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1 Introduction

Diseases associated with prematurity are im-
portant causes of neonatal morbidity and mor-
tality in developed countries [1, 2]. Whether or
not concomitant intrauterine growth retarda-
tion (IUGR) represents an additional risk fac-
tor in premature infants is a question about
which there remains considerable controversy.
The developmental outlook for growth-retard-
ed prematures seems to range from high early
mortality and increased incidence of neurologi-
cal handicaps [3—7] to a relatively favorable
outcome [8]. The differences may have several
causes. Some studies have evidently dealt with
both pre-term and full-term infants selected on
the basis of low birth weight alone. Even when
the study material consisted only of pre-term
infants, there may have been differences in
treatment variables between study groups
which would invalidate attempts to analyse the
impact of retarded intrauterine growth per se
on later outcome.

On the basis of examination of an entire pre-
term population born alive to mothers who
lived in a defined geographic area during a
period of two years, we have established normal
values relating to somatic growth, estimated the
incidence of IUGR and evaluated some factors
associated with the development of IUGR. We
have also analysed selected aspects of neonatal
morbidity and mortality in IUGR versus nor-
mally grown premature infants.
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2 Patients and methods

The study was performed in the province of
Kuopio (population approximately 250 000) be-
tween January 1, 1976 and December 31, 1977.
Peri- and neonatal services are regionalized
within the area [9]. One medical center provides
care for high-risk mothers and newborn infants,
including those born pre-term. The total num-
ber of infants born alive during the study period
was 6,848. Seventy per cent were born in the
medical center and 30% in two local hospitals.
All pre-term infants with the exception of three
reached the regional medical center in utero.

A total of 209 pre-term infants (gestational age
less than 37 weeks) [10] were examined during
the study period. These infants represented
three per cent of all live biths. According to
the patient registers of the three hospitals in
the study area, the group of premature infants
studied represented 97% of all pre-term infants.
The group may be regarded as representative
of this population. For analysis of intrauterine
growth, the following groups were omitted:

1) twenty-three neonates born in the regional
center to residents from other areas, or referred
to that center from other areas;

2) eight neonates of uncertain gestational age
(a discrepancy of more than three weeks be-
tween menstrual dates and pediatric assessment
of gestational age [11];

3) seven malformed infants; and
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4) fifty-one twins and triplets.

The study population consisted of 120 pre-term
non-malformed singletons.

Estimates of intrauterine growth were based
on weights and lengths recorded at birth. The
nutritional status was assessed using ROHRER’s
Ponderal Index (PI) [12] [the formula: 100 x
birth weight (g) x birth length (cm)?]. Gesta-
tional. age was calculated on the basis of the
mother’s last menstrual period. One hundred
and eleven of the study infants (93%) under-
went pediatric assessment of gestational age
[11]). The socioeconomic status of the family
was determined by the occupational-education-
al evaluation of the mother, classified into three
main categories (I = major business and pro-

' fessional; Il = minor professional, medium bu-

siness, technical, skilled craftsman; III =
machine operators, salesworkers, semiskilled
workers, unskilled laborers) [13]. The socioeco-
nomic evaluation was based on the prevailing
family conditions at the time of the pre-term
child’s birth. The distribution of socioeconomic
categories among the parents of the pre-term

study population was I =1%; II = 71%;
III = 28%.

Normal ranges for birth weight, birth length
and PI (defined as mean + two standard devia-
tions) were calculated for each gestational age
group on the basis of the measurements of 51
premature neonates born to healthy mothers
not experiencing complications during preg-
nancy (Tab. I). The distribution of socio-

Tab. 1. Distribution of birth weights, lengths and PIs
(means + one standard deviation) in a group of 51
surviving premature infants born to healthy mothers not
experiencing complications during pregnancy.

Length

Gestation N Weight PI

(weeks) (8 (cm)

<30 6 1422 +211 394+13 235+0.15
31 6 1783 +202 428+ 1.5 237+0.14
32 6 2005+261 43.6+1.7 241+4+0.12
33 7 22394221 446+ 1.5 250+0.16
34 10 2374 +260 453+1.6 2.54+4+0.18
35 9 2526 +262 460+14 2.63+0.21
36 7 469 + 1.3

2740 + 220

2.69 +0.20

Tab. II. Relative birth weights, lengths and PIs in the pre-term study population (N = 117*). For numerical values

of means and SDs, see Tab. I.

Weights Lengths PIs ~
Gestation (weeks) Gestation (weeks) Gestation (weeks)
<30 31-33 34—-36 <30 31-33 34—-36 <30 31-33 34-36
1
+ 2SD @
1** 3()** 5 1(1) 4 6 1 3(1) 5
+ 1 SD
2 7 10 4(2) 15(2) 12(1) 2 5 10
MEAN
4(2) 13 10(1) 4(1) 11 21(2) 2 6 9
— 18D .
> SD 3(5) 9 21(1) 13) 4(1) 12 1(1) 8(1) 18(1)
3 2(5) 8(1) 3 ©)) 3 4(8) 12(4) 12(2)
Total 10(10) 34(6) 54(3) 10(10) 34(6) 54(3) 10(10) 34(6) 54(3)

* Three extremely premature infants (gestational age < 24 weeks and birth weight < 590 g) could not be clas51ﬁed

as “normal” or [IUGR.

** In each group, figures represent the number of infants surviving (number not in brackets) or dead (number in

brackets).
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economic status among these infants (I = 0%;
IT = 72%; III = 28%) was not different from
that observed in the pre-term study population.
The data are similar to those reported previou-
sly [14]. Based on these normal ranges, [IUGR
was diagnosed in the study population if any
of the growth indicators (birth weight, birth
length, PI) was more than two standard devia-
tions below the expected mean for the gestatio-
nal age (Tab. II).

Statistics relating to qualitative variables were
analyzed using the Chi square (y2) test with
YATE’s correction and the FISHER exact test
when the expected number in one cell was five
or less. Statistics relating to quantitative varia-
bles were analyzed using STUDENT’s t-test.

3 Results

IUGR was common in this pre-term population
(Tabs. II and III). A total of 49 neonates were
so classified. A low PI was the most common
descriptor of IUGR. A low PI was present in
42 of 49 TUGR infants. One-third of IUGR
infants exhibited more than one indicator of
retarded growth. The majority of IUGR infants
(30 out of 49) had a gestational age < 33 weeks.
IUGR was suspected antenatally in 18 infants
(37%).

Tab. III. The anthropometric indicators of retarded
growth in 49 per-term IUGR infants.

Indicator(s) of IUGR Number Number of
of case
infants fatalities*

Birth weight < —-2SD 5 1

PI <-2SD 30 7

Birth weight }

Birth length < —2SD 2 1

Birth weight .

PI < —2SD 5 2

Birth weight

Birth length < —2SD 7 5

PI

Total ' 49 16

* includes both neonatal and postneonatal deaths

J. Perinat. Med. 13 (1985)

In the IUGR group, there were more (nine out
of 21) young primigravidas (age < 19 years)
than in the group of mothers of normally
grown, pre-term infants (four out of 38) (x? =
8.23, p < 0.01). In other respects, the distribu-
tions of maternal age and parity were similar
in these groups. The mean values for maternal
height were also similar in both groups. The
number of heavy smokers (> 20 cigarrettes per
day) in this population was eight. Two of these
gave birth to IUGR infants.

A strong association between maternal disease
or complications of pregnancy and the develop-
ment of IUGR was evident (Tab. IV). Abnor-
mal maternal histories were found significantly
more often in relation to pre-term, IUGR
group infants (45 out of 49 cases) than in ap-
propriately grown, pre-term infants (31 out of
68) (x> = 26.76, p < 0.001). Quantitatively, the
most important maternal conditions associated
with IUGR in pre-term infants were essential
hypertension, toxemia of pregnancy (hyperten-
sive disease of pregnancy with proteinuria) [15]
and prolonged leakage of amniotic fluid
(for > 72 hours prior to the delivery).

Tab. IV. Maternal histories in relation to the pre-term
study population (N = 117%).

IUGR Normal
N =49 N =68
Uncomplicated pregnancy 2¥*¥(2)**  34(3)
Complicated pregnancy 31 (14)  31#4##
Toxemia and hypertension = 13 (7) SH##
Prolonged leakage of amniotic
fluid for 24—71 hours 1 13
for > 72 hours*** 5 (6) TH##
Other**** 12 (1) 6

* and ** See Tab. II for details

Hkok Range 3 to 23 days (5.5 + 4.4, mean +1 SD)

ok For example: diabetes and hypertension, psy-
chiatric disorders, congenital heart disease,
prolonged urinary tract infection, anomaly of

the uterus
# p <0.01
#ith P < 0.001

The majority of study infants (79 out of 117,
68%) were born vaginally in the vertex presen-
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tation without use of forceps. Nineteen of the
infants were IUGR and 60 were normally
grown for their gestational age. In comparison
with normally grown neonates, low (< 6) one-
minute APGAR scores were markedly more fre-
quent among IUGR infants (14 out of 19 vs.
five out of 60) (x? = 33.74, p < 0.001), and
there were more -cases of severe acidosis
(pH < 7,20) during the first day of life (10 out
of 14 vs. two out of 16) (x> = 10.68, p < 0.01).
In 10 cases, breech delivery by vagina was ac-
complished. All the infants concerned were se-
verely depressed at birth. Thirty-one of the
study infants (26%) were born by caesarean
section. Most (21) caesarean sections were un-
dertaken because of maternal hypertension or

‘' toxemia of pregnancy. The remaining 10 were

performed because of abnormal position of the
fetus, significant antepartum hemorrhage or
prolapse of the cord. The majority of infants
in this group (26 out of 31) were IUGR. Low
(< 6) one-minute APGAR scores were more fre-
quently found among IUGR infants born vagi-
nally than among IUGR infants born by caesa-
rean section (18 out of 23 vs. 13 out.of 26)
x* = 4.19, p < 0.05).

Resuscitation (positive pressure ventilation
using oxygen) at birth was required by 30 out
of 49 IUGR-infants. Fifteen of these infants
died during the neonatal period. In contrast,
significantly fewer (22 out of 68) (x2 = 9.61,
p < 0.01) normally grown infants required re-
suscitation at birth, and all survived the neona-
tal period.

IUGR in pre-term infants was not associated
with favorable neonatal course (Tab. V). The
occurrence of several neonatal disorders (respi-
ratory distress, hyperbilirubinaemia and hy-
poglycemia) was similar in both IUGR and
normally grown premature infants. Some prob-
lems (apneic attacks and feeding difficulties)
were more common in IUGR infants than in
normally grown premature infants. Sixteen
neonates (13%) required only supportive nurs-
ing care during their stay in hospital. Fifteen
were normally grown for their gestational age
whereas only one belonged to IUGR group
(x? = 9.67, p < 0.01).

o f
Tab. V. Neonatal course of the pre-term study popula-
tion (N = 117*).

IUGR Normal
N =49 N =68
Infants with uneventful neona-
tal course 1 15
Infants experiencing various
disorders*** 48 53
Respiratory distress 22 35
Apnea, convulsions 12 3##H
Hyperbilirubinemia 6 3
Hypoglycemia 6 4
Septic infections 3 5
8##H#

Prolonged feeding difficulties 20

*  See Tab. II for details

**%* More than one disorder may have been present in
the same infant

## P < 0.001

As a group, pre-term IUGR infants had signifi-
cantly higher total mortality (15 neonatal and
one postneonatal deaths, 32%) than normally
grown pre-term infants (three neonatal deaths,
4%). In addition, three neonatal deaths were
thought to be unavoidable because of extreme
prematurity (gestational age < 24 weeks, birth
weight > 590 g). Infants with more than one
indicator of IUGR had higher neo- and
postneonatal mortality than infants with only
one descriptor of IUGR (eight out of 14 vs.
eight out of 35) (x? = 5.35, p < 0.025). After
vaginal delivery in the vertex presentation, the
mortality of pre-term IUGR infants (eight out
of 19) was significantly higher than that among
normally grown prematures (three out of 60)
(> = 16.58, p < 0.001).

An autopsy was performed upon all infants
who died. Fatal cerebral bleeding was found in
five out 20 infants (25%) at < 30 weeks, in two
out of 40 infants (five %) between 31 and 33
weeks and in one of 57 infants (two %) between
34 and 36 weeks. Six out of eight bleedings
were severe forms of intraventricular hemor-
rhage (IVH). One subarachnoidal hemorrhage
and one intracerebral-posterior fossa hemor-
rhage were also found. All infants with fatal
cerebral bleeding belonged to the IUGR group.
Six of them were born vaginally in either the
vertex or the breech presentation.

J. Perinat. Med. 13 (1985)
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4 Discussion

There is general agreement that ITUGR repre-
sents a continuum of various degrees of reduc-
tion of gain in weight as well as of associated
reduction in linear growth, depending on the
time of onset, duration and severity of causative
insult [1—8, 16—18]. The common definition
of IUGR as “low birth weight in relation to
gestational age™ [16] therefore relates to only
one form of several IUGR variants [17—18].
This is evident in the present study, in which
diagnosis of IUGR was based not only upon
low birth weight but also on other anthropome-
tric indicators of growth restriction, and in
which the lower limits of normal range were
defined as values equal to two standard devia-
tions less than the expected mean for the gesta-
tional age. On this basis, low birth weight iden-
tified only 39% of infants with IUGR. A low
PI was found in 86% of IUGR infants. Low
PI, therefore, seems to be a better indicator of
IUGR in pre-term infants than a low birth
weight. Reduction of linear growth was present
in only 18% of IUGR infants.

Etiologically, infants with IUGR represent a
very heterogeneous group [15, 16—18]. The
present investigation focused on a population
of pre-term singletons, born to women with
similar standards of living and nutrition, receiv-
ing similar medical care throughout delivery
and afterwards. Under these circumstances, dif-
ferences in socioeconomic factors, which are
known to exert powerful influence upon fetal
growth [16] were eliminated. Determinants of
IUGR such as malformations, the incidence
and birthweight distribution of which are prob-
ably governed by factors outwith the perinatal
health services, were also excluded. Neverthe-
less, the number of pre-term IUGR-infants in
this study was high. Development of IUGR

was strongly associated with perinatal maternal .

pathology. Maternal disease and complications
of pregnancy (essential hypertension, toxemia
and prolonged leakage of amniotic fluid) were
the commonest perinatal factors associated
with the development of pre-term IUGR. An
adverse maternal history was present in 94%
all pre-term IUGR cases, and often led to fetal

J. Perinat. Med. 13 (1985)

growth retardation at relatively early stages of
gestation (< 33 weeks).

The present data show that in a population
of pre-term non-malformed infants, IUGR is
associated with poor neonatal outcome. IUGR
infants exhibited a higher neonatal mortality,
and more apneic attacks, convulsions and feed-
ing difficulties as well as a greater necessity for
resuscitation at birth than appropriately-grown
pre-term infants of corresponding gestational
age. In contrast to these observations, markedly
better survival rates for pre-term JIUGR infants
have been reported [8]. Such studies are based
on retrospective analysis of selected (transpor-
ted) patient groups with non-matched perinatal
treatment variables. The results therefore may
not be applicable to pre-term infants on a popu-
lation basis.

Pre-term IUGR infants are obviously at partic-
ular risk for perinatal hypoxia. Previous follow-
up studies [3—4] have shown that surviving
IUGR infants often have neurological defects
indicating ischemia in periventricular regions.
In our study, fatal IVH was found only in the
IUGR group. These observations suggest that
careful screening of pre-term IUGR groups for
IVH (by ultrasound or computerized tomogra-
phy) as well as follow-up of pre-term IUGR
survivors for detection of sequelae of hypoxic
ischemic brain insults would be of value.

With the present stage of knowledge, it is uncer-
tain whether health service intervention at any
level would be effective in reducing morbidity
and mortality associated with pre-term IUGR.
Attempts at management must obviously start
with timely recognition. In the present study,
antenatal diagnosis was achieved in approx.
37% of all IUGR cases, whereas previous re-
ports indicate a much less consistent detection
of pre-term IUGR [4]. Clearly, greater effort
should be directed towards the antenatal identi-
fication of pre-term IUGR, especially in cases
of maternal disease or complications of preg-
nancy. Once IUGR is suspected, antenatal fetal
monitoring and early delivery (preferably by
caesarean section, if signs of fetal distress ap-
pear) are usually advocated [4, 19]. So far, the
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beneficial effects of such intervention have been
demonstrated only in retrospective studies [19].
Data from the few controlled clinical trials are
conflicting [20]. Prospective epidemiological
studies are needed in which there is adequate

Summary

A representative sample (N = 120, 96%) of all pre-
term (gestational age < 36 weeks) infants born alive to
mothers resident in the province of Kuopio, Finland,
during a two year period, were studied at birth to evalu-
ate the signs of intrauterine growth retardation (IUGR).
Norms for somatic growth were based on measurements
of birth weight, length and Ponderal Index (100 x birth
weight (g) x birth length (cm)3) of 51 pre-term
. .singletons, born to healthy mothers after uncomplicated
" ‘pregnancies, in relation to whom there were no dis-
crepancies between menstrual dates and pediatric as-
sessment of gestational age. The lower limits for normal
ranges were defined as values two standard deviations
below the expected means for the gestational age.
Pre-term IUGR was diagnosed if birth weight and/or
birth length and/or PI were more than 2 SD below the
expected mean for gestational age. Different types of
IUGR were found in 49 pre-term infants (41% of the
pre-term population). A low PI was the most common
descriptor of IUGR, being present in 42 out of 49
Keywords: Intrauterine growth retardation, neonatal
prematurity.

Zusammenfassung

Intrauterine Mangelentwicklung bei Friihgeborenen
Eine reprédsentative Auswahl (N = 120, 96%), getroffen
unter allen im Laufe zweier Jahre vorzeitig
(Gestationsalter < 36 Wochen) lebendgeborenen Kin-
dern im Bezirk Kuopio/Finnland, wurde nach der Ge-
burt auf eventuelle Anzeichen einer intrauterinen Wachs-
tumsverzogerung (IUGR) untersucht. Die Normen zur
physischen Entwicklung griindeten auf der Erfassung
von Geburtsgewicht und Geburtsldnge sowie einem Ge-
wichtsindex (100 x Geburtsgewicht (g) x Geburtslinge
(cm)—3) bei 51 friihzeitig geborenen Einlingen von gesun-
den Miittern, bei denen die Entbindung nach einer kom-
plikationslosen Schwangerschaft erfolgte und keine Dis-
krepanzen zwischen Menstruationsdaten und kin-
derédrztlicher Schitzung des Gestationsalters vorlagen.
Als untere Grenze des Normalbereiches wurde jeweils
der Wert gewéhlt, der zwei Standardabweichungen (SD)
unter dem erwarteten Durchschnitt des Gestationsalters
lag.

Eine praterminale IUGR wurde diagnostiziert, wenn das
Geburtsgewicht und/oder die Geburtslinge und/oder

matching of study grdu‘ps for perinatal varia-
bles and intrauterine growth, if associations
between various treatment modalities and sub-
sequent health status are to be evaluated in pre-
term infants.

infants. A third of infants had more than one indicator
of IUGR. In this population, pre-term IUGR was
strongly associated with perinatal maternal pathology
(especially hypertension, toxemia and prolonged leakage
of amniotic fluid).

The neonatal morbidity and mortality among pre-term
TUGR infants was markedly higher than that among
appropriately grown pre-term infants with corresponding
gestational age. There were significantly more cases with
fatal intraventricular hemorrhage in pre-term IUGR than
in pre-term normally-grown infants. These findings sug-
gest that close follow-up of pre-term IUGR infants

would be of value for the detection of later sequelae of

hypoxic ischemic encephalopathy.

IUGR obviously limits the capacity of perinatal adap-
tation in pre-term infants. If the effects of various
perinatal treatment variables on the subsequent health

- status of pre-term infants are to be evaluated, allowance

should be made for adequate matching for intrauterine
growth status among the infants concerned.

morbidity, neonatal mortality, pregnancy complications,

der Gewichtsindex um mehr als zwei SD unter dem
erwarteten Durchschnitt des Gestationsalters lagen. Ver-
schiedene IUGR-Merkmale wurden bei 49 Friihgebore-
nen (41% der Friihgeburtengruppe) erkannt. Hiervon
war das hiufigste ein niedriger Gewichtsindex, der bei
42 von 49 Sauglingen festgestellt wurde. Ein Drittel aller
Sduglinge wies mehr als ein IUGR-Merkmal auf. In
dieser Gruppe lieB sich eine starke Korrelation zwischen
der Priaterminal-IUGR des Friihgeborenen und einer
perinatalen miitterlichen Pathologie (vor allem Hoch-
druck, Gestose und vorzeitigem Blasensprung) beobach-
ten. "

Neonatale Morbiditit und Mortalitit waren bei IUGR-
Friihgeborenen bedeutend héher als bei norimal entwik-
kelten Friihgeborenen entsprechenden Gestationalters.
Todliche intraventrikulire Blutungen waren bei IUGR-
Friihgeborenen signifikant hiufiger als bei normal ent-
wickelten Friihgeborenen. Diese Befunde sprechen da-
fiir, daB eine intensive Uberwachung der IUGR-Friihge-
borenen zur Erkennung von Spitfolgen einer hypoxisch-
ischdmischen Enzephalopathie wertvoll sind.

J. Perinat. Med 13 (1985)
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Die IUGR scheint die perinatale Adaptation Frithgebo-
rener drastisch einzuschrinken. Bei der Auswertung der
Folgen verschiedener perinataler Behandlungsformen

Schliisselwdorter:
sikoschwangerschaft.

Résumé

Retard de croissance intra-utérine (R. C. 1. U.) chez les
enfants prématurés

Un échantillon représentatif (r = 120, 96%) de tous les
enfants prématurés (age gestationnel 36 semaines) nés
vivants de meéres résidant dans la province de Kuopio,
Finlande, a été étudié, sur une période de deux ans, au
moment de la naissance pour évaluer des signes de retard
de croissance intra-utérine (R. C. I. U.). Les normes de
croissance somatique ont été étudiées sur la base des
poids, des tailles et de 'index pondéral (PI, Pondéral
Index) (100 poids de naissance (g) x taille de naissance
(cm)™®) de 51 prématurés nés de méres en bonne santé
aprés une grossesse simple sans complication chez les-
quelles aucune discordance entre les dates des régles et
I’estimation de 1’age gestationnel par le pédiatre n’a été
relevée. La limite inférieure de la frange normale a été
définie avec comme valeur deux déviations standards au-
dessous de la moyenne attendue pour I’Age gestationnel.
Le R. C. 1. U. avant terme a été diagnostiqué si le poids
de naissance et/ou le PI étaient situés plus de deux
déviations standards au-dessous de la moyenne attendue
pour ’age gestationnel. 49 enfants prématurés ont pré-
senté différents types de R.C.1.U. (41 p. 100 de la
population des prématurés). L’élément descriptif le plus
fréquent du R. C. I. U. était un PI bas, présent chez 42

Mots-clés:
" intra-utérine.
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