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Association of preterm birth with brain malformations
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Abstract

This study investigates the rate of preterm birth in babies with congenital brain defects. Autopsy case
reports of congenital brain anomalies were obtained from the literature. The control cases were from
a large registry, a published report from the Metropolitan Atlanta Congenital Defects Program. From
428 publications, 1168 cases were abstracted that had autopsy studies of congenital brain defects and
information on the gestational age at birth. The control data from Atlanta included 7738 infants with
significant birth defects of any kind and 264,392 infants without birth defects. In the autopsy cases
with brain defects, the mean gestational age was 36.6 weeks, whereas the Atlanta data showed a
mean gestational age of 39.3 weeks for infants with no defects and a significantly shorter gestation
of 38.1 weeks (p < 0.0001) for infants with defects. In the Atlanta data, the rate of preterm birth was
9.3 % for those with no defects compared to 21.5 % (p < 0.0001) for those with defects. In the autopsy
cases with brain defects, the rate of preterm birth was even greater (33.1%, p <0.0001). In conclusion,
these data show an association of brain defects with preterm births.
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The present study is the first to investigate the relative risk of being born preterm for infants
who have a variety of congenital brain defects. Numerous studies have shown an association
between congenital anomalies of any part of the body and preterm birth (1-18) or low
birthweight (19-24). For example, there were three large studies reported in 2001. Rasmussen
et al. (14), in studies of 264,392 cases from the Metropolitan Atlanta Congenital Defects
Program (MACDP), which is administered by the U.S. Centers for Disease Control and
Prevention, reported that preterm infants had a 2.43-fold increased risk of having a significant
congenital defect compared to infants born at term. The risk for preterm birth in infants with
defects was 21.5%, compared with 9.3% for infants without defects. Shaw et al. (15), in a study
of 3,090,514 births from the California Birth Defects Monitoring Program, found a decreasing
prevalence of birth defects with increasing gestational age. Holmgren and Hogberg (16), in a
study of 66,646 infants from the Swedish Medical Birth Registry, found that significant
malformations were more common among infants born at 22-27 wks and 28-31 wks than at
32-36 wks. An earlier large study from the MACDP, by Mili et al. (12), showed an association
between malformations and LBW.

An association with preterm birth or LBW has been found in several specific types of defects
of the CNS. Creasy (25), in his textbook on maternal-fetal medicine, stated that multiple
congenital anomalies and anomalies of the central nervous system are associated with a higher
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risk for preterm birth, but no references or statistics were offered. Rasmussen et al. (14) and
Mili et al. (12) found an increase in preterm birth and LBW, respectively, in some defects
affecting the head or CNS (anencephaly, hydrocephaly, microcephaly, encephalocele, spina
bifida, microphthalmia, and cleft lip or palate), as well as syndromes that affect the brain (Down
syndrome/trisomy 21, trisomy 13, trisomy 18). Infants with anencephaly have long been known
to have an abnormal profile of gestational length: there is a high incidence of both preterm and
post-term birth (sometimes more than 50 wks gestation), with an overall reduction in mean
gestational length (26). In infants with cleft lip or palate, there is also an increased incidence
of preterm birth (27). There are similar reports for such associations with defects of other parts
of the body such as: reduction limb defects (28); syndactaly (29); simian crease (30);
gastroschesis and exophthalmos (31); intestinal atresia (32); congenital diaphragmatic hernia
(33); esophageal atresia (34); hypospadias (35); renal agenesis (Potter's syndrome) (36); and
congenital heart disease (37).

Investigating the association between congenital brain defects and preterm birth presents some
challenges. Ascertainment of brain defects is difficult because they can be hidden within the
cranium and may remain undetected until autopsy. Furthermore, the identification and
classification of brain defects is not straightforward, as various names and descriptions are
found for similar defects. Nevertheless, an extensive search of the neuropathology literature
was undertaken in order to accumulate a large number of cases of congenital brain defects in
which the GA was reported. This published autopsy data was compared with data from a large
registry, the MACDP study by Rasmussen et al. (14), with permission. This may be the best
approach at the present time.

This is a literature review with a comparison of published cases to information in a registry, a
very large population-based study by the MACDP. The cases were ascertained according to
the presence of brain anomaly, and then gestational age was recorded.

Ascertainment of subjects

Eleven hundred and sixty eight subjects diagnosed with congenital brain defects and having
information on GA at birth were ascertained from 428 publications (Supplemental table, online
at www.pedresearch.org). Cases from pregnancies with multiple births were included. No
subjects were included at less than 20 wks gestation, which is considered abortion rather than
delivery. Where there were multiple brain anomalies in a subject, the most common defect was
listed first. The defects were as follows (number of cases in brackets): porencephaly (209),
polymicrogyria (192), multicystic encephalomalacia (117), pachygyria (112), lissencephaly
(108), hydranencephaly (92), microcephaly (82), holoprosencephaly (65), anencephaly (52),
hydrocephaly (27), gyral anomaly (25), corpus callosum agenesis (19), arhinencephaly (15),
cerebellar anomaly (12), heterotopia (8), optic nerve hypoplasia (8), hemimegalencephaly (5),
cerebellum agenesis (4), exencephaly (4), arachnoid cyst (2), encephalocele (2),
megalencephaly (2), heterotopic brain (1), massa intermedia absent (1).

The control group from the MACDP consisted of 256,654 infants reported as having no
significant birth defects (14). A third group for comparison consisted of infants ascertained by
the MACDP as having significant congenital defects of any kind. A detailed description of the
methods for the MADCP data may be found in Rasmussen et al. (14). Briefly, the MADCP
data included only major defects that could adversely affect the infant's health and
development, and it was restricted to live-born singleton infants born in the Atlanta area from
1989 through 1995. MADCP cases were ascertained by review of hospital records of newborns
and their mothers, vital records, discharge diagnoses, and cytogenetic studies. Pediatric hospital
records were also reviewed to ascertain defects and to modify diagnoses after further studies.
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Defects had to be noted in the first year of life and diagnosed by the sixth birthday. Preterm
was defined as 20 to 36 wks gestation, term as 37 to 41 wks, and post-term as 42 to 45 wks.
The ascertainment of brain defects was as described above for defects in general. They selected
24 defects for individual analysis and these included the following defects that affect the CNS:
anencephaly, spina bifida, Down syndrome, trisomy 13, and trisomy 18.

Statistical analysis

Results

Statistical analyses were performed using the graphing and analysis program Prism (GraphPad
Software Inc.). Relative risk (RR) ratios, ORs, and 95% Cls were calculated by Prism, using
Fisher's exact test in 2 x 2 contingency tables. The contingency tables were set up so that the
two rows (representing the risk factors) were for defects and no defects and the two columns
(representing outcomes) were for preterm and term plus post-term. This set up reflects the
hypothesis that congenital defects are the risk factors and preterm birth is the outcome. This
report focuses on RRs. ORs were always slightly higher. The main analysis included all 1168
autopsy cases. The rates of preterm birth were calculated for defects that occurred in isolation,
defects that occurred multiply, and a total. In addition, analyses were performed for each of
the ten largest categories of defects.

The rate of preterm birth was 33.1% in the subjects with congenital brain defects. This is higher
than the 9.3% rate of preterm births in infants without defects, and 21.5% in infants with serious
defects in the MADCP data. Compared to infants without birth defects, the RR for preterm
birth in those with brain defects was 3.565 [CI 3.283, 3.872] (p < 0.0001) and the OR was
4.837[Cl14.279,5.467] (p < 0.0001). Using the MADCP data, and preterm birth as the outcome,
the RR for preterm birth in those with serious defects of any kind was 2.314 (p < 0.0001). In
all of these analyses, there was a powerful (p < 0.0001) association between defects and preterm
birth. Figure 1 shows the percent of subjects with brain defects, no defects, and defects of any
kind, plotted against GA. The curve for brain defects is compared to those for no defects and
defects of any kind from the MADCP data. The brain defects curve shows a greater shift toward
preterm birth than occurs with the curve for defects of any kind.

The mean GA for subjects with brain defects was 36.6 wks compared to 38.1 wks for infants
with birth defects of any kind and 39.3 wks for unaffected infants. Rasmussen et al. (14)
reported a statistical significance of P < 0.0001 for the decreased GA age of the infants with
defects compared to those unaffected. In Figure 1, a pattern was seen of peaks occurring on
even-numbered weeks in the data for infants with brain defects. The curve for the MADCP
data on infants with defects showed a more subtle step-wise pattern echoing the saw-tooth
pattern in the brain defects curve. This pattern did not occur in the curve for infants without
defects. This pattern reflects a bias for estimating the GA as an even number.

Figure 2 illustrates the pattern of the RR for birth at various GAs between 20 and 45 wks. Three
curves were plotted: i) a straight line at 1.0 for the reference data for infants without defects;
ii) the data on brain defects versus that for infants without defects; and iii) the data for infants
with defects of any kind. To eliminate distortions from the peaks on even-numbered weeks,
the data were calculated in bins of two weeks, i.e., an even week plus the adjacent odd week.
This resulted in data at one-week intervals centered on half-weeks. This graph shows a strong
tendency for preterm birth in the two groups with congenital defects. The curve for defects of
any kind showed an increased RR for preterm birth. The curve for brain defects also showed
an increased RRE throughout the preterm period, especially between 25 and 34 wks. The small
numbers of cases before 25 wks make that data less reliable. Post-term births, as also shown
in Figure 1, were fewer in the two groups with defects.
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A further analysis was made of the rates of preterm birth for cases with just one brain anomaly
listed, and for the ten most numerous brain defects in this study. The numbers of cases with
multiple brain defects was 158, 13.5% of the total. The rate of preterm birth for the 1010 cases
with a single brain defect was 32.7%; the rate for total cases (1168, including multiple defects)
was 33.1%; and the rate for multiple defects was 36.1%. It appears that having multiple brain
defects is associated with a slightly increased rate of preterm birth. This could be interpreted
as a dose effect, i.e., more defects leads to a higher rate of preterm birth.

The most common defect, porencephaly, had a preterm birth rate of 30.9% for the 175 cases
with porencephaly only, which is slightly less than the 32.7% rate for all cases that had a single
brain defect. The other brain defects, in order of highest rate of preterm birth (in cases with
only a single defect), were: hydrocephaly (65.2%, 23 cases); anencephaly (57.7%, 52 cases);
multicystic encephalomalacia (50.5 %, 107 cases); hydranencephaly (38.5%, 91 cases);
holoprosencephaly (33.3%, 63 cases); microcephaly (26.9%, 78 cases); lissencephaly (24.3%,
103 cases); polymicrogyria (17.2%, 145 cases); and pachygyria (8.2%, 98 cases).

Cases with a liveborn twin had a preterm birth rate of 52.1% (48 cases) and those with a dead
twin had an even greater rate of 58.7% (63 cases).

Discussion

Limitations of the study

A standard ascertainment process whereby cases are ascertained by review of hospital records,
vital records, and discharge diagnoses is quite inadequate because brain defects can be hidden
within the cranium. The ascertainment of brain defects from autopsy studies is also difficult.
That is the major reason why extensive studies of the association between congenital brain
defects and preterm birth have not already been done. Another weakness is that the control
data on babies without defects comes from a specific population, whereas the data on babies
with brain defects does not. However, the large data sets and the strong statistical correlations
(p<0.0001) suggest that the results are meaningful, despite the problems. Standard
ascertainments are simply not possible, and this approach may be the best we can do at this
time.

Brain defects and preterm birth

This study shows a high risk for preterm birth in babies with brain defects. This suggests that
babies with brain defects are predisposed to be born preterm. The reverse, that preterm birth
predisposes to congenital brain defects, is not plausible. Although the brains of preterm infants
are particularly vulnerable to injury, the brain malformations in this study developed in utero,
not at birth. This data on brain defects should not be surprising, in light of the previous studies
showing an association between preterm birth and congenital defects of many types.

Can brain defects induce preterm birth?

A dead embryo or fetus appears to trigger its own abortion, and possibly a defective conceptus
can trigger preterm delivery. There is a high incidence of anomalies in aborted embryos and

fetuses (38), often affecting the CNS (39,40). Freud (41) concluded that some unknown factor
was causing both preterm birth and CP. This is in harmony with the hypothesis of a continuum
of reproductive casualty (42-44) whereby pathological factors of pregnancy produce damage
from abortion through stillbirth and neonatal death, to survival with brain dysfunctions such

as CP, epilepsy, mental deficiency, and learning disorders. Other supporting opinions include:
“...early damage to the cerebral motor cortex leads to preterm delivery; that is, the affected

fetus triggers its own early delivery (45).” “... birth defects may contribute significantly to the
proportion of infants who are delivered before 37 weeks gestation (15).” “The fetus itself may
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be one of the causes of preterm delivery. If growth-retarded or malformed, the fetus is prone
to be born prematurely...(10)”

Congenital brain defects may have some direct interaction with the mother that leads to preterm
birth, e.g., through soluble factors or distention of the uterus. Alternatively, some types of brain
defects might be emblematic of an underlying condition that affects the mother and leads to
preterm birth. The current data show that certain types of defects are most strongly associated
with preterm birth, e.g. hydrocephaly (65.2%), anencephaly (57.7%), multicystic
encephalomalacia (50.5%), and hydranencephaly (38.5%). Further studies of such defects
might lead to clues as to the causes of the preterm birth. Among the causes of preterm birth,
some defects might be associated with a greater tendency for medical decisions for early
delivery, and some might be associated with greater distention of the uterus, for example from
polyhydramnios (excessive amniotic fluid). However, perhaps more interesting and more
useful would be any findings of associations with soluble factors that might influence preterm
labor.

Polyhydramnios and preterm birth

Polyhydramnios, which causes distention of the uterus, is associated with preterm birth
(46-48); with cerebral palsy (11); with malformations (12,17); and particularly with proximal
gut obstruction with failure of fetal swallowing (46-48). It has been thought that distention of
the uterus may predispose to preterm birth. The distention may be a contributing factor, but it
is not that simple. It has been shown that the preterm birth rate does not increase with the
severity of the polyhydramnios (49,50). Instead, some additional factor in the cases with
polyhydramnios plus malformations appears to be responsible for an increased rate of preterm
birth. In cases with polyhydramnios, malformations were associated with preterm births
regardless of the amount of amniotic fluid (49,50).

Preterm birth and thromboemboli

Infants with malformations have a higher frequency of IUGR regardless of GA (4,21,51).
Furthermore, preterm babies have a significant propensity for IUGR (52). This fact may direct
our attention to problems with the placenta. A major feature of the placenta is vascular supply,
and many types of malformations of the brain (53,54) and other organs (55-58) have been
attributed to disruptions of vascular supply. Studies of the placenta in cases of CP in very LBW
infants have shown a significant association with thrombi of chorionic plate vessels (59,60).
Thromboemboli can circulate right through the foramen oval of fetal heart to the brain and
other organs and may cause infarctions that kill areas of tissue and disrupt normal development.
A genetic predisposition to coagulopathy could exacerbate this problem and there is an
increased frequency of genetic thrombophilia in women with complications of pregnancy
(61). Coagulopathy is also associated with an increased risk for stroke, neural tube defects,
spontaneous abortion, IUGR, placental abruption, and limb defects (62). Coagulopathy due to
the factor V Leiden mutation is associated with placental thrombosis and CP (63). Lynch et al.
(64) have suggested that the factor VV Leiden mutation is associated with CP through fetal or
neonatal cerebral vascular events, with embolization from the fetal side of the placenta.

Preeclampsia, IUGR, porencephaly, perinatal stroke, and cerebral palsy

Further to the idea that there may be connections between thromboemboli, brain
malformations, and preterm birth: Perinatal stroke, an important cause of cerebral palsy, is a
type of brain injury caused by thromboembolism or hemorrhage, and it is strongly associated
with preeclampsia and IUGR (65). Preeclampsia is thought to result from a vascular defect in
the placenta, resulting in reduced uteroplacental blood flow (66), and preeclampsia is
associated with thromboembolism (61). Cerebral palsy is strongly associated with preterm birth
(67) and CNS malformations (24). Perinatal stroke may also be associated with preterm birth;
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18 of the 40 cases in one study were born preterm (68). Porencephaly, the most common
cerebral malformation in the current study, is associated with the factor V' Leiden mutation
(64,69), cerebral palsy (70), and preterm birth (the current study). Hydranencephaly, like
porencephaly is a fluid-filled defect in the brain, and it is also thought to be caused by vascular
disruption (71). In the current study, more than half of the hydranencephaly cases were born
preterm. These numerous strong cross-associations are unlikely to be due to chance, especially
since there is a plausible chain of connection.

In conclusion, babies with brain defects have a strong propensity to be born preterm. Either
the brain defects themselves or the underlying cause of the defects may be inducing preterm
birth. A search for the mechanisms involved in this induction might be facilitated by identifying
and focusing on those types of brain defects that are most strongly associated with preterm
birth. Because coagulopathy is associated with congenital brain defects, it may also be
somehow involved in the induction. Unfortunately, the current study offers no stronger clues
for solving the intractable and growing problem of preterm birth. It should also be considered
that there might be a number of preterm births that are caused by brain or other defects that are
not easily identified.
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Figure 1.

Percent of subjects with and without birth defects by gestational age. The solid line is for brain
defects from the autopsy reports; the dashed line is for birth defects from the MACDP registry;
and the dotted line is for infants without defects, from the MACDP registry.
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Figure 2.

The relative risk for birth at weekly gestational ages. The straight dotted line at 1.0 represents
the reference data line for infants without defects (from the MACDP registry). To eliminate
distortions that might arise from the saw-tooth pattern of peaks on even-numbered weeks, the
data were calculated in bins of two weeks at one-week intervals. The solid line is for brain
defects from the autopsy reports, and the dashed line is for birth defects from the MACDP
registry.
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