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Abnormal Development of the Cerebellar Vermis in 
Children Prenatally Exposed to Alcohol: Size Reduction 

in Lobules I-V 
Elizabeth R. Sowell, Terry L. Jernigan, Sarah N. Mattson, Edward P. Riley, David F. Sobel, and Kenneth Lyons Jones 

Abnormalities of the cerebellar vermis have been well documented in 
animal models of fetal alcohol syndrome. At this point, it is not known 
if the same brain region is affected In humans prenatally exposed to 
alcohol. In this study, the area of the cerebellar vermis was measured 
from brain magnetic resonance images of 9 children and young 
adults with prenatal alcohol exposure and 24 control subjects in the 
same age range. Six of the exposed children met standard crtterla for 
fetal alcohol syndrome. The remaining three subjects had significant 
histories of prenatal exposure to alcohol, but did not have enough of 
the classic facial features for the diagnosis. For each subject with a 
suitable midsagittal section, three vermal areas were circumscribed: 
anterior vermis (vermal lobules HI), posterior vermis (vermal lobules 
VI and Vll), and the remaining vermal area (including lobules VIII-X). 
Statidcal analyses revealed that the anterior region of the vermis 
was significantly smaller in subjects with prenatal alcohol exposure, 
whereas the posterior region and the remaining vermal area did not 
differ between groups. Previous findings from an animal model of 
neonatal alcohol exposure have documented Purkinje cell loss in 
vermal lobules I-V and IX-X, with notable sparing in lobules WVII. 
Thus, the results of both studies indicate similar patterns of abnor- 
mal brain development In the anterior vermal region, with apparent 
sparing In the posterior vermal region. Our findings, for the first time, 
suggest that regionally specific Purklnje cell death may also occur in 
humans prenatally exposed to alcohol. 

Key Words: Fetal Alcohol Syndrome, Cerebellum, Vermis, Mag- 
netic Resonance Imaging, Prenatal Alcohol Exposure. 

HE FIRST published report of structural brain defects T observed in an infant with fetal alcohol syndrome 
(FAS) occurred two decades ago.' The postmortem evalu- 
ation of that infant revealed microcephaly, migration 
anomalies, and ?genesis of the corpus callosum. Since that 

From the San Diego State UniversitylUniversity of Califomiadan Diego 
Joint Doetoral Program in Clinical Psychology (E.R.S.); San Diego Veterans 
Administration Medical Center (T. L.J.); University of California-San Diego 
School of Medicine (T. L.J., K L.J.); Center for Behavioral Teratology, San 
Diego State University (S.N.M., E. P.R.); Division of Neuroradiology, Scripps 
Clinic and Research Foundation (D.F.S.); and the Division of Dysmorphol- 
ogy and Teratology, Department of Pediatrics (KL.J.), University of Califor- 
nia-San Diego, La Jolla, California. 

Received for publication ApRl24, 1995; accepted A u p t  11, 1995 
This study was supported by the National Institute of Alcohol Abuse and 

Alcoholism Grants AA10417 and AA03249 (to E.P.R), by the Medical 
Research Service of the Department of Veterans Affairs (to T.L.J.), and by the 
National Institutes of Health Grants Pol DC01289 and PSO NS22343 from 
the Center for Developmental Cognitive Neuroscience. 

Reprint requests: Teny L. Jemigan, Ph.D., Brain Image Analysis Labora- 
tory 0949, University of California-San Diego, School of Medicine, 9500 
Gilman Drive, La Jolla, C4 92093-0949. 

Copyright 0 1996 by The Research Society on Alcoholism. 

Alcohol Clin E q  Res, Vol20, No 1, 1996 pp 31-34 

time, few studies have been published documenting the 
gross morphological abnormalities observed in persons ex- 
posed to alcohol prenatally. Clarren2 reviewed the known 
autopsy studies of FAS that included a total of 16 subjects. 
The neuropathology found in these subjects ranged widely. 
Five of the 16 subjects suffered from severe central nervous 
system (CNS) disorganization, and 4 of these 5 subjects 
were noted to have dysgenesis of the cerebellum. Although 
there is some concern that the children who have died are 
not representative of children with FAS who survive, in vivo 
neuroimaging studies in part support the postmortem find- 
ings. A recent study using magnetic resonance imaging has 
confirmed gross neuroanatomical abnormalities ' in four 
children prenatally exposed to alcohol. Hypoplasia of the 
cerebellum was noted in all four children prenatally ex- 
posed to alcohol (2 with FAS and 2 with prenatal exposure 
to alcohol); cerebral hypoplasia and proportional decreases 
in the basal ganglia were also noted in these  subject^.^.^ 

In the 20 years since FAS was first reported, surprisingly 
few in vivo and autopsy studies have been published. How- 
ever, studies using animal models of FAS are numerous 
and provide invaluable information about alcohol's terato- 
genic effects on the CNS. A few of the CNS effects ob- 
served in rats after perinatal exposure to alcohol are mi- 
croencephaly: delayed myelination,6 and alterations in 
hippocampal mossy fiber branching  pattern^.^ Of particular 
relevance to the current report are studies that examine 
cerebellar Purkinje cell death in rats perinatally exposed to 
alcohol. For example, Goodlett et a1.8 demonstrated that 
the number of Purkinje cells' was significantly reduced in 
earlier maturing regions of the cerebellar vermis (lobules 
I-V and lobules IX and X) after a sing!e critical day of 
neonatal alcohol exposure. Notably, the Purkinje cells in 
the later maturing neocerebellar vermis (lobules VI and 
VII) were apparently spared. In these animals, the overall 
weight of the cerebellum at postnatal day 10 was reduced 
25-28% relative to control animals. The authors speculate 
that the regional specificity of the effects of alcohol expo- 
sure is related to maturational factors, such as the timing of 
dendritic outgrowth in the Purkinje cells of the cerebellum. 
At this point, it is difficult to determine whether similar 
processes are occurring in humans prenatally exposed to 
alcohol. 

The current study was designed to examine the effects of 
31 
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prenatal alcohol exposure on the cerebellar vermis. Find- 
ings from animal models and autopsy studies discussed 
herein lead us to hypothesize that we would be able to 
observe, in vivo, regionally specific vermal abnormalities in 
subjects prenatally exposed to alcohol relative to controls. 
We hypothesized that the region most affected in the rat 
perinatally exposed to alcohol (vermal lobules I-V) would 
be the most affected in our group of children and young 
adults prenatally exposed to alcohol. In vivo quantitative 
analyses such as these provide valuable information about 
the teratogenic effects of alcohol on the brains of a group 
of subjects who could otherwise be evaluated only at au- 
topsy. 

METHODS 

Subjects 

The patient group consisted of nine children and young adults between 
the ages of 8 and 22 years (mean age = 15.1 years; 3 females and 6 males) 
who had been prenatally exposed to alcohol. They were assessed as part of 
a larger project studying the effects of prenatal alcohol exposure. All of 
the children and young adults had histories of behavioral problems, cog- 
nitive impairment, and heavy prenatal alcohol exposure. Six of them had 
the characteristic facial appearanceg that allowed them to be diagnosed 
with FAS. The other three subjects did not have the facial appearance to 
allow a diagnosis of FAS, but instead are referred to as subjects with 
prenatal exposure to alcohol (PEA). Two of the FAS subjects in this study 
were also described in a previous report." Whereas specifics about the 
amount of alcohol consumed by their mothers are not available, all nine 
mothers were known from medical, personal, or relative reports to be 
alcoholics and to have continued drinking during their pregnancies. 

In addition to the group of alcohol-exposed children (the ALC group), 
a control group of 24 normal children and young adults was selected. The 
group included 11 males and 13 females between the ages of 8 and 24 
years (mean age = 14.3 years). They were chosen from a larger group of 
control subjects and matched as closely as possible to the gender and age 
(mean difference < 1 year) distribution of the patient population. Control 
subjects 21 years of age and younger were recruited as normal controls for 
a large, multidisciplinary neurodevdopmental research center. Subjects 
between 21 and 24 years of age participated as controls in neuropsyc!aiatric 
studies. All control subjects were screened by medical and psychiatric 
interviews (of parents or of subjects themselves) for evidence of significant 
disease, substance abuse, developmental intellectual abnormality, or psy- 
chiatric illness. Informed consent was obtained from all subjects and from 
their parents when appropriate. 

It should be noted that the original sample included 12 FAS and 27 
control subjects with technically adequate imaging data (e.g., no move- 
ment artifact). Three FAS and three control subjects were subsequently 
excluded because the primary and/or prepyramidal fissures could not be 
identified because of minor head rotation in the imaging plane. 
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Imaging Protocol and Analysis 

Magnetic resonance images were acquired with a 1.5 T superconduct- 
ing magnet (Signa; General Electric, Milwaukee, WI). All of the control 
subjects and 7 of the 9 ALC subjects were imaged without sedation. A 
multisection, sagittal T1-weighted (repetition time = 600 msec; echo time 
= 20 msec) sequence was obtained for each subject with images centered 
at the midsagittal plane. Slice thickness was 5 mm with a 2.5 mm gap 
between sections. 

Image Analysis 

The structure of the cerebellar vermis was quantified using a midsag- 
ittal section for each subject, and using methods modified from 
Courchesne et al.'O.l' Subjects were first screened for motion artifact that 
was severe enough to render the imaging data technically inadequate for 
our purposes. For the remaining subjects, the most appropriate midsag- 
ittal section was selected. Because minor head rotations and midline 
deviation can cause the midline to differ slightly for different brain regions 
(e.g., frontal versus occipital lobes), the appearance of the posterior fossa 
was most heavily weighted in visually determining the appropriate mid- 
sagittal section. Subjects with technically adequate imaging data were 
excluded if the primary and/or prepyramidal fissures could not be identi- 
fied in the selected midsagittal section. With the midsagittal section 
displayed on the screen, an operator, blind to subject diagnosis, adjusted 
a numerical criterion until, as nearly as possible, pixel values in the vermal 
area were all above the criterion, whereas the fluid surrounding the vermis 
was below it. No attempt was made to exclude the vermal sulci, most of 
which were partially volumed cerebrospinal fluid and tissue. Vermal lob- 
ules I-V (anterior vermis) were then circumscribed in a polygon desig- 
nated using a stylus-controlled cursor. Next, vermal lobules VI and VII 
(posterior vermis) were similarly circumscribed. The boundary between 
the anterior and posterior vermal regions was defined as a line joining the 
most posterior aspect of the primary fissure and the apex of the fourth 
ventricle. The boundary between the posterior vermis and the remaining 
vermal area (including vermal lobules VIII-X, and occasionally the tonsil) 
was defined as a line joining the most posterior aspect of the prepyramidal 
fissure and the apex of the fourth ventricle. In all, three areas were 
measured. Figure 1 illustrates the method. 

Statistical Analysis 

The three area measures were analyzed by mixed ANOVA, with Group 
(ALC versus Controls) as a between-subjects factor, and vermal region 
(anterior vermis, posterior vermis, and remaining vermal area) as the 
within-subjects variable. Independent t tests were used to clarify further 
any group differences. The Bonferroni approach was used to protect the 
experiment-wise a at 0.01. Thus, independent tests were not considered to 
be significant unless their p value was <0.003. 

RESULTS 

A significant effect for Region was observed (F(2 .62)  = 
4 7 . 7 0 ; ~  < O.Ol), not surprisingly, which means only that the 
brain regions measured differ in size. The main effect for 
Group approached significance in the 'halysis (Fc1,31) = 
2 . 0 6 ; ~  = 0.16). The result of greatest interest was a Group 
X Region interaction (F(2,6?) = 6.30; p < O.Ol), which 
suggests that regionally specific differences exist between 
the groups on vermal area measures. Follow up t tests 
indicated that only one region actually differed between the 
two groups, as can be seen in Table 1. Vermal lobules I-V 
were significantly smaller in the ALC subjects. Group dif- 
ferences on measures of vermal lobules VI and VII and the 
remaining vermal area did not reach significance. In fact, 
the group means on these measures were nearly identical. 
Data for each subject are also presented in Fig. 2. As can be 
seen, only two of the ALC subjects fall within the range of 
the control group for the area measure of vermal lobules 
I-V. Complete overlap is observed between the two groups 
on the area measures of vermal lobules VI and VII and the 
remaining vermal area. 
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Fig. 1. Illustration of the verrnal measurement technique. The top image displays the defined regions on the midsagittal section from a 15-year-old ALC subject. 
Shown in light gray is the anterior vermal region (lobules I-V), in the medium shade of gray are vernal lobules VI and VII, and in black is the remaining cerebellar vermis 
(including lobules VIII-X. and other cerebellar structures). The bottom two images are from a 14-year-old control subject. On the left. vermal regions are defined and 
color-coded the same as the ALC subject. On the right, the primary and prepyramidal fissure boundaries can be clearly identified. 

Table 1. Vermal Analyses 

CON ALC t tests 
(n = 24) (n = 9) ( p  values) 

Vermal areas I-V 529 (71) 
Anterior vermis , 

Vermal areas VI and VII 391 (71) 
Posterior vermis 

Remaining verrnis 580 (1 08) 

Overall verrnal area 1500 (187) 

41 6 (50) t = 4.38 

398 (105) t = 0.243 
( p  < 0.001) 

( p  = 0.81) 
580 (84) t = 0.009 

(p = 0.99) 
1393 (193) t = 1.44 

( p  = 0.16) 

Values are mean areas (+SD). CON, control. 

DISCUSSION 

The results of this study indicate that the area of vermal 
lobules I-V is disproportionately reduced in size in children 
prenatally exposed to alcohol compared with matched con- 
trols. Vermal lobules VI and VII and the remaining cere- 
bellar vermis, however, seem to be of normal size in the 
ALC group. Postmortem studies of FAS to date have not 
examined the cerebellar vermis at the cellular level. Thus, it 
is difficult to confirm that our in vivo observation of reduc- 

tions in the size of vermal lobules I-V is in fact caused by 
regionally specific Purkinje cell death in this population. 
However, our findings are consistent with findings of re- 
gionally specific Purkinje cell depletion in the vermal lob- 
ules of rats perinatally exposed to alcoho1.8*12 The striking 
similarity in regional patterns of cell death observed in rats 
and size reductions observed here in humans leads us to 
conclude that there may be some relationship between 
Purkinje cell loss and the size of the cerebellar vermis 
observable in vivo. 

In earlier publications, Mattson et al.334 reported that the 
total volume of the cerebellum was reduced in children 
prenatally exposed to alcohol relative to control subjects. 
Although the total area of the vermis was not significantly 
reduced in the ALC subjects in the present study, it was 
somewhat smaller in this group; this comparison may have 
reached significance with a larger sample. Also, the sensi- 
tivity of the measure of total vermal area may have been 
affected by the unavoidable inclusion of the cerebellar 
tonsil in the region of the remaining vermal area in some 
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Fig. 2. Distributions of the values for the two groups on areas of vermal lobules I-V, VI and VII. and the remaining vermal area. For the ALC group, the three subjects 
who did not meet the criteria for a diagnosis of FAS are shown as triangles. Separate symbols for the PEA subjects are simply for visual inspection. All descriptive and 
comparative statistics include all nine subjects. Group means are shown as filled circles. CON. control. 

subjects. Interestingly, there was a group difference (r = 
0 . 3 8 ; ~  < 0.05) in the size of the vermis when the anterior 
and posterior regions were summed, excluding the remain- 
ing vermal area. Future studies of vermal morphology in 
this population should include measures of total cerebellar 
volume to elucidate this issue further. 

Studies of other types of developmental disorders (such 
as autism,'0911 Down syndrome, and Williams ~yndrome'~) 
have shown patterns of cerebellar vermal dysmorphology 
that are distinct from the pattern obseryed in children 
prenatally exposed to alcohol. Using similar methods, 
Courchesne et al.lO.ll observed size reductions in vermal 
lobules VI and VII in patients with autism, with apparent 
sparing in the anterior vermis. The authors hypothesized 
that their finding of a size reduction in only the neocere- 
bellum could be related to the timing of Purkinje and 
granule cell migration to that area. Jernigan and Bellugi13 
found that children with Williams syndromk had neotere- 
bellar vermal regions (lobules VI and VII) that were actu- 
ally larger than those of control subjects. The two'Down 
syndrome subjects in their study, conversely, seemed to 
have hypoplasia of the antmior vermis (lobules I-V), with 
relative sparing of neocerebellar regions, which is similar to 
our findings in children prenatally exposed to alcohol. Per- 
haps the differences in cerebellar vermal morphology are 
related to the distinctive pattern of behavioral and cogni- 
tive anomalies that characterize each of these groups of 
developmentally disabled persons. However, at this point, 
the functional significance of the regional vermal size re- 
duction is unclear. Further studies correlating neuropsy- 
chological and neuroanatomical results are in progress. 
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