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Abstract
Purpose Ventriculomegaly in infants with congenital myo-
tonic dystrophy (CDM) is common, and the neurosurgical
determination of shunting is complex. The natural history of
CDM-associated ventriculomegaly from prenatal to natal to
postnatal stages is poorly known. The relationship between
macrocephaly and ventriculomegaly, incidence of shunt ne-
cessity, and early mortality outcomes lack pooled data analy-
sis. This study aims to review clinical features and pathophys-
iology of CDM, with emphasis on ventriculomegaly progres-
sion, ventriculomegaly association with macrocephaly, and
incidence of shunting.
Methods This is a literature review with pooled data analysis
and case report.
Results One hundred four CDM patients were reviewed in
13 articles that mentioned CDM with ventriculomegaly
and/or head circumference. Data was very limited: only 7
patients had data on the presence or absence of prenatal
ventriculomegaly, 97 on ventriculomegaly at birth, and
32 on whether or not the ventricles enlarged post-natally.

Three patients of 7 (43 %) had pre-natally diagnosed
ventriculomegaly, 43 of 97 (44 %) had ventriculomegaly
at birth, and only 5 of 32 (16 %) had progressive enlarge-
ment of ventricles post-natally. Only 5 of 104 patients had
a documented shunt placement: 1 for obstructive, 1 for a
post-hemorrhagic communicating, 2 for a communicating
hydrocephalus without hemorrhage, and 1 with unknown
indication. Of 13 macrocephalic patients with data about
ventricular size, 12 had ventriculomegaly.
Conclusions Ventriculomegaly occurs regularly with CDM
but most often does not require CSF diversion. Decisions
regarding neurosurgical intervention will necessarily be based
on limited information, but shunting should only occur once
dynamic data confirms hydrocephalus.
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Neonatal

Introduction

Myotonia is the abnormally slow relaxation of muscles after
voluntary contraction or electrical stimulation. Originally
called Thomsen’s disease, myotonia was extensively
discussed in the late nineteenth century medical literature
and Erb’s monograph in 1886 is probably the most cited
source [1–3]. Deleage in 1890 was the first to comment on a
small subset of patients with Thomsen’s disease who also
developed muscle atrophy. Steinert subsequently specified
that the atrophy in these patients primarily involved the face,
forearms, and peroneal regions, lending his name eponymous-
ly to the disease coming to be recognized as myotonica
atrophica [4, 5]. Curschmann’s work in 1912 brought greater
clarity to this diagnosis, including a description of other symp-
toms central to the disease, including cataracts, baldness,
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testicular atrophy, and weight loss. These findings were
grouped together as Bdystrophic symptoms,^ giving rise to
its current name, myotonic dystrophy or dystrophiamyotonica
(DM) [6].

Possible cases of DM have been captured by the historical
record as far back as the reign of Pharaoh Akhenaton (approx.
1380–1362 BCE) of Egypt. Physical features of this disease are
found in the many sculpted likenesses of this pharaoh; they
consistently show an elongated face, ptotic eyes, a half-open
mouth, gynecomastia, a prominent abdomen, and distal limb
atrophy. Statues of other members of his royal family suggest
a genetic disease with autosomal dominant inheritance [7].
Claude Monet (1840–1926), diagnosed with cataracts as a
sexagenarian, may also have suffered from this disease, as a
late relative has been diagnosed with DM by DNA analysis
[8]. A population-based risk assessment identified in-
creased risks of sleep apnea, hypothyroidism, cardiac con-
duction disorders, and intellectual disability as compared
to the surrounding population; however, CDM carries
multisystemic phenotypes with varying severity. Thus, there
is no single constellation of findings in CDM patients which
complicates clinical detection and standardization of care [9].

Genetic analysis has defined two types of DM. DM1
(DM1, OMIM 160900) results from a trinucleotide CTG re-
peat in the 3′ untranslated region of 19q13.3; DM2—not clin-
ically discernible in adults from DM1—results from a
tetranucleotide CCTG repeat in intron 1 of 3q21.3. DM2 is
not further discussed in this report, as it never manifests con-
genitally. DM1 is further segregated into four distinct types
based on age at presentation: (1) adult onset, (2) childhood
onset or juvenile, (3) congenital, and (4) late-onset
oligosymptomatic. While ventriculomegaly can occur with
childhood- and adult-onset DM1, it is the infant with congen-
ital myotonic dystrophy (CDM) that presents a unique thera-
peutic challenge to the pediatric neurosurgeon and will be the
focus of this report.

Methods

IRB approval was obtained. A Google Scholar search was
conducted using the search phrase Bcongenital myotonic
dystrophy.^ These papers were reviewed carefully along with
their reference lists in order to enlarge the literature base.
Articles reporting on CDM patients with ventriculomegaly
or macrocephaly or both were included in this analysis.
Studies presenting CDM patients but not commenting explic-
itly on either ventriculomegaly and/or macrocephaly were ex-
cluded from the analysis. Articles meeting these criteria were
queried for presence of pre-natal ventriculomegaly, presence
of ventriculomegaly at birth, worsening or development of
ventriculomegaly after birth, head circumference (HC) at
birth, abnormally increased HC velocity after birth, infant

demise before discharge from the neonatal intensive care unit
(NICU), and placement of and indication for a shunt. This
allowed for an analysis of the natural progression of CDM-
associated ventriculomegaly from prenatal to early childhood.
A chart review was performed to present data on the patient
included in the case report. For the case report, informed con-
sent was obtained from the patient’s mother.

Genetics and pathophysiology

DM1 belongs to a class of genetic abnormalities called
repeat-associated disorders which arise from lengthy re-
peated sequences of nucleotides in untranslated regions
of DNA (rather than from altered protein structures sec-
ondary to mutations in translated DNA). The DM1 gene
codes for myotonic dystrophy protein kinase (DMPK), a
75–80 kDa protein kinase found in highest concentrations in
the heart and skeletal muscle and, to a lesser extent, in smooth
muscle and other non-muscle tissues [1]. DMPK plays many
roles; the more clearly defined roles include determination of
cell shape and coupling of excitation to the contraction of
skeletal muscles by maintaining calcium homeostasis [10].
The mutation giving rise to DM1 lies in the 3′ intron region
of the 19q13.3 chromosome and consists of variable numbers
of CTG trinucleotide repeats. Normal individuals have be-
tween 3 and 35 repeats, a pre-mutation state is defined as
36–50 repeats, and DM1 phenotypes are seen in individuals
with > 50 CTG repeats. DM1 displays increased severity
(potentiation) and earlier onset (anticipation) as the number
of CTG repeats present in the germline is amplified; in
DM1, these processes almost always perpetuate generational-
ly via maternal transmission [11]. Within a kinship, the phe-
notypic severity of anticipation as well as potentiation is well
correlated with increasing CTG repeats. This relationship is
less pronounced when comparing non-related individuals.
CTG repeat length varies not only within germlines across
generations but also somatically in tissues of the same patient,
rendering genetic testing difficult. Germline repeat length in-
stability and the process leading to somatic mosaicism are
unclear [12].

The pathophysiology behind the DM1 phenotype is very
complicated and has therefore been hard to define. Several
abnormal intracellular processes have been identified to date,
including the following: transcriptome-wide changes in gene
expression in muscle biopsies, dysregulated microRNA inter-
ference with normal RNA-dependent processes, and presence
of homopolymeric polyglutamate peptides due to repeat-
associated non-ATG translation of the DMPK antisense tran-
script [13]. Previously defined pathophysiology involves the
accumulation of large amounts of mutant messenger RNA
(mRNA) in the cell nucleus [14–16]. These repeat-CUG
mRNAs form large nuclear inclusions which are unable to
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pass out of the cell nucleus. These inclusions in turn disrupt
the function of two proteins important in managing the
process of mRNA splicing into their proteomically rele-
vant isoforms. The first is muscleblind binding protein 1
(MBNL-1) which becomes sequestered in the mRNA inclu-
sions, reducing its nuclear concentration. MBNL-1 in normal
concentrations drives mRNA splicing toward greater concen-
trations of adult isoforms; conversely, a shortage of active
MBNL-1 will elevate mRNA isoforms destined to generate
fetal types of proteins. The second disrupted protein is CUG-
binding protein 1 (CUG-BP1) which is up-regulated by
hyperphosphorylation secondary to the nuclear mRNA inclu-
sions. Up-regulated CUG-BP1 actively increases mRNA
splicing, resulting in fetal isoforms of its dependent proteins
[10]. The imbalance in MBNL-1 and CUG-BP1 has been
found to have wide proteomic and cellular biological effects.
The transport of chloride channels to the myofiber membrane
appears to be compromised, causing an impairment of chlo-
ride conductance which some believe to be the etiology of the
myotonic aspect of this disease. Insulin receptors, sarcoplas-
mic reticulum chloride channels, cardiac troponin transcripts,
and MBNL-1 itself all appear to be negatively affected in
DM1. In the brain, splicing abnormalities have been found
in the N-methyl-C aspartate receptor 1, the microtubule-
associated tau protein (from which arise the tau protein abnor-
malities found histopathologically), the amyloid precursor
protein, and the SLITRK family of proteins (found predomi-
nantly in neural tissues which appear to have a neurite-
modulating function) [10, 11]. The fetal isoform shift of tissue
proteins has been found in muscle biopsy analysis in DM1
patients; in CDM patients, serial muscle biopsies have dem-
onstrated a gradual normalization of the fetal isoform abnor-
mality in parallel to its clinical course.

Clinical congenital myotonic dystrophy

Musculoskeletal

CDM patients can expect one hospital admission per year
for a DM1-associated complication [17]. Infants with
CDM have obvious facial weakness with a tented upper
lip, mild ptosis, and bi-temporal wasting which gives their
face a long thin appearance. Myotonia, despite lending its
name to the disease, is not present congenitally, although
100 % of surviving patients will develop this problem by
the time that they are older than 11 years [18]. Diffuse
hypotonia and hyporeflexia are present, and global weakness
is often apparent because of a lack of anti-gravity movement.
The sensory exam is usually normal, but the withdrawal re-
sponses and facial grimace will be muted due to the motor
effects of the disease; in some cases, only an alteration in vital
signs will indicate discomfort to noxious stimulus. Many

CDM patients will go on to experience orthopedic problems
like joint contractures and pathologic fractures, and scoliosis
will affect 30 % of these patients with 10 % of these requiring
operative intervention [19].

Cardiopulmonary

The CDM neonate will almost certainly have breathing and
feeding difficulties significant enough to require assistance.
The respiratory problems are mechanical: muscle weakness,
thin ribs, and a raised right hemi-diaphragm (arising from
global immaturity of the diaphragm with greater resistance
from the liver) all conspire to impede adequate ventilation
[20]. Pulmonary hypoplasia can sometimes complicate this
mechanical picture. Cardiac abnormalities are common:
CDM carries a relative risk of cardiac conduction anomalies
60 times that of the population; 80 % of patients will have
some type of ECG abnormality [9, 21]. Even asymptomatic
DM1 patients are at risk for lethal cardiac abnormalities. All
CDM children require annual Holter monitoring [21].

Gastrointestinal

Feeding is similarly hindered by profound muscular weakness
of the oropharynx, leaving CDM patients at high risk for as-
piration. Literature from the early 1990s indicated that CDM
infants have a poor prognosis if they are ventilated for more
than 30 days, and this information has been widely repeated
even as recently as 2004 in a neuromuscular workforce report
from Europe [22]. More recent data has, however, shown that
many infants receiving prolonged ventilation can wean suc-
cessfully and have meaningful lives. Once out of the NICU,
respiratory infections and gastrointestinal (GI) dysmotility ac-
count for the majority of morbidity in CDM [23].

Central nervous system

One of the major histopathological characteristics of DM1
is the presence of abnormal aggregates of Tau proteins,
leading to CDM categorization as a tauopathy. Because
there is very little long-term data, let-alone data with ade-
quate patient categorization, little more is known beyond the
knowledge that CDM patients surviving infancy develop sig-
nificant cognitive and behavioral problems. Common clinical
issues in these patients are as follows: compromised executive
function, avoidant behavior, cognitive impairment, apathy, fa-
tigue, and over-sleeping. These cognitive-behavioral prob-
lems lead to significant difficulty in maintaining employment
and participating in social interactions. Cognitive-behavioral
problems are progressive in the majority of patients, though
severity and progression are highly variable. A recent work-
shop on DM1 central nervous system (CNS) research issues
stated that Bit is unclear if CNS dysfunction in DM1 is
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neurodevelopmental, neurofunctional and/or neurodegenera-
tive even though several clinical parameters such as stamina,
sleepiness, pain and systemic disease show degenerative
progression^ [24]. Communication difficulty is cited as the
most impacting symptom of the disease, and there is some
suggestion of similarity to autistic features [25]. There is some
debate about IQ levels. Data places children with CDM in the
43rd to 74th percentiles, and special education programs are
required by most patients [10]. However, others have drawn
attention to the fact that these patients have delayed motor
response due to muscle impairment, reduced facial expres-
sivity, and a lack of initiative that may falsely lower scores
on IQ tests. Many studies using the Wechsler Adult
Intelligence Scale have found a normal range of IQ in
DM1 patients [26]. More advanced imaging techniques
offer the hope of greater clarity on the nature of CNS ef-
fects in DM1 patients. While repeat length has not been
found to correlate tightly with degree of CNS impairment,
Minnerop et al. have found a significantly higher fractional
anisotropy in DTI in DM1 patients with higher scores on
validated measures of fatigue and depression [27]. Future
research integrating sensitive and specific neuropsycholog-
ical testing with functional neuroimaging holds promise
for greater understanding of DM1 cognitive effects.

Neuroradiology and neuropathology

Neuroradiologically, patients with DM1 have been found
to have many abnormalities, but none is specific to the
disease. Ventriculomegaly is a common finding, often with
maintained extra-axial CSF spaces and a well-delineated
sulcal/gyral pattern. White matter abnormalities are virtu-
ally universal, though their distribution is far from stereo-
typed. These abnormalities are seen as high signal on T2-
weighted images and are more commonly found in the
periventricular, temporal, and parietal regions. Many other
findings are common: mild atrophy of the frontal cortex,
hypoplasia of the corpus callosum, brainstem hypoplasia,
neuronal migration abnormalities, and cerebellar abnor-
malities [28–34].

Beyond these radio-anatomical abnormalities, recent ex-
ploration of radio-functional parameters has shown that
DM1 is a diffuse white matter disease. Perfusion scans of
DM1 patients show variable areas of decreased perfusion,
but the left hemisphere appears significantly more often af-
fected [35]. MR spectroscopy studies demonstrate abnormally
low levels of N-acetylaspartate, creatine, and choline and
more pronounced in the frontal white matter. Finally, DTI
images have demonstrated both lower fractional anisotropy
values and elevated levels of mean diffusivity [36]. Several
radiofunctionality studies have found significant correlations

between degree of cognitive and behavioral dysfunction and
the degree of brain abnormality on imaging [35–37].

The neuropathology of this disease is not well understood,
a result of the paucity of subjects who allow for autopsy and
the relatively rare occurrence of CDM. Some authors have
found intact cytoarchitecture [38]. On the whole, however,
neuropathological inquiry has found a wide range of abnor-
malities including disturbed neuronal migration with neurons
present in the subcortical white matter, abnormal cortical
layering, polygyria, and leptomeningeal neuroglional
heterotopia. Other abnormalities such as periventricular
leukomalacia, ventriculomegaly, olivary dysplasia, small teg-
mentum, defects of the septum pellucidum, corpus callosum
hypoplasia, and hypoxic-ischemic encephalopathy and basal
ganglia abnormalities all have been reported [30, 39–42].
Patterns of radiological and histopathological in DM1 are
highly variable indicating a highly complex pathophysiology
and inconsistent findings.

Genetic testing and mortality

Generally speaking, data on CDM severity, progression, mor-
bidity, and mortality are limited due to the low incidence of
disease. The infant with CDM will often be born to a mother
who is unaware of her diagnosis due to the subtlety of her
symptoms; the infant will be the Bclinically evident^ index
case in DM1 families approximately 50 % of the time [10].
Extremely rarely, the CDM infant will result from paternal
transmission [11]. Because repeat size only weakly correlates
with anticipation and potentiation outside of kinship lines,
genetic counseling is difficult and many women decline ge-
netic testing. When surveyed, about half of a group of 25
women with DM1 said that having the disease did not affect
their child-bearing decisions [43]. CDM mortality from dis-
ease process is unclear, as many of the studies included infants
receiving comfort measures only. Reardon et al. have created a
life table using 115 CDM patients, indicating that there is a
50 % mortality rate by the mid-1930s [44]. Schara comments
that collecting comprehensive data from patients and family
with eventual creation of an international registry would fur-
ther the understanding and potential standard of care for CMD
patients [45].

Results

Thirteen articles were identified which both presented details
of CDM patients and mentioned ventriculomegaly or
macrocephaly or both [7, 30, 40, 46–55]. A total of 104
CDM patients were reviewed in these articles, but conclusions
are severely limited by a lack of data.
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Early mortality

Twenty-three of these 102 patients passed away before dis-
charge from the NICU. None of these 23 patients received a
shunt.

Ventriculomegaly and shunt necessity

Out of these 102 patients, only 7 patients had data on the
presence or absence of prenatal ventriculomegaly, 97 had
similar data on ventriculomegaly at birth, and 32 had data
on whether or not the ventricles enlarged post-natally.
Three patients of 7 (43 %) had pre-natally diagnosed
ventriculomegaly, 43 of 97 (44 %) had ventriculomegaly
at birth, and only 5 of 32 (16 %) had progressive enlarge-
ment of ventricles post-natally. Out of all 104 patients,
only 5 had a documented shunt placement, 1 for radio-
graphically determined obstructive hydrocephalus with
ventriculomegaly, 1 for communicating hydrocephalus
secondary to intraventricular hemorrhage (IVH) with pro-
gressive ventriculomegaly, 1 for communicating hydro-
cephalus with macrocephaly but no hemorrhage, and 1
for communicating hydrocephalus with progressive
ventriculomegaly without hemorrhage, and in 1 patient,
the indication was unknown. No further information was
available on the patient with obstructive hydrocephalus
[7]. The patient with post-IVH hydrocephalus had progres-
sive dilatation of the ventricles as did one of the non-
hemorrhagic communicating hydrocephalus shunt patients
[47, 48, 55]. The second non-hemorrhagic communicating
hydrocephalus patient had a birth HC of 37 cm (98th per-
centile) [49]. Data on ventricular size or HC post-shunt
placement was not available.

Macrocephaly

HC data was similarly limited; only 17 of 104 patients had HC
data. The average HC percentile was 88.3, and 15 patients had
an HC at or above the 80th percentile (Fig. 1) [30, 46, 49, 50].
Out of these 17 patients, 16 had data on presence or absence of
ventriculomegaly with 13 of these patients having
ventriculomegaly. Two of these 13 patients had progressive
dilatation of the ventricles. Only one of these two patients was
shunted. The other patient’s progression stopped after day of
life (DOL) 40.

Case study

ZC was born at 36-week estimated gestational age and
weighed 3670 g. The mother is a 31-year-old G1P0 woman
with a known diagnosis of DM. Family history was also sig-
nificant for several maternal uncles and a maternal grandfa-
ther, all diagnosed with severe DM. ZC’s genetic testing found
a trinucleotide repeat number of between 1700 and 1850.
Delivery was by Cesarean section, and pregnancy was com-
plicated by lack of pre-natal care, polyhydramnios, and breech
presentation. Apgars were 1, 4, and 7 at 1, 5, and 10 min,
respectively, and the patient was intubated at 2.5 min of life
and required cardiac compression for 1.5 min soon after de-
livery. Early support included dopamine for blood pressure
support. The patient was intubated at 2.5 min of life. An initial
echocardiogram showed mild left ventricular hypertrophy
with decreased systolic function and left wall motion hyper-
kinesia. X-rays revealed fractures of the left tibia, fibula, and
humerus. An EEG was performed on DOL 5 for suspicion of
subclinical seizures; the EEG was within normal limits for a

Fig. 1 Scatter plot of head
circumference percentiles in the
17 patients with available data
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sleeping patient. A gastrostomy tube was placed on DOL 28,
and a tracheostomy was placed at 4 months of age with ven-
tilator support lasting until late into the fifth month of life.

At birth, HC was 35.0 cm (66th percentile) and remained so
for the first month of life. Head ultrasound on DOL 1 was
unremarkable; a repeat at 1.5 months showed new, mild,
ventriculomegaly of the lateral, third, and fourth ventricles
without evidence of intraventricular or parenchymal hemor-
rhage. A subsequent head ultrasound at 3months demonstrated
significant interval enlargement of the lateral, third, and fourth
ventricles compared to the previous ultrasound, also without
evidence of hemorrhage (Fig. 2). During this time, the patient’s
HC had increased, from 35.0 cm (27th percentile) at birth to

38.0 cm at 7 weeks and 42.3 cm (95th percentile) at 3 months
at which point, the neurosurgery service was consulted.

An MRI brain demonstrated moderate to marked diffuse
ventriculomegaly without a focal obstructing lesion, as well as
diffuse white matter disease throughout both cerebral hemi-
spheres with a vertical orientation of the hippocampi. Sagittal
view shows downward bowing of the floor of the third ven-
tricle; however, there was a patent aqueduct with motion arti-
fact indicating CSF flow and a moderately dilated fourth ven-
tricle without posterior fossa cyst and mild hypoplasia of the
vermis. The Evan’s ratio was 0.5. Extra-axial cerebrospinal
fluid (CSF) spaces were not compressed. There was a normal
sulcal/gyral pattern (Fig. 3). Because the patient’s HC seemed

Fig. 2 a Coronal ultrasound on
DOL 1 was unremarkable. b
Repeated scan at 3 months
showed significantly enlarged
bilateral lateral, third, and fourth
ventricles without evidence of
intraventricular hemorrhage

Fig. 3 a Axial and b coronal T2
MRI demonstrating marked
dilatation of the lateral and third
ventricles without evidence of
hemorrhage or focal mass.
Diffuse T2 white matter
prolongation bilaterally due to
white matter myelination
abnormality secondary to
myotonic dystrophy. Hippocampi
are vertically oriented bilaterally.
Sulci and basal cisterns are well
visualized. c Sagittal view shows
downward bowing of the floor of
the third ventricle; however, there
was a patent aqueduct with
motion artifact indicating CSF
flow and a moderately dilated
fourth ventricle without posterior
fossa cyst and mild hypoplasia of
the vermis. d No cytotoxic edema
on the diffusion sequence
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to stabilize at about the 90th percentile and extra-axial CSF
spaces were preserved, neurosurgical intervention was de-
ferred. However, at 3.5 months, the patient’s HC reached
45 cm (>99.9th percentile) and a ventriculoperitoneal shunt
with a programmable valve set at 150 mm H2O was placed.
Intraoperative assessment revealed an intracranial pressure of
21 cm H2O with an end tidal CO2 of 35 and with the patient
apneic. In the 2 months following shunt placement, HC has
stabilized close to the 50th percentile most currently at
42.5 cm. In addition, occupational therapy noted a clear and
consistent increase in the level of activity after shunting.

Conclusions

Understanding of CDM has advanced gradually since its first
recognition as a distinct clinical entity, but the pathophysiolo-
gy has yet to be fully elucidated, particularly within the CNS.
Multiple organ systems are affected. CDM presents a particu-
lar treatment challenge to the pediatric neurosurgeon, as fea-
tures of this disease process confound establishing a diagnosis
of hydrocephalus. Profound hypotonia obscures detailed neu-
rologic examination, particularly in infants. Ventriculomegaly
and macrocephaly can each be independently associated with
CDM, likely resulting from underlying structural white matter
pathology as reflected on MR imaging. The etiology of asso-
ciated hydrocephalus in some patients has not been well de-
fined. Previously reported CDM patients requiring CSF diver-
sion demonstrated progressive ventriculomegaly or HCs
crossing percentile lines upward. Abnormal HC growth was
ultimately the finding that prompted intervention in the pres-
ently reported case, rather than findings on radiology or neu-
rologic exam. Until more comprehensive understanding of the
neuropathology associated with CDM is achieved, decisions
regarding neurosurgical intervention will necessarily be based
on limited information, but shunting should only occur once
dynamic data confirms hydrocephalus.
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