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Costs of the diagnostic odyssey in children
with inherited leukodystrophies

ABSTRACT

Objectives: Our objective was to determine the extent of testing and costs solely related to diag-
nosis (the diagnostic odyssey) in a cohort of children with inherited leukodystrophies.

Methods: We determined all inpatient and outpatient laboratory testing, including brain MRIs ob-
tained for the purpose of diagnosis, over an 8-year time period in a retrospective population
cohort of children with inherited leukodystrophies. Costs were determined from an activity-
based cost accounting system and were standardized to 2013 constant US dollars.

Results: Each patient had on average 20 tests (range 2–42 tests), with costs of $4,200 (range
$357–$15,611). Diagnostic yield plateaued after 25 tests, and costs increased significantly
after 32 tests. Fifty-three percent of patients were diagnosed in 20 or fewer tests, compared
with 17% if more than 20 tests were performed.

Conclusions: Our findings provide details on the amount and costs of testing in children who often
undergo a diagnostic odyssey. Our results suggest that diagnostic testing is a relatively modest
contributor to the overall health care costs in patients with leukodystrophy, and offer insights into
the diagnostic odyssey of children with neurologic impairment. Neurology® 2015;85:1167–1170

GLOSSARY
ICD-9-CM 5 International Classification of Diseases, Ninth Revision, Clinical Modification; IH 5 Intermountain Healthcare.

Inherited leukodystrophies affecting the myelin are a subgroup of diseases causing neurologic
impairment.1 Children with neurologic impairment constitute the single largest cohort of inpa-
tient admissions at children’s hospitals, accounting for 10% of admissions and 40% of hospital
charges in the United States.2,3 For children with inherited leukodystrophies, a specific diagnosis
is often difficult to determine, leading to time- and money-consuming testing with low yields
and a multiyear “diagnostic odyssey.”Health care costs for patients with leukodystrophy average
more than $100,000, and in some patients are higher than $1 million.4 However, a definitive
diagnosis is reached in only approximately 50% of patients.1,5 Newer testing approaches based
on next-generation sequencing may offer higher testing yields in a shorter time. However, there
are no studies to determine what costs are directly related to the determination of a diagnosis.
Furthermore, there are no data on the costs of the diagnostic odyssey for any group of disorders.
Understanding the costs for diagnosis could clarify options for testing and provide a context for
understanding the significant costs and health care burden of leukodystrophies. Our objective
was to determine the extent of testing and costs solely related to the diagnostic odyssey in a
cohort of children with leukodystrophies.

METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional
review boards at the University of Utah and Intermountain Healthcare (IH).

A retrospective population cohort of 269 patients with inherited leukodystrophies (see criteria below) presenting at Primary Child-

ren’s Hospital or the University of Utah Pediatric Neurology clinic over an 8-year period from 2002 to 2010 was followed through

2014.1,6 Patients were included if all of their diagnostic care was obtained at IH, if they did not have diagnostic testing at another health

care system, and if they had no prior family members with the same diagnosis. Cases were identified through a computerized search of

From the Division of Inpatient Medicine, Department of Pediatrics (R.S.), and Division of Pediatric Neurology, Department of Pediatrics (J.L.B.),
University of Utah School of Medicine (J.R.), Salt Lake City; Institute for Health Care Delivery Research (R.S.), Intermountain Healthcare (E.K.K.),
Salt Lake City, UT.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

© 2015 American Academy of Neurology 1167

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:joshua.bonkowsky@hsc.utah.edu
http://neurology.org/lookup/doi/10.1212/WNL.0000000000001974
http://neurology.org/lookup/doi/10.1212/WNL.0000000000001974


ICD-9-CM diagnosis codes and confirmed by manual chart

review and review of laboratory results and MRIs. Criteria for

the diagnosis of an inherited leukodystrophy were the same as

previously used1: age younger than 19 years at their initial pre-

sentation for evaluation of their symptoms that led to the diag-

nosis of leukodystrophy; if they had brain MRI findings

showing abnormalities of white matter signal consistent with

the diagnosis of a leukodystrophy; and if the MRI results were

obtained before determination of an alternative diagnosis not

typically considered a leukodystrophy. Primary Children’s Hos-

pital is part of IH, which maintains clinical electronic records

and charge codes captured from multiple information systems

related to admissions, emergency room, and clinic visits in an

enterprise data warehouse.

We manually determined all inpatient and outpatient labora-

tory testing related to diagnosis, including brain MRIs performed

after the MRI performed at presentation. We confirmed the man-

ual data by comparison with data extracted via a computerized

search of the enterprise data warehouse. The initial MRI was

not counted in the cost since it formed the basis of the inclusion

criteria we used. Testing and associated costs related to patient

care, evaluation and treatment for infections, or for monitoring

of drug levels were not included. Tests (and associated costs)

included general screening labs, disease screening labs, and disease-

specific testing (for example, respectively: blood chemistry, hemoglo-

bin; leukocyte lysosomal enzymes, chromosome karyotype; very

long-chain fatty acids, Pelizaeus-Merzbacher gene testing) (see

table e-1 on the Neurology® Web site at Neurology.org for listing

of all tests performed). If a test was obtained more than once, only

the first instance was included; however, costs for repeat MRIs

were included. Complete cost data were extracted for each patient

from IH’s activity-based cost accounting system and were stan-

dardized to 2013 constant US dollars.4 We did not include costs

for hospital care or professional fees.

RESULTS We identified 269 patients with leukodys-
trophy over an 8-year time period. Patients were
determined to have an inherited leukodystrophy if
they had abnormal signal on MRI in the brain
myelin, and if they had no other explanation for
their leukodystrophy, for example, prematurity or
multiple sclerosis (see full criteria in the methods
section). Sixty-four patients ultimately met
inclusion and exclusion criteria. For the 64 patients,
we then determined all testing performed for the
purposes of diagnosis, including repeated brain
MRIs, and determined costs for that testing.

Patients with leukodystrophy had on average 20
tests each for the purpose of diagnosis, but the num-
ber of tests ranged from 2 to 42 tests (table 1).
Patients had on average 2.5 brain MRIs after their
MRI on presentation (range 0–8). Average diagnos-
tic testing cost per patient was $4,209, but ranged
from $357 to $15,611. A final specific etiologic
diagnosis was determined in 31% of patients. In
approximately one-fourth of diagnosed patients,
an additional gene-specific test was performed (such
as sequencing of the ARSA gene for patients with
metachromatic leukodystrophy), but which contrib-
uted typically less than 10% to 20% of their overall
costs.

An increase in the number of tests ordered was
associated with an increase in cost, most noticeably
after 32 tests were ordered (figure, A). The overall
diagnosis rate plateaued when 25 or more tests had
been ordered. Few patients had more than 30 tests;
numbers of tests were otherwise relatively evenly dis-
tributed (figure, B). Fifty-three percent of patients
were diagnosed in 20 or fewer tests, compared with
17% if more than 20 tests were performed.

DISCUSSION The diagnostic odyssey in children
with leukodystrophies can be prolonged and frus-
trating for patients, their families, and providers.
We have determined the financial costs directly asso-
ciated with testing to make a diagnosis. We used
costs, since charges reflect hospital billing variability
and differences in contractual relationships with in-
surers. We are the first to determine costs of the
diagnostic odyssey in any disease group; prior

Table 1 Selected demographic, disease, and cost characteristics of the study
cohort (N 5 64)

Sex

Male 36 (56)

Female 28 (44)

Race

Caucasian 55 (85)

Hispanic 7 (11)

African American 1 (2)

Native American 1 (2)

Diagnosis

Unknown 44 (69)

Metachromatic leukodystrophy 2 (3)

Krabbe disease 2 (3)

Mitochondrial 2 (3)

Pelizaeus-Merzbacher disease 2 (3)

Othera 12 (19)

Patient costs

Total $269,388

Average (range) $4,209 ($357–$15,611)

Average of per-test cost (range) $531 ($7–$7,930)

No. of tests

Total 1,270

Average (range) 20 (2–42)

No. of brain MRIs

Total 157

Average (range) 2.5 (0–8)

Data are n (%) unless otherwise indicated.
aOther diagnoses: 2q24.3 syndrome; 18q-syndrome; Xq13.3 leukodystrophy; 46, XY dup(9)
(q21.1q22.31) leukodystrophy; 4H syndrome; Batten disease; Gaucher disease; Sandhoff
disease; Tay-Sachs disease; vanishing white matter disease; X-linked adrenoleukodystrophy.
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studies focused on charges and only included results
in patients ultimately diagnosed using next-
generation sequencing, thereby biasing charge
amounts to a subset of patients.7

Limitations of this study include that it represents
a single health care system, that data were collected
retrospectively, and that cost data may have been
affected by total duration of the patient in the study.
Costs may continue to increase if a patient remains
undiagnosed, although our personal experience sug-
gests that many families and their providers do not
continue testing after a certain point, depending on
both the provider and the family. Patients who re-
mained undiagnosed had between 6 and 42 tests per-
formed. The low overall rate of a specific etiologic
diagnosis may reflect our restrictive inclusion criteria,
which excluded patients with known affected family
members, or patients who had outside diagnostic test-
ing performed. Another limitation is that we did not
include social and psychological burdens on the patient
and family; the costs of additional hospitalization that

could be associated with trying to obtain a diagnosis;
and the adverse costs of missed opportunity to diag-
nose potentially treatable disorders.

Diagnosis costs in our cohort averaged $4,209. In
comparison, overall costs of care for patients with leu-
kodystrophy averaged more than $107,000, and in
some patients more than $1 million.1,4,8 Thus, finan-
cial costs for the diagnostic odyssey and diagnostic
testing are relatively low compared to the overall costs
of care for patients with leukodystrophy. It would
seem that financial costs of the diagnostic odyssey
should not limit pursuit of diagnosis. In some pa-
tients, a diagnosis was reached almost immediately
with only a few tests obtained. In most of those pa-
tients, the clinical presentation and initial brain MRI
had findings that suggested the ultimate diagnosis; for
example, contrast enhancement and abnormal T2 sig-
nal in a boy consistent with X-linked adrenoleuko-
dystrophy. Future studies could examine whether
there are logical algorithms to efficiently find a diag-
nosis in children with leukodystrophies. Our findings
on the costs and yields of testing offer insights into
the diagnostic odyssey of children with neurologic
impairment.
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Figure Costs, testing, and diagnosis in the diagnostic odyssey

(A) Average costs per patient based on number of tests ordered (hash), arranged by number
of tests obtained (x-axis), and cumulative percentage of patients diagnosed (circles). (B) Num-
ber of patients (y-axis) viewed by number of tests obtained (x-axis); green bar indicates num-
ber of patients with a final diagnosis.
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