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ABSTRACT

Background: Dandy-Walker syndrome (DWS) is a congenital disorder typically manifesting with hydrocephalus.
The classic anatomic hallmarks of DWS are hypoplasia of the cerebellar vermis, anterior-posterior enlargement of the
posterior fossa, upward displacement of the torcula and transverse sinuses, and cystic dilatation of the fourth ventricle.
Aims: Although optimal treatment of DWS typically requires neurosurgical intervention to prevent intracranial
pressure increases incompatible with life, the natural history of this disorder has yet to be evaluated on a nationwide
level. Settings and Design/Materials and Methods: The Kids’ Inpatient Database covering 1997-2003 was used for
analysis. Children younger than age 18 admitted for DWS (ICD-9-CM = 742.3) were analyzed with a matched control
group. The primary procedure codes for operative CSF drainage were coded into the analysis. The incidence of DWS
was 0.136%); 14,599 DWS patients were included. Statistical Analysis Used: Multiple logistic regression models were
used. Odds ratios (OR) were reported with 95% confidence intervals. Results and Conclusions: Mortality (OR =10.02;
P < 0.0001) and adverse discharge disposition (OR = 4.59; P < 0.0001) were significantly greater in DWS patients
compared with controls. 20.4% of DWS patients received operative cerebrospinal fluid (CSF) drainage, 81-times more
than controls (P < 0.0001). CSF drainage reduced mortality by 44% among DWS patients (P < 0.0001). Although DWS
isassociated with a 10-fold increase in mortality, operative CSF drainage nearly halves the mortality rate. Based on these
findings (Class IIB evidence), it is likely that the increased mortality associated with DWS is directly attributable to the
nearly 80% of DWS patients who did not receive operative CSF drainage for hydrocephalus. Consequently, increased
access to neurosurgical intervention could reduce the mortality rate of DWS towards that of the general population.
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Introduction hydrocephalus is not addressed via neurosurgical
intervention, the mortality of the condition is high due to
Congenital hydrocephalus is a condition resulting  thelethality of untreated increased intracranial pressure.
from increased intracranial pressure in the ventricular
system due to a derangement between the production A well-known etiology of congenital hydrocephalus is
and absorption of CSFE." Classic clinical manifestations ~ Dandy-Walker syndrome (DWS), which encompasses
include bulging fontanelle, persistent downward  Dandy-Walker malformation, Dandy-Walker variant,
gaze (“sun-setting” eyes), macrocephaly manifesting  Blake pouch cyst, and mega cisterna magna.!l Classic
as rapidly increasing head circumference, irritability, =~ anatomichallmarksof DWS (also known as Dandy-Walker
vomiting, poor feeding, seizures, and lethargy.>® If = complex) are hypoplasia of the cerebellar vermis,
anterior-posterior enlargement of the posterior fossa,

— : upward displacement of the torcula and transverse
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- sinuses, and cystic dilatation of the fourth ventricle.
Quick Response Code: . L. . . L.
Website: With an incidence of approximately 1in 30,000, the clinical
www.ruralneuropractice.com manifestations of hydrocephalus in DWS are diagnosed
prior to the age of one in 80% of patients.**! However
DOI: to date, there has been no examination of the natural
10.4103/0976-3147.143185 history of DWS on a nationwide level. This study was
performed to address this void.
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Materials and Methods

Data source

The data source for this study was the Kids’ Inpatient
Database (KID) hospital discharge database (overview
available at http://www.hcup-us.ahrq.gov/
kidoverview.jsp) covering the years 1997 through 2003.
Containing data drawn from children 20 years of age and
younger, the KID was obtained from Healthcare Cost
and Utilization Project, Agency for Healthcare Research
and Quality (Rockville, MD).”! For these years, the KID
contains data on 100% of discharges from a stratified
random sample of nonfederal hospitals in 22 to 36
states (number of states increased year to year from 1997
to 2003), containing data on two to three million hospital
discharges from a sample of 2500 to 3500 United States
nonfederal hospitals.

Inclusion and exclusion criteria

The KID database was searched to identify an admission
for DWS. Admissions having a patient age younger than
18 years and a diagnosis code of 742.3 (Dandy-Walker
deformity or syndrome) were included. Using the same
database, admissions younger than 18 years without the
diagnosis code of 742.3 were included as a control group.

Characteristics of patients, providers, and hospitals

In addition to race, patient age, sex, median household
income for postal (ZIP) code of residence, primary
payer (Medicare, Medicaid, private insurance, self-pay, no
charge, or other), type of admission (emergency, urgent, or
elective), and admission source (emergency department,
transfer from another hospital, transfer from long-term
care, or routine) were coded in the KID data. The number
of available beds (small, medium, large), teaching status,
hospital region (Northeast, Midwest, South, West), and
location (rural, urban) were coded in the KID data.
Furthermore, the primary procedure codes for operative
CSF drainage (02.2,02.31, 02.32, 02.33, 02.34, 02.35, 02.39,
03.71, 03.72, 03.79) were coded as well.

Statistical analysis

The characteristics of patients (inpatient stays) and
hospitals were summarized by descriptive statistics.
Results were presented for continuous variables (mean,
SD, median, and range) and frequency (percentage)
for categorical variables. Patients admitted with
DWS (ICD-9-CM = 742.3) were included for primary
analysis, and a matched control group of patients
without a DWS diagnosis was used for comparison
of the outcomes. Groups were matched for patient
age, gender, race, primary payer, caseload of hospital,
admission type, and income within each survey year.
To compare the outcomes of mortality, operative CSF

drainage, and adverse discharge disposition between
the groups we used simple logistic regression models.
To examine the association between mortality and
the characteristics of patient age, gender, race, payer,
admission type, income, and caseload of hospital in the
DWS group, we fitted multiple logistic regression models
using the aforementioned characteristics as covariates.
We reported odds ratios (ORs) with 95% confidence
intervals (ClIs). Extrapolations to the entire U.S.
population were adjusted for the NIS stratified survey
method in the logistic regression models by using PROC
SURVEYLOGISTIC in SAS version 9.3 (SAS Institute,
Cary, NC). All P values shown are 2-tailed. A P value
less than 0.05 was deemed statistically significant.
Patients were evaluated examining DWS (a) as a primary
diagnosis, (b) as one of the top 3 diagnoses, and (c) as one
of the top 15 diagnoses. Adverse discharge disposition
was defined as hospital discharge to any place other
than home (i.e. short-term rehabilitation, long-term
rehabilitation, hospice, etc.).

Results

The KID database contained 14,599 DWS patients
between 1997 and 2003, with an overall incidence of 1.36
per 1,000 children. The DWS and control groups were
matched for age, gender, race, primary payer, caseload,
admission type, and income; the control group consisted
of 14,508 patients [Table 1]. The mortality rate was 3.77%
in the DWS group compared with 0.39% in the control
group (OR = 10.02; P < 0.0001) [Table 2a and b]. CSF
drainage procedures occurred in 20.39% of DWS patients
compared with only 0.31% of controls (OR = 81.11;
P < 0.0001) [Table 2a and b]. Adverse discharge
disposition occurred in 10.92% of DWS patients versus
2.6% of controls (OR =4.59; P <0.0001) [Table 2a and b].

CSF drainage was required in 20.39% of the DWS group
compared with 0.31% of controls [Table 2a]. Among
DWS patients, CSF drainage independently predicted
significantly reduced mortality (OR=0.56; CI=0.42-0.74;
P <0.0001) and adverse discharge disposition (OR=0.72;
CI=0.58-0.91; P=0.0052) compared with patients unable
to receive CSF drainage [Table 3]. Consequently, DWS
patients were 44% less likely to die and 28% less likely
to have an adverse discharge disposition if they received
CSF drainage [Table 3].

Discussion

Examination of the natural history of DWS has not
previously been performed on a nationwide level.
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Table 1: Clinical characteristics of patients (inpatient
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stays) with a diagnosis of Dandy-Walker syndrome

and a matched control group

Characteristic

DWS group Control group

(N=14,599) (N=14,508)
Age (years)
Mean 3.2 3.2
Standard deviation 4.6 4.6
Median 1.0 1.0
Min-Max 0-17 0-17
Female (%) 43.6 43.6
Race (%)
White 51.3 51.7
African American 18.9 18.9
Hispanic 21.2 21.2
Asian/Pacific Islander 2.6 2.6
Other 5.9 5.7
Primary payer (%)
Medicare 0.1 0.1
Medicaid 48.4 48.6
Private insurance/HMO 44.9 45.0
Self-pay 2.4 2.3
No charge/other 4.3 4.0
Caseload of hospital (%)
Small bed size 14.9 14.7
Medium bed size 25.4 25.4
Large bed size 59.8 59.9
Geographic region of hospital (%)
Northeast 25.2 22.7
Midwest 16.5 16.2
South 28.4 324
West 29.9 28.7
Location of hospital (%)
Urban 96.8 88.9
Rural 3.2 111
Admission type (%)
Emergency 39.5 39.6
Urgent 20.4 20.4
Elective 20.2 20.1
Newborn 19.9 20.0
Other 0.02 0.01
Admission source (%)
Routine, birth, others 53.7 57.6
Emergency/other/facility/court/law 46.3 42.4
Median income ($)
1=1-24,999 49.4 49.3
2=25,00-34,999 211 21.1
3=35,000 and above 29.6 29.6

DWS: Dandy-Walker syndrome

Table 2a: Incidence of mortality, cerebrospinal fluid
drainage, and adverse discharge disposition in DWS

and control groups

Outcome (%) DWS group Control group
Mortality 3.77 0.39
CSF drainage 20.39 0.31
Adverse discharge disposition 10.92 2.60

CSF: Cerebrospinal fluid, DWS: Dandy-Walker syndrome

Using a nationwide pediatric database encompassing
a seven-year period, the natural history of DWS was
examined, yielding an incidence of 0.136%. A comparison
with a matched control group revealed a greater
than 81-fold increase in intraoperative CSF draining
procedures, a nearly 5-fold increase in adverse discharge
disposition, and a 10-fold increased mortality in the
DWS group [Table 2]. However, DWS patients who
underwent intraoperative CSF drainage had a 44% lower
mortality (P < 0.0001) than those who did not undergo
CSF drainage [Table 3]. Consequently, it is reasonable
to surmise that the increased mortality associated with
DWS is directly attributable to the proportion of DWS
patients who did not undergo operative CSF drainage
for hydrocephalus (which in this study was nearly 80%
of patients), and that increased access to neurosurgical
intervention could have decreased the mortality rate of
DWS to that similar to the control group.

As important as these results are, they should be
tempered by the limitations of this study. The primary
limitation is the retrospective nature of the study, which
necessitated the use of odds ratios instead of relative risk
for statistical interpretation of the data. Secondly, the KID
by its nature is incomplete in representing the United
States; although it is by far the most comprehensive
nationwide database available spanning 1997-2003, it
only includes a maximum of 36 of the 50 US states, and
does not include federal hospitals. Another limitation
is that the ICD-9 code does not allow for distinguishing
between the different components of DWS; consequently,
there is no way from this study to distinguish between
Dandy-Walker variant from Dandy-Walker malformation,
Blake pouch cyst, and mega cisterna magna, all of which
comprise DWS. Furthermore, although the ICD-9 code
of 742.3 corresponds to Dandy-Walker variant, this
code also corresponds to congenital hydrocephalus,
which introduces the possibility that hydrocephalus
from etiologies other than DWS (i.e. posthemorrhagic,
aqueductal stenosis, Chiari malformation, intrauterine
infection, arachnoid cysts, etc.) could have been included
in this study. Unfortunately, this is probably the
greatest limitation of our manuscript, as the incidence
of DWS we found of 0.136% was approximately
40 times higher than the established incidence of
DWS (1/30,000 = 0.0033%), indicating that a significant
portion of the DWS group had hydrocephalus (more
than would be expected from a population derived
solely from DWS patients). Supporting this hypothesis
is the fact that our DWS incidence of 0.136% is similar
to the 0.114% incidence recently reported in a Denmark
study examining that country’s nationwide incidence
of primary congenital hydrocephalus."” Finally,
the time span of this study encompassed a period
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Table 2h: Univariate analysis of mortality, CSF
drainage, and adverse discharge disposition hetween
groups (the control is the reference group)

Outcome OR (95% Cl) P value
Mortality 10.02 (7.80-12.85) <0.0001
CSF drainage 81.11 (61.15-107.58) <0.0001
Adverse discharge disposition 4.59 (4.01-5.27) <0.0001

CSF: Cerebrospinal fluid, OR: Odds ratio, Cl: Confidence interval

Table 3: Analysis of CSF Drainage versus no CSF
drainage among DWS patients

Outcome OR (95% Cl) P value
Mortality 0.56 (0.42-0.74) <0.0001
Adverse discharge disposition 0.72 (0.58-0.91) 0.0052

CSF: Cerebrospinal fluid, OR: Odds ratio, Cl: Confidence interval

where ventriculoperitoneal shunting was the only
widely recognized surgical treatment for congenital
hydrocephalus. With the recent popularization of
endoscopic third ventriculostomy (ETV) by the work
of Dr. Benjamin Warf in Uganda from 2004 to 2010, the
potential for treatment of congenital hydrocephalus
secondary to DWS has become even greater, as more
patients may be able to receive life-saving treatment
without becoming shunt dependent.! This additional
surgical treatment option may improve quality of life
and reduce the mortality of DWS not only in the United
States, but worldwide as well.

Despite these limitations, the novel use of the KID in
this study over a 7-year period allows for the most
definitive depiction of the natural history of DWS to-date,
and by proxy, congenital hydrocephalus as well. The
population-based nature and breadth of the KID allows
the results from this study to provide class IIB evidence,

and should reaffirm the necessity for children with DWS
to be referred for neurosurgical care early in the course
of the disease.
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