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Three different types of intrauterine growth retardation can be identified depending on the
moment at which supplies to the fetus are diminished. When a reduction in sustenance occurs
early in the first trimester of pregnancy, a well-proportioned but growth-retarded baby may be
expected. When the negative factors develop around the 30th week of pregnancy, the result is
a disproportionately growth-retarded infant. Both types of retardation can be illustrated using
longitudinal uterine height and biparietal diameter values and by neonatal anthropometry.
Epidemiological examples exist defining factors which produce these two kinds of retardation.
The third type occurs when a reduction in food supplies takes place in the last month of
pregnancy and causes a depletion of the fetal fat stored. Weight retardation is observed with
little or no height impairment. In planning public health activities such as nutritional interventions
for developing countries, the type of intrauterine growth retardation present in the target
population should be considered in order to determine which type of intervention would be most

appropriate, and establish its correct timing.

Low birth weight infants constitute a major public
health problem, especially in developing countries.
During 1975, 21.9 million low birth weight (LBW)
infants were born throughout the world and 93 per
cent of those births took place in less developed
areas (12). It is now well accepted that among LBW
babies there are two different groups: premature
infants, those babies which are born early (before
37 weeks of gestation) but whose weight is above
the tenth percentile for gestational age; and those
whose weight at birth, for various reasons, is low
for their gestational age, regardless of whether they
are born prematurely, at term or post-term. We also
know by now that the proportion of these two kinds
of newborns is not tixed in a given population, but
changes in relation to the overall incidence of LBW:
the higher the incidence of LBW, the greater the
proportion of intrauterine growth-retarded (IUGR)
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infants, while the number of prematures remains
relatively constant (1).

Recently, it has been reported through the use of
several different methods of diagnosis that the
IUGR group is not a homogenous one and that the
etiology of such retardation, as well as the future
development of these babies, can vary. Rosso and
Winick (22) have thoroughly reported on etiological
classification; thus, it need not be discussed further
here. This article will focus on the fact that, inde-
pendent of the characteristics of the factor or dis-
ease (e.g.. malnutrition) which affects intrauterine
growth in newborns without congenital malforma-
tions, the time at which the insult occurs is the
critical element which will give the newborn its
physical characteristics. From this is derived a clin-
ical classification of IUGR infants.

Normal Intrauterine Growth

For obvious reasons, there are no longitudinal
intrauterine growth standards. Nevertheless, there
are many cross-sectional standards that can be
used to assess ‘‘'normal’’ growth. As early as 1920,
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Fig. 1. Velocity curves for length (closed circles) and weighl
(open circles) in the prenatal period. (Adapted from Tanner
(24))

Streeter (23) published velocity data for weight and
sitting height. Recently, Tanner (24) has reported
velocity curves for weight and crown-heel length in
the prenatal period as shown in Figure 1. As can
be seen, the characteristics of both velocity curves
are quite similar, the only difference being the time
at which the growth peak occurs.

The peak in the velocity of length growth occurs
first, around the 20th week (for sitting height the
peak is at the 16th week (23)), while weight in-
crease shows its maximum value at about 33 weeks
of pregnancy. The latter is a consequence of the
timing of fat deposition. At about 26 weeks, fat
represents only 1 per cent of total fetal body com-
position (10 g). Thereafter fat accumulation pro-
ceeds until it reaches 12 per cent of total weight or
360 g at 38 weeks (27). Therefore, while length
growth peaks during the second trimester, weight
growth i1s predominantly a phenomenon of the third
trimester.

Greenwald's data (8) on body weight and length,
placental, and organ weight support this growth
pattern. Using his information, we were able to
calculate the percentage of total weight and length
at term reached at each week of gestation. As
Figure 2 shows, by the 28th week, length has
reached 71 per cent of the mean length at term (41
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weeks), while weight was only 32 per cent of the
full-term infant weight. This is coincident with the
expected growth calculated from Tanner's daia
(Fig. 1)

Hypothesis: An IUGR Classification

Considering these growth characteristics, it can
be speculated that differences in the timing of the
periods at which the fetus is negatively atfected will
produce different patterns of alterations of normal
growth. For example, nutritional deficiencies,
smoking, intections or vascular alterations which
result in a reduction of the placental blood flow
during the first trimester of gestation will produce
alterations in length, as well as in weight. Alterna-
tively, if the insult begins around the 27-30th week
of gestation, it will result in weight retardation, but
less damage will be evident in length growth. In the
same way, if the loss occurs after the 35-36th
week of gestation, when velocity of growth for both
length and weight has decreased, the fetus will
have to use its own fat stores during the next
weeks, resulting in weight loss, but not a decrease
in length.

With the above considerations, three clinical
types of IUGR can be considered: Type | would
include all those newborns who did not receive
enough nutrients dating from the first trimester and
continuing throughout the remainder of the gesta-
tional period. This group will be called chronic or
proportionate IUGR. Type Il would consist of new-
borns whose growth was adversely affected by a
process starting some time between the 27th and
30th weeks of gestation. These fetuses grew in
length during the second trimester, but the growth
process was not completed since the inception of
the adverse effect occurred prior to the time the
fetus was to reach its peak velocity in weight
growth. Figure 1 gives a graphic representation of
this time relation. It also shows that most of the
length growth was accomplished in these cases.
Weight growth, however, will have been affected
throughout the period of maximum fetal weight gain
and, therefore, severely compromised. This type
will be called subacute or disproportionate IUGR.

To the third type would belong those fetuses who
underwent normal intrauterine growth processes,
but were negatively affected in the last 2 or 3 weeks
of gestation when growth in length and weight are
almost completed. In the absence of adequate sup-
plies, these fetuses had to utiize ther own fat
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week of gestation. Only newborns with a birth weight within 1 SD from the mean for respective week of gestation were included.

(ADlapied from data reported by Gruenwald (8).)

stores and, therefore, weight losses ensued. Type
i1l will be called acute IUGR.

Skin fold measurements taken at birth may be
utilized to differentiate Types Il and lll. However,
given that fat is not the only component of fetal
weight gain during the last trimester, this kind of
measurement can discriminate to some degree
only. Type lll should have very low fat but relatively
normal muscular mass, while Type Il should show
reductions in both muscle and fat.

Naturally, this classification is arbitrary to a de-
gree. It is of necessity based on anrtificial divisions
imposed upon a phenomenon whose inception can
occur at any point during the course of the preg-
nancy. Nevertheless, it is intended to be an instru-
ment whereby that event it attempts to categorize
can be better understood.

in what follows, we present some evidence from
the literature which may confirm the existence of
these three different growth patterns, and can help
us understand how they come about. All these
examples use the Ponderal Index (Pl)' as defined

, Weight in grams

x 100.
(length in cm)?

by Rohrer (21) to describe the relationship between
weight and length. When the Pl was not available
for a given population, it was substituted by Miller’s
distribution by percentile groups according to fetal
age (16).

Type |l
Clinical Presentation

Figure 3A shows the development of biparietal
diameter measurements (BPD) from as early as 19
weeks of gestation until birth. As can be seen, the
values are always below the tenth percentile for
their corresponding gestational ages. This pattern
of growth was previously described by Campbell as
“low profile’ (4).

As has been shown recently (3), the systematic
measurement of uterine height can be eftectively
used as a clinical indicator of growth retardation.
Figure 3B presents an example of one case of fetal
growth which was followed by this method (2).
Uterine height values were below the 10th percent-
ile during almost the entire gestational period, and
at birth the infant's weight was 2650 g, its length
45 cm, and weight/length?® ratio was 2.9. This value
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Fig. 3. Development of biparietal diameter (A) (10), uterine height (B) (2), and clinical assessment at birth (C) (26) in intrauterine
growth—retarded babies. The values are always below the corresponding 10th percentile. For example, delivery took place at the
39th week of gestation (A) in the monitored infants with biparietal diameter and the newborn weight 1.78 kg (10). The ulerine height
case (B) born at the 38th week of gestation weighed 2.65 kg, ils length was 45 cm, and the weight/length® ratio was 2.9 (2)

(proportionate growth retardation).

falls between the 90th and 97th percentile accord-
ing to both Miller’s standard and that reported for
a similar population by Guayasamin et al. (9). In the
above case, both weight and length were affected,
resulting in proportionate growth retardation.
Urrusti et al. (26) reported six cases of intrauter-
ine growth retardation (JUGR) where, again, both
weight and length were below the 10th percentile
of standard values (Fig. 3C). As a consequence of
this double retardation, these cases obtained pon-
deral index values which were within the normal
range for their gestational age (13, 14). Urrusti's
cases all exhibited the three characteristics which
were proposed above as being associated with
Type | IUGR: weight and length values below the
10th percentile but normal ponderal index values.
From the analysis of this figure, they concluded
that proportionate growth retardation may begin
prior to the 28th week of gestation. From data
obtained from uterine height measurements (2, 10)

and biparietal diameters (10, 14) (Fig. 3, A and B),
cases of proportionate IUGR show values below the
10th percentile before the 20th week of amenor-
rhea, demonstrating that this growth failure is pro-
duced and can be diagnosed before this gestational
age.

Epidemiological Studies

In order to prove the above points using popula-
tion models, it becomes necessary to trace, in a
given population, factors that appear at specified
periods during the course of pregnancy and which
have recognized adverse etfects on fetal growth.
Let us begin by examining factors which could be
present in the study population from the inception

of pregnancy or earlier. Two such tfactors are the
presence of chronic severe maternal malnutrition
and the existence of regular smokers in the preg-
nant population.

Recently, Mata (15) has reported the results of a
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longitudinal study in a rural area ot Guatemala. A
cohort of 415 women with chronic severe malnutri-
tion was foliowed during their gestations. In this
population, maternal height and weight were signif-
icantly associated with the infant’s anthropometric
measurements. The incidence of newborns weigh-
ing less than 2500 g who were IUGR was 34 per
cent (143/415) and the mean birth weight for these
infants was 2366 + 15 g; the mean height was
43.5 = 0.1 cm. Both values are below the 10th
percentile of the standard of well-nourished Gua-
temalan populations. Nevertheless, the mean
weight/length?® ratio was 2.54, a value that falls
around the 50th percentile in all the curves avail-
able (16, 14). Further, in a population of under-
weight women in the United States defined as 10
per cent or more below standard weight for height,
a significant increase in the proportion of infants
below the 25th percentile for weight and length was
found (7). However, the difference was not signif-
icant when the weight and length were correlated:
the proportion of infants with ponderal index below
the 25th percentile was 26 per cent for the cases
and 24 per cent for the normal controls. The au-
thors concluded that these infants were
‘sproportionately small.”" In short, a factor that af-
fects tetal growth, when present from the beginning
of gestation, affects weight and length proportion-
ately, producing infants with a normal ponderal
index. The second factor that we will discuss is the
effect that smoking from the inception of pregnancy
has on the incidence of proportionate {UGR. Miller
(17) has studied this effect on Type | IUGR new-
borns, calling them ''short for date.”” He included
in the study only mofhers with single totally uncom-
plicated pregnancies and infants without intrauter-
ine infections or congenital malformations. From
this data we were able to calcuiate that smoking
mothers have a 5-fold increased risk of having a
“‘short tor date’’ infant than nonsmokers, after con-
trolting for weight gain during pregnancy (odds ratio
4.49, 95 per cent, confidence interval 2.08-9.69).
The same eftect was present in both “‘low weight
gain’’ and ‘'great weight gain’’ mothers (odds ratios
4.6, 4.45). In the same vein, Davies (6) found a
decrease in birth weights among 1159 infants
whose mothers’ smoking habits were ascertained
early in pregnancy; moreover, when those infants
were measured at 7 to 14 days of age, a similar
reduction in body length and head circumference
was noted. The recent report on smoking and
health by the U.S. Surgeon General (25) con-
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cluded: "'Smokers’ babies are short for dates as
well as light and do not exhibit reduction in ponderal
index."

Type ll
Clinical Presentation

An example of this second type of IUGR was
reported by Gruenwald (8) and is presented in
Table |. Two cases ot IUGR (Case 1 and 2) full-term
infants exhibited patterns almost identical to that of
a normal infant weighing 1750 g at 32 weeks of
gestation. It could be concluded from this that both
IUGR cases were affected by some tactor which
stopped their growth at the 32nd week of gestation.
According to our hypotheses, an insult affecting
fetal growth at this gestational age should produce
a severe reduction in weight but have less efiect on
length. That is, in fact, what occurred in these two
cases and it can be demonstrated by comparing
them with a normal newborn with 38 weeks of
gestation. From Table I, it can be calculated that
weight was severely affected with the infant at 59
per cent of its theoretical weight. Length, as we
presumed, was less affected as the two cases
achieved 90 per cent of the length for the normal
control case. The weight/length® for both IUGR
newborns are also presented. As the hypothesis
predicts, they are low for 38 weeks (2.1, 2.2) and
fall below the 10th percentile of both Miller's (16)
and Lubchenco’s (14) Pi standards for this gesta-
tional age.

Figure 4 shows the growth patterns reported tfor
disproportionate growth retardation. When moni-
tored with ulirasound, Figure 4 shows that biparie-
tal diameter increments are normal until the 28th
week of gestation, at which point the curve begins
to dip toward the 10th percentile (10). Figure 4B
shows growth patterns as detected by measure-

TABLE 1 Weight and lengths of two severely growth-
retarded neonates compared with normal values for their
gestational age and birth weight (8)

Normal Normal
standard Standard
for 38 for 1750
weeks Casel Casell g
Geslational age a8 38 39 32
Body weight (g) 3050 1795 1800 1750
Crown-heel length 50 44 44 43
(cm)
Weight/length® X 2.4 2.1 2.2 2.2
100
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Fig. 4. Development of biparietal diameter (A) (10), uterine height (B) (2), and clinical assessment at birth (C) (26) in intrauterine
growth retarded babies. At the beginning of pregnancy the values are, in A and B, within normal limits, but around the 33rd week of
gestation they fall below the 10th percentile. In the pregnancy followed with biparietal diameter, delivery took place at the 37th week
of gestation and the newbom weighed 1.53 kg (10) (A). The uterine case bom during the 41st week of gestation weighed 2.25 kg,
its length was 47 cm, and the weight/length® ratio was 2.17 (2) (disproportionate growth retardation).

ments of uterine height. As in the previous figure,
one can see that they fall below the 10th percentile
after the 33rd week of gestation. The newborn’'s
weight was under 2250 q, its length was 47 cm,
and the length of the gestational period was 41
weeks as established by both the clinical method
and the date of the last menstrual period. The
weight/length® ratio was again low (2.17), showing
disproportionate growth retardation (2).

Figure 4C plots the values of birth weight and
length for 11 infants reported by Urrusti et al. (26)
as having disproportionate growth retardation.
Length growth was almost unaffected, whereas the
values for weight are all below the 10th percentile.
All these infants had low weight/length® ratios
which fell around the 10th percentile of Lub-
chenco's standards (14).

Urrusti et al. (26) have proposed that the dispro-
portionate type of IUGR begins in the 34th or 36th

week of gestation. However, based on ultrasound
and uterine height evidence, it seems that retarda-
tion appears before that time. In the uterine height
series, nine cases were reported as having values
that had already fallen below the 10th percentile by
the 32nd and 34th weeks of gestation (2). More-
over, the ultrasound example shows that the values
were below the normal limits from the 32nd week
on. If we go back to the velocity curves, we can
see that a process which considerably affects
weight increase has to begin during the period
which starts at week 30, when the velocity of weight
gain begins to increase (Fig. 1). As for length
growth, it was previously postulated that in Type |l

IUGR it is affected, but not as critically as weight
increase. This ''moderate’’ retardation in length

growth should occur at least around the 30th week
of gestation, which is when the velocity of growth
for length begins to be minimal.
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Epidemiological Studies

Two factors have been reported to be associated
with disproportionate growth retardation. As was
suggested, both should affect the fetus during the
last trimester. Miller et al. (17) found that relatively
well-nourished women with low weight gain during
pregnancy had a significantly higher incidence of
“low Pl infants.’’ Miller (16) had previously found
an incidence of preeclampsia of 24.2 per cent in
mothers of disproportionate grbwth-retarded in-
fants, significantly higher than the 6 per cent found
among mothers of normal newborns. It is interesting
to note that in this series both mean weight and
length were significantly different from the corre-
sponding values in the control group and the value
of the mean ponderal index was 2.09 = 0.08,
below the 10th percentile of Miller's standards.

Type I
Clinical Presentation

This group included those babies who were in-
sulted during the last month of gestation. In this
case, length should not have been affected, but the
weight should be reduced, producing relatively
long, thin babies.

Figure 5 presents a case that shows this acute
aftect. The development of biparietal diameter was
normal during the course of gestation, but with a
small deviation from the S0th percentile by the 34th
week of gestation. As was pointed out previously,
by the 33-34th week, the length growth period is
almost totally completed and only weight can be
affected. In this case, biparietal diameter growth
was slightly retarded. The product of this preg-
nancy was a 36-week newborn with a weight of
1970 g, a value below the 10th percentile for that
gestational age for this population, with fully normal
length (50 cm), producing a very low ponderal
index of 1.50 (20).

Epidemiological Evidence

Classic examples of this are the post-mature in-
fant of the baby born of a mother with severe acute
preeclampsia. In a series of pregnancies with ges-
tational age confirmed, those who were born after
43 weeks had a 3 per cent reduction in body weight
compared to neonates born between the 42-43rd
weeks. The reduction in height was only 0.4 per
cent (13). Curbelo (5) describes 150 newborns
from acute preeclampsia pregnancies and com-
pared their measurements with the standard values

BPO
mm

100 D

36 weeks
weight 1970 g
90 I length 50 cm

70 -

60

50 |

&0

- 1 1 1 1 1 J

15 20 25 30 35 40

weeks
Fig. 5. Development of biparietal diameter in an intrauterine
growth—retarded baby. The values were normal during the course
of the gestation, but with smali deviation from the 50th percentile
by the 34th week of gestation. Delivery took place at 36 weeks
and the newborn weighed 1970 g, its length was 50 cm, and
the weight/length® ratio was 1.50 (20).

for that population. The probability of low birth
weight for gestational age was 19 per cent in this
group, significantly greater than that of the normal
group that by definition is 10 per cent (@ = 13.88;
P < 0.001). Despite this, in comparing the length
of these newborns with the normal population’s
patterns, no differences were observed (5).

Final Comments

It is important to consider that in this kind of
classification, as well as in others that have been
proposed, the cateqgories are not mutually exclusive
and there are many ambiguous cases. However,
when programs to reduce the incidence of low birth
weight in a given population are planned, the knowl-
edge of the predominant type of IUGR, if such
exists in that population, could help in the selection
process for interventions. In this way, a severely
malnourished population with nonexistent or poor
prenatal control, and a significant percentage of
Type | (proportionate IUGR), cannot be expected to
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respond adequately to supplementation programs
implemented in the third trimester of pregnancy.
Such programs would have little impact. On the
other hand, this kind of program would work suc-
cessfully in populations with moderate protein—ca-
lonne malnutrition where nutnent deficiencies ap-
pear during the second and third trimesters.

This could have been the case in the Guatemalan
longitudinal study where significant improvement in
fetal weight occurred foliowing nutritional interven-
tion in women with moderate protein-calorie mal-
nutrition (11). Likewise, it is possible that the same
forces were at piay in the Bogota study, where it
was found that suppiementation did not aftect either
birth weight or incidence of low birth weight when
the whole sample was studied (18). Nevertheless,
when the mothers were divided according to initial
intake, those with better diets before pregnancy
were found to have improved fetal weights after
supplementation (19). This fact suggests that sup-
plementation in the third trimester has an effect
only on moderately malnourished mothers.

Finally, despite the above, a real and permanent
reduction in the number of infants suffering from all
three types of IUGR can be achieved only if, con-
comitant with public health interventions, the soci-
oeconomic standards of the populations are im-
proved.
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