Orbital infantile hemangioma and rhabdomyosar coma in children: differentiation using
diffusion-weighted magnetic resonance imaging

Stephen F. Kralik, M3,Kathryn M. Haider, MDY, Remy R. Lobo, MIF,Nucharin Supakul,
MD,? Sonia F. Calloni, MD,Bruno P. Soares, MD

Author affiliations: ®Department of Radiology and Imaging Sciences, Indiana University School
of Medicine, Indianapolis; "Department of Pediatric Ophthalmology, Riley Hospital for
Children, Indianapolis, Indiana; “Neuroradiology Division. Department of Radiology, University
of Michigan Health System. Ann Arbor; “Universita degli Studi di Milano, Postgraduation
School in Radiodiagnostics, Milan, Italy; *Section of Pediatric Neuroradiology, Division of
Pediatric Radiology, Russel H. Morgan Department of Radiology and Radiological Science,
Johns Hopkins University School of Medicine, Baltimore, Maryland

Submitted April 24, 2017.
Revision accepted September 4, 2017.

Correspondence: Sephen F. Kralik, MD, 714 N. Senate Ave Suite 100, Indianapolis, IN, 46202
(email: stevekralik@gmail.com).

Word count: 2,169
Abstract only: 262

This is the author's manuscript of the article published in final edited form as:

Kralik, S. F., Haider, K. M., Lobo, R. R., Supakul, N., Calloni, S. F., & Soares, B. P. (2017). Orbital infantile
hemangioma and rhabdomyosarcoma in children: differentiation using diffusion-weighted magnetic resonance
imaging. Journal of American Association for Pediatric Ophthalmology and Strabismus.
https://doi.org/10.1016/j.jaapos.2017.09.002


https://doi.org/10.1016/j.jaapos.2017.09.002

Abstract

Purpose

To evaluate differences in magnetic resonance inga@R1) appearance between infantile
hemangiomas and rhabdomyosarcomas of the orbéadrapic patients using diffusion-weighted
imaging.

Methods

A multicenter retrospective review of MRIs of pediapatients with infantile hemangiomas and
rhabdomyosarcomas of the orbit was performed. M@henations from a total of 21 patients
with infantile hemangiomas and 12 patients withod@myosarcomas of the orbit were
independently reviewed by two subspecialty boarntife= neuroradiologists masked to the
diagnosis. A freehand region of interest was plandbe mass to obtain the mean apparent
diffusion coefficient (ADC) value of the mass adivas within the medulla to obtain a ratio of
the ADC mass to the medulla.tAest was used to compare mean ADC and ADC ragtsden
the two groups. Receiver operating characteristatysis was performed to determine ADC
value and ADC ratio thresholds for differentiatiminnfantile hemangioma and
rhabdomyosarcoma.

Results

There was a statistically significant differenceéhie mean ADC value of infantile hemangiomas
compared to rhabdomyosarcomas (1527 ¥ tr/s vs 782 x 10 mnf/s; P = 0.0001) and the
ADC ratio of the lesion to the medulla (1.77 vsZ).® = 0.0001). An ADC threshold of <1159 x
10° mn#/sec and an ADC ratio of <1.38 differentiated rh@bgiosarcoma from infantile
hemangioma (sensitivity 100% and 100%; specifit@@% and 100%) with area under the

curve of 1.0 and 1.0, respectively.



Conclusions

In conjunction with conventional MRI sequences, Aldues obtained from diffusion-weighted
MRI are useful to differentiate orbital infantileimangiomas from rhabdomyosarcomas in

pediatric patients.



Magnetic resonance imaging (MRI) is the imaging alitd of choice for pediatric patients
presenting with an orbital mass. Pediatric orbitakses may involve a wide range of benign and
malignant pathologic diagnoses, including infanti@nangioma, venous and lymphatic
malformations, epidermoid cyst, Langerhans celidugtosis, metastatic disease, optic nerve
glioma, and rhabdomyosarcoma. Conventional MRIugiog T1-weighted (T1W), T2-

weighted (T2W), and contrast-enhanced T1-weightdd\(+C) sequences are able to narrow the
differential diagnosis or indicate a specific diagis based on location and imaging appearance;
however, some masses may have overlapping imagatgres. Because malignant tumors
frequently are associated with increased cellylaréduced extracellular space, and larger
nuclei, a corresponding dark signal intensity opaapnt diffusion coefficient (ADC) mapping
frequently correlates with high-grade or malignpathology*“Previous studies have indicated
that lower ADC values can be useful for differetitig benign and malignant neck and orbital
lesions>”’

Rhabdomyosarcomas are the most common soft tissoemnsa in children, with peak
incidence occurring in patients 0-4 years of agethe majority of malignant head-and-neck
tumors in the orbif.Conversely, infantile hemangiomas are the mostnsombenign neoplasm
in infancy, with the majority occurring in the firgear of life. Infantile hemangioma and
rhabdomyosarcoma may have similar appearance or2eand T1W+C MRI sequences, and
age at presentation may overlap, resulting in@dihand radiological diagnostic uncertainty. A
previous study reported suggested that diffusioigited imaging (DWI) could differentiate
infantile hemangioma from rhabdomyosarcoma in st @mong children; however, only 8
total patients with infantile hemangioma and rhabgosarcomas were included, only 4 had

ADC images, and no ADC measurements were repodBetause treatment is significantly



different for infantile hemangiomas compared tdod@myosarcomas, it is necessary to confirm
whether MRI can reliably differentiate these mas3ée purpose of this research was to
evaluate a larger group of pediatric patients wifantile hemangiomas and
rhabdomyosarcomas of the orbit to determine wheAlD&E can reliably differentiate these
lesions.

Subjects and Methods

With institutional board review approval, a multiter retrospective study from December 2008
to January 2016 identified pediatric patients (ukdi as age <18 years) with infantile
hemangiomas and rhabdomyosarcomas of the orbibd®nayosarcoma pathology was
confirmed in all patients on biopsy by a board-ted pathologist. Infantile hemangiomas were
diagnosed by biopsy or by clinical follow-up in gamction with the MRI in all patients by a
board-certified ophthalmologist (KH). Clinical foliv-up for patients with infantile
hemangiomas varied based on age of the patienprasénce of ocular complication. Patients <3
months of age were generally followed every 1-3ksea/hereas older patients are followed at
longer intervals, depending on the rate of growthktability.

MRI was performed on 1.5T or 3T MR imaging unitsRMprotocol included a minimum
of axial and coronal T2W fat saturation, axial @edonal T1W precontrast, TIW+C with fat
saturation, and axial DWI sequence. DWI sequenas performed with single-shot spin-echo
echo-planar imaging with 5-mm section thicknessteadministration of contrast material,
with b-values of 0 and 1000 s/r@pplied in the X, y, and z directions. Orbital ftoa was
defined as involvement of either the preseptalastgeptal orbit on MRI. Patients were excluded
if no MRI was available, if any of the T2W, T1W+@, DWI sequences were absent or distorted

by artifact. Subspecialty board-certified neurootmljists (SK, BS) with at least 4 years of



clinical experience performed individual retrospesteviews of the MRIs on the PACS while
masked to the diagnosis and recorded the qua&ta@w, TIW+C, and ADC appearance for all
masses. T2W was used to describe the appearattee ofss as hypointense, isointense, or
hyperintensity relative to normal brain parenchyand to determine the presence or absence of
flow voids, defined as linear hypointense signahi@ mass. TIW+C was used to determine
either homogenoeous or heterogeneous enhancenpamtdileg on the uniformity of the
enhancement. The ADC images were used to destebappearance of the mass as
hypointense, isointense, or hyperintensity relatd/aormal brain parenchyma. The mean ADC
value of the orbital mass was obtained by placifrgehand region of interest (ROI) on the

ADC image at the level of the largest tumor diametiéh sparing of the edge of the mass to
avoid inclusion of normal tissue. The mean ADChef medulla was used as an internal
reference to calculate a ratio of the ADC valu¢ghefmass to the ADC value of the medulla. The
medulla was chosen as an internal reference bedasseproducibly identified on MRI, it
provides a precise location, and because its ADG=waould be less affected by changes in
myelination in children. The mean ADC value of thedulla was similarly obtained by placing

a freehand ROI in the medulla on the ADC imagehwparing the edges of the medulla.

A t test was used to compare the two group mean A@@samean ADC ratios,
maximum diameter of the lesions, and mean agetamya. AP value 0f<0.05 was considered
statistically significant. A receiver operating caeteristic (ROC) curve was used to analyze
threshold calculations. The statistical analysidaif was done using GraphPad Prism version 7
for Mac (GraphPad Software, La Jolla, CA).

Results

A total of 21 children with orbital infantile hemiagnas (median age, 5 months; range, 1-34



months; 63% female) and 12 patients with orbitabdomyosarcomas (median age, 57 months;
range 20-281 months; 50% female) were includece patients were excluded either because
the ADC images were distorted by artifact or DWkwmt performed. There was a statistically
significant difference between the mean age okpédiwith orbital infantile hemangiomas
versus rhabdomyosarcomas (7.3 £ 7.3 months vs Bd3monthsP = 0.0001). There was a
statistically significant difference between theameliameter of orbital infantile hemangiomas
versus rhabdomyosarcomas (2.5 £ 0.8 cm vs 3.6 ¢rfh;® = 0.005). Rhabdomyosarcoma
pathology subtypes consisted of 7 alveolar typesnBryonal types, and 2 that were not
specified.

MRI appearance on T2W, T1W+C, and ADC sequenc#seobrbital infantile
hemangiomas and rhabdomyosarcomas is seen in TaRkpresentative examples are provided
in Figures 1-4. Qualitatively, infantile hemangiasrdemonstrated T2W hyperintensity,
homogeneous enhancement, presence of flow-voidsABC hyperintensity in 100%, 100%,
100%, and 100% compared to rhabdomyosarocomashwi@ee 58%, 58%, 25%, and 0%,
respectively.

There was a statistically significant differencévieen the mean ADC of infantile
hemangiomas versus the rhabdomyosarcomas (1523 * 10° mnf/s vs 782 + 127 x I8
mnt/s; P = 0.0001). There was a statistically significaiffedence between the ADC ratio of
infantile hemangiomas versus the rhabdomyosarc¢in@s + 0.23 vs 0.92 £ 0.2P,= 0.0001).
The ROC demonstrated a threshold ADC value foet#fiitiation between orbital infantile
hemangioma and rhabdomyosarcoma was 1159 %i®¢/s with sensitivity of 100% and
specificity of 100%. The ROC demonstrated a thresSA®C ratio for differentiation between

orbital infantile hemangioma and rhabdomyosarcoraa W38, with a sensitivity of 100% and



specificity of 100%. Area under the curve was bIOADC and 1.0 for ADC ratio.

Discussion

This multicenter study of a large group of ped@patients demonstrates that ADC appearance
and quantification can reliably differentiate oabiinfantile hemangiomas and
rhabdomyosarcomas. As did Lope and colleagues demonstrate that rhabdomyosarcomas and
infantile hemangiomas of the orbit may have simiaw and T1W+C appearances. ADC
values of orbital rhabdomyosarcomas were founcetsignificantly lower than infantile
hemangiomas, which is similar to findings from poes reports of smaller numbers of patients
with infantile hemangiomas and rhabdomyosarconid8Rhabdomyosarcomas demonstrated a
mean ADC value of 782 x I0mnt/s, which is similar to 720 x I®mnt/s reported in a meta-
analysis of 12 rhabdomyosarcomas of the dftit.conjunction with the conventional MRI
sequences, ADC images appear to be helpful inrdifteation of infantile hemangiomas and
rhabdomyosarcomas, which can guide which patiemildhundergo biopsy and prevent delays
in diagnosis.

We chose to evaluate rhabdomyosarcomas of thelmbéuse this is the most common
location for rhabdomyosarcoma in the head and aadkmost likely to result in diagnostic
confusion with an infantile hemangioma. We chosev@aluate pediatric orbital infantile
hemangiomas and rhabdomyosarcomas rather thaediditpc orbital lesions because the
conventional MRI appearance often overlaps. Funtibeg, inclusion of other pediatric orbital
lesions, such as retinoblastoma or Langerhansistibcytosis was not justified, because those
do not pose a diagnostic dilemma. Previous stuthgs attempted to aggregate benign and
malignant orbital lesions, but this ignores theuadlle input that T2W and T1W+C imaging and

tumor location have on narrowing a differentialgtiasis>® Selective usage of ADC information



in conjunction with the clinical information (inaling the age of the patient) and conventional
MRI sequences reflects routine clinical care arfi@écts more optimal usage of the ADC
information. For example, although an epidermoist demonstrates ADC hypointensity, it is
easily differentiated from rhabdomyosarcoma byatk of enhancement. Neuroblastoma and
Langerhans cell histiocytosis in the orbit typigadtise from osseous structures allowing
differentiation from infantile hemangiomas and rtéaimyosarcomas. Similarly, orbital
lymphoma demonstrates ADC hypointensity with ADQues with similar range as
rhabdomyosarcomas; however, it is a rare diagriosisildren>®°*!Therefore, selective use of
ADC as a problem-solving tool is a more effectitempting to differentiate all benign and
malignant lesions of the orbit.

Patient age also demonstrated a statistically fsignit difference between the two
groups, which can be helpful in differentiationcisrence of rhabdomyosarcoma peaks between
5 and 10 years of age, unlike infantile hemangidmeayever, rhabdomyosarcomas have been
reported in patients younger than 1 year of ages Jiggests that differentiation based solely on
age may result in diagnostic errors.

This study has several strengths, including muitieeevaluation of infantile
hemangiomas and rhabdomyosarcomas, multiple imagingwers, and larger number of
patients than reported in previous series. Thesobature of the ADC measurement is indicated
by the demonstration that ADC values and ADC rdioghese lesions are similar across
different institutions and MRI scanners as weltgzroducible with different radiologists
performing measurements. ADC ratio proved to bialséd and offers an alternative means to
evaluate the two entities. The medulla was chogeause it is a precise anatomic location

allowing reproducible ROI placement which is simiia use of the spinal cord as a reference



location®?

We acknowledge potential limitations to this stulshfantile hemangiomas were verified
by clinical follow-up in conjunction with imagingpgearance rather than by pathologic
diagnosis. However, requirement of a biopsy tomiisg an infantile hemangioma is not the
standard of clinical care and is reserved for actelumber of patients. A selection bias may lead
to some infantile hemangiomas undergoing MRI; havewm many children infantile
hemangioma cannot be diagnosed by clinical assessiome. Another limitation is that some
patients with infantile hemangioma were excludechiose of DWI artifact. Artifact from
magnetic susceptibility effects related to the bisne known limitation of DWI. Advancements
in DWI technology through readout-segmented eclangol imaging have been described
resulting in less anatomic distortion, and futurtelges using these newer techniques may be
valuable!® No patients with rhabdomyosarcomas were excluéeduse of DWI artifact,
suggesting that most rhabdomyosarcomas are lamegbrat presentation to be adequately
imaged with standard DWI technique. Lastly, duethsrelatively small number of patients with
rhabdomyosarcomas and 2 patients without pathaéigispecified categorization of subtype,

subgroup analysis of pathology subtypes of rhabas@ncomas could not be performed.
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Legends

FIG 1. Scatter diagram of apparent diffusion coefficigkiDC) values (expressed as 10
mnt/s) for infantile hemangiomasi} and rhabdomyosarcoméR) @long with mean and
standard deviation.

FIG 2. A 6-month-old girl with a left orbital infantilegmangioma. A, Axial T2-weighted image
showing a hyperintense mass with small internaV flids. B, Axial T1-weighted image with
contrast showing homogeneous enhancement. C, Aki@l image showing hyperintense
appearance corresponding to a measured ADC valis36f x 10° mnt.

FIG 3. A 22-month-old girl with a right orbital rhabdoms@arcoma. A, Coronal T2-weighted
image showing a hyperintense mass with small iatdtow voids. B, Axial T1-weighted image
with contrast showing homogeneous enhancementxi@al ADC image showing hypointense

appearance corresponding to a measured ADC valb@5ok 10° mnt.



Table 1. Imaging appearance of orbital infantile hemangiomas and rhabdomyosarcomas

T2W TiW+C T2W presence ADC
hyperintensity homogeneous of flow voids hyperintensity
Infantile hemangioma, no. (%) [N = 21] 21 (100) 21 (100) 21 (100) 21 (100)
Rhabdomyosarcoma, no. (%) [N = 12] 7 (58) 7 (58) 4 (33) 0 (0)

ADC, apparent diffusion coefficient; TLW+C, contrast-enhanced T1-weighted; T2W, T2-weighted.
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