54 22.4
total 1338 364 27.2 299  22.3

As may be expected from the above menticned data, the incidence of
abnormal cardiotocographic tracings is highest in SGA infants. This
phenomenon is illustrated in table 6.13.5.

We observed no difference in distribution of normal or abnormal
cardiotocographic tracings in relation to maternal age, pre-existing
maternal disease, parity, a history of previous preterm birth or
recurrent abortions, fetal sex or the occurrence of a congenital
malformation in the infant.
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Table 6.13.5 Number of cardiotocographic tracings according to
"appropriate” or "small" for gestational age

classification number of infants abnormal CTG not recorded

n 5 n %
AGA/LGA 851 112 13.2 231 27.1
SGA 454 249 54.8 50 11.0
total 1305 361  27.7 281 21.5
discussion

During pregnancy, external electronic monitoring of fetal well-being
is generally accomplished by means of wultrasound recording of Doppler
effects caused by moving structures in the fetal heart and an abdominal
toccdynamometer. With modern equipment the recorded tracings are almost
as reliable as direct electrocardiography which is only feasible during
labour (Keirse et al, 1981b).

Most monitoring criteria relate to the term fetus. Because consider-
able changes in fetal heart rate patterns occur in the course of
pregnancy (Druzin et al, 1985), it is essential to distinguish the
various patterns in order to recognize imminent fetal compromise at
early gestational ages. However, as in term pregnancies "late decele-
rations™ are among the first and best identifiable changes in the heart
rate pattern when the fetal condition progressively deteriorates
(Visser, 1984).

In geographically defined studies concerning preterm births, such as
the present one, it will never be possible to attain a 100 per cent
"coverage” of cases with cardiotocography. In some cases there may not
be a (recognized) indication to perform the examination. Some mothers
will deliver unexpectedly at home or during transport, and in the
hospital other cases may show such alarming symptoms indicating fetal
compromise, that immediate delivery is warranted. In such cases, no
formal cardiotocographic tracings will be made. Consequently, the
information of whether or not a cardiotocographic tracing has been made
is in itself important when studying the relation between abnormal
cardiotocographic tracings and outcome variables (chapter 14.1.2).
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6.14 Fetal presentation at birth

Fetal presentation designates that fetal element which lies over the
inlet of the maternal pelvis when labour begins. Fetal position refers
to the relationship of a marking point of the presenting part to one of
the four quadrants of the pelvis or to the transverse diameter of the
maternal pelvis. This latter parameter has not been recorded in distinct
categories. In this study we shall confine ourselves to fetal presenta-
tion.

The recorded frequencies of various fetal presentations in the
POPS-cohort are presented in table 6.14.1.

Table 6.14.1 Frequency of various fetal presentations at birth

fetal presentation n %

vertex 921 68.8
breech 329 24.6
transverse 33 2.5
not recorded 55 4.1
total 1338 100.0

It is noteworthy that all 55 cases in which the fetal presentation
has not been recorded, were born by caesarean section. Ten of these
cases were twins and triplets and 28 were SGA. The 55 cases with unknown
fetal presentation will be omitted from the following frequency tables.

In this cohort, the incidence of breech prescntation decreases with
advancing gestational age (table 6.14.2). Because the incidence of cases
with a transverse lie is virtually equal in the successive gestational
age categories, cases with a transverse lie are excluded from this
table.

The distribution of breech presentation over the successive birth-
weight categories is presented in table 6.14.3.



Table 6.14.2 Fetal presentation in successive gestational age

categories

m

gestational number of infants breech vertex
age (weeks) n 5 n 5
<23 8 1 12.5 7 81.5
24-25 67 22 32.8 45 67.2
26-27 171 50 29.2 121 70.8
28-29 280 77 21.5 203 72,
30-31 424 114  26.9 310 73.1
>32 297 65 21.9 232 78.1
total 1247 329 26.4 918 73.6

Table 6.14.3 Fetal presentation in successive birthweight categories

birthweight number of infants breech vertex
(9) n % n %
<500 5 1 20.0 4 80.0
500-599 14 4 28.6 10 71.4
600-699 28 6 21.4 22 78.6
700-799 48 14 29.2 34 70.8
800-899 84 29 34.5 55 65.5
900-999 96 34 35.4 62 64.6
1000-1099 115 34 29.6 81 70.4
1100-1199 135 33 24.4 102 75.6
1200-1299 147 46 31.3 101 68.7
1300-1399 168 41 24.4 127 75.6
1400-1499 184 48 26.1 136 75.9
>1500 226 38 17.3 187 82.7
total 1250 329 26.3 921 73.7
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The incidence of cases classified as SGA (below the 10th percentile of
the Amsterdam growth charts; Kloosterman, 1969) is slightly lower in
cases with breech presentation: 101 out of 321 cases (31.4%) with breech
presentation were SGA, versus 317 out of 896 cases (35.3%) with vertex
presentation. The incidence of SGA was lowest in the cases with trans-
verse lie: 8 out of 33 cases (24%).

The incidence of elective delivery is highest in cases with vertex
presentation and lowest in cases with a transverse lie. In 231 out of
921 cases (25.1%) with vertex presentation, obstetricians electively
terminated the pregnancy, whereas this happened in 68 out of 329
cases (20.7%) with breech presentation and 1in 6 out of 33 cases (18%)
with transverse lie.

The opposite trend has been observed with regard to the mode of
delivery. The incidence of caesarean section was lowest in cases with
vertex presentation and highest in cases with transverse lie. The
distribution of caesarean section according to fetal presentation is
presented in table 6.14.4.

Table 6.14.4 Mode of delivery according to fetal presentation

fetal number of infants vaginal delivery caesarean section
presentation n % n %
vertex 921 576 62.5 345 37.5
breech 329 186 56.5 143 43.5
transverse 33 10 30.3 23 69.7
total 1283 772 60.2 511  39.8

In 10 cases with transverse lie, vaginal delivery was made possible by
changing the presentation of the infant. By means of external or
internal version, the presentation of 6 infants was turned into a vertex
presentation and in 4 cases the transverse lie was turned into a breech
presentation.

As expected, we found a higher incidence of congenital malformations
in cases presenting by the breech, than in other fetal presentations.
This phenomenon is illustrated in table 6.14.5.
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Table 6.14.5 Distribution of infants with a congenital malformation
according to fetal presentation

fetal presentation number of infants malformation

n %
vertex 921 89 9.7
breech 329 47 14.3
transverse 33 2 6.1
total 1283 138 10.7
discussion

The observed high incidence of breech presentation is in agreement
with results found by others. In a cohort of 400 infants born alive with
a gestational age of 26-33 weeks, Lamont (1985) found 23% breech
presentation. Scheer and Nubar (1976) found a decrease in the incidence
of breech presentation with advancing gestational age: from 23% at 28
weeks gestation to 3% at term.

Fetal presentation is one of the strongest determinants influencing
clinical management of labour and delivery, since breech presentation
has been associated with adverse fetal outcome for a long time (Golden-
berg & Nelson, 1977; Karp et al, 1979). Among obstetricians, consider-
able controversy exists regarding the optimal mode of delivery for
preterm infants presenting by the breech. The recorded caesarean section
rate (44%) reflects to some extent the conservative tradition of Dutch
obstetrics. A study is needed, in which mothers in preterm labour with
breech presentation are randomly allocated to elective caesarean section
or vaginal delivery.

The observed higher incidence of congenital malformations in (very
preterm) infants presenting by the breech confirms the findings of
previous studies (Braun et al, 1975; Cox et al, 1982). No information
on neurological sequelae in the infants is available as yet. In the
follow-up study, special attention will be given to infants born after
breech presentation. Perhaps such information will provide an answer to
the fundamental question why some infants fail to assume the vertex
position and present by the breech (Hytten, 1982).
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6.15 Elective delivery

Elective delivery is defined as any delivery following intentional
obstetric termination of pregnancy attempted at a time when no symptoms
of spontaneous labour are present: e.g. an elective induction of labour
or a primary caesarean section at a moment when fetal membranes are
still intact and uterine contractions have not yet started.

In the study population, 333 infants (24.9%) were born after an
elective delivery. The frequencies and the various kinds of elective
delivery are presented in table 6.15.1.

Table 6.15.1 Mode of delivery in elective births

mode of delivery n 5
induction of labour, vaginal delivery 27 2.0
induction of labour, caesarean section 8 0.6
primary caesarean section 298 22.3
total 333 24.9

Quite as expected, we observed little difference in the distribution
of elective deliveries over the various birthweight categories. However,
the frequency of elective delivery increased with advancing gestational
age (tables 6.15.2 and 6.15.3).

As may be expected from the data mentioned in the tables, we observed
a higher incidence of SGA infants in the group born after an elective
delivery: 243 out of 333 cases (73.0%) versus 211 out of 1005 cases
(21.0%) in which labour had started spontaneously.

Pre-existing maternal disease has been recorded in 47 out of 333
cases (14.1%) with an elective delivery, whereas only 39 out of 1605
cases (3.9%) without an elective delivery had such a medical history.
Hypertensive disorders during pregnancy were present in 196 out of
333 cases (58.9%) with an elective delivery, which contrasts sharply
with 104 out of 1005 cases (10.3%) without an elective delivery.

The incidence of tocolysis was lower in cases with an elective deli-
very: 53 out of 333 cases (15.9%) received tocolytic treatment during
pregnancy against 538 out of 1005 cases (53.5%) in which labour had
started spontaneously. Surprisingly, glucocorticoids were administered
less frequently in cases with an elective delivery than in cases with a
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spontaneous onset of- labour: 26 out of 333 cases (7.8%) versus 164 out
of 1000 cases (16.4%) with a spontaneous onset of labour received this
treatment to accelerate fetal pulmonary maturation.

Table 6.15.2 Elective deliveries in successive gestational age

categories

gestational number of infants elective delivery
age (weeks) n %

<23 8 1 12.5
24-25 67 3 4.4
26-27 180 12 6.6
28-29 307 39 12.7
30-31 448 100 22.3

>32 325 178 54.8
total 1335 333 24.9

Table 6.15.3 Elective deiiveries in successive birthweight categories

birthweight number of infants elective delivery

(q) n %

<500 5 1 20.0
500-599 14 4 28.6
600-699 33 14 42.4
700-799 51 13 25.5
800-899 88 25 28.4
900-999 101 25 24.8
1000-1099 124 31 25.0
1100-1199 139 51 36.7
1200-1299 161 48 29.8
1300-1399 179 51 28.5
1400-1499 202 43 21.3

>1500 241 27 11.2

total 1338 333 24.9
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discussion

Elective termination of a term pregnancy by induction of labour or
caesarean section carries a small risk which has been well documented
(Visser, 1978; Vierhout & Out, 1983). This risk must be balanced against
possible advantages of an elective termination of pregnancy. In the
preterm period, this balancing of risks is more elaborate due to
additional risks imposed by insufficient maturation of fetal organs.
For instance, iatrogenic neonatal respiratory distress syndrome is a
serjous and, in principle, preventable source of neonatal morbidity
(Goldenberg & Nelson, 1975).

The number of elective deliveries in our study population (24.9%) is
high considering the criteria for entry into the study. Surprisingly,
in only 7.8% of cases born after an elective delivery, the mother had
been treated with glucocorticoids during pregnancy in an attempt to
accelerate fetal pulmonary maturation.

Potential hazardous conditions, such as hypertensive disorders in
pregnancy and fetal growth retardation, have been recorded very fre-
quently in cases born after an elective delivery. The high number of
caesarean sections reflects the current obstetric practice in these
high risk cases.

6.16 Mode of delivery

Although sometimes the course of labour leaves the obstetrician no
choice, the mode of delivery is considered an important determinant of
neonatal mortality and morbidity in very preterm or very low birthweight
infants.

The frequencies and the various modes of delivery recorded in the
POPS-study are presented in table 6.16.1.

In this section, we examine the mode of delivery with regard to other
perinatal factors. For practical purposes, all vaginal deliveries have
been grouped together, irrespective of the type of delivery, into one
category: vaginal delivery (n=772). Similarly, all cases born by
caesarean section have been brought together into one group (n=566). The
associations between fetal presentation or elective delivery and mode of
delivery have been described in chapters 6.14 and 6.15.

We observed no difference in the incidence of caesarean section in
relation to the obstetrical history of the mother, her socio-economic
class, or maternal smoking. However, the incidence of caesarean section
increased with advancing maternal age(table 6.16.2).
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Table 6.16.1 Mode of delivery in the POPS-study

mode of delivery n 5

vaginal delivery:

spontaneous delivery in vertex presentation 567 42.4
vacuum extraction 7 0.5
forceps delivery 8 0.6
spontaneous breech delivery (Bracht) 155 11.6
breech extraction 28 2.1
podalic version and extraction 7 0.5
subtotal 772 57.7

caesarean section:

elective (intact membranes, no contracticns) 298 22.3
emergency (ruptured membranes, no contractions) 30 2.2
emergency (intact membranes, contractions) 148 32 5|
emergency (ruptured membranes, contractions) 90 6.7
subtotal 566 42.3
total 1338 100.0

Table 6.16.2 Mode of delivery according to maternal age

maternal age number of infants caesarean section
(years) n %
<19 68 20 29.4
20-35 1181 501 42.3
>36 56 28 50.0
unknown 33 17 51.5
total 1338 566 42.3

Multiparous cases had a lower incidence of caesarean section than
primiparous cases: 249 out of 640 cases (38.9%) with a multiparous
mother were born by caesarean section versus 31§ out of §94 cases
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(45.5%) with a primiparous mother.

The incidence of caesarean section was higher in cases with a mother
with pre-existing maternal disease: 58 out of 86 cases (67.4%) with
pre-existing maternal disease were delivered by caesarean section
versus 508 out of 1252 cases (40.6%) without such a history.

The distribution of cases with a hypertensive mother is remarkably
different in cases born by caesarean section when ccmpared to cases
born after a vaginal delivery: 255 out of 565 cases (45.1%) born by
caesarean section had a hypertensive mother varsus 45 out of 772 cases
(5.8%) born after a vaginal celivery.

The 1incidence of multiple pregnancy was lower in cases born by
caesarean secticn: 89 out of 566 cases (15.7%) born by caesarean section
were part of a multiple pregnancy, whereas 223 out of 772 cases (28.9%)
born after a vaginal delivery were part of a multiple pregnancy.

Cases with prolonged duration of ruptured membranes were more likely
to be delivered vaginally: 192 out of 772 cases (24.9%) born after a
vaginal delivery experienced an interval of at least 24 hours between
rupture of the membranes and delivery versus 48 out of 566 cases (8.5%)
born by caesarean section. Associated with this is the higher incidence
of chorioamnionitis in cases born after a vaginal delivery: 80 out of
772 cases (10.4%) born after a vaginal delivery had clinical signs
of chorioamnionitis versus 20 out of 566 cases (3.6%) born by caesarean
section.

In 1039 cases, antepartum cardiotocographic tracings have been made to
obtain information on the fetal condition {(chapter 6.13). In the
remaining 299 cases, cardiotocographic tracings were either absent or
have not been interpreted by the obstetricians. The incidence of
caesarean section is lowest in the group with missing data on cardioto-
cography and highest in cases with abnormal antepartum cardiotocographic
tracings (table 6.16.3).

Table 6.16.3 Mode of delivery according to antepartum cardiotocography

cardiotocography number of caesarean section vaginal delivery
infants n % n %
abnormal tracing 364 320 87.9 44  12.1
normal tracing 675 191 28.3 484 71.7
no tracings 299 55 18.4 244  81.6

total 1338 566 42.3 772 57.7
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Although still controversial among obstetricians, during the last
decade there has been a tendency to perform caesarean sections at
increasingly lower gestational age. In 1983, in one case a caesarean
section was performed at a gestational age of 25 weeks. Whilst the
overall incidence of caesarean section in the study population is 42.4%,
we observed an increasing incidence of caesarean section with advancing
gestational age (table 6.16.4).

Table 6.16.4 Mode of delivery according to successive gestational age

categories

gestational " number of caesarean section vaginal delivery
age (weeks) infants n % n %

<23 8 0 - 8 100.0
24-25 67 1 1.5 66 98.5
26-27 180 32 17.8 148 82.2
28-29 307 106 34.5 201  65.5
30-31 448 182 40.6 266 59.4

>32 325 244 75.1 81 24.9
total 1335 565 42.3 770  57.7

Although the incidence of caesarean section is more evenly distribu-
ted over the various birthweight categories, we observed a slightly
higher incidence of caesarean secticn in successive birthweight cate-
gories between 1000 g and 1399 g (table 6.16.5).

As may be expected from the data presented in the tables, the inci-
dence of caesarean section is higher in cases that have been classified
as SGA, than in AGA and LGA infants. This phenomenon is illustrated in
table 6.16.6.

The incidence of tocolysis was lower in cases born by caesarean
section than in cases that were born after a vaginal delivery: 176 out
of 566 cases (31.1%) born by caesarean section had been treated with
tocolytic drugs versus 415 out of 772 cases (53.8%) that were born by
vaginal delivery. The same trend was observed with regard to the
administration of glucocorticoids: 64 out of 566 cases (11.3%) born by
caesarean section received this treatment against 126 out of 772 cases
{16.3%) bora vaginally.



120

Table 6.16.5 Mode of delivery according to successive birthweight

categories

birthweight number of caesarean section vaginal delivery
(g) infants n 5 n %
<500 5 0 - 5 100.0
500-599 14 5 385.7 9 64.3
600-699 33 19 57.6 14 42.4
700-799 51 17 33.3 34 66.7
800-899 88 34 38.6 54 61.4
900-999 101 41 40.6 60 59.4
1000-1099 124 60 48.4 64 51.6
1100-1199 139 79 56.8 60 43.2
1200-1299 161 77 47.8 84 52.2
1300-1399 179 86 48.0 93 52.0
1400-1499 202 90 44.6 112 55.4
>1500 241 58 24.1 183 75.9
total 1338 566 42.3 772 57.7

Table 6.16.6 Mode of delivery according to "appropriate" and "small"
for gestational age

classification number of caesarean section vaginal delivery
infants n 5 n %
AGA/LGA 851 228 26.8 623 73.2
SGA 454 335 73.8 119 26.2
total 1305 563 43.1 742 56.9

Quite as expected, the incidence of caesarean section 1{s higher in
cases born after an antepartum maternal transport to a tertiary care
centre (chapter 8.4): 132 out of 240 cases (55.0%) that were born
after an antepartum maternal transport were born by caesarean section
versus 434 out of 1098 cases (39.5%) without such a maternal transport.
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In agreement with this is the higher incidence of caesarean section in
tertiary care centres. The incidence of caesarean section according to
*level of care” (chapter 8.3) is presented in table 6.16.7.

Table 6.16.7 Mode of delivery according to classification of the
hospital of birth

level of care number of caesarean section vaginal delivery

infants n % n %
level 1 498 176  35.3 322 64.6
level 2 359 164 45.7 195 54.3
level 3 481 226 47.0 255 53.0
total 1338 566 42.3 772 57.7
discussion

When delivery at an early gestational age {is either {inevitable or
necessary, the obstetrician faces the dilemma whether to opt for a
caesarean section or to allow a vaginal delivery. The decision is
influenced by many considerations and sometimes controversy exists
regarding the optimal mode of delivery for very preterm or very low
birthweight infants. Stewart (1977) reported that delivery by caesarean
section of infants weighing between 500 and 1500 g carries a signifi-
cantly lower neonatal mortality risk than vaginal delivery, irrespective
of whether the fetal presentation is vertex or breech. Because a
controlled prospective study has yet to prove his point, most obstetri-
cians do not share his view (Newton et al, 1986; Barrett & Boehm, 1982;
Kitchen et al, 1985). They serve the interests of both fetus and mother
and strive for a balanced decision. In our study population, the
observed percentage of infants, delivered by caesarean section (42.3%)
is substantially higher than the 5.6% caesarean births 1in the general
population of the Netherlands in 1983 (Centraal Bureau voor de Statis-
tiek, 1984).

One of the most important factors, influencing the optimal mode of
delivery, is fetal presentation. Some considerations regarding this
factor are discussed in chapter 6.14, Other important factors are fetal
condition and the progress of labour. In this study, we observed a high
incidence of maternal hypertension in cases born by caesarean section
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(45%). Maternal hypertension is often associated with impaired placental
circulation. Abnormal cardiotocographic tracings were followed by a
caesarean section in 320 cases (88%).

With an increasing regionalization of perinatal intensive care
services and the tendency to arrange an antepartum maternal transport in
high risk cases, the perinatal intensive care centres face increasing
rates of caesarean section (Huisman et al, 1983). The proper technique
at very early gestational ages is, however, still a matter of debate.

6.17 Analgesia during labour

Analgesics and sedatives are systemic drugs which may be administered
to produce both a state of analgesia and mood elevation. These drugs
usually pass through the placenta freely.

Analgesia is the loss of perception of pain. It may be local, affec-
ting only a small area (perineum) or regional, affecting a larger area
(epidural: lower abdomen).

Anaesthesia is the loss of the ability to perceive touch, pain, and
other sensations and is commonly associated with total loss of sensation
by the use of "general" anaesthesia. Anaesthesia may be considered to be
composed of analgesia plus amnesia, and relaxation.

The use of analgesics and/or sedatives has been recorded in 143 cases
(10.6%). In 28 of those, more than one drug has been administered. The
analgesics and sedatives used are presented in table 6.17.1.

Table 6.17.1 Analgesics and sedatives used during labour

analgesic drug n %
pethidine ' 40 3.0
diazepam 70 5.3
others 61 4.6

Analgesia, achieved by a local infiltration technique applied during
labour, has been recorded in 77 cases (5.8%). These cases have all been
delivered vaginally.

The use of epidural analgesia has been recorded in 56 «cases (4.2%).
This technique was used during labour resulting in vaginal delivery in 9
cases, and in caesarean section in 47 cases.
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General anaesthesia has been used in 525 cases (39.2%). In 4 cases,
general anaesthesia was used in the course of a vaginal delivery and in
521 cases it was used in cases with caesarean section.

In cases with caesarean section, various analgesic techniques have
been used. The distribution of analgesic techniques in all 566 cases
with caesarean section is presented in table 6.17.2.

Table 6.17.2 Analgesic techniques during caesarean section

analgesic technique n %
general anaesthesia 519 91.7
epidural analgesia 45 7.9
both epidural and general anaesthesia 2 0.4
total 566 100.0
discussion

Anaesthesia and/or analgesia‘ are not routinely administered during
labour and delivery in the Netherlands. A longtime tradition of natural
childbirth influences obstetric practice.

As a high risk population in obstetrics, the study population expe-
rienced a great many interventions and the more frequent use of pain-
relieving techniques is accordingly. Although general anaesthesia is
known to exert a stronger depressing effect on the neonate, this
technique has been used in 92% of the caesarean sections. Unfortunately,
not all hospitals have an anaesthesiologist available who is specially
trained in obstetric anaesthesia.

The use of the sedative diazepam (70 cases, 5.3%) appeared more
widely spread than we expected in view of the well-known side-effects
to the newborn. The drug crosses the placenta, and its active metabolite
desmethyldiazepam is only slowly metabolized by neonates. The maternal
use of diazepam is associated with neonatal respiratory depression,
hypotonia, reluctance to feed (Cree et al, 1973), and hyperbilirubin-
aemia (Rosanelli, 1970).

6.18 Summary

To facilitate an easy review of the obstetrical factors, we present in
table 6.18.1 the distribution over the various subpopulations.



Table 6.18.1 Distribution of obstetrical data (pregnancies and deliveries) over various subpopulations (numbers adjusted to the infants)

chapter  obstetrical data total < 32 weeks = 32 weeks <1500 g = 1500 g AGA/LGA SGA
n = 1338 n=1010 n =325 n = 1097 n =241 n = 884 n = 454
n % n % n % n % n % n % n %

6.2 diabetes mellitus 59 ( 44) 47 ( 4.7) 12 ( 3.6) 53 ( 4.8) 6 ( 2.5) 40 ( 4.5) 19 ( 4.2)

63 bloodgroup incom- 4(03) 3(0.3) 1(03) 2(02 2(08) 3(03) 1(02)
patibility

6.4 maternal hypertensive 300 (22.4) 139 (13.8) 161 (49.5) 289 (26.3) 11( 4.6) 81 ( 9.5) 217 (47.8)
disorders

6.5 smoking during 387 (28.9) 267 (26.4) 119 (36.6) 329 (30.0) 58 (24.1) 227 (26.7) 155 (34.1)
pregnancy

6.6 other intoxications 17(1.2) 8(0.8) 9(27) 16 ( 1.4) 1(04) 9( 1.0) 8( 18)

6.7 medication and intoxi- 668 (49.9) 474 (46.9) 193 (59.4) 563 (51.3) 105 (43.6) 395 (46.4) 265 (58.4)
cation during
pregnancy

68 premature rupture 517 (38.6) 453 (44.8) 64 (19.6) 401 (36.6) 116 (48.1) 429 (46.5) 88 (19.4)
of membranes

69 prolonged duration of 240 (17.9) 226 (22.4) 14 ( 4.3) 180 (16.4) 60 (24.9) 207 (24.3) 29 ( 64)
ruptured membranes

6.9 chorioamnionitis 100 ( 7.3) 96 ( 9.5) 4(1.2) 75 ( 6.8) 25 (10.4) 89 (10.5) 10 ( 2.2)

vZi



Table 6.18.1 (continued)

chapter total total < 32 weeks = 32 weeks <1500 g =1500g AGA/LGA SGA
n = 1338 n=1010 n =325 n =1097 n =241 n = 884 n =454
n % n % n % n % n % n % n %
6.10 tocolysis 591 (44.2) 533 (52.8) 58 (17.8) 445 (40.6) 146 (60.6) 469 (55.1) 114 (25.1)
6.11 glucocorticoid 190 (14.2) 173 (17.1) 17 ( 5.2) 139 (12.7) 51(21.2) 151 (17.8) 38 ( 8.4)
administration
6.12 hospital admission 1051 (78.6) 791 (78.3) 260 (80.0) ‘860 (78.4) 191 (79.3) 651 (76.5) 376 (82.2)
6.13 electronic monitoring:
abnormal CTG 365 (27.2) 187 (18.5) 177 (54.5) 336 (30.6) 28 (11.6) 112 (13.2) 249 (54.8)
none 299 (22.3) 265 (26.2) 32( 98) 245 (22.3) 54 (22.4) 231 (27.1) 50 (11.1)
6.14 fetal presentation 362 (27.1) 293 (29.0) 69 (21.2) 314 (28.6) 48 (19.9) 245 (28.8) 109 (24.1)
(breech)
6.15 elective delivery 333 (24.9) 155 (15.3) 178 (54.8) 306 (27.8) 27 (11.2) 85 (10.0) 243 (53.5)
6.16 mode of delivery (C.S) 566 (42.3) 321 (31.8) 244 (75.1) 508 (46.3) 58 (24.1) 228 (25.8) 335 (73.8)
6.17 general anaesthesia 525 (39.4) 306 (30.4) 218 (67.2) 472 (43.1) 53 (22.0) 220 (24.9) 305 (67.2)

during labour

=748
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Chapter 7 Study infants

Introduction

Gestational age

Incidence of very preterm birth
Birthweight

Incidence of very low birthweight
Small for gestational age (SGA)
Infants' sex

Apgar score

Congenital malformations
Infants of multipie pregnancy
Summary

. . . e
. o .
N = N -

NN N N NN NN NN

s s e . « .

WO NOWLG S WWMNN -
.

7.1. Introduction

In this chapter, we discuss data on the study infants as observed
immediately after birth. Data on the mortality, causes of death, and
morbidity of the study infants in the neonatal period will be presented
in chapters 10, 11, and 12 respectively.

As in chapter 6, the data will pertain to the cohort as a whole. When-
ever appropriate, the data will be presented separately for infants from
a multiple pregnancy, very preterm infants (less than 32 gestational
weeks), and very low birthweight infants (less than 1500 g birthweight).

As in other chapters in Part 2 of this thesis, the data will be
presented by means of descriptive statistics only. All variables discus-
sed in this chapter will be included in the logistic regression analyses
which are described in chapters 14 and 15.

7.2.1 Gestational age

Gestational age is defined by the World Health Organization (WHO,
1976) and the International Federation of Gynaecology and Obstetrics
(FIGO, 1977) as the duration of gestation as measured from the first day
of the 1last normal menstrual pericd. Gestational age 1is expressed in
completed weeks, e.g. events occurring between 280 and less than 287
days after the onset of the last menstrual period are considered to have
occurred at 40 weeks of gestation.

However, inflexible employment of this definition may give rise to
obvious nonsense such as the reporting by Hoffman (1974) of birthweights
higher than 1000 g at less than 20 gestational weeks, and gestations up
tc 56 weeks (Guinness book of records, 1975). Evidently, clinical
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issues like iriregular menstrual cycles, use of oral contraceptives or
uncertainty about the date of the 1last menstrual period may cause
considerable differences between the calculated gestational age and the
actual time that elapsed between ovulation and delivery increased by two
weeks. Employment of one single other parameter like ultrasound exami-
nation or Dubowitz scores is illogical since each of these criteria has
its own problems (Hall, 1985).

For epidemiological research it is far better to use as much informa-
tion as possible to determine the gestational age while adhering to the
principle that corroborated evidence takes precedence over uncorrobo-
rated evidence.

In our study, data were recorded on last menstrual period, best
obstetric estimate of gestational age, degree of reliability of this
estimate and paediatric maturity score (table 4.4.1). In the Netherlands
the Dubowitz score (Dubowitz et al, 1970) is the most widely used
scoring system for assessing the gestational age after birtn, although
the systems of Ballard (Ballard et al, 1979) and Finnstrdém (Finnstrdm,
1977) are used occasionally as well.

In all but 3 cases a "best obstetric estimate of gestational age" was
available. This best obstetric estimate was usually based upon_ irrefut-
able menstrual dates, but in a substantial minority upon other evidence
as well. The certainty of this estimate was classified by the cbstetri-
cian as "certain”, "questionable” or "unreliable".

In 1037 cases (77.7%) the obstetrician classified the reliability of
the estimated gestational age as certain. In 462 of these infants no
paediatric score was recorded because there was obvious agreement
between the infant's appearance and the estimated gestational age. In
the other 575 cases with a certain gestational age, a paediatric
maturity score was performed. In 41 cases, the paediatric estimate
differed more than two weeks from the obstetric estimate, resulting in a
discordance of 3.9% in all cases in which the obstetric estimate of
the gestational age was considered certain. This percentage is well
within the variability of the paediatric scoring systems (Spinnato et
al, 1984).

A1l cases with a gestational age classified as "questionable” or
"unreliable”, were grouped together. In these 298 cases, a paediatric
maturity score was performed 210 times. In this group we found a
discordance of more than two weeks in 37 cases (17.6%). Assuming a
similar percentage of discordance in the 88 uncertain cases without a
maturity score, we have to consider a maximum number of 52 infants
(3.9%) that may have been misclassified. However, in view of the
variability of the paediatric scoring systems, it is highly probable
that the number of misclassified infants is lower. We therefore decided
to use throughout this thesis, the "best clinical estimate of gestatio-
nal age" as provided by the obstetrician.



129

The lowest gestational age that was recorded in the study population
was 22 weeks + 2 days. The highest gestational age of an infant born in
1983 with a birthweight below 1500 g was 40 weeks + § days. The median
gestational age of the study population was 30 weeks + 2 days. The
number of study infants in successive gestational age categories is
presented in table 7.2.1

Table 7.2.1 Number of study infants in successive gestational age

categories

gestational age (weeks) n %

22 weeks 3 0.2
23 weeks 5 0.4
24 weeks 19 1.4
25 weeks 48 3.6
26 weeks 77 5.8
27 weeks 103 7.7
28 weeks 136 10.2
29 weeks 171 12.8
30 weeks 204 15.2
31 weeks 244 18.2
32 weeks 94 7.0
33 weeks 80 6.0
34 weeks 52 3.9
35 weeks 52 3.9
36 weeks 20 1.5
37 weeks 16 1.2
38 weeks 8 0.6
39 weeks 2 0.1
40 weeks 1 0.1
unknown 3 0.2
total 1338 100.0

The decrease in number of infants with a gestational age of 32 weeks
or more is caused by the entry criteria of the study (chapter 3.2). In
figure 7.2.1 this phenomenon and the numbers mentioned in table 7.2.1
are illustrated.
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discussion

Accurate determination of gestational age is fundamental to modern
perinatal care. However, in spite of a high level of education in
Europe, as many as 20% of pregnant women lack accurate menstrual data
(Hall et al, 1985). In our study population, 14% of cases lacked exact
menstrual dates. Ultrasound dating 1in these situations has greatly
improved the accuracy of the "best obstetric estimate of gestational
age". This technique and the high frequency of antenatal visits in the
Netherlands have rendered the number of pregnancies with unknown
gestational age very small. Consegquently, in our study population the
number of cases in which the gestational age could not be estimated by
the obstetrician was very low (3 cases). The number of cases with a
disputable duration of gestation amounted to less than 52 cases.

Figure 7.2.1 Distribution of study infants over various gestational age
categories

260
240 +
220 +
200 +
180 +
160 |
140
120
100
80+
60 +
40 f
20

Gestational age (weeks)



131

7.2.2 Incidence of very preterm birth

In 1983 in the MNetherlands the Centraal Bureau voor de Statistiek
registered a total of 170,246 liveborn infants (CBS, 1985b). As descri-
bed in table 7.2.1, in the study population 1010 infants were born alive
after a gestational age of less than 32 weeks. In 1983 another 58 of
such infants were born alive in non participating hospitals in the
Netherlands (chapter 9.2). Consequently, the total number of liveborn
very preterm infants in 1983 in the Netherlands was: 1068.

The observed incidence of very preterm liveborn infants in the
Netherlands in 1983 is 1068 / 170,246 = 0.63%.

discussion

The observed incidence of 0.53% liveborn, very preterm infants in 1983
in the Netherlands is 1in agreement with reports from Norway: 0.63%
(Bjerkedal et al, 1973) and the United Kingdom: 0.8% (Alberman, 1977).
However, in the United States of America in 1983 64,593 out of 3,611,316
infants were born alive with a gestational age of less than 32 weeks,
resulting in an incidence of very preterm birth in the USA of 1,78%
(National Center for Health Statistics, 1983). Further study is needed
to investigate such discrepancies.

7.3.1 Birthweight

Birthweight is the first weight of the infant obtained after birth and
is expressed in grams. In most cases this weight was measured directly
after the birth of the infant. However, in some cases the infant's
condition warranted such expeditious treatment that weighing had to be
postponed to a later hour. Nevertheless, these delays were too short
for postnatal weight loss to occur.

In all 1338 cases, birthweight has been recorded. The lowest recorded
birthweight of a liveborn infant in 1983 was 420 g. In the study popula-
tion, the highest recorded birthweight of an infant born after less than
32 gestational weeks is 2780 g (fetal hydrops). The median birthweight
of the study population is 1250 g.

To facilitate analysis of the cohort, birthweight has been stratified
in 100 g categories. In accordance with the recommendations of the World
Health Organisation (WHO, 1977) the limits of singular strata were
chosen in the following way:

from 400 up to and including 499 g,
from 500 up to and including 599 g,
from 600 up to and including 699 g, etc.
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The number of study infants in successive 100 g birthweight categories
is presented in table 7.3.1 and figure 7.3.1. The decrease in the number
of infants weighing 1500 g or more is caused by the entry criteria of
the study (chapter 3.2).

Table 7.3.1 MNumber of infants in successive birthweight categories

birthweight (g) n %
400-499 5 0.4
500-599 14 1.0
600-699 33 2.5
700-799 51 3.8
800-899 88 6.6
900-999 101 I8
1000-1099 124 9.3
1100-1199 139 10.4
1200-1299 161 12.0
1300-1399 179 13.4
1400-1499 202 15.1
1500-1599 74 5.5
1600-1699 57 4.3
1700-1799 52 3.9
1800-1899 27 2.0
1900-1999 16 1:d
2000-2099 4 0.3
2100-2199 3 0.2
2200-2299 3 0.2
2300-2399 1 0.1
2400-2499 2 0.1
2500-2599 1 0.1
2600-2699 - -
2700-2799 1 0.1
total 1338 100.0

7.3.2 Incidence of very low birthweight

As depicted in table 7.3.1, 1097 infants of the study population had a
birthweight of up to and including 1499 g. In 1983, another 67 infants
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with a birthweight of less than 1500 g were born alive in non-participa-
ting hospitals in the Netherlands (chapter 9.2). The addition of these
two numbers results in the total number of 1iveborn very low birthweight
infants in 1983 in the Netherlands: 1164.

The observed incidence of very low birthweight, liveborn infants in
the Netherlands in 1983 is 1164/170,246= 0.68%.

Figure 7.3.1 Distribution of infants over successive birthweight
categories (5 infants with a birthweight >2300 g omitted)
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discussion

This is the first time that national data on the incidence of very low
birthweight have become available (chapter 1.5). Until now, only an
estimate was available (Gezondheidsraad, 1983). To monitor changes over
time in the incidence of very low birthweight, it is necessary to have a
permanent national registration of birthweight (and gestational age) of
liveborn infants in the Netherlands.

The observed incidence of 0.68% very low birthweight infants in 1983
in the HNetherlands compares well with the reports from England: 0.7%
(Mutch et al, 1981) and Sweden: 0.6% (Wallace & Geldstein, 1975).
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7.4 Small for gestational age

following the Amsterdam growth charts (Kloosterman, 1969), all study
infants have been classified either as appropriate/large for gestational
age (AGA/LGA) or as small for gestational age (SGA). SGA was defined as
a birthweight below the 10th percentile for gestational age.

As mentioned in chapter 1.4, the Amsterdam growth charts start at 25
gestational weeks and therefore 27 infants could not be classified.
Another 8 infants have not been classified because of missing informa-
tion about sex (n=5) or gestational age (n=3). The classification of
weight for gestational age is shown in table 7.4.1.

Table 7.4.1 Classification of weight for gestational age according to
the Amsterdam growth charts

classification - infants

n %
AGA/LGA 851 63.6
SGA 454 33.9
not classified 33 2.5
total 1338 100.0

Because of the entry criteria of the study, SGA cases were unevenly
distributed over various subpopulations. This phencmenon is illustrated
in table 7.4.2 for gestational age categories and in table 7.4.3 for
birthweight categories.

discussion

The (large) number of SGA infants in the study population was an
unexpected finding. In the subpopulation of infants with a birthweight
below 1500 g, the percentage of SGA attained 41.3%. Yu et al (1982)
found 11% SGA in a birthweight defined population of infants weighing
501-1500 g. To some extent this difference might be attributed to the
entry criteria of the POPS-study.

However, in the subpopulation of infants with a gestational age of
less than 32 weeks, the observed percentage SGA: 16.9%, is well in
excess of the expected 10% (defined by ths Amsterdam growth charts).
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Table 7.4.2 SGA in successive gestational age categories

gestational number of infants SGA
age (weeks) n %
<23 8 0 -
24-25 67 0 “
26-27 180 25 13.9
28-29 307 51 16.6
30-31 448 95 21.2
>32 325 282 86.8
total 1335 454 33.9

There are several possible explanations for the high percentage of SGA
infants in the POPS-population.
Firstly, intensive perinatal surveillance techniques nowadays enable

Table 7.4.3 SGA in successive birthweight categories

birthweight (g) number of infants SGA
n %
<500 5 0 -
500-599 14 7 50.0
600-699 33 23 69.7
700-799 51 21 41.2
800-899 88 47 53.4
900-999 101 49 _ 48.5
1000-1099 124 46 37.1
1100-1199 139 65 46.8
1200-1299 161 60 37.3
1300-1399 179 62 34.6
1400-1499 202 74 36.6
>1500 241 0 -
total 1338 454 33.9
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the obstetrician to detect a jeopardized fetus accurately. This has led
to an increased number of obstetrical interventions during the last
decades. Consequently, the study population may indeed comprise more
liveborn growth retarded infants than would have been possible at the
time of the Amsterdam growth charts. If this holds true, the standards
are still a useful measure, indicating a pathological condition occur-
ring at a specific gestational age.

Secondly, because the Amsterdam growth charts have been constructed
with only small numbers of infants in the lower gestational age catego-
ries, extrapolation of the curves at the lower end may have caused
artifacts. In that case, the charts should be revised according to the
present data.

Thirdly, in the course of time the median birthweight for gestational
age may have changed. However, in the general population no changes in
birthweight distribution have occurred between 1965 and 1980 (Roede &
van Wieringen, 1985).

At present, there is insufficient evidence to consider the latter
explanations as plausible ones. Therefore, we used the Amsterdam growth
charts for the classification of all infants. However, further study of
the present data is warranted, preferably using different methods of
classification of weight for gestational age (FIGO, 1986).

7.5 Infants' sex

Sex was established by examination of the infant's external genital
organs. Sex could be determined unequivocally in all but 5 infants. Four
of these 5 infants were born after a very short gestation and died
immediately after birth. In one infant additional examinations were
necessary to establish its sex.

Of the 1333 cases with unequivocally determined sex, 698 infants
(52.4%) were male and 635 infants (47.6%) were female. The sex ratio,
i.e. the number of males per 100 females, was 109.9.

In cases with a gestational age of less than 32 weeks, the overall sex
ratio was 119.1, whereas in cases with a longer gestation (but with a
birthweight below 1500 g), the overall sex ratio was 86.1.

In table 7.5.1 we present the distribution of sex ratios over succes-
sive gestational age categories.

The distribution of male and female infants and the calculated sex
ratios in successive birthweight categories are presented in table
7.5.2. The sex ratio in cases with a birthweight of 1500 g or more is
remarkably higher (167.7) than in other birthweight categories.

As described in chapter 7.4, the infants were classified either as
"appropriate/large” or as "small" for gestational age following the
Amsterdam growth charts (Kloosterman, 1969). Two hundred and forty-five
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Table 7.5.1 Sex ratio in successive gestational age categories

gestational infants male female sex
age (weeks) n n n ratio

< 23 8 4 4 100.0
24 - 25 66 36 30 120.0
26 - 27 179 98 81 120.9
28 - 29 307 172 135 127.4
30 - 31 448 239 209 114.3

> 32 322 149 173 86.1
total 1330 698 632 109.9

Table 7.5.2 Sex ratio in successive birthweight categories

birthweight infants male female sex
(g) n n n ratio
<500 4 1 3 33.3
500-599 14 5 9 §5.5
600-699 33 16 17 9.1
700-799 50 25 25 100.0
800-899 88 41 47 87.2
900-999 100 54 46 117.3
1000-1099 124 52 72 72.2
1100-1199 139 71 68 104.4
1200-1299 160 84 76 110.5
1300-1399 179 88 91 96.7
1400-1499 201 110 91 120.9
>1500 241 151 90 167.7

total 1333 698 635 109.9
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out of 698 boys (35.1%) appeared small for gestational age, whereas 209
out of 635 girls (32.9%) had a birthweight below the 10th percentile. In
small for gestational agye infants the sex ratio was 117.2 (245 boys
versus 209 girls).

discussion

Hytten and Leitch (1971) showed that the sex ratio changes throughout
pregnancy. They demonstrated that approximately equal numbers of females
and males are conceived. But after a marked excess of females among
early, spontaneous abortions, there are about 120 male fetuses for every
100 females by the end of the first trimester. Excess male representa-
tion in second trimester deliveries and stillbirths reduces the sex
ratio in infants born at term to 105-107 in most European populations.

The data from the POPS-study support Hytten's view. In the younger
gestational age categories, we observed a high sex ratio of 120. The
overall sex ratio in the POPS-cohort (109.9) proved to be slightly
higher than in the total population in 1983 (104.6). In the Netherlands
a total of 83,209 girls and 87,037 boys were registered as born alive in
1983 (Centraal Bureau voor de Statistiek, 1585b).

Ne have no data on stillbirths and consequently we cannot provide
a sex ratio for stillborn, very preterm infants in the Netherlands. Only
after the implementation of a national registry into which obstetrical
data relating to all pregnancies and deliveries are entered, relevant
information will be available.

In the Aberdeen City district, Hall and Carr-Hill (1982) found a
higher sex ratio in very preterm infants. In 165 liveborn infants with
a gestational age of 32 weeks or less, born between 1961 and 1979, the
sex ratio was 146.3. Such higher sex ratios in very preterm infants have
also been recorded in the National Medical Birth Registry of Norway. In
1967-1968, 411 boys and 273 girls were born alive after a gestation of
28.0 to 31.9 weeks, resulting in a sex ratio of 150.5 (Bjerkedal et al,
1973).

7.6 Apgar score

The study protocol (appendix A, item 39), offered the possibility to
record the Apgar score (Apgar, 1953) at 1 minute, 3 minutes, 5 minutes
and 10 minutes after birth. In most cases, the paediatrician recorded
the Apgar scores at 1 and 5 minutes, or at 3 and 5 minutes. The score at
10 minutes was chiefly used if prior values of the Apgar score were low
or missing.

The Apgar score at 5 minutes after birth {s generally considered a
measure of intrapartum asfyxia and (or) neonatal depression (Silverman
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et al, 1985). In the POPS-study, the Apgar score at 5 minutes was
recorded for 1157 cases. Of these, 919 (79.4%) had a value of 7 or more
("high" Apgar score), and the other 238 (20.6%) had a value of less
than 7 ("low" Apgar score). The 181 cases for which no Apgar score at 5
minutes after birth was recorded, have been assigned a value based on
the available information. Thus, cases with an Apgar score of 7 or more
at 1 or 3 minutes after birth as well as at 10 minutes after birth, were
classified as "high" Apgar score (52 cases). Cases with an Apgar score
at 1 or 3 minutes after birth of 4 or less, and with all other values
missing or less than 6, were classified as "low" Apgar score (9 cases).
Infants with an Apgar score of 6 or less at 10 minutes after birth
without previous "high" values, were also classified as ™"low" Apgar
score (4 cases). Thus, a total of 1222 infants could be classified
(table 7.6.1).

Table 7.6.1 Apgar score

Apgar score n %
high (>7) 971 72.6
low (<7) 251 18.8
unknown 116 8.7

We observed a consistently decreasing percentage of low Apgar scores
in relation to advancing gestational age (table 7.6.2).

discussion

In addition to the Apgar score, the study protocol permitted the
recording of other measures of intrapartum asphyxia representing the
neonatal acid-base status: pH and PCOz in arterial or venous umbilical
cord blood samples, or in a capillary sample taken within 30 minutes
after birth (appendix A, items 40-42). Unfortunately, these values were
missing in the majority of cases, rendering these data useless.

Although the relationship between the Apgar score and ultimate outcome
(mortality and neurological morbidity) is much questioned (Silverman et
al, 1985), the Apgar score is still the best recorded measure of the
infant's well-being immediately after birth. Measures, such as the acid-
base status are not (yet) feasible in a national study involving all
levels of care.
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Table 7.6.2 Apgar score in successive gestational age categories

gestational number of infants low Apgar score not recorded
age (weeks) n % n %

<23 8 5 62.5 2 25.0
24-25 67 36 53.7 13 19.4
26-27 180 59 32.8 24 13.3
28-29 307 60 19.5 32 10.4
30-31 448 64 14.3 26 5.8

>32 325 29 8.9 17 5.2
total 1335 251 18.8 114 8.5

The more even distribution of cases with low Apgar scores over various
birthweight categories is presented in table 7.6.3.

Table 7.6.3 Apgar score in successive birthweight categories

birthweight number of infants low Apgar score not recorded

(g) n % n %

<500 5 1 20.0 4 80.0
500-599 14 4 28.6 4 28.6
600-699 33 13 39.4 2 6.1
700-799 51 17 33.3 8 15.7
800-899 88 33 37.5 8 9.1
900-999 101 27 26.7 6 5.9
1000-1099 124 22 17.7 16 12.9
1100-1199 139 16 11.5 13 9.4
1200-1299 161 31 19.5 17 10.6
1300-1399 179 23 12.8 15 8.4
1400-1499 202 26 12.9 12 5.9

>1500 241 38 15.8 11 4.6

116
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total 1338 251 18.
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There are several possible explanations as to why the Apgar score has
not been recorded in all cases. For infants who appear to be in prime
condition after birth, meticulous recording of the Apgar score is
sometimes omitted. Some infants require such expeditious intensive
treatment immediately after birth, that the paediatrician postpones
establishing the Apgar score. Thirdly, infants that are born extremely
asphyxiated, may die within minutes after birth without being resusci-
tated or scored.

The percentage of cases with a low Apgar score decreased with advan-
cing gestational age. Partly, this reflects the advancing maturity
of the nervous system, accompanied by increasing muscle tone and reflex
irritability. However, neurological immaturity of the infant may
influence the Apgar score only to some degree. In most cases a low
Apgar score indeed reflects the infant's clinical condition immediately
after birth. As such, it will be included in the analyses in chapters 14
and 15.

7.7 Congenital malformations

Congenital malformations were recorded in 146 cases, according to a
classification by organ system(s) involved (appendix A). All malforma-
tions, diagnosed during the hospital admission, were recorded.

The incidence of congenital malformations appeared to be similar in
successive gestational age categories (table 7.7.1) and in successive
birthweight categories (table 7.7.2).

Table 7.7.1 Congenital malformations in successive gestational age

categories
gestaticnal number of infants congenital malformations
age (weeks) n %
<23 8 1 12.5
24-25 67 4 6.0
26-27 180 15 8.3
28-29 307 31 10.1
30-31 448 45 10.0
>32 325 49 15.1

total 1335 145 10.9
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Table 7.7.2 Congenital malformations in successive birthweight

categories

birthweight number of infants congenital malformations
(9) n %
<500 5 d 20.0

500-599 14 0 -
600-699 33 5 15.2
700-799 51 10 19.6
800-899 88 10 11.4
900-999 101 10 9.9
1000-1099 124 15 12.1
1100-1199 139 15 10.8
1200-1299 161 21 13.0
1300-1399 179 20 11.2
1400-1499 202 19 9.4
>1500 241 20 8.3
total 1338 146 10.9

discussion

Due to the criteria for inclusion into the study, the subpopulation of
infants with a gestational age of 32 weeks or more but a birthweight of
less than 1500 g, shows a higher incidence of congenital malformations
(15.1%). This finding is in agreement with other reports associating
congenital malformations and low birthweight (Perkins, 1981).

A relatively high percentage of infants with congenital malformations
were cases with breech or transverse presentation (49 out of 146, 33.6%)
compared to non-malformed infants (313 out of 1192, 26.3%) (chapter
6.14).

Congenital malformations are one of the main causes of mortality and
morbidity 1in the neonatal period. Therefore, these disorders will be
discussed in more detail in chapters 11 and 12.

7.8 Infants of multiple pregnancy

In the study population, 312 infants were born as part of a multiple
pregnancy, as specified in table 7.8.1.
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Table 7.8.1 Infants of multiple pregnancy

multiple pregnancy infants
n %
twins, complete sets 214 68.6
first only 26 8.3
second cnly 37 11.9
triplets, complete sets 21 6.7
incomplete 13 4.2
quadruplet 1 0.3
total 312 100.0

Gestational age was calculated 1in days for each infant. The median
gestational age of infants of multiple pregnancy was 29 weeks and one
day (range: 22-39 weeks). This is 8 days less than that of singleton
pregnancies: 30 weeks and 2 days. The distribution of infants born as
part of a multiple pregnancy, over successive gestational age categories
is presented in table 7.8.2. The median birthweight of infants of
multiple pregnancies was the same as in singleton pregnancies: 1250 g.
The distribution of infants, born as part of a multiple pregnancy, over
successive birthweight categories is presented in table 7.8.3.

Table 7.8.2 Multiple births in successive gestational age categories

gestational number of infants multiple births
age (weeks) n %
<23 8 4 50.0
24-25 67 17 25.4
26-27 180 46 25.5
28-29 307 83 27.0
30-31 448 113 25.2
>32 325 48 14.8

total 1335 311 23.3
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Table 7.8.3 HMultiple births in successive birthweight categories

birthweight number of infants multiple births
(9) n %
< 500 5 1 20.0
500- 599 14 5 35.7
600- 699 33 5 15.2
700- 799 51 12 23.2
800- 899 88 22 25.0
900- 999 101 22 21.8
1000-1099 124 26 21.0
1100-1199 139 29 20.9
1200-1299 161 48 29.8
1300-1399 179 39 21.8
1400-1499 202 45 22.3
>1500 241 58 24.1
total 1338 312 23.3

As may be expected from the data presented in the tables above, the
percentage of SGA was lower 1in infants born as part of a multiple
pregnancy: 22.8% (71 out of 312) than in singleton infants: 37.3% (383
out of 1026).

We observed an uneven distribution of fetal presentation over cases
born as part of a multiple pregnancy as compared to singletons. Of the
infants born out of a multiple pregnancy, 117 (37.5%) presented by the
breech versus 245 out of 1026 singleton infants (23.9%). Curiously, the
caesarean section rate was much lower: 89 out of 312 (28.5%) in multiple
births as opposed to 477 out 1026 (46.5%) in singletons.

discussion

Because of the entry criteria of the POPS study, a number of multiple
births have not been included into the study as a complete set. Either
one of the infants was stillborn or was not entered into the study
because of a birthweight over 1500 g.

An unexpected finding is the lower median gestational age of the
subpopulation of multiple births, while the median birthweights were
equal. This observation and the uneven distribution of other perinatal
factors adversely affecting the pregnancy, (e.g. maternal hypertensive



145

disorders 26.2% in singletons and 9.9% in multiple births) suggests that
the subpopulation of multiple births differs substantially from the
singleton infants. Therefore, we include the factor multiple pregnancy
in the logistic regression analyses in chapters 14 and 15.

7.9 Summary

In the previous sections of this chapter, data on the study infants
have been discussed as observed immediately after birth. To facilitate
an easy review, we present the distribution of these factors over
various subpopulations in table 7.9.1.



Table 7.9.1 Distribution of data on study infants over various subpopulations

chapter  data on infants total < 32 weeks = 32 weeks <1500 g =1500g AGA/LGA SGA
n = 1338 n=1010 n =325 n = 1097 n =241 n = 884 n =454

n % n % n % n % n % n % n %
7.2 sex (male) 698 (52.2) 549 (54.4) 149 (45.8) 547 (49.9) 151 (62.7) 442 (51.9) 245 (54.0)
75 SGA (<10th percentile) 454 (33.9) 171 (16.9) 282 (86.8) 454 (41.3) 0 0 454 (100)
76 Apgar score 5 min (<7) 251 (18.8) 222 (22.0) 29 ( 8.9) 213 (194) 38 (15.8) 175 (20.6) 59 (13.0)
7.7 congenital 146 (10.9) 96 ( 9.5) 49 (1£.1) 126 (11.5) 20 ( 8.3) 77 ( 9.0) 63 (13.9)

malformation

78 multiple pregnancy 312 (23.3) 263 (26.0) 48 (14.8) 254 (23.2) 58 (24.1) 232 (27.3) 71 (15.6)

vl
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8.1 Introduction

Although we originally intended to limit our study to the 8 neonatal
intensive care units of the 8 university hospitals (tertiary care) and a
representative sample of general hospitals, many paediatricians were
willing to participate in the study so that a truly nationwide survey
could be accomplished.

8.2 Hospitals

On January 1st, 1983 the "Nationaal Ziekenhuis Instituut® (National
Hospital Institute) recognized 224 hospitals in the Netherlands as
approved "institutions for intramural health care". The list comprises
the following categories:

- university hospitals 8
- specialized hospitals[1] 48
- general hospitals 168
- total 224

A1l of the 8 university hospitals have a department of obstetrics,
paediatrics and a neonatal intensive care wunit. In 1983 10,132 women

[1] A specialized hospital provides only one kind of health care: e.g.
maternity clinic; children's hospital; physical rehabilitation clinic;
psychiatric hospital
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were delivered in this group of hospitals (9.2% of all hospital deliv-
eries in the Netherlands). All university hospitals cooperated in the
POPS-study.

Only 3 specialized hospitals practised obstetrics in 1983. In this
category 3194 deliveries took place (2.9% of all hospital deliveries in
the Netherlands). Another 3 specialized hospitals are paediatric hospi-
tals providing care for newborn infants born elsewhere. All six special-
ized hospitals cooperated in the POPS-study.

In 4 general hospitals there is no department of obstetrics nor labour
ward. In those hospitals no babies were born in 1983. The remaining 164
general hospitals took care of 96,314 deliveries (87.8% of all hospital
deliveries in the Netherlands). Because of existing obstetric referral
arrangements, or accidentally, in 26 (smaller) general hospitals in 1983
no infants were born alive with a gestational age of less than 32 weeks
and /or a birthweight of less than 1500 g. These hospitals were excluded
from the study.

Only 14 general hospitals were unable to cooperate in the POPS-study.
In these 14 hospitals, 85 infants were born in 1983 who met the criteria
for inclusion in POPS.

The remaining 124 general heospitals cooperated wholeheartedly through-
out the study period. Thus, a total of 138 hospitals participated in the
study (appendix H). The distribution of these hospitals is shown in
figure 8.2.1.

8.3 Levels of care

The level of care provided in these 138 hospitals varied from very
sophisticated perinatal intensive care to basic obstetric care without
special facilities for very preterm or very low birthweight infants. To
allow adequate evaluation of results of perinatal care we felt the need
to classify the participating hospitals according to level of care. The
existing systems of hospital classification (Nationaal Ziekenhuis Insti-
tuut classification; teaching versus non-teaching hospitals) could not
be applied because they are based on criteria, irrelevant to our study.
The item in question in our protocol (appendix A, nr. 44) appeared to be
useless due to the definitions being not strict enough: the same hospi-
tal was classified into different categories by paediatricians within
the same team in the hospital.

Therefore, a scoring system was devised based on the scoring system
used by Paneth et al (1982b), and similar to the "Categorization of
Perinatal Services" (American Academy of Pediatrics, American College of
Obstetricians and Gynecologists, 1983). The scoring enquiry was com-
pleted by one of the members of our study team, mostly during a visit to
the hospital or, occasionally, by telephone. The items scored included
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Figure 8.2.1 POPS 1983: participating hospitals
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staffing, specialization of medical and nursing staff, teaching qualifi-
cation (obstetrics/gynaecology and paediatrics) and round-the-clock
availability of medical staff of both the obstetric and the neonatal
department, as well as the measure of cocperation between these depart-
ments (e.g. regular staff meetings about high risk cases, perinatal
conferences, formal and informal consultations). Moreover, the equipment
of the neonatal unit and the standard policies and procedures regarding
delivery and management immediately after birth of high risk infants
were included in the scoring system. Thus, the score for each hospital
ranged from 0-30 penalty points (appendix I). The final ranking proce-
dure was carried out without knowledge of the identity of the individual
hospital.

Based on this score, the participating hospitals could be classified
into 3 levels of care:

level 3 - hospitals with perinatal intensive care centres (score 0-1)

level 2 - hospitals with many facilities for obstetric as well as
neonatal special care, but only short term intensive care
(score 2-8)

level 1 - hospitals with limited or no facilities for very preterm and
very low birthweight infants (score >9)

Three paediatric hospitals and 2 obstetric hospitals were classified
together with their obstetric respectively paediatric counterpart,
resulting in a classification for all 138 hospitals involved in the
study. Only the 8 university hospitals were classified as level 3.
Nineteen hospitals were assigned leve! 2. The other 75 hospitals fell
into level 1, as well as 31 non-participating hospitals referring all
high risk infants to participating neonatal units (table 8.3.1).

Table 8.3.1 Levels of perinatal care of hospitals and study infants

level of care number of number of infants
hospitals born in each level

n %

level 1 106 498 37
level 2 19 359 27
level 3 8 481 36

total 133 1338 100




151

The number of infants born in the different levels is shown in table
8.3.1. The study infants who were born at home or on the way to the
hospital (n=19) were classified as born in level 1.

8.4 Transports

Although no official program for regionalization or centralization of
intensive care for newborn infants was instituted in the Netherlands,
the recommendations of the "Nederlandse Vereniging voor Kindergenees-
kunde" (Dutch Paediatric Association), the "Nederlandse Vereniging voor
Obstetrie en Gynaecologie" (Dutch Association for Obstetrics and
Gynaecology) and the "Gezondheidsraad"™ (Health Council of the Nether-
lands) stressed the importance of the availability of intensive care for
very preterm and very low birthweight infants as soon as possible after
birth. A tendency to centralization occurred, based on geographical
areas surrounding the university hospitals.

8.4.1 Antenatal transport

Antenatal transport was considered to be present if the mother was
transferred either prior to or during labour from one hospital to
another (chapter 8.3). In most cases this would be a hospital offering a
higher level of care. The initial transport from home to hospital was
not considered antenatal transport.

Antenatal transport happened to 265 infants (table 8.4.1.1), of which
240 to level 3 hospitals.

Table 8.4.1.1 Antenatal transfer (number of infants)

prior to labour in labour total
transferred within level 1 6 5 11
transferred to level 2 6 8 14
transferred to level 3 139 101 240

total 151 114 265
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8.4.2 Neonatal transport

Neonatal transport was considered to be present if the infant was
transferred during the first days of 1life to a hospital in a higher
level (chapter 8.2) or between hospitals within the same level. This
occurred in 427 cases (32% of this study population). Of these, 43
transports were carried out by car, taxi or standard ambulance without
special facilities; 50 were effectuated by standard ambulance with a
paediatrician or neonatologist present. The other 334 transports were
accomplished by one of the 8 specialized neonatal transport teams of the
neonatal intensive care urnits in the university hospitals (neonatologist
or paediatrician training for neonatology, often accompanied by neonatal
nurse), using a special ambulance ("babylance”) provided with facilities
for neonatal intensive care (e.g. transport-incubator with CPAP, IPPV,
cardio-respiratory monitoring, continuous measuring of temperature and
bloodpressure, i.v. pumps, suction).

The standard procedure for neonatal transfer by one of the 8 baby-
lance-teams was, that each team went out to the hospitals in the region
surrounding the university hospital, and provided transport to the own
NICU. If no intensive care accommodation was available in the NICU in
question due to overcrowding, the infant was transferred to the next
nearest NICU where a place was available. The availability of intensive
care facilities was monitored continuously by Viditel, a database-system
to which all NICUs were linked.

In our study population, such "interregional” long distance transports
were effectuated in 58 of the 427 cases, all due to lack of available
intensive care accommodation. Apart from these "upgrading” interregional
transferrals, 20 infants were referred within level 3 from one NICU to
another because of overcrowding; 6 of these infants had been transferred
antenatally as well.

Neonatal referrals were grouped according to the period of time that
elapsed between birth and the start of intensive treatment by the
transport team (table 8.4.2.1).

The 6 infants, that had been transferred antenatally as well, belonged
to the first category. The second category was subdivided in "primary"”
(transferral arranged during or shortly after birth, delay due to
travelling distance), "secondary” (transferral arranged after the
development of unfavourable clinical symptoms, e.g. respiratory dis-
tress) and "after near-death"™ (no primary transfer arranged because of
expected death). For the sake of clearness, no such distinctions will be
used in forthcoming chapters in this study.

0f 427 cases of neonatal transfer, 282 were born in a level 1 hospi-
tal, 125 in a level 2 hospital and 20 in a level 3 hospital (table
8.4.2.2). The relative number of transfers was highest in level 1
hospitais (57%) compared to level 2 (35%) and level 3 hospitals (4%).
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Table 8.4.2.1 HNeonatal transport by age at transfer

age at transfer number of infants

< 1 h after birth 133

> 1 h after birth 294
"primary” 132
"secondary"” 157
after near-death 5

total 427

Table 8.4.2.2 Neonatal transport by level (number of infants)

place of number of transport <lh transport >1h total

birth infants n n n %
lTevel 1 498 55 227 282 57
level 2 359 61 64 125 35
level 3 481 17* 3 20 4
total 1338 133 294 427 32

* including 6 infants with antenatal transport as well

0f the total of 427 neonatal transferrals, 79 infants were transported
to a level 2 hospital and 334 infants were transferred to a Jlevel 3
hospital (274 from level 1, 60 from level 2; including 6 with antenatal
transport as well).

8.4.3 Gestational age, birthweight and transport

In table 8.4.3.1 we present the median gestational age and weight at
birth according to type of transpert.
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Table 8.4.3.1 Gestational age and birthweight in referred infants

transport median gestational age median birthweight
(weeks) (9)
antenatal transport 29.7 1160
neonatal transport 30.0 1240
both 29.8 1250
none 31.0 1315

8.4.4 Backtransfer

Many infants were transferred back from a 1level 3 hospital to a
hospital in a lower level after the initial need for intensive care had
passed. If any antenatal or neonatal transport had occurred, the infant
was usuvally transferred back to the referring hospital. If no previous
transfer had taken place, the infant was transferred back to a hospital
near the home of the parents.

Backtransfer occurred in a total of 397 infants: 126 after initial
antenatal transfer, 192 after initial neonatal transfer, 6 after both,
and 73 where no previous transfer had taken place (table 8.4.4.1).
Moreover, 6 infants were transferred back to the level 3 hospital near
the home of the parents, after previous interregional antenatal transfer
due to overcrowding of the NICU.

Table 8.4.4.1 Backtransfer from level 3 to level 1 or 2, by previous
transfer (number of infants)

previous number of died backtransfer stayed in
transfer infants level 3
antenatal 234 71 126 37
neonatal 328 103 192 33
both 6 - 6 -

none 247 52 73 122

total 815 226 397 192
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8.4.5 Recapitulation of transfer

In the total study population, 759 infants were transferred 1089
times. In figure 8.4.5.1, the "routing” of infants is depicted according
to level of hospital, as it has occurred in the perinatal period. For
the sake of clarity all transferrals between NICUs (neonatal: 20; back:
6) have been omitted. Each time-level is represented by a bar, depicting
the total of 1338 study infants. From left to right, the population has
been split according to the level of care at that time-level.

From this figure, it {is evident that the majority of the study
infants (62%, white part of the bar) have been admitted to a level 3
hospital for some time during the neonatal period. Most of the surviving
infants have been transferred back to a hospital in a lower level.
Consequently, 81% of the surviving infants were discharged home from a
level 1 or 2 hospital (hatched part of the bar).

8.5 . Discussion

The willingness of nearly all paediatricians in the Netherlands to
participate directly or indirectly by agreeing to participation of a
member of their team in this study shows, that the collecting of data
concerning this group of high risk infants was felt to be a priority.
The paediatricians who did not participate in the study were prevented
from doing so mainly by lack of manpower at that time.

The ranking of all participating hospitais, based on our own enquiry
and finally carried out without knowledge of the identity of the
individual hospital, resulted in a classification in 3 levels of care
comparable to classifications used in the literature (Bowes, 1981;
Peddle et al, 1983; Paneth et al, 1982b; Paneth et al, 1984).

The percentage of infants born in 1level 3 hospitals is far greater
than the percentage in the general population. Of all 109,640 hospital
deliveries in the Netherlands in 1983, only 9.2% took place in universi-
ty hospitals. This tendency to centralization in our study population is
partly due to maternal referral before or early in pregnancy because of
maternal disease or previous obstetric complications and partly to
antenatal transport. Of the very preterm infants (less than 32 weeks
gestation) a relatively larger number (40%) was born in level 3 hospi-
tals than of the more mature VLBW infants (24%), due to more antenatal
transport.

As shown in figure 8.4.5.1, the greater part (62%) of all infants was
treated in a level 3 hospital for some time. The number of interragional
"long distance™ transports due to overcrowding of NICUs is striking: 78
such cases (17% of all neonatal transports) were recorded in our study.
This 1{s probably an underestimation, because interregional transports
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which were carried out by the transport team belonging to the referral
unit (instead of the regional team) or by a standard ambulance could not
be recorded as such. Although "long distance” in the Netherlands means a
maximum of some 300 kilometers, and in most cases less than 100 kilome-
ters, such transports should be abolished. Besides being harmful for the
infant (Shenai et al, 1981; Clark et al, 1981; Fetter et al, 1986) and
an additional burden for the transport team (Marshall & Kasman, 1980),
the transport is an expensive procedure for health care providers[2]
as well as for the parents (Smith & Baum, 1983) for whom costs of
visiting the baby may be double or more. Since the overcrowding, and
hence the need for interregional transport occurs in all NICUs, the
total capacity for neonatal intensive care needs to be expanded.

0f those who survived, 65% was transported back to a hospital in a
lower 1level, even if no previous "upgrading" transport had occurred.
Backtransport occurred in all NICUs. The fear that NICUs “"cling” to
patients seems unwarranted.

Goldenberg et al (1985d) proposed a measurement of regionalization[3].
In Alabama as a whole, this measurement of regionalization increased
from 10% 1in 1970 to 66% in 1980. In the present study, 481 of 1338
births (36%) and 127 of 340 in-hospital deaths (37%) occurred in level 3
hospitals (perinatal centres in university hospitals), an average of 37%
regionalization. Further regionalization and centralization of care for
these high risk infants may lead to a further decrease of neonatal mor-
tality, as was described in regional studies in Sweden (Eksmyr et al,
1986), Finland (Tenovuo et al, 1986), and Iowa (Hein & Lathrop, 1986).

[2] For each neonatal transport, the "Ziekenfonds" (National Health
Insurance) only refunds the costs of babylance maintenance. Neonatal
nurses assist 1in transports only as far as possible within their shift.
However, neonatologists and neonatal fellows on call do not receive any
extra payment for service rendered during that time, nor can fees be
charged for neonatal transports. Only quite recently, a few of the pri-
vate insurance companies have agreed to fund part of these costs. This
implies that most of the burden of these transport services is carried
by neonatal staff without any compensation in money or free time.

[3] The average of the rate of VLBW-births and the rate of VLBW-
deaths in the perinatal centres, taking as denominator the total number
of VLBW-births respectively deaths in the geographical region concerned:

VLBW births centre VLBW deaths centre
x 100 + x 100f: 2
VLBW births region VLBW deaths region
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For the analyses in chapter 14 and 15, all infants have been classi-
fied by level of hospital of birth (level 1,2,3), by antenatal transport
to a level 3 hospital, and by neonatal transport to a level 2 or 3
hospital ("upgrading” transport).

8.6 Summary

As stated in chapters 4 and 7, various subpopulations may be discerned
within the study population. In order to demonstrate variations in the
distribution of the factors discussed in this chapter, the frequencies
concerned are summarized in table 8.6.1.



Table 8.6.1 Distribution of transport and level of perinatal care (hospital of birth) over various subpopulations

chapter  factor total < 32 weeks = 32 weeks <1500 g = 1500 g AGA/LGA SGA
n = 1338 n = 1010 n =325 n = 1097 n =241 n = 884 n =454
n % n % n % n % n % n % n %
84 antenatal transport 240 (18.0) 205 (20.4) 35 (10.8) 204 (18.6) 37 (15.4) 159 (18.7) 80 (17.6)
to level 3
83 level 1 498 (37.2) 352 (34.9) 143 (44.0) 406 (37.0) 92 (38.2) 341 (36.9) 163 (35.9)
level 2 359 (26.8) 254 (25.1) 104 (32.0) 291 (26.5) 68 (28.2) 216 (25.4) 137 (30.2)
level 3 481 (35.9) 404 (40.0) 78 (24.0) 400 (36.4) 81 (33.6) 321 (37.7) 154 (33.9)
84 neonatal transport 407 (30.4) 330 (32.7) 75 (23.1) 340 (30.9) 67 (27.8) 294 (34.5) 110 (24.1)
(upgrading)

6st
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Chapter 9 Completeness of the study cohort

9.1 Introduction

9.2 Infants in non-participating hospitals
9.3 "Landelijke Verloskunde Registratie”
9.4 Eurocat-registration in the Netherlands
9.5 Conclusions

9.1 Introduction

In chapters 7 and 8, the study cohort of 1338 infants has been
characterized in terms of the composition and origins of the study
population. Since the survey was conducted on a voluntary basis, it was
impossible to obtain a 100% coverage; i.e., there will have been
infants, 1liveborn in the MNetherlands in 1983, and fulfilling the
selection criteria for inclusion in the study, who were nevertheless not
included.

To assess the degree of completeness of the survey, as well as a
potential bias arising from infants missing from the survey, alil
non-participating hospitals with paediatric departments were sent a
questionnaire in 1984. If any infants suitable for inclusion into the
study had been born in 1983 in these hospitals (and had not already been
included in the survey, e.g. after transfer to a participating hospi-
tal), a few essential details about each infant were recorded on the
questionnaire.

As stated in chapter 1.5, no data on the gestational age or birth-
weight of liveborn infants are routinely available in the Netherlands.
As one of the very few West-European countries, and contrary to the
recommendations of the WHO (1977) and the FIGO Standing Committee on
perinatal mortality and morbidity (Dunn, 1985), the Netherlands have no
mandatory registration or notification of such vital information, nei-
ther by parents nor by attending physicians or midwives (table 9.1.1).

However, a voluntary registration system of all births exists in
the Netherlands: the "Landelijke Verloskunde Registratie, LVR" (Natio-
nal Obstetric Registration). In 1983, 118 hospitals (departments of
obstetrics) participated in the LVR, i.e. 67% of all hospitals with
obstetric departments (van Hemel, 1986). Details on the 59,770 infants
born in these hospitals were recorded in the "Stichting Informatiecen-
trum voor de Gezondheidszorg™ (SIG)[1]. With permission of the supervi-

[1] Stichting Informatiecentrum voor de Gezondheidszorg
Maliebaan 50, 3508 SC Utrecht
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Table 9.9.1

Country

Australia
Austria
Belgium
Canada

Czechoslovakia
Denmark

Finland

France

Repuoiic of

Great Britian:
England and
Wales

Scotland

Hungary
Israel

Italy

Japan

Netherlands

New Zealand

Norway

Portugal

Spain
Sweden

Switzerland

Unitea States

Yugosiavia
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sing committee, those records were used for comparison to our study
population.

Two provinces in the Netherlands (Groningen and Drenthe) participate
as a region in Eurocat (Cornel et al, 1986), a registration of congeni-
tal malformations in countries {in the European Community (Wals et al,
1985). The data collected for Eurocat in 1983 were compared to our study
population as well.

Finally, data from the "Centraal Bureau voor de Statistiek® (Central
Bureau of Statistics)[2], concerning first week deaths of liveborn
infants by gestational age and birthweight, were used to assess the
completeness of our survey as far as early neonatal mortality was
concerned. This last subject will be discussed in chapter 10.9.1.

9.2 Infants in non-participating hospitals

Nearly all 40 non-participating hospitals with a paediatric department
responded to our questionnaire. Fourteen hospitals sent details on 85
infants, who fulfilled the criteria for inclusion into the study, but
were not included. These 85 infants are listed in table 9.2.1 by
gestational age and in table 9.2.2 by birthweight.

In the remaining 26 hospitals, no such infants have been born in 1983
(chapter 8.2).

No difference in the distribution of gestational age and birthweight
was found when comparing mean ranks in the two groups (Mann Whitney
test). Mortality was similar (25.8%) to that found in the study cohort
(chapter 10).

Therefore, we conclude that the study cohort included 94% of all such
infants born in the Netherlands in 1983, and that it is representative
of the total population at risk.

[2] Centraal Bureau voor de Statistiek
Prinses Beatrixlaan 428, 2273 XI Voorburg
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Table 9.2.1 Eligible infants not included in the study cohort, in
successive gestational age categories

gestational number of infants in-hospital deaths
age (weeks) n

24
25
26
27
28
29
30
31
32
33
34
35
36
37
40

N N B

—
ot N WO W N BN B 0 S
-5 N

©
(T,

total 22
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Table 9.2.2 Eligible infants not included in the study cohort, in
successive birthweight categories

birthweight (g) number of infants in-hospital deaths
500-599 2 2
600-699 3 3
700-799 1 1
800-899 2 1
900-999 6 3
1000-1099 4 1
1100-1199 7 3
1200-1299 10 1
1300-1399 19 1
1400-1499 13 1
31500 12 2
unknown 6 3
22

total 85

9.3 ‘Landelijke Verloskunde Registratie” (LVR)

Unfortunately, the hospitals of which the paediatricians participated
in POPS were not (always) the same as the hospitals in which the
obstetricians participated in the LVR. This implies that the records
cannot be compared as such. Therefore, we compared only the data from
87 hospitals participating in both surveys. Because of the confiden-
tiality of both data-bases, direct "linking” of cases was impossible.

In the LVR-cohort, 1044 infants met the criteria for inclusion in
POPS: liveborn 1in 1983, with a gestational age of less than 32 weeks
and/or a birthweight of less than 1500 g. Within the POPS-cohort, 1096
infants have been entered into the study by the hospitals that partici-
pated in the LVR. To study this small difference further, the LVR-data
were stratified by week of gestational age and by 100 g birthweight
categories. The distribution appeared to be similar (tables 9.3.1,
9.3.2). In the extremely low gestational age groups ( < 24 weeks), the
LVR has a surplus of 24 infants. These have probably been considered
"not viable" by the attending obstetrician and the paediatrician has not
been involved.
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Table 9.3.1 HNumber of infants included in LVR and POPS, according to
gestational age categories (87 hospitals)

gestational LVR POPS
age (weeks)

23 17 7
24 26 12
25 30 43
26 58 63
27 72 83
28 91 112
29 122 140
30 143 164
31 227 198
> 32 258 274
total 1044 1096

Table 9.3.2 Number of infants included in LVR and POPS according to
birthweight categories (87 hospitals)

birthweight (g) LVR POPS
<500 9 4
500-599 20 11
600-699 25 27
700-799 40 38
800-899 57 69
900-999 75 93
1000-1099 92 109
1100-1199 89 116
1200-1299 107 120
1300-1399 119 153
1400-1499 141 163
>1500 270 193

total 1044 1096
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The POPS-study cohort showed a surpius of infants with a gestational
age of 25-31 weeks (n=76), due to a number of infants that were trans-
ported from home (n=19) or from a non-participating hospital to one of
the 87 hospitals. Because they have not been born there, these infants
were not included in the LVR.

9.4 Eurocat-registration in the Netherlands

In the Eurocat registration, information on 3 infants, 1liveborn in
1983 with a gestational age under 32 weeks and/or a birthweight under
1500 g was recorded (Cornel, personal communication, 1986). Two of them
could be identified in our study population. The third case was an-
encephalic, born at 22 weeks gestation, and died shortly after birth.

9.5 Conclusions

From the investigations described in this chapter and chapter 10.9.1,
it is evident that the study cohort comprises a remarkably complete and
representative population. The cohort originates from a geographically
defined area (the Netherlands), and includes all levels of care.
Although theoretically, there still may be some eligible infants who
have not been accounted for, it is highly unlikely that inclusion would
affect our results in any significant way. Therefore, we conclude that
the results from this survey are valid for the total population under
study.

The main source of inaccuracy are infants in the extremely short
gestational age groups. If such infants are considered "not viable",
and die very shortly after birth, they may be omitted from all regis-
trations for a variety of practical reasons (Keirse, 1984a). Only a
mandatory registration system for all births (stillborn and liveborn)
from 16 weeks gestation onward, without practical or financial conse-
quences for parents or physicians, will allow assessment of birth and
death rates at extremely low gestations. Only then, the true incidence
of preterm birth can be investigated and changes in time will become
apparent.
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Chapter 10 Mortality

10.1 Introduction

10.2 Mortality by age at death

10.3 Mortality by gestational age and birthweight
10.4 Mortality by infants' sex

10.5 Mortality by hospital level of care

10.6 Mortality by multiple pregnancy

10.7 Mortality by presentation and mode of delivery
10.8 Mortality in small for gestational age infants
10.9 Discussion

10.9.1 Official registration
10.9.2 Comparison to the literature
10.9.3 Conclusions

10.1 Introduction

For a long time, death or survival has been the yardstick of success
of neonatal intensive care. Although nowadays much attention is paid
to later morbidity as well, mortality still is the leading parameter,
because it is unequivocal, and known after a relatively short time.

The mortality rates used most widely for national and international
comparison are:

- perinatal mortality rate (stillbirths after 28 weeks gestation plus
deaths of liveborn infants occurring within 7 x 24 hours after birth)

- neonatal mortality rate (deaths within 28 days of birth)

- infant mortality rate (deaths within the first 365 days of life)

In the present study, stillborn infants were not included; therefore,
perinatal mortality rates cannot be calculated. Neonatal mortality rates
have been calculated whenever appropriate. However, we felt that often
the neonatal mortality insufficiently described the situation: a
substantial number of deaths originating in the perinatal period
occurred after 28 days of life, due to the perinatal intensive care
administered to the infant. Recently, the same problem has been des-
cribed by others (Beckwitt Turkel et al, 1986). Therefore, these
postneonatal deaths during hospital admission have been included in the
so-called "in-hospital mortality”. Postneonatal deaths after discharge
home are often related to perinatal problems as well. However, these
deaths will not be discussed in detail in this thesis, but after
completion of the follow-up study.
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10.2 Mortality by age at death

In the first year of l1ife, 364 of the 1338 study infants died. This
means an infant mortality rate in the study population of 272 per
thousand live births.

Of these deaths, 40% occurred during the first day, and 73% during the
first week of life (table 10.2.1).

Table 10.2.1 Deaths in the first year of life, by age at death

age at death deaths
n % % of live
born infants
<2 hours 56 15
2-24 hours 91 25
24-48 hours 48 13
43 hours-7 days 71 19
early neonatal mortality 266 19.9
8-28 days 46 13
neonatal mortality 312 23.3
>28 days, during hospital stay 28 8
in-hospital mortality 340 25.4
discharge-1 year 24 7
infant mortality 364 100 27.2

Early neonatal mortality rate (day 1-7) was 199 per thousand live
births, and total neonatal mortality rate (day 1-28) 233 per thousand
live births. Postneonatal mortality rate (day 29-365) was 39 per
thousand; half of these deaths occurred during hospital stay, the other
half after discharge home. As this last category (24 infants) belongs
to the follow-up study, it will be omitted in the remainder of this
chapter.



171

10.3 Mortality by gestational age and birthweight

Tables 10.3.1 - 10.3.3 show early neonatal, neonatal and in-hospital
mortality rate (%) by gestational age and birthweight. The actual number
of infants that died in each gestaticnal age-birthweight category is
mentioned in parentheses, as well as the number of liveborn infants in
that category.

For the sake of comparability to the existing literature on the
subject, neonatal and in-hospital mortality were also calculated by
gestational age alone (table 10.3.4) and by birthweight alone (table
10.3.5), in groupings such as used frequently in the literature.

Table 10.3.4 Mortality rate by gestational age

gestational number of neonatal in-hospital
age (weeks) infants deaths deaths
n % n %
<23 8 8 - 8 -

24-25 67 58 86.6 60 89.5
26-27 180 90 50.0 95 52.8
28-29 307 72 23:5 83 27.0
30-31 448 57 12.7 64 14.3
total <32 1010 285 28.2 310 30.7

To demonstrate differences in mortality in subpopulations within the
study cohort, the separate mortality rates are stated in table 10.3.6.

10.4 Mortality by infants' sex

0f the 698 boys in the study group, 183 (26.2%) died during hospital
admission; of the 635 girls, 153 (24.1%) died. Although these observed
mortality rates do not differ substantially, the distribution of other
perinatal factors (like gestational age) has to be taken into account
before any conclusion may be drawn (chapter 14).
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Table 10.3.1 EARLY NEONATAL mortality rate (%) by gestational age in completed weeks and birthweight in
1C0 g categories. Actual number of infants in parentheses (dead/liveborn)

GA (wks) 22 23 24 25 26 27 28 29 30 31
BW (g)
2700-2799 (1 n
2600-2699
2500-2599 7 1
2400-2499 (s 1 0/ 1)
2300-2399 o1
2200-2299 07 1) 0/ 2
2100-2199 o7 1) w2
2000-2099 s n 0/ 3)
1900-1999 (s ©/ 1) 701718
1800-1899 0/ 2) /6 11(2/19)
1700-1799 (17 5) 13 (2/15) 3(1/32)
1600-1699 07 1) 2 (17 4 17 (4/23) 11 (3727
1500-1599 o 07 4 701715 4(1/25) 10 (3/29)
1400-1499 16 (3/19) 10 (2/20) 71(3/43) 0 (0/25)
1300-1399 o/ 1 (27 8 13 (3/23) 11(3/20 0(0/25) 6(1/18)
1200-1299 273 64 (9/14) 27 (6/22) 22 (7/32) 24 (417 12 (2/16)
1100-1199 0/ 1) 2/ 8) 27 (3/11) 15 (3/20) 15 (3/20) 20 (4/20)
1000-1099 (37 4) 57 {(12/21) 26 (6/23) 26 (5/19) 11(2/19) 2/ 8) 17 (2/12)
300- 699 78(77 9 37 (7/19) 26 (6/23) 30 (3/10) (17 8 1/ 8) (/1
800- 899 (RFA) 272) 81(13/16) 50(7/14) 50 (5/10) 33 (4/12) @rn (17 8) 0/ €)
700- 799 (171 (474) 69 (11/16) &/ N (17 & 7 1) 2/ @) (s 3 o/ 2
600- 699 77 72 272 (379 27 4 (173 (17 6) (17 2)
500- 599 (373) [R¥A)) 3/3) (171 27 4 071 07 1)

400- 499 (2/2) 373)
Total 373 (5/5) 100 (19/19)  75(36/48)  51(39/77) 36 (37/103) 22(30/136) 16 (28/171) 13 (27/240) 9 (23/244)

Rates are based on at least 10 infants.
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Table 10.3.2 NEONATAL mortality rate (%) by gestational age in completed weeks and birthweight in 100
categories. Actual number of infants in parentheses (dead/liveborn)

GA (wks) 22 23 24 25 26 27 28 29 30 N
BW (g)
2700-2799 arn
2600-2699
2500-2599 o7 1
2400-2499 VR 0/ 1)
2300-2399 7/ 1
2200-2299 0/ 1) 0/ 2)
2100-2199 07 1) 2
2000-2099 (17 ©/ 3
1900-1999 s 07 1) 7(1/14)
1800-1899 7 2) (17 6) 11(2/19)
1700-1799 (17 5 13 (2/15) 3(1/32)
1600-1699 (07 1) (17 2 (17 4  22(5/23) 11(3/2D
1500-1599 0/ 1 0/ 4) 13 (2715) 12 (3/25) 10(3/29)
1400-1499 26(5/19)  10(2/20)  12(5/43) 0(0/25)
1300-1399 (171 (2/ 8 174723  11(3/27) 0(0/25) 6(1/18)
1200-1299 (2/.3) 71(00/14)  32(7/22)  31(10/32) 24 (4/17) 12 (2/16)
1100-1199 (07 1) (4/ 8 36(4/11) 30(6/20) 15( 3/20) 33(4/12) 20 (4/20)
1000-1099 (3/ 4 87(14/21) 26(6/23) 26(5/19)  16( 3/19) 2/ 8  17(2/12)
900- 999 (8/ 9 42(8/19) 30( 7/23) 40(4/10) (2/ 8 17 8) 9{1/11)
800- 899 (/1) (212) 87 (14/16) 57 ( 8/14) 70( 7/10) 33 (4/12) (3/ 7 (17 8) 0/ 6
700- 799 (7 (4/4) 75 (12/16) (6/ 7 (2/ 4 07 1 (276 s 3 0/ 2
600- 699 77 (272 (272 (375 2/ 4) (17 3 2/ 6 1/ 2
500- 599 (373 {1/1 373) (17 n (37 4 0/ 1 asrn

400- 499 (2/2) (3/3)
Total (3/3) (5/5) 100 (19/19) .81(39/48) 60 (46/77) 43 (44/103) 28 (38/136) 20 (34/171) 17 (34/204) 9 (23/244

Rates are based on at least 10 infants.



178

32

7

unknown

(v

(o1

(172

(o1

(073

(173

(17 9

12( 2/16)

1(3/27)

8( 4/52)

18 (10/57)

11( 8/74)

18 (3/17)

5(1/22)

0(0/10)

01(0/19)

0/ 9)

(1/6)

0/2)

o/

8 (17/202)

5(1/21)

0(0/186)

0(0/17)

14 (2/14)

0/ 6

0/ 2

/1)

8 (14/179)

17 (2/12)

70714

701714

0/ 8)

s 3

0/ 4)

/1)

/1)

24 (39/161)

12(2/17)

0/11)

(17 9)

(17 8)

0/ 1)

0/1)

21 (29/139)

(7 8

@/ 7

0/ 1)

(172

31 (39/129)

17 8)

©/ 5

32 (327101)

@7

o/ 1)

s n

(7R}

(CZ)]

07 1)

50 (44/88)

07 2

(27 4

0/1)

59 (30/51)

0/ 2)

61 (20/33)

86 (12/14)

(5795

14 (13/94)

7 (6/80)

6(3/52)

8 (4/52)

0 (0/20)

0 (0/16)

(1/8)

0/2)

0/1)

0/3)

23 (312/1338)




176

Table 10.3.3 IN-HOSPITAL mortality rate (%) by gestational age in completed weeks and birthweight in 100 ¢
categories. Actual number of infants in parentheses (dead/liveborn)

GA (wks) 22 23 24 25 26 27 28 29 30 3
BW (g)
2700-2799 1’ n
2600-2699
2500-2599 7 1)
2400-2499 (17 1) /1
2300-2399 o7 1)
2200-2299 (7)) 07 2
2100-2199 (728} 2
2000-2099 a1y 07 3)
1900-1999 (s o7 1) 7(1/14)
1800-1899 0/ 2) (17 6) 11(2/19)
1700-1799 (179 13 (2/15) 3(1/32)
1600-1699 s 1 (s 2 (1/ 4 26(6/23) 11(3/27)
1500-1599 (osr 1 (17 4 13(2/15) 16(4725)  10(3/29)
1400-1499 26(5/19)  10( 2/20) 12 (5/43) 4(1/25)
1300-1399 (17 (278 22(5/23) 15 ( 4/27) 0(0/25) 6(1/18)
1200-1299 (2/3) 7100014 32(7/22) 31(10/32) 24 (4/17) 19 (3/16)
1100-1199 (0/ %) (4/ 8 36(4/11) 40(8/20) 15( 3/20) 33(4/12)  20(4/20)
1000-1099 (3/ 4 67(14/21) 26(6/23) 37(7/19)  21( 4/19) 2/ 8  17(2/12)
900- 999 (8/ 9 47(9/19) 35(8/23) 50(5/10) (2/ 8 s 8 9(1/11)
800- 899 (171 (272) 94 (15/16) €4( 9/14) 80 ( 8/10) 42(5/12) (3/ 7 (27 8 (17 6
700- 799 (s ) 81(13/15) (6/7) (27 4 o/ 1) (276 2/ 3 0/ 2
600- 699 : @ (2712 (2/2 (4/ 5 @/ 4 (173 2/ ©) (12
500- 599 (3/3) (7 (3/3) (171 (37 9 (171 (17

400- 499 (2/2) (3r3)
Total (3/3) (5/5) 100 (19/19) 85 (41/48) 62 (48/77) 46 (47/103) 34 (46/136) 22 (37/171) 19 (38/204) 11 (26/244)

Rates are based on at least 10 infants.
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Table 10.3.6 Mortality in various subpopulations

8Ll

chapter  mortality total < 32 weeks = 32 weeks < 1500 g =1500 g AGA/LGA SGA
n = 1338 n = 1010 n =325 n = 1097 n =241 n = 884 n =454
L (s ks B &2 s
n % n % n % n % n % n % n %
104 neonatal mortality 312 (23.3) 285 (28.2) 27 (8.3) 281 (25.6) 31 (12.9) 209 (24.6) 72 (15.9)

in-hospital mortality 340 (25.4) 310 (30.7) 30 (9.2) 306 (27.8) 34 (14.1) 227 (26.7) 82 (18.1)
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Table 10.3.5 Mortality rate by birthweight

birthweight number of neonatal deaths in-hospital deaths
(g) infants n % n %
<500 5 5 - 5 -
500-749 66 43 65.1 46 69.7
750-999 221 95 43.0 106 48.0
subtotal 292 143 49.0 157 53.8
1000-1249 359 87 24.2 95 26.5
1250-1499 446 50 11.2 54 12.1
subtotal 805 138 17.1 149 18.5
total<1500 1097 281 25.6 306 27.9

10.5 Mortality by hospital level of care

Neonatal and in-hospital mortality rates were calculated for each
of the three levels of care, with all births and deaths assigned to the
hospital of birth, regardless of antenatal or neonatal transport (table
10.5.1). Again, these crude mortality rates do not take into account the
existing differences in perinatal factors such as gestational age and
birthweight (table 10.5.2) The importance of such differences will be
discussed in chapter 14.

Table 10.5.1 Mortality rates by hospital level of care

level number of early neonatal neonatal in-hospital
of care infants deaths deaths deaths

n % n % n %
level 1 498 104 21 119 24 129 26
level 2 359 68 19 76 21 84 23

level 3 481 94 19 117 24 127 26
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Table 10.5.2 Mean gestational age and birthweight by hospital level

level mean gestational age mean birth-
(weeks) weight (g)
1 30.6 1272
2 30.8 1274
3 29.7* 1206*

* p < 0,001 (one-s:ded analysis of variance, Kruskall Wallis)

10.6 Mortality by multiple pregnancy

In the POPS-cohort, 312 study infants were part of a multiple pregnan-
cy (chapter 7.8). Neonatal mortality appeared to be higher in these
infants (95 out of 312, 30%) than in singleton infants (217 out of 1026,
21%). The distribution of infants of multiple pregnancy and their
neonatal mortality is shown in table 10.6.1, and singleton births and
their neonatal mortality in table 10.6.2.

In-hospital mortality in multiple births was higher as well (103 out
of 312, 33% versus 237 out of 1026 singletons, 23%).

10.7 Mortality by presentation and mode of delivery
The observed frequencies of neonatal and in-hospital mortality in

vertex and non-vertex presentation of the infant before delivery is
stated in table 10.7.1.

Table 10.7.1 Mortality by fetal presentation

fetal presentation number of neonatal in-hospital
infants deaths deaths

n % n %

vertex and unknown 976 205 21.0 228 23.4

non-vertex 362 107 29.5 112 30.9
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Although mortality seems higher in the non-vertex presentation
infants, interpretation of these observed rates is impossible without
taking into account many other perinatal variables, as will be done in
chapter 14, The same applies to mortality in infants, delivered vagi-
nally versus caesarean section (table 10.7.2).

Table 10.7.2 Mortality by mode of delivery

mode of number of neonatal in-hospital
delivery infants deaths deaths

n % n %
vaginal 772 228 29.5 243 31.5
caesarean section 566 84 14.8 97 17.1

10.8 Mortality in small for gestational age infants

0f the 454 infants in the total study population who were considered
SGA by Dutch standards (chapter 7.4), 72 (16%) died during the neonatal
period (table 10.8.1).

Table 10.8.1 Mortality in small for gestational age infants

classification number of neonatal in-hospital
infants deaths deaths

n % n %

SGA 454 72 15.8 82 18.1

AGA/LGA 851 209 24.6 227 26.7

not classified 33 31 93.9 31 93.9

Because of the relatively large number of SGA infants with gestational
age over 32 weeks in our study population, this observed mortality rate
does not necessarily lead to the conclusion that a relatively low weight
is a favourabie condition at all gestational ages or in all circumstan-
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Table 10.6.1 NEONATAL mortality rate (%) in twins by gestational age in completed weeks and birthweight
100 g categories. Actual number of infants in parentheses (dead/liveborn)

GA (wks) 22 23 24 25 26 27 28 29 30 31
BW (g)
2700-2799
2600-2699
2500-2599
2400-24%9
2300-2399 07 1)
2200-2299
2100-2199
2000-2099 (17 1)
1900-1999 o/ 1) o/ 1
1800-1899 07 1) 0/ 3)
1700-1799 as o/ 4 8(1/12)
1600-1699 [FZa] 0/ 6
1500-1599 s 4 20 (2/10) (17 9
1400-1499 @/ 4 0/ 3  25(3/12) o/ 8
1300-1399 (17 1) s 3 0/ 7N 0/ 8 (175
1200-1299 (172) (374) 37 6 21 (4/19) 27 8 07 2
1100-1199 (3/4) (/1 27 5) 2/ 5 07 5) 2
1000-1099 (474) (172 40 (3/10) 377 s 07 n
200- 999 () (4/8) (1/6) asr (2 (a2 ©/ 2
800- 899 (1/1) (8/8) (3/5) 0/2) 0/ 2) 2/ 3) 0/ 1

700- 799 (1/1) (171 (2/3) (2/2) 2/2) as o/ 1

600- 699 a1 (171) (177 . 0/ 1) (s n
500- 559 (272 (171 (/) (171

400- 499 (171
Total (2/2) (272 (474 92(12/13) 69(18/26) 55(11/20) 39(12/31) 29(15/52) 20 (12/60) 9 (5/53)

Rates are based on at least 10 infants.
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Table 10.6.2 NEONATAL mortality rate (%) in singleton infants by gestational age in completed weeks ai
birthweight in 100 g categories. Actual number of infants in parentheses (dead/liveborn)

GA (wks) 22 23 24 25 26 27 28 29 30 3
BW (g)
2700-2799 a’sn
2600-2699
2500-2599 ((7n))]
2400-2499 as v 7
2300-2399
2200-2299 [oZan)] 0/ 2
2100-2192 o/ 1 1/ 2
2000-2099 07 3
1900-1999 s 8(1/13)
1800-1899 0/ 2) (/5 12 (2/16)
1700-1799 0/ 4 18 (2/11) 0(0/20)
1600-1699 ©/ 1) a2 7 4 16 (3/19) 14 (3/21)
1500-1599 (er 0/ 4 9(1/1) 7(1/15) 10 (2/20)
1400-1499 20 (3/15) 12 (2/17) 6(2/31) 0(0/17)
1300-1399 (171 arn 15 (3/20) 15 (3/20) 0(0/17) 0(0/13)
1200-1299 (17 1) 70(7/10)  25(4/16) 46 (6/13) 2/ 9 14 (2/14)
1100-1199 (07 M (17 4 30(3/10) 27 (4/15) 7(1/15) @ 7N 17 (3/18)
1000-1099 (3/ 4 59(10/17) 24 (5/21) 2/ 9) 0(0/12) arn 18 (2/11)
900- 999 (7/ 8 36(4/11) 35(6/17) @3/ 9) 1/ 6 o/ 8 (17 9)
800- 839 (2/2) (6/ 8 (579 7/ 8 40 (4/10) (s 9 "/ m o/ 8
700- 799 (3/3) 77 (10/13) (47 5) 0/ 2 ©/ 1 (179 2 7 2
600- 699 (8/8) (171 (2/ 2 2/ 4 2/ 4 (17 3 @2/ %) o/ 1)
500- 599 (17 (/) (2/2) 2/ 3 7/ 1 arn

400- 499 (1/1) (2/2)
Total (/1) (3/3) 100 (15/15)  77(27/35) S55(28/51) 40 (33/83) 25(26/105) 16(19/119) 15(22/144) 9(18/191

Rates are based on at least 10 infants.
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32 33 34 35 36 37 38 40 unknown total

(17 1
(or 1
(17 2
(0 3)
(17 3
(07 3
14(2/ 19
13( 3/ 23)
6( 2/ 39
17 ( 8/ 47)
8( 4/ 51)
25(3/12) 7(1/13) 010710 01(0/17) (0/9) 0/7) (/6 /1) 8 (12/157)
6(1/16) 0(0/15) 0(0/12)  18(2/11) (0/5) (0/2) 71 8(11/140)
17 (2/12) 8(1/12) 8(1/12) ©/ 8 (0/3) (0/4) /1) 32 (36/113)
8(1/13) 0(0/10) (17 9 ©/7) /1) 16 (18/110)
arn @ n 7 1) (/2 27 (27/ 98)
17 8 0/ 5 29 (23/ 79)
@/ 7 7 1 (a7 1 /1) /1 /1) 45 (30/ 66)
o/ 1) 2/ 4 ©o/n 54 (21/ 39)
o7 2 57 (16/ 28)
(77 9)
(47 @

15(12/78)  9(6/69) 7(3/45) 7 (3/44) 0(0/19) 0(0/14) (1 /1) 0/2) 21 (217/1026)
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ces. Again, many other perinatal factors have to be taken into account.
Therefore, SGA will be investigated further in chapter 14.

10.9 Discussion

10.9.1 Official registration

In 1983, the infant mortality rate in the Netherlands was 8.4 per
thousand live births. A total of 1432 infants died in the first year of
life (Centraal Bureau voor de Statistiek, 1985b). Therefore, the 364
study infants that died during the first year of life, constitute 25% of
the total infant mortality in the Netherlands. In the first week of
life, this percentage is even higher: 266 study infants of 729 total
first week deaths (37%). The same applies to the neonatal mortality: 312
study infants out of 904 total neonatal deaths in the Netherlands (34%).

Total first week mortality is recorded by gestational age and by
birthweight (Centraal Bureau voor de Statistiek, 1985b, tables 10.9.1.1
and 10.9.1.2).

Table 10.9.1.1 First week deaths by gestational age

gestational C8S POPS non-POPS
age (weeks)

<24 8 0

24 19 1

25 154 36 ¢ 139 4% 14
26 39 7

27 37 2

28 35 30 -

29 29 28 2

30 31 27 4

31 28 23 1
total <32 277 247 22

Comparison to our data shows only minor or no differences in the
numbers of infants. These differences are caused mainly by the 22 deaths
among the 85 infants that are not included in the study population
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Table 10.9.1.2 First week deaths by birthweight

birthweight (g) c8s POPS non-POPS
<500 5
500-749 140 40 ; 128 10
750-999 83
1000-1249 } 126 73 112 7
1250-1499 39
total <1500 266 240 17

(chapter 9.2), and partly by infants, who were born alive at home and
died before arrival in the hospital (Damstra, 1986). This confirms
again the completeness of the study cohort.

10.9.2 Comparison to the literature

In the beginning of this century, the survival rate of very low
birthweight infants in the school for midwifery in Rotterdam was 0%
(<1000 g) to 11.2% (1000-1500g) (Duyzings, 1935). Intensive care raised
the survival rate to 33 and 68% respectively in 4 neonatal intensive
care units in the Netherlands in 1972-1975 (Versluys, 1977). Since then,
survival has evidently increased further, resulting in survival rates of
46% (<1000 g) to 82% (1000-1499 g) (table 10.3.3) in this study.

These results compare favourably to the mortality rates in two other
geographically defined studies that have been published recently
(table 10.9.2.1).

The same applies to NICU-based studies (chapter 2.4). In England and
Wales, where birthweight is routinely recorded at birth and in cases of
infant death, the neonatal mortality in infants with birthweight less
than 1500 g was 295 per thousand (Office of Population Censuses and
Surveys, 1985). However, comparison of birthweight categories, without
knowledge of the gestational age distribution within such categories, is
only of limited value, since we demonstrated the importance of gestatio-
nal age for mortality (Verloove et al, 1986a).

In our study, no clear difference between boys and girls could be
detected for mortality. This is in contrast with the generally accepted
idea of an excess risk for boys, especially during the first week of
life. This difference is believed to be caused by excess spontaneous
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Table 10.9.2.1 In-hospital mortality rate in birthweight categories

birthweight Hamilton-Wentworth Turku* the Netherlands
(g) 1973-1977 1978-1982 1983
(Saigal et al, 1982) (Tenovuo et al,1986) (this study)
% n % n % n
500-999 77 ( 76/ 98) 44 (26/ 59) 53 (152/ 287)
1000-1499 22 ( 38/167) 19 (22/115) 18 (149/ 805)
500-1499 43 (114/265) 28 (48/174) 28 (301/1092)

* neonatal mortality

preterm rupture of membranes (MacGillivray & Davey, 1985) or slower lung
maturation (Papageorgiou et al, 1981; Khoury et al, 1985). In the
Netherlands, the overall neonatal mortality rate in 1983 was 5.9 per
thcusand boys as opposed to 4.7 per thousand giris (Centraal Bureau voor
de Statistiek, 1985b).

In a regional study, concerning the same kind of infants, Kollée et
al (1984) described a much higher mortality in boys than in girls (49
out of 137 (36%) versus 16 out of 104 (15%). The factor "infants' sex"
will be discussed more fully in chapter 14 and 15.

The crude mortality rates for the three hospital levels were compara-
ble, despite significant differences in gestational age and birthweight.
The relationship between hospital 1level and mortality will be further
investigated in chapter 14. In multiple births, a consistently higher
mortality rate was present in nearly all gestational age and birthweight
categories. This will be discussed in chapter 14, as well as fetal
presentation, mode of delivery, and SGA.

Unfortunately, the number of publications in which gestational
age is included is very limited. Recently, Yu et al (1986c) reported on
infants, born at 23-28 weeks' gestation. The outstanding results
regarding survival, of the "aggressive " policy of Milligan et al (1984)
have not yet been achieved elsewhere (table 10.9.2.2).

Papers in which mortality rates are described by gestational age as
well as by birthweight, are scarce (Koops et al, 1982; Goldenberg et al,
1984). Table 10.9.2.3 shows a comparison between neonatal mortality
rates in these papers and those 1in our study. The similarity in the
variation of mortality in the birthweight/gestational age categories is
striking.



Table 10.9.2.3 Neonatal mortality rate (%) by gestational age and birthweight in three studies
University of Alabama/University of Colorado/the Netherlands (POPS)

GA(wks) 23 2 2 2 27 28 2 30 2 32 3 34 35 6 3
BW (g)
2250-2499 s 0/20/—
200?549 I 0/207/— 0720714
1750-1999 0720740 0/20/23 5/ 6/ 8
1500-1749 0/20/— 0/20/17 0/20/14 5/ 6/14 9/ 6/ 8
|250-|‘99‘ 0/20/46 12/20/22 8/20/18 3/20/ 9 9/20/ 4 3/ 6/14 7/ 6/ 2 25/ 6/3 100/ 6/5 0/6/0 0/ 170
1000-1249 —/— 160 33720761 29/20/37 35/20/30 17/20/17 19/20/25 10/ 6/17 0/ 6/10 0/ /11 0/ 6/ 0 —/ 6/15 —/ 6/—

750- 999 —/90/— 50/90/— 33/90/83 43/35/51 43/39/43  43/39/35 19/39/37 9/39/17 0/39/ 5 —1/39/25 0/39/14 0/—1— 0/—/1—

500- 749 87/90/—  82/90/100 92/90/85 64/63/100 75/63/67 75/63/—  50/63/17 —/—/37

University of Alabama, U.S.A., 1979-1981 (Goldenberg et al, 1984)
University of Colorado, U.S.A., 1974-1980 (Koops et al, 1982)
Present study (POPS), the Netherlands, 1983

681
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Table 10.9.2.2 In-hospital mortality rate in gestational age categories

gestational Ontario Melbourne the Netherlands
age (weeks) 1979-1982 1977-1984 1983
(Milligan et al, 1984) (Yu et al, 1986c) (this study)
% n % n % n
23 8 (6/ 7) 93 (26/28) 100 ( 5/ 5)
24 61 (14/ 23) 67 (27/40) 100 (19/ 19)
25 36 (167 44) 75 (33/44) 85 (41/ 48)
26 24 (11/ 45) 43 (27/62) 62 (48/ 77)
27 25 (15/ 60) 27 (24/87) 46 (47/103)
28 19 (17/ 88) 28 (27/95) 34 (46/136)
29 10 (10/ 99) 22 (37/171)
30 11 (10/ 91) 19 (38/204)
31 6 (7/112) 11 (26/244)

10.9.3 Conclusions

Total in-hospital mortality rate in very preterm and very low birth-
weight infants in the Netherlands compares favourably to earlier Dutch
studies, to other geographically defined areas, and to studies based on
birthweight categories.

In the analyses in chapter 14, neonatal death and in-hospital death
will be used as outcome measures (dependent variables).
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Chapter 11 Causes of death

11.1  Introduction

11.2 Neonatal deaths

11.3 Postneonatal deaths during hospital stay
11.4 Post mortem examinations

11.5 Discussion

11.1 Introduction

In our study population, a simple classification of causes of death,
such as the one proposed by Wigglesworth (1980), could not be used.
Nearly all infants would have been classified in one of only two
categories: congenital malformation or immaturity.

Therefore, we decided to use a more detailed classification. We
grouped the neonatal and postneonatal deaths by the disorder, likely to
be the most important cause of death.

The data on cause of death were collected in such a way (table 4.1),
that more than one cause of death could be recorded. In the 340 infants
who died during ‘the hospital stay, 505 causes of death were stated
(table 11.1.1).

In several of the subpopulations within the study cohort, the frequen-
cies of some of the causes of death (as stated by the paediatrician
involved) differed considerably (table 11.1.1). For instance, congenital
malformations were recorded as a cause of death more often in SGA-in-
fants, while idiopathic respiratory distress syndrome (IRDS) and
intracranial haemorrhage (ICH) were more frequently recorded as the
cause of death in very preterm infants.

As in perinatal deaths, individual causes of death seldom operated in
isolation (Wigglesworth, 1980). In each case a decision had to be made
as to which cause of death should be regarded as the most important one.
In cases, where more than one disease was recorded as a cause of death,
we therefore chose the order stated in table 11.2.1.

Any infant counted in the first group (cause of death: congenital
malformation) would not again appear below, even if any of the other
disorders were also recorded as cause of death (in many of the infants
for example, who died from IRDS, septicaemia or another infectious
disease was mentioned as cause of death as well). If the cause(s) of
death had changed after a post mortem examination, these changes were
included in our classification. The data presented in chapter 11.2-11.4
concern all deaths in the cohort. We did not analyse the main causes of
death separately in any of the subpcpulations.



Table 11.1.1 Recorded causes of death in all 340 cases of in-hospital death, and over various subpopulations

chapter  cause of death total < 32 weeks = 32 weeks <1500 g = 1500 g AGA/LGA SGA
n = 340 n =310 n =30 n = 306 n=234 n =227 n =82
Es 2 [ a & Ea (s
n % n % n % n % n % n % n %
1.1 congenital 36 (10.6) 21( 6.8) 15 (41.6) 28 ( 9.2) 8 (23.5) 20 ( 8.8) 16 (19.5)
malformation
1.1 IRDS 132 (38.8) 127 (41.8) 5 (16.6) 119 (38.9) 13 (39.4) 104 (45.8) 28 (34.1)
1.1 ICH 110 (32.4) 105 (33.9) 5(16.6) 99 (32.4) 11 (324) 88 (38.8) 22 (26.8)
1.1 congenital infection 18 ( 5.3) 18 ( 5.8) 0( 00) 13( 4.2) 5(15.2) 17( 7.5) 1(12)
1.1 septicaemia 53 (15.6) 50 (16.1) 3(10.0) 45 (14.7) 8 (23.5) 42 (18.5) 11 (134)
b o i | NEC 12 ( 3.5) 9( 29) 3(10.0) 11( 36) 1(29) 9( 4.0) 3(36)
1.1 other 144 (42.3) 134 (43.2) 10 (33.3) 133 (43.5) 11 (32.4) 111 (48.9) 33 (40.2)

z61
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Table 11.2.1 Primary causes of neonatal deaths

primary cause n %
congenital malformations 32 10.3
IRDS 63 20.2
IRDS + ICH 56 17.9
ICH 54 17.3
infectious diseases 24 7.7
NEC 6 1.9
asphyxia 6 1.9
miscellaneous 16 5.1
"immaturity" 55 17.6
total 312 100.0

11.2 Neonatal deaths

The primary causes of neonatal death are stated in table 11.2.1.
Idiopathic respiratory distress syndrome (IRDS) and intracranial
haemorrhage (ICH) are the most important disorders, accounting for 55%
of all deaths. Infectious diseases (septicaemia, meningitis, pneumonia)
and necrotizing enterocolitis (NEC) caused only relatively few deaths,
as did asphyxia.

"Miscellaneous" consisted of lung haemorrhages, hydrops, persistent
fetal circulation, meconium ileus, chronic renal insufficiency, broncho-
pulmonary dysplasia (BPD), disseminated intravascular coagulation,
mechanical birth injury, pneumothorax (without IRDS) and aspiration
pneumonia.

The congenital malformations are specified in table 11.2.2. In
26 cases, the malformations were considered to have been incompatible
with 1ife even in a more mature infant, and therefore were labeled
"lethal”.

11.3 Postneonatal deaths during hospital stay

The causes of postneonatal deaths are stated in table 11.3.1. Of the
congenital malformations, 2 were considered "lethal® (table 11.3.2).
"Miscellaneous" was one case of chronic malabsorption and one case of
cardio-respiratory insufficiency.
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Table 11.2.2 Congenital malformation as primary cause of neonatal death

lethal congenital malformations
chromosomal defects

triplotdy 3
trisomy 18 4
syndromes
Potter 5
Saldino Noonan 1
Penha Shokeir II 1
unspecified syndrome 9
other
anencephaly 1
multicystic encephalomalacia 1
hepatoblastoma 1
total 26
non-lethal congenital malformaticns
chromoscmal defects
trisomy 21 (Down) 1
cardiac malformation
other
diaphragmatic hernia 1
ileal atresia 1
total 6

11.4 Post mortem examinations

Of the 340 study infants that died during the period of hospital
admission following birth, a post mortem examination was performed in
216 cases (53%). For infants, born in level 1 hospitals, a post mertem
examination was done in 57% of the cases, for level 2 this was 60%, for
level 3 72% .

In 18 cases, the post mortem examination led to a different classi-
fication of the cause of death (table 11.4.1). In a further 14 cases,
additional information of clinicai importance was obtained, but this did
not change the primary diagnosis (table 11.4.2). In another 37 infants,
the necropsy confirmed or elaborated the original clinical diagnosis
(e.g. brainstem haemorrhage in ICH).
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Table 11.3.1 Primary causes of postneonatal death

primary cause n 5

congenital malformations 4 14.3
IRDS 1 3.6
IRDS + ICH 2 7.1
ICH 4 14.3
BPD 11 39.3
infectious diseases 4 14.3
miscellaneous 2 7.1
total 28 100.0

Table 11.3.2 Congenital malformation as primary cause of postneonatal
death

lethal congenital malformations

aquaduct stencsis with hydrocephaly and encephalocele 1
holoprosencephaly 1
total 2

non-lethal congenital malformations

triscmy 21 (Down) 1
cardiac malformation 1
total 2

11.5 Discussion

In our study, the causes of death have been classified by the disor-
der, that was thought to be the most important factor contributing to
death. However, in 18% of cases "immaturity" was stated as the cause of
death in spite of a post mortem examination in half of those. Although
"immaturity® is essentially correct (for in most cases one or more
organ systems did not function properly), we regret that no more precise
cause of death was mentioned. Ylppd (1919), Capper (1928a) and Duyzings
(1935) already condemned the term "debilitas vitae". Immaturity is a
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Table 11.4.1 Primary cause of death changed after post mortem

examination
clinical cause of death post mortem cause of death n
ICH IRDS + ICH 2
IRDS IRDS + ICH 5
congenital infection IRDS + infection 3
congenital infection IRDS + ICH 3
ICH tentorium tear 1
PFC congenital malformation (cardiac) 1
lunghaemorrhage triploldy 1
congenital malformaticn tentorium tear 1
immaturity IRDS 1
unknown ICH 1
hydrocephaly congenital malformation (CNS) ]
total 18

statement and not a diagnosis. More specific knowledge about causes of
death and their aetiology and pathophysiology 1is needed to develop
causal treatment protocols for disorders of very preterm or very low
birthweight infants.

A post mortem examination was performed in 63% of all deaths. This
percentage was significantly higher 1{in level 3 hospitals (72%) than in
level 2 (60%) and level 1 (57%) hospitals (chi square = 6.0; p < 0.05).
Compared to the 32% of post mortem examinations in all deaths in general
hospitals (Anonymous, 1986), the 46% in a university hospital (de Vries
et al, 1986), and the overall US autopsy rate in paediatrics of 14%
(Dahms, 1986), the percentage of necropsies in necnatal deaths in the
present survey is encouraging. However, 15% of the post mortem examina-
tions resulted in a change of diagnosis or added clinically important
information. This is in accordance with the reported frequency of 15% in
general post mortem studies (Erhardt et al, 1959; Bonte et al, 1985), 12
to 25% in perinatal deaths (Gau, 1977), and 5-25% in paediatric cases
(Dahms, 1986). Therefore, the number of post mortem examinations is
still too low. We speculate that post mortem examination might have
changed the cause of death in 15% of the 127 non-examined cases as well.
In that case, we have to consider 19 cases as insufficiently documented.
Ideally, extensive pcst mortem examination should be performed on all
neonatal deaths, preferably by an experienced (team of) perinatal
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Table 11.4.2 Cause of death unchanged; additional information of
clinical importance obtained by post mortem examination

clinical cause of death additional post mortem diagnosis n
ICH hydrocephaly 1
ICH haemothorax, emphysema 1
ICH lung haemorrhage, aortic thrombosis 1
ICH umbilical phlebitis 1
IRDS septicaemia 1
IRDS + infection pneumothorax 1
IRDS lunghaemorrhage 1
IRDS emphysema 1
IRDS + ICH + infection emphysema 1
BPD . bronchopneumonia 1
aspiration lung infection ¢
diaphragmatic hernia microcephaly 1
chromosomal defect cardiac malformation 1
ileal atresia perforation and peritonitis 1
total 14

pathologist(s) (Anonymous, 1984), and according to protocol (Laurini,
1986).

The causes of neonatal and postneonatal deaths (tables 11.2.1 and
11.3.1) show a few peculiarities. Firstly IRDS, often in combination
with ICH, is the main cause of death; of the 18% diagnosed as "immaturi-
ty", a large part probably also belonged to this category, so that in
approximately half of all neonatal deaths in our study population, IRDS
is the responsible disorder. However, only 122 infants out of a total of
621 cases of IRDS (chapter 12.3), died of the disease (20%). This 1is in
contrast with 60-80% before the introduction of neonatal intensive care
(vapaavuori & R&iha, 1970), and 59% reported in a neonatal intensive
care unit in the Netherlands in 1974-1978, when intensive care was being
introduced (Keirse & Kanhai, 198la).

Secondly ICH, with or without IRDS, contributes substantially to
neonatal mortality. Whether any change has occurred in the proportion of
the infants with ICH that die from this specific disease cannot be
evaluated, since the diagnostic procedures and criteria have changed
considerably.
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Septicaemia was recorded as a cause of death in 53 infants (table
11.1.1), 16% of all deaths. However, in only 28 cases (8%), infectious
disease was the only or most important stated cause of death.

The contribution of congenital malformations as a cause of neonatal
death in our study population (10%) 1is comparable to that (5%)_in a
recent VLBW-population study (Goldenberg et al, 1983c) and to the 9.8%
in the under 1500 g birthweight category in England and Wales (0ffice of
Population Censuses and Surveys, 1985). In surveys of neonatal mortality
in total populations, 18% (Brans et al, 1984) to 25% (Buckell & Wood,
1985) of deaths is due to congenital anomalies; in England and Wales
more than 31% of all neonatal deaths in live born infants were caused by
congenital anomalies, as was the case in Iowa-U.S.A. (Hein & Lathrop,
1986). In the Netherlands, 35% of all first week deaths were due to
congenital malformations (Centraal Bureau voor de Statistiek, 1985a).
In very preterm and very low birthweight infants there is clearly a
preponderance of other causes of death.

The congenital malformations that we judged to be incompatible with
life were stated separately, to enable re-evaluation. In the future,
some of these disorders may no longer be considered lethal, or may be
prevented by genetic counseling. The incidence we found in our study
population (2.1% of liveborn very preterm or very low birthweight
infants) is higher then the 1.0%, 0.4% and 1.6% found in preterm infants
in Oxford, Cape Town and Leiden respectively (Keirse & Kanhai, 1981a).
This may be due to a different gestational age criterion (Keirse: less
than 37 weeks), or to a selection bias.

The 1list of causes of postneonatal death (table 11.3.1) shows the
preponderance of bronchopulmonary dysplasia at this stage, as was found
by others (Hack et al, 1980; Yu et al, 1984b; Beckwitt Turkel et al,
1986). Most of the other postneonatal deaths are also cases of “de-
layded neonatal death" (Verlocove & Ruys, 1986b), and will therefore be
included in the analyses of in-hospital mortality in our study popula-
tion (chapter 14).
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Chapter 12 Morbidity in the neonatal period

12.1 Introduction

12.2 Congenital malformations

12.3 - Idiopathic respiratory distress syndrome
12.4 Intracranial haemorrhage

12.5 Septicaemia

12.6 Concurrence of disorders

12.7 Morbidity in various subpopulations

12.8 Length of hospital stay

12.9 Short term outcome of survivors

12.10 Discussion

12.1 Introduction

The most noticeable disorders in the neonatal period in very preterm
and very low birthweight infants are congenital malformations, idiopa-
thic respiratory distress syndrome (IRDS), intracranial haemorrhage
(ICH) and septicaemia. Together these disorders cause the major part of
the mortality during hospital stay, and of morbidity later in life (e.g.
handicaps, bronchopulmonary dysplasia).

12.2 Congenital malformations

In addition to 28 cases of 1lethal malformations (2.1% of the study
population; chapter 11, tables 11.2.2 and 11.3.2), congenital malforma-
tions were diagnosed in 118 infants (8.8%). In 8 of those, the malforma-
tion was the cause of death. It could not be treated properly due to
the preterm condition of the infant (tables 11.2.1 and 11.3.1). Another
16 infants died as a result from disorders related to the preterm
condition; in those, the malformation was not the cause of death.

Details of the recorded non-lethal malformations are given in table
12.2.1. "Major" malformations (threat to life, necessity of surgery,
cosmetic significance; Kuliev et al, 1985) were present in 97 cases.
Together with 28 cases of lethal malformations, the incidence in the
study population of major malformations is therefore 9.3% . In 21 cases,
the malformation could be considered to be "minor® (absent umbilical
artery, hypospadia, syndactyly, malformations of skin and ears).

The distribution of infants with lethal and non lethal congenital mal-
formations by birthweight and gestational age is shown in table 12.2.2
and 12.2.3. 1In infants with a birthweight under 1500 g, 126 (11.5%) had
congenital malformations, of which 23 lethal. In infants with gestatio-
nal age under 32 weeks, 96 (9.5%) had malformations, of which 13 lethal.
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Table 12.2.1 Infants with non-lethal congenital malformations

congenital malformation

chromosomal defects
trisomy 21 (Down's Syndrome) 6
other chromosomal defect 4

central nervous system

hydrocephalus 3
meningomyelocele 1
other CNS malformation 6
other CNS malformation, hydrocephaly 1
hydrocephaly, dig. tract malf., umbilical artery absent 1
hydrocephaly, umbil. art. absent,other malf. not specified 1
hydrocephaly, cardiac malf., hypospadia, mult. other malf. 1

circulatory tract
cardiac malf. (patent ductus arteriosus excluded) 1
cardiac malf., absent umbilical artery
cardiac malf., absent umbil. artery, other malf. not spec.
cardiac malf., polydactyly
cardiac malf., cavernous haemangioma
cardiac malf., dig.tract malf. not specified,
phocomelia/amelia 1
absent umbilical artery
cardiac malf., imperforate anus, other malf. genito-
urinary tract, other malformation eyes 1

s s s = O

alimentary tract
cleft palate 1

cleft palate, cleft lip 1

cleft palate, cleft 1ip, diaphragmatic hernia

cleft palate, talipes, other malf.of limbs, other malf.
of locomotor tract

esophageal atresia, esophageal-tracheal fistula

duodenal/ileal atresia

duodenal/ileal atresia, syndactyly

diaphragmatic hernia

other malformation of digestive tract

other malformation of digestive tract, bloodvessels

other malformation of digestive tract, limbs

—
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Table 12.2.1 (continued)
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congenital malformation

genito/urinary tract

hypo- or epispadia

hypo- or epispadia, malf. of limbs

hypo- or epispadia, syndactyly

hypo- or epispadia, inborn error of metabolism

other malformation of genito-urinary tract

other malf. of genito-urinary tract, hypo- or epispadia

other malf. of genito-urinary tract, ears, other malf.
of locomotor tract, absent umbilical artery

other malf. of genito-urinary tract; other malf. of
eyes; multiple other malformations

respiratory tract
lung hypoplasia
other malformation of respiratory tract

locomotor tract
polydactyly
polydactyly, cavernous haemangioma
syndactyly
congenital dislocation of hip
talipes
other malformations of limbs
other malf. of limbs, ears; microphthalmia, cav. haemang.
skeletal malformation
other malformation of locomotor tract

skin
cavernous haemangioma
other malformation of skin

miscellaneous
malformation of ears
inborn errors of metabolism
other defects not specified

total

e e Ny

e B NN - N

=

118

14

-
o

12

1.0

0.2

1.1

0.9

0.6

8.8




Table 12.2 2 Lethal congenital malformations

GA (wks) 23

BW (g

35

36

37

39

40

unknown total

2700-2799

2600-2699

2500-2599

2400-2499

2300-2399

2200-2299

2100-2199

2000-2099

1900-1999

1800-1899

1700-1799

1600-1699

1500-1589

1400-1499

1300-1399

1200-1299

1100-1199

1000-1099

900- 959

800- 899

700- 799

win|w|n|wlw

600- 699

500- 599

400- 439

Total

28
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Table 12.2.3 Non-lethal congenital mallormations: total number ber that died in

GA (wks) 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 unknown total

BN (g)

2700-2799

2600-2699

2500-2599

2400-2499

2300-2399

2200-2299

2100-2199

2000-2099

|-900~1999 1 1 (0)
1100-1899 201 2 ()
;"00-!799 1 2 3 (0)
1600-1699 1 11 1 3am

1500-1599 1 2 2( 1 6 (2)

1400-1499 3 1y 3 1 1 3 1 1 14(1)
1300-1399 1 4 1 3 5 4 1 19 (0)
1200-1299 1N 1 1 5(3) 3am 1 1 ¥ 2 1 1 18 (5)
;'w~||99 2(1) 2 1(1) 2 1 1 am 12(3)
1000-1099 1(1) 2 2 2 1(1) 3 1 1 13 (4)
>&)0- 999 3 1 1(1) 1 1 ® 7 (M
400- 899 20 1 1 1 2 1 8 (2
700- 799 2 1(1) 1) 1 1 1 7 @
600- 699 1(n 1 2 ( 5 (1)
300- 599

400- 499

Total 101) 3@ 9 (4) 3(1) 12(2 18(4) 18(7) 19(3) 11 (0 8(0) 4 50 3(0) 1(0) 20 1(0) 118 (25)

£0Z
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12.3 Idiopathic respiratory distress syndrome

The clinical diagnosis "idiopathic respiratory distress syndrome”
(IRDS) was defined by the need of extra oxygen for more than 24 hours,
expiratory grunting, tachypnea, sternal and intercostal retractions,
nasal flaring (621 infants, 46%). This diagnosis was confirmed by
typical x-ray findings (reticulogranuiar aspect of lungs, air broncho-
gram, for more than 24 hours) or by findings at the post mortem examina-
tion (hyaline membranes) in 447 infants (33% ; table 12.3.1).

Table 12.3.1 Morbidity in the total study population

clinical diagnosis confirmed diagnosis
n % n %

congenital malformations 146 11
IRDS 621 46 447 33
ICH 333 25 272 20
septicaemia 459 35 165 12

12.4 Intracranial haemorrhage

In 333 cases (25%), a clinical diagnosis of intracranial haemorrhage
(ICH) was made by the attending paediatrician. This diagnosis was
confirmed by wultrasound, computerized tomography (CT) scan or post
mortem examination in 272 cases (20%; table 12.3.1).

Although in many of these infants data were available allowing
classification of intracranial haemorrhage according to Papile et al
(1978), this information was not complete for all study infants. ¥e
therefore restricted such classification to infants, admitted to 6
NICUs where ultrasound examination of the brain was routinely performed
(chapter 12.10 and table 12.10.1).

Of the 272 cases with confirmed ICH, 49 (18%) had convulsions. Of the
remaining 1066 only 23 (2%) had convulsions.

12.5 Septicaemia

In this study, septicaemia was defired by means of three items:
clinical condition of the infant; haematological findings (white blood
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Table 12.5.1 Septicaemia

diagnosis n %

positive bloodculture

clinical condition + haematology + culture 113
clinical condition + culture 15
haematological findings + culture 4
culture only 8
140
post mortem diagnosis only 25
total confirmed diagnosis 165 12.3
without positive bloodculture
clinical condition + haematology 232
clinical condition only 72
308 22.7
total clinical diagnosis 469  35.0

count indicating severe infection), and positive bloodculture. In table
12.5.1 the relation between the three is described: in 165 infants
(12%), septicaemia was diagnosed unequivocally; in 9 of these cases
meningitis was present as well (bacterial culture of cerebrospinal
fluid). In another 304 cases (23%), on clinical grounds septicaemia was
considered to be present but could not be confirmed by bloodculture or
post mortem examination.

Treatment with antibiotics was given in 160 of 165 infants with
confirmed septicaemia, and in 781 other cases; this means, that 70% of
the study population underwent antibiotic treatment.

12.6 Concurrence of disorders

The disorders described above (congenital malformations, IRDS, ICH,
septicaemia) often occurred in the same {infant. Thus, a total of 713
infants (53%) was affected by one or more of the confirmed conditions.
About 40% of the infants with lethal or non-lethal congenital malforma-
tions also suffered from one or more of the other disorder (table
12.6.1). Of the normally formed infants, nearly half had one or more of
the other diseases described in this chapter.
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Table 12.6.1 Concurrent neonatal disorders (confirmed diagnoses)

disorders n

lethal congenital malformation

congenital malformation only 18
congenital maiformation + IRDS 5
congenital malformation + IRDS + ICH 1
congenital malformation + ICH 3
congenital malformation + IRDS + septicaemia 1
28
non-lethal congenital malformation
congenital malformation only 64
congenital malformation + IRDS 18
congenital malformation + IRDS + ICH 14
congenital malformation + IRDS + septicaemia 2
congenital malformation + IRDS + ICH + septicaemia 1
congenital malformation + ICH 8
congenital malformation + septicaemia 11
118
normally formed infants
IRDS only 220
IRDS + ICH 125
IRDS + septicaemia 3%
IRDS + ICH + septicaemia 29
ICH only 72
ICH + septicaemia 19
septicaemia only 71
567
total 713

12.7 Morbidity in various subpopulations

Within the study population, we observed differences in the distribu-
tion of these disorders over various subpopulations (tables 12.7.1 and
12.7.2). The very low birthweight group and especially the SGA-subpopu-
lation contained relatively more infants with congenital malformations,
while short gestational age was associated with a relatively high
incidence of IRDS. This was true when the disorder was defined rather
widely (clinical diagnosis, table 12.7.1) as well as using the .mcre
rigid definition (confirmed diagnosis, table 12.7.2).



Table 12.7.1 Morbidity (clinical diagnoses) in various subpopulations

chapter  clinical morbidity total < 32 weeks = 32 weeks <1500 g =1500g AGA/LGA SGA
= 1338 n=1010 n =325 n = 1097 n =24 n =884 n =454
n % n % n % n % n % n % n %
122 congenital 146 (10.9) 96 ( 9.5) 49 (15.1) 126 (11.5) 20 ( 8.3) 77 ( 9.0) 63 (13.9)
malformations
123 IRDS 621 (46.4) 574 (56.8) 46 (14.2) 498 (45.3) 123 (51.0) 485 (57.0) 126 (27.8)
124 ICH 333 (24.9) 306 (30.3) 26 ( 8.0) 292 (25.6) 41 (17.0) 260 (30.6) 69 (15.2)
124 convulsions 72 ( 5.4) 66 ( 6.5) 6( 1.8) 63( 57) 9(3.7) 57 (6.7) 15 ( 3.3)
125 septicaemia 469 (33.2) 379 (37.5) 89 (27.4) 391 (35.6) 78 (32.4) 330 (37.3) 137 (30.2)

Loz



Table 12.7.2 Morbidity (confirmed diagnoses) in various subpopulations

802

chapter  confirmed morbidity total < 32 weeks = 32 weeks <1500 g =1500 g AGA/LGA SGA
n = 1338 n =1010 n =325 n = 1097 n = 241 n = 884 n = 454
A E]
L e (s Ea B En (s
n % n % n % n % n % n % n %
123 IRDS 447 (334) 417 (41.2) 30( 92 372 (33.9) 75 (31.1) 357 (40.3) 84 (18.5)
124 ICH 272 (20.3) 251 (24.8) 20 ( 6.1) 240 (21.8) 32 (13.3) 214 (24.2) 54 (11.9)

125 septicaemia 165 (12.3) 133 (13.2) 31( 95) 136 (12.4) 29 (12.0) 112 (12.7) 53 (11.7)
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12.8 Length of hospital stay

Infants who died during the initial hospital stay did so after 0-295
days, mean 8.6 days, median 1.0 day. The 998 surviving infants were
discharged home after an initial hospital stay (often in more than one
hospital, .due to referrals and backtransports) of 6-380 days, with a
mean length of 68 days, median 63 days.The distribution of the length of
hospital stay is shown in figure 12.8.1. About 81% of surviving infants
was hospitalized for 5-12 weeks.

12.9 Short term outcome of survivors

Weight at discharge home ranged from 1750 g to 7000 g, mean 2620 g.
Over 80% of infants weighed 2250-3000 g at discharge home (figure 12.9.1
of which one infant of 7000 g has been omitted).

The attending paediatrician was asked to give an opinion on the
condition of the infant at the time of discharge home. In 43 cases (3.2%
of liveborn infants, 4.3% of surviving infants), the infant was thought
to show signs of abnormality: 19 physical, 9 developmental and 15 both
(table 12.9.1).

Table 12.9.1 Short term outcome

outcome n %

died 340 25.4
alive, discharged home
physical abnormality 19
developmental abnormality 9
combination 15
43 3.2
normal 955 71.4

total 1338 100.0
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length of hospital stay (weeks)

POPS 1983:

Figure 12.8.1
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12.10 Discussion

In the study population, the incidence of congenital malformations
amounts to 10.9%: 2.1% lethal, and 8.8% non-lethal anomalies. In the
subgroup of VLBW infants the incidence attained 11.5% . This is higher
than mentioned in a recent report from Belgium (Gérard et al, 1985).
In that study, 7% of very low birthweight infants had congenital
defects. The difference is probably caused by the fact, that the Belgian
study concerns intensive care unit populations, including referred
infants, so less lethal congenital malformations may have heen included.

The reported incidence of congenital disorders in term infants varies:
Cornel et al (1986) 2%; Kuliev et al (1985) 4-6%; Myrianthopoulos (1985)
15.6% . Presumably, the longer the follow-up period, and the broader the
definition of malformation that is used, the higher the rate of malfor-
mations will be. The incidence of major malformations in our study
(9.3%) is comparable to the 8.3% found in the Collaborative Perinatal
Project (Myrianthopoulos, 1985).

0f the 146 infants with congenital defects, 53 died (36%). This
percentage is higher than in the total study population. After exclvsion
of infants with lethal defects, the mortality during hospital stay is 25
out of 118 (21%), approximately the same as in the total group.

IRDS is still the most common disorder in very low birthweight and
very preterm infants, as it has always been (Ylppd, 1919). The incidence
of IRDS is higher 1in infants with a gestational age < 32 weeks than in
infants with birthweight < 1500 g, when these groups are considered
separately. However. as discussed in chapter 11.5, mortality from IRDS
has fallen from 60-80% to 20% in our study population, due to the
advanced techniques of symptomatic treatment. In our study, 85% of
infants with IRDS got ventilatory support (IPPV or CPAP) and over 60%
were parenterally fed.

The incidence of confirmed ICH in our study group (20%) is lower than
would be expected according to others (Shinnar et al, 1982: 51%;
Hawgood et al, 1984: 46%). Firstly, this may be due to the fact that
it is an unselected population, in which the incidence should be lower
than in intensive care units. Secondly, many reports on ICH concern very
preterm infants only, and the relation between short gestation and ICH
has well been established. The incidence in very low birthweight infants
of relatively longer gestational age is much lower. In our study, only
20 out of 325 infants with gestational age of 32 weeks or more (6%) had
confirmed ICH (table 12.7.2). Thirdly, the possibility must be taken
into account that haemorrhages have gone unnoticed clinically in
hospitals, where routine examination of the brain by CT-scan or ultra-
sound has not been used. Therefore, we separately analysed the infants,
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Figure 12.9.1 POPS 1983: weight (g) at discharge home
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admitted to level 3 hospitals where ultrasound examination of the brain
was regularly performed. Of 484 infants with gestational age under 32
weeks, 140 (29%) had confirmed ICH (van de Bor et al, accepted for
pubiication). Intracranial haemorrhages were classified according to
Papile's grading system (1978):

- grade I  subependymal haemorrhage

- grade II fintraventricular haemorrhage

- grade III intraventricular haemorrhage with ventricular dilatation
- grade IV intraventricular haemorrhage with parenchymal haemorrhage

Occurrence as well as severity of ICH decreased with increasing gesta-

tional age, especially from 30 weeks onwards (table 12.10.1).

Table 12.10.1 Incidence and classification (Papile, 1978) of
intracranial haemorrhage in gestational age categories

gestational number of infants ICH classification of ICH (%)
age (weeks) in study group
n % grade grade grade grade
1 11 111 v
<23 5 1
24-25 22 10 45 30 30 10 30
26 39 14 36 7 21 14 58
27 61 18 30 17 33 22 28
28 79 38 48 26 26 11 37
29 85 27 32 26 22 30 22
30 98 18- . 33 28 6 33
31 95 14 15 43 36 14 7
total 484 140 29 26 28 16 31

We conclude that even in this very preterm subpopulation in intensive
care centres the incidence of ICH is relatively low (29%). This may be
the result of the high standard of perinatal care, since most of the
measures to prevent ICH as described by Szymonowicz et al (1986) were
already routinely applied in the level 2 centres in the Netherlands at
that time.
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Of the 267 confirmed cases of ICH in the total study population, in
110 (48%) cases ICH was recorded as cause of death. As stated in chapter
11.5, any changes in mortality in this group are difficult to evaluate
because of the different diagnostic procedures used nowadays; by
CT-scanning and ultrasound examination of the brain, very small amounts
of intracranial blood can be detected, that formerly would have gone
unnoticed.

The incidence of confirmed septicaemia (12%) is again somewhat lower
than reported incidences (18%) in the literature (Gérard et al, 1985;
Johnson et al, 1985). This is probably, as was the case in ICH, due to
the fact that our study population is unselected.

The reasons for the lack of bacteriological confirmation in the
"probable” cases of septicaemia are not known. It may be conjectured
that in the majority of cases a blood sample for culture has been taken
(as is wusual, when septicaemia is suspected), but that these cultures
have remained sterile due to the small amount of blood available for
culture or to earlier antibiotic treatment of mother or infant.

The four disorders described in this chapter together affected 713
infants, more than half of the total study population. Of these 713
infants, 270 (38%) died, so that 80% of all deaths occurred in this
group. Of the remaining 625 infants only 70 (11%) died during the
hospital stay.

Prevention of serious congenital malformations by genetic counseling,
early detection and therapeutic interruption of pregnancy is, nowadays,
common in the MNetherlands (Thomassen, 1985) and the incidence of
some defects, e.g. Down syndrome, may have decreased (Treffers et al,
1981). This matter needs further investigation.

Septicaemia can generally be treated well with antibiotic therapy. It
was recorded as cause of death in 53 infants (table 11.1.1), i.e. 32% of
the 165 confirmed cases of septicaemia, and 11% of the total 474
clinical cases. This is comparable to the 12 to 28% mortality in cases
of confirmed reonatal septicaemia of all birthweights (Freedman et al,
1981; Placzek & Whitelaw, 1983; Bennet et al, 1985). Rarely, septicaemia
was the only cause of death (24 out of 165 cases, 14%). Our findings do
not support the view, that neonatal infections are an important determi-
nant of mortality, as was reported in infants with birthweight of less
than 1000 g (La Gamma et al, 1983).

However, with regard to the most important disorders, IRDS and ICH, no
effective cure or preventive treatment was available for daily practice
in 1983.

Any further fall in mortality and morbidity, and shortening of
hospital stay of very preterm and very low birthweight infants, will
have to be achieved by prevention or cure of these disorders. For that
purpose, prospective randomized controlled trials are needed to test
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promising hypotheses such as the effects of surfactant in the prevention
and treatment of IRDS, and phenobarbital or vitamin E in the prevention
of ICH.

The condition of the surviving infants at the time of discharge home
is encouraging: in addition to a relatively low mortality rate, the
number of serious abnormalities is rather low (3.2% of liveborn infants,
4.3% of surviving infants). In due time, the follow-up study of the
surviving infants which 1is now in progress, will show whether the
handicap rate and general health of the surviving infants is indeed
satisfactory.

In chapters 14 and 15, IRDS, ICH, convulsions, septicaemia and
congenital malformations will be entered in the multivariate analyses.
For the sake of simplicity, only the clinical diagnoses (IRDS, ICH,
septicaemia) have been included. Although in this way a small number of
infants that in reality did not have the disorder may have been inclu-
ded, this overestimation was preferred to the considerable underestima-
tion that would ensue from limiting the analyses to cases, confirmed by
laboratory results.

For easy review, all variables that will be used in the multivariate
analyses in chapters 14 and 15 ("key-variables") are listed in table
12.10.2. In addition to the observed frequencies in the total study
cohort, the frequencies of the key variables in various subpopulations
are presented.



Table 12.10.2 Distribution of key variables over various subpopulations (numbers adjusted to the infants: n = 1338)

chapter  key variables total < 32 weeks = 32 weeks < 1500 g =1500 g AGA/LGA SGA
n = 1338 n =1010 n =325 n = 1097 n =241 n = 884 n =454
n % n % n % n % n&% n % n %
52 maternal age <20 yr 68 ( 5.0) 50( 5.0) 18 ( 5.5) 54 ( 49) 14 ( 5.8) 46 ( 54) 21 ( 4.6)
=36 yr 56 ( 4.2) 40 ( 4.0) 15 ( 4.6) 42 ( 3.8) 14 ( 58) 34 ( 40) 21( 48)
54 SOCio-economic group chapter 5.4 — — — — — —
56 parity > 0 640 (47.8) 524 (51.9) 116 (35.7) 511 (46.6) 129 (53.5) 445 (42.4) 181 (39.9)
57 history of preterm 273 (20.4) 230 (22.8) 43 (13.2) 224 (204) 49 (20.3) 185 (21.7) 80 (17.6)
birth or abortion
59 pre-existing mater- 86 ( 6.4) 50 ( 5.0) 35 {10.8) 77 ( 7.0) 9( 3.0 38 ( 4.5) 47 (104)
nal disease
6.4 maternal hyper- 300 (22.4) 139 (13.8) 161 (49.5) 289 (26.3) 11 ( 4.6) 81 ( 95) 217 (47.8)
tensive disorders
6.5 smoking during 387 (28.9) 267 (26.4) 119 (36.6) 329 (30.0) 58 (24.1) 227 (26.7) 155 (34.1)
pregnancy
6.7 medication and intoxi- 668 (49.9) 474 (46.9) 193 (59.4) 563 (51.3) 105 (43.6) 395 (46.4) 265 (58.4)
cation during
pregnancy
69 prolonged duration of 240 (17.9) 226 (22.4) 14 ( 4.3) 180 (16.4) 60 (24.9) 207 (24.3) 29 ( 6.4)
ruptured membranes
6.9 chorioamnionitis 100 ( 7.3) 96 ( 9.5) 4(12) 75 ( 6.8) 25 (10.4) 89 (10.5) 10 ( 22)
6.10 tocolysis 591 (44.2) 533 (52.8) 58 (17.8) 445 (40.6) 146 (60.6) 469 (55.1) 114 (25.1)
6.11 glucocorticoid 190 (14.2) 173 (17.1) 17 ( 5.2) 139 (12.7) 51 (21.2) 151 (17.8) 38 ( 84)
administration
6.12 hospital admission 1051 (78.6) 791 (78.3) 260 (80.0) 860 (78.4) 191 (79.3) 651 (76.5) 376 (82.2)
6.13 electronic monitoring:
abnormal CTG 365 (27.2) 187 (18.5) 177 (54.5) 336 