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Pediatric Horner Syndrome: Etiologies and
Roles of Imaging and Urine Studies to Detect

Neuroblastoma and Other Responsible
Mass Lesions

NICHOLAS R. MAHONEY, MD, GRANT T. LIU, MD, SHERYL J. MENACKER, MD,

MARTIN C. WILSON, MD, MICHAEL D. HOGARTY, MD, AND JOHN M. MARIS, MD
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PURPOSE: To evaluate the frequency of etiologies of
orner syndrome in children and suggest an imaging and

aboratory diagnostic protocol to evaluate for neuroblas-
oma and other lesions in a child presenting with Horner
yndrome and no known cause.

DESIGN: Retrospective chart and data review.
METHODS: A retrospective review of all children seen

t a large pediatric neuro-ophthalmology referral center
ith a diagnosis of Horner syndrome between 1993 and
005 with particular attention to underlying etiologies
nd the results of imaging and urine catecholamine
tudies.

RESULTS: Fifty-six children met criteria for Horner
yndrome and further review. Twenty-eight children
50%) had no previously identified cause for Horner
yndrome. Of these children, 24 (85.7%) had urine
atecholamine metabolite studies, and all had negative
esults. Twenty (71.4%) had complete modern imaging
f the brain, neck, and chest. Of the 18 children who had
omplete imaging and urine studies, responsible mass
esions were found in six (33%). Four had neuroblas-
oma, one had Ewing sarcoma, and the other had juvenile
anthogranuloma. Of all patients (diagnosis known and
nknown), neoplasm was the etiology in 13 of 56 (23%)
f patients.
CONCLUSIONS: We confirm that Horner syndrome in a

hild of any age without a surgical history requires a
omplete examination to exclude a mass lesion. In such
atients, we recommend brain, neck, and chest magnetic
esonance imaging (MRI) with and without contrast as

ccepted for publication May 18, 2006.
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ell as urinary catecholamine metabolite testing. How-
ver, imaging is more sensitive than urine testing in this
etting. (Am J Ophthalmol 2006;142:651–659. © 2006
y Elsevier Inc. All rights reserved.)

HE CLASSIC TRIAD OF HORNER SYNDROME, CONSIST-

ing of ipsilateral miosis, mild upper eyelid ptosis,
and facial anhidrosis, is caused by interruption of at

east one of the three neurons in the oculosympathetic
athway.1 In children, the etiologies of Horner syndrome
ave traditionally been subdivided into acquired and
ongenital causes. Acquired cases can be sequelae of head,
eck, and chest surgery, but also can be caused by any
eoplasm or infection affecting the oculosympathetic
athway.1 Important identifiable congenital causes are birth
rauma, neoplasm,1 and carotid abnormalities.2–4 The most
ommon neoplasm presenting with Horner syndrome is a
euroblastoma, and, indeed, an isolated Horner syndrome

s the first presenting symptom of neuroblastoma in 2% of
ases.5 However, often no etiology can be found, and in
uch instances the Horner syndrome is labeled idiopathic.

The best protocol for evaluating children with Horner
yndrome of unknown etiology is not certain. Urine
esting of catecholamine metabolites homovanillic acid
HVA) or vanillylmandelic acid (VMA) has been
uggested as a useful screen for neuroblastomas because
hese tumors arise from undifferentiated sympathicoad-
enal lineage cells.6 Whether to image, and what imag-
ng technique and protocol is best, have also not been
stablished.

Previous authors of patient series have discussed Horner
yndrome etiologies in children as well as the threat of
euroblastoma (Table 1).7–12 Most did not focus specifi-
ally on the child presenting with no known etiology for
heir Horner syndrome. In addition, although some sug-
ested urine tests and imaging in such patients, either the

referred tests were not specified or the suggested test

LL RIGHTS RESERVED. 651
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odality (e.g., chest x-rays) is outdated. Two articles11,12

ublished in 1997 from recognized experts gave different
ecommendations. George and associates11 recommended
rine VMA screening without imaging. Jeffrey and associ-
tes12 suggested HVA and VMA screening as well as
maging of the head, neck, chest, and abdomen.

The purposes of this investigation are to (1) evaluate the
requencies of etiologies of Horner syndrome seen by the
hildren’s Hospital of Philadelphia Neuro-ophthalmology

ervice and (2) suggest an imaging and laboratory diagnos-
ic protocol in a child with Horner syndrome and no
nown cause. Our analysis will help to answer two impor-
ant clinical questions: “If a Horner syndrome is present in

child, and the cause is unknown, (1) what is an
ppropriate work-up?” and (2) “What is the chance of a
ass or neoplasm?”

METHODS

PATIENT ASCERTAINMENT AND CLINICAL REVIEW:

pproval from the Children’s Hospital of Philadelphia
nstitutional Review Board was obtained for this study.
he Neuro-ophthalmologic examination records, imag-

TABLE 1. Previous Reviews of Horner Syndrome

Author (Year): Institution, Study Size

Sauer 8 (1975): Case-Western, n � 7 “Our recomm

follows: Fo

structures

series with

the inciden

for catecho

present . .

Horner’s s

earlier stud

Weinstein9 (1980): Iowa, n � 11 Not mentione

Woodruff10 (1988): Toronto, n � 10 “Except in ca

in childhoo

radiograph

catecholam

George11 (1997): UCSF, n � 23 “In the prese

MRI scann

unnecessa

masses an

isolated the

should det

Jeffrey12 (1997): Toronto & Wilmer, n � 73 “All children w

known lesi

systemic e

abdomen,

neuroimag

CT � computed tomography; MRI � magnetic resonance imagin
ng reports, and pertinent laboratory data were reviewed r
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or all children with a diagnosis of Horner syndrome
een by the Children’s Hospital of Philadelphia Neuro-
phthalmology service from July 1993 through July
005. For the purposes of this study, Horner syndrome
as defined as unilateral miosis with or without ipsilat-
ral ptosis and one of the following: (1) obvious pupil-
ary dilation lag in the dark, (2) a positive cocaine test,
3) iris heterochromia, (4) ipsilateral facial anhidrosis,
r (5) an obvious cause for oculosympathetic pathway
nterruption such as neck surgery. A positive cocaine
est was defined as a difference in pupil size of more than

mm at 30 minutes after instillation of 4% or 10%
ocaine drops at zero and five minutes into both eyes.
nly children presenting to the Children’s Hospital of
hiladelphia before age 18 years with at least partial
valuation of the Horner syndrome were included in
his study; patients without any examination were
xcluded. The age at presentation was recorded, and the
linical history and examination and test results were
eviewed.

LABORATORY TESTING AND IMAGING: The results of
VA and VMA urine studies were documented. Tests
ere performed using standard methodology in national

ildren and Their Recommendations for Work-up

Recommended Protocol

tions for the diagnostic evaluation of such a patient are as

g thorough neurologic examination and examination of the

head and neck, chest x-ray and cervical spine x-rays, a skull

l views should be performed as routine procedure. Because of

neural crest tumors in childhood, routine 24-hour urinary assays

es are indicated, especially if a cervical or pulmonary mass is

lly, because a variety of internal carotid artery lesions cause

me, cerebral angiography should be considered, especially if the

rove unrevealing.”

recipitated by thoracic surgery, however, onset of the syndrome

t birth warrants investigation which should include chest

canning of the head and neck, and 24-hour urinary

ssay.”

ate of cost effective medicine we have found that routine CT or

the neck and chest in isolated Horner’s syndrome in infancy is

ants should therefore be examined for cervical or abdominal

lvement of other cranial nerves. If the Horner’s syndrome is truly

rinary VMA level and follow up in conjunction with a pediatrician

y cases associated with neuroblastoma.”

cquired Horner syndrome not caused by surgical trauma or other

volving the oculosympathethic pathway require a thorough

tion. In addition to the physical examination of the neck and

commend a urine assay for catecholamines (HVA and VMA) and

the head, neck, chest, and abdomen.”

A � vanillylmandelic acid; HVA � homovanillic acid.
in Ch
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llowin
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lamin
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eference laboratories using high-pressure liquid chro-
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atography from a random urine sample (“spot”) in
lmost all cases. The results were expressed as a ratio to
rine creatinine, thereby avoiding the need for timed
rine collections. Laboratory assay ranges were calcu-
ated from normative data from patients of a similar age.
ll available imaging reports were reviewed. The imag-

ng modality (for example, magnetic resonance imaging
ithout contrast, computed tomography with contrast),

tudy findings, and study impressions were recorded for
ll scans of the brain, neck, chest, or abdomen.

PATIENT ANALYSIS: The patients were divided into
ategories of diagnosis known and diagnosis unknown
ased on their initial presentation. Patients character-
zed as diagnosis known were patients seen with a known
tiology for Horner syndrome such as neck surgery or
nown neuroblastoma compressing the oculosympa-
hetic pathway. Patients characterized as diagnosis un-
nown had no prior diagnosis or intervention that would
ave been an obvious cause for Horner syndrome. It is

mportant to note that patients in the diagnosis unknown
roup may have had an etiology found on subsequent
esting. The original diagnosis and etiology of the
orner syndrome was reviewed, verified, and docu-
ented. The latest Neuro-ophthalmology follow up was

lso reviewed. All patients with a documented lesion
all patients in the diagnosis known group and a subset of
atients in the diagnosis unknown group who had an
tiology established) were classified as first order, second
rder, or third order based on the presumed neuron
nvolved in the lesion anatomically. Hydroxyamphet-
mine testing was not performed on the majority of
atients because of the possibility of a false positive from
ranssynaptic degeneration in congenital cases9 and an
verall relatively high false-negative rate and lack of
pecificity.13,14 Therefore, the localization was clinical.
atients with no known cause elucidated for the Horner

TABLE 2. Characteristics and Examination
Seen at the Children’s Hospital of Philade

Initial Diagnosis Unknown vs

Diagnosis Unknown

Patient characteristics

Number – n (%) 28 (50.0%)

Age – Mean (range) 2.04 (0.12–8.83)

Left (* � 1 bilateral) 12 (42.9%)

Male 15 (53.6%)

Examination findings

Anhidrosis 7 (25.0%)

Dilation lag 19 (67.9%)

Iris heterochromia 5 (17.9%)
yndrome were classified as idiopathic. e

PEDIATRIC HORNEOL. 142, NO. 4
RESULTS

IFTY-SEVEN PEDIATRIC PATIENTS FULFILLED CRITERIA FOR

orner syndrome between 1993 and 2005 and were entered
or further review. One six-year-old patient with a positive
ocaine test and signs of Horner syndrome noted in infant
hotos was lost to follow-up and was not included in this
tudy. Patient characteristics are included in Table 2. One
atient was diagnosed with bilateral oculosympathetic
areses.15 Half of the patients had no previously estab-
ished or readily identifiable etiology at presentation and
ere labeled diagnosis unknown. This cohort presented at a
ounger age (mean 2.04 vs 7.50 years) and on clinical
xamination more frequently had striking features of Hor-
er syndrome such as iris heterochromia (17.9% compared
ith 7.1%) compared with the diagnosis known group.
here were only minor differences in gender distribution
r side of lesion in the two subgroups.
The majority of patients in the diagnosis unknown group

ere evaluated with the following general protocol: (1) the
eck and chest were palpated for masses; (2) if a Horner
yndrome was suspected, but no obvious dilation lag or
eterochromia was present (clinical confirmation), a co-
aine test was performed (pharmacologic confirmation);
3) if the Horner syndrome was clinically or pharmacolog-
cally confirmed, imaging and urine testing were ordered.

RI with and without contrast of the head, neck, and
pper chest was preferred. Urine VMA and HVA testing
ere performed on a random urine collection. Biopsies and

urgical interventions were performed as appropriate when
maging disclosed a mass lesion; (4) if the cocaine test was
quivocal or negative, clinical observation and follow-up
n three or 12 months, respectively, were recommended.

Most patients in the diagnosis unknown group had cocaine
esting to verify Horner syndrome. Among 28 patients, 23
82.1%) had cocaine testing performed, with 20 having
reater than 1-mm difference in anisocoria at 30 minutes
r longer after instillation. The other three patients had

ngs of Pediatric Horner Syndrome Patients
Between 1993 and 2005 Subdivided into
osis Known at Presentation

Diagnosis Known Total

28 (50.0%) 56 (100.0%)

7.40 (0.27–17.90) 4.86 (0.12–17.90)

15* (53.6%) 27* (48.2%)

10 (35.7%) 25 (44.7%)

3 (10.7%) 10 (35.7%)

16 (57.1%) 35 (62.5%)

2 (7.1%) 7 (12.5%)
Findi
lphia
Diagn
quivocal cocaine testing with 1-mm anisocoria 30 min-

R SYNDROME 653
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tes after cocaine drops. One patient had hydroxyamphet-
mine testing alone with a positive test result. The
emaining four patients had a presentation that did not
equire cocaine testing for diagnosis because of obvious
iosis with anisocoria greater in the dark, dilation lag, and

tosis.
Urine catecholamine testing (VMA and HVA) was

erformed in 24 of these 28 patients (75%) and was normal
or age in all cases. Twenty (71.4%) had complete modern
maging of the brain, neck, and chest. Imaging was
erformed to some degree in the remaining eight patients,
ut was felt to be incomplete because one or more parts
ere omitted or imaged with an x-ray only. Tests were not
ompleted because of insurance issues in some cases, one
hild woke up in the middle of the MRI study before all
ortions could be completed, and some patients and

TABLE 3. Studies Performed and Etiologies Found in Pediat
Philadelphia Between 1993 and 2005 in a

# Urine Head Neck Ch

1 * MRI MRI/MRA MR

2 ** MRI MRI/MRA MR

3 ** MRI MRI X-

4 ** MRI MRI

5 Yes MRI MRI/MRA

6 Yes MRI MRI

7 Yes MRI * X-

8 Yes *** MRI

9 Yes *** X-Ray X-

10 Yes **** MRI MR

11 Yes MRI MRI MR

12 Yes MRI MRI MR

13 Yes MRI MRI MR

14 Yes MRI MRI MR

15 Yes MRI MRI MR

16 Yes MRI MRI MR

17 Yes MRI MRI MR

18 Yes MRI MRI MR

19 Yes MRI MRI MR

20 Yes MRI MRI MR

21 Yes CT MRI MR

22 Yes MRI MRI CT

23 Yes MRI MRI MR

24 Yes MRI MRI MR

25 Yes MRI MRI MR

26 Yes MRI MRI MR

27 Yes MRI MRI MR

28 Yes CT CT CT

CT � computed tomography; MRI � magnetic resonance imagin

Patients in gray box were considered as having a “complete” wo

* � test was not ordered; ** � ordered by physician but not obta
arents refused. c

AMERICAN JOURNAL OF54
A total of 10 patients (Table 3, numbers one to 10) had
artial but incomplete imaging and urine testing. Within
his group, one was found to have reactive submandibular
ymphadenopathy as a cause of the Horner syndrome. The
thers were labeled as “idiopathic.”
The remaining 18 patients (Table 3, numbers 11 to 28)

n the diagnosis unknown cohort had complete head, neck,
nd chest imaging and urine testing. All 18 had negative
rine testing. Six of the 18 (33%) had a mass identified by
maging that was confirmed histopathologically: four
22%) had neuroblastoma, one had juvenile xanthogran-
loma, and one had Ewing sarcoma. The remaining 12 of
8 (67%) were labeled “idiopathic.” The four patients with
euroblastoma had radioactive iodine-131-meta-iodoben-
ylguanidine (MIBG) scanning performed. The MIBG
racer radioisotope is taken up by neuroblastoma cells and

orner Syndrome Patients Seen at the Children’s Hospital of
nosis Unknown at Presentation Subgroup

Etiology Description

Idiopathic No urine studies

Idiopathic Any imaging studies

Idiopathic

Idiopathic

Idiopathic Yes urine studies

Idiopathic Incomplete imaging

Idiopathic

Idiopathic

Idiopathic

Reactive

Submandibular

Lymphadenopathy

Yes urine studies

Incomplete imaging

Dx found

Idiopathic Yes urine studies

Idiopathic Complete imaging

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Idiopathic

Neuroblastoma Yes urine studies

Neuroblastoma Complete imaging

Neuroblastoma Dx found

Neuroblastoma

Juvenile Xanthogranuloma

Ewing Sarcoma

.

y patient; *** � limited study; **** � not needed.
ric H
Diag

est

I

I

ray

*

*

*

ray

*

ray

I
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rk-up
an be seen on special scanning. All four of these patients’
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tudies were suggestive of localized neuroblastoma without
etastases. To our knowledge, no patients who had a
egative MRI had an MIBG scan. Six of the 28 patients
ith an unknown diagnosis in this study had an abdominal
omputed tomography or ultrasound to investigate the
ossibility of a remote abdominal neuroblastoma,5,11,16 but
one were identified. The case details of the six children

TABLE 4. Etiologies of Horner Syndrome i
the Children’s Hospital of Phi

1st

Neoplasm

Lymphoma

Craniopharyngioma

Astrocytoma

Gliomatosis

Medulloepithelioma

Trauma

Vertical dissection

Motor vehicle accident with cerebral dama

Infection

Medullary abscess

Septic emboli

Klippel-Feil

2nd

Neoplasm

Neuroblastoma

Neurofibroma

Schwannoma

Ewing sarcoma

Surgery

Chest surgery

Neck surgery

Infection

Mediastinitis

Pneumonia with pneumomediastinum

Retropharyngeal abscess secondary to

brachial cleft cyst

Other

Reactive cervical lymphadenopathy

Juvenile xanthogranuloma

3rd

Carotid malformation

Birth-related injury

Autonomic dysregulation

All neoplasms

Idiopathic (etiology not found)

Total

1st � 1st-order neuron; 2nd � 2nd-order neuro

Patients were divided into categories of diagn

presentation. After evaluation, etiologies were

category. Etiologies are subclassified according
ho were found to have a mass are detailed as follows. h

PEDIATRIC HORNEOL. 142, NO. 4
PATIENT 23: A six-month-old girl was evaluated for
tosis and anisocoria. The parents thought the eyelid
bnormality had been present since at least two weeks of
ge, and maybe since birth. MRI showed a right lung apical
ass. Stage 2A (International Neuroblastoma Staging
ystem17) neuroblastoma was resected. After 15 months,
o recurrence has been noted, and the Horner syndrome

ients Younger Than age 18 Years Seen at
hia Between 1993 and 2005

Initial Diagnosis

Unknown

Initial Diagnosis

Known Total

5 (17.9%) 5 (8.9%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

3 (10.7%) 3 (5.4%)

1 (3.6%) 1 (1.8%)

2 (7.1%) 2 (3.6%)

2 (7.1%) 2 (3.6%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

5 (17.9%) 3 (10.7%) 8 (14.2%)

4 (14.3%) 1 (3.6%) 5 (8.9%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

7 (25.0%) 7 (12.5%)

3 (10.7%) 3 (5.4%)

4 (14.3%) 4 (7.2%)

3 (10.7%) 3 (5.4%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

2 (7.2%)

1 (3.6%)

1 (3.6%)

2 (7.1%) 2 (3.6%)

1 (3.6%) 1 (1.8%)

1 (3.6%) 1 (1.8%)

5 (17.9%) 8 (28.6%) 13 (23.2%)

21 (75.0%) 0 (0.0%) 21 (37.5%)

28 (100%) 28 (100%) 56 (100%)

� 3rd-order neuron.

unknown and diagnosis known based on initial

in 7 of 28 patients in the diagnosis unknown

e neuron involved.
n Pat
ladelp

ge

n; 3rd

osis

found
as persisted.
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PATIENT 24: A six-month-old boy was evaluated for
nisocoria and ptosis. He had been born via vacuum
xtraction that resulted in a right occipital hematoma. At
.5 months of age, his parents noticed right eyelid “swell-
ng.” MRI revealed a cervical lymph node. Repeat MRI
hree months later showed an increase in size of the lymph
ode, which was removed surgically and found to be
euroblastoma, Stage 3 intermediate risk. He was treated
ith chemotherapy, and after two years has had no

ecurrences. The Horner syndrome has persisted.

PATIENT 25: A three-year-old boy was evaluated for
ew anisocoria and ptosis. Imaging revealed a right apical

ung mass. Neuroblastoma, unfavorable histology, was
esected. Three local recurrences at ages four, five, and
even were treated with resection, chemotherapy, and
adiation, respectively.

PATIENT 26: A five-month-old girl was seen for ptosis
or one week. Anisocoria was noted on examination, but
ocaine testing was equivocal (1-mm difference). The
hild was followed conservatively. At six months of age,
he parents noticed anhidrosis ipsilateral to the miosis. At
even months of age, the patient was treated for an
infected lymph node in the neck.” At eight months of
ge, pupillary dilation lag was noted and a neck mass was
alpated. MRI confirmed a large mass arising from the
ight posterior mediastinum extending into the right lung
pex and soft tissues of the neck. Surgery revealed Stage 2
euroblastoma, and she was treated with chemotherapy.
here has been no recurrence after five years.

PATIENT 27: A 15-month-old girl was evaluated for
hree months of ptosis and miosis. At age three months,
he developed yellow skin lesions, proven by biopsy to be
uvenile xanthogranulomas. MRI of the neck revealed a
0 � 18 mm enhancing mass between the left common
arotid artery and thyroid gland. Radiographically, the
esion was felt to be consistent with a neuroblastoma, but
urgery revealed a xanthogranuloma. She was treated at
nother institution and lost to follow-up.

PATIENT 28: A three-year-old boy was seen for new
ight miosis and anhidrosis of several months’ duration.
he parents also noticed dilated neck veins and right
xillary itchiness. An axillary mass and nodules in the
eck were palpated, and computed tomography scanning
evealed a 7.5 cm � 6 cm � 5.8 cm mass extending from
he lung apex superiorly into the posterior cervical triangle
nd inferiorly to the origin of the main bronchus. Surgical
esection revealed a Ewing sarcoma, and he was treated
ith chemotherapy and radiation. He remains well after

hree years, and the Horner syndrome has persisted.

hus, an etiology for Horner syndrome, was found in seven

f the 28 patients in the diagnosis unknown cohort. All g

AMERICAN JOURNAL OF56
iagnoses were found on imaging. The diagnoses of these
atients is summarized in (Table 4).
The distribution of diagnoses in the known group is also

isted in Table 4. One quarter were the result of neck or
hest surgery, and 28.6% were associated with a known
eoplasm, one of which was a neuroblastoma. The child
ith the neuroblastoma also did not have elevation of
atecholamine metabolites on urine testing. One patient
resented with Erb palsy, but ultimately was found to have
ultiple congenital abnormalities and agenesis of the

arotid artery ipsilateral to the lesion. One had a difficult
orceps and vacuum delivery remarkable for traction on the
eck and direct ocular trauma. The child was delivered via
esarean section after labor trial with forceps and devel-
ped Horner syndrome and VIIth nerve palsy in the setting
f multiple skull fractures. This patient’s Horner syndrome
as thought most likely secondary to interruption of the

hird-order neuron. In addition, a child with neurofibro-
atosis had Horner syndrome noted at birth. She was

ound to have ipsilateral paraspinal neurofibromas at the
eural foramina at C4 to C5 and C5 to C6, slightly higher
han would be expected to cause Horner syndrome, but no
ther etiology was found. In the patients with first-order
orner syndrome, most had other neurologic signs and

ymptoms, such as hemiparesis and altered mental status,
o suggest a central nervous system lesion.

DISCUSSION

STRIKING NUMBER (6/18 [33%]) OF CHILDREN PRESENTING

ith Horner syndrome without a known etiology, but
ho subsequently had a complete workup including urine

creening and head, neck, and chest imaging were found to
ave a responsible mass. Of these six children, four had a
euroblastoma found on MRI imaging despite the absence
f elevated urine catecholamines.

CLASSIFICATION OF PATIENTS: The separation into
iagnosis known and diagnosis unknown groups at presenta-
ion in our study helps to determine the frequency of
eoplasm specifically in two different clinical scenarios.
revious studies have focused on the difference between
ongenital cases and acquired cases of Horner syndrome.11,12

nfortunately, this distinction is less useful for generating
prognosis for a patient when no diagnosis is known. By

ooking only at the data from the diagnosis unknown at
resentation cohort and excluding data from patients in
he diagnosis known group, we can accurately provide
rognostic data for our patients. In addition, it is some-
imes difficult for parents to recognize the subtle findings of
orner syndrome and to pinpoint when they first occurred.
ongenital cases are certainly less frequently a result of a
eoplasm such as a neuroblastoma, but there are excep-
ions. For instance, our study revealed two cases of con-

enital Horner syndrome (that is, children born with ptosis

OPHTHALMOLOGY OCTOBER 2006



a
t

●

u
e
h
c
e

n
l
t
a
i
f
o
i
p

w
c
H
a
c
c
n
i
e
d
a
f

t
w
m
i
m
a
p
h
s
c
s
s
u
s
t
t
p

●

e
d
n
e

b
m
t
m
t
t
t
d
r
d
c
s
w
H
t
p
u
i
n
t

(
e
l
s
i
i
t
i
k
t
d
o

●

s
l
p
d
d
c
e
t
c
f
t
P
t
n
r
t
h
n
i

V

nd miosis) that were caused by masses (one neuroblas-
oma and one neurofibroma).

URINE STUDIES: It has previously been suggested that
rine studies alone are sufficient in the evaluation to
xclude neuroblastoma in infants.11 Urine testing may
ave been presumed adequate because 90% to 95% of
hildren with neuroblastoma have been reported to have
levations in urinary catecholamines.6

It is surprising but unclear why none of the patients with
ewly diagnosed neuroblastomas in our series had elevated

evels of urinary catecholamines. It is possible but uncer-
ain whether the more modern use of VMA and HVA
nalysis in spot or random urine collections is relatively
nsensitive compared with 24-hour urine collections per-
ormed in previous studies. However, we have found
utpatient 24-hour collections to be virtually impractical
n young children, particularly those in diapers. Most
arents prefer the spot urine collection.
It is also possible that the tumors detected in our cohort

ere relatively small. The majority of apical thoracic and
ervical neuroblastomas, those responsible for causing
orner syndrome, are localized tumors arising in infants

nd younger children with favorable biology and out-
ome.18,19 It is widely accepted that the magnitude of urine
atecholamine elevations correlates with tumor “bulk” in
euroblastoma; that is, elevations are more pronounced

n patients with larger tumors or widely metastatic dis-
ase.6,19 In fact, urine catecholamine levels track with
isease burden enough to be considered a reasonable
ssessment of treatment response and relapse surveillance
or this disease.

Perhaps because Horner syndrome develops in such pa-
ients from subtle compression of the oculosympathetic path-
ay by a relatively small neuroblastoma before a palpable
ass is noticed, these children may have presented earlier

n their course before the urinary catecholamines became
easurably elevated. Indeed, localized tumors are often

ssociated with normal urine studies.20 In a report of 144
atients with Stage 1 or 2 neuroblastoma, fewer than 40%
ad elevated urinary VMA or HVA greater than two
tandard deviations.21 Ostensibly, the majority of these
hildren with abnormal urine tests presented with signs or
ymptoms attributable to mass effects, rather than oculo-
ympathetic pathway interruption. Thus although the
sefulness of urine catecholamine studies in neuroblastoma
creening or a neuroblastoma examination is not in ques-
ion, our study demonstrates urine studies alone are cer-
ainly not adequate to rule out neuroblastoma in a child
resenting with Horner syndrome.

EVIDENCE FOR A CAUSE IN IDIOPATHIC CASES: Sev-
nty-five percent of our patients (21 of 28) with no initial
iagnosis for Horner syndrome had no etiology found. This
umber is within the rather large range reported or

xtrapolated from other reviews.7–12 Many causes have s

PEDIATRIC HORNEOL. 142, NO. 4
een suggested in these cases, ranging from microvascular
alformations in the carotid plexus to regressed, differen-

iated, or otherwise undetected neuroblastomas. Indeed,
ultiple large-scale urine screening studies for neuroblas-

oma during infancy that demonstrated an increased de-
ection of neuroblastic tumors22 suggested the majority of
hose additional tumors detected are asymptomatic at
iagnosis, low grade in their biologic features, and prone to
egression.22–25 With no clinical sign or symptom of
isease, it is impossible to determine the frequency of
linically silent, regressing neuroblastomas that do not
ecrete urinary catecholamines. Our patients reviewed
ith neuroblastoma and no elevation in urinary VMA or
VA suggest that a small and early-stage neuroblastoma in

he cervical region can certainly interrupt the oculosym-
athetic system and not lead to elevations in measurable
rinary catecholamines. It is also possible that some
diopathic Horner syndrome cases are due to congenital
euroblastomas that have spontaneously regressed by the
ime imaging and urine testing are performed.

One limitation of our study is that some of the patients
10 of 28) did not have a “complete” examination to
xclude a neuroblastoma or other mass lesion and were
abeled as “idiopathic.” However, all of these patients had
ome combination of urine testing and imaging, albeit
ncomplete, and most were followed without any neoplasm
dentified. Another limitation inherent in a study such as
his is referral bias. However, although bias could easily
nfluence the distribution of etiologies in the diagnosis
nown group, there should have been no or little effect on
he diagnosis unknown group—as these patients’ ultimate
iagnoses had no influence on whether they were referred
r not.

BIRTH TRAUMA: No patient in our study had Horner
yndrome from brachial plexus injury at birth. This most
ikely reflects increased awareness and prevention of arm
ulling by obstetricians, who have been noting a gradual
ecrease in the rate of brachial plexus injury as a result of
elivery.26–28 As mentioned previously, this may also be a
onsequence of a referral bias, because birth trauma is an
asily recognized entity whose benign course is known in
he obstetric community. Still, many patients ultimately
onsidered idiopathic cases in our review had a history of
orceps or vacuum delivery, although one case was believed
o be Horner syndrome from forceps-related birth trauma.
rior reviews have suggested that if a history of birth
rauma is elicited, urine screening and imaging are not
ecessary.12 The infrequent incidence of birth trauma–
elated Horner syndrome in our review would argue against
his approach. Instead, our finding of a patient with a
istory of birth trauma and Horner syndrome from cervical
euroblastoma underscores the importance of full screen-

ng in all patients with purported delivery-related Horner

yndrome.
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Addendum. After the final version of this paper was
ubmitted, we saw one infant with birth trauma leading to
rachial plexus injury and Horner syndrome.

IMAGING: MRI is preferable to computed tomography
can in these circumstances because the resolution for
ssessing paravertebral structures, including encroachment
hrough the neural foramina, is superior in our experience.
n addition, many children with idiopathic Horner syn-
rome are infants and using MRI spares these young tissues
adiation exposure that would be received during com-
uted tomography scanning. Should a neoplasm be iden-
ified, subsequent studies would preferably use the same
odality, further sparing additional radiation exposures to

hese vulnerable tissues.
Future studies should clarify whether or not more

ensitive functional imaging techniques, such as 123I-
IBG or positron emission tomography scintigraphy, will

dentify occult lesions not detectable by standard anatomic
maging. In patients with Horner syndrome, at this time
e prefer MRI over MIBG scanning because the clinician
nows precisely where to look for a lesion—along the
culosympathetic pathway. MIBG scanning is better for
creening for neuroblastoma and metastases anywhere in
he body when the location is unknown, as one would
hen evaluating a child with opsoclonus or known
euroblastoma.
Most Horner syndromes from central nervous system

esions will be accompanied by other neurologic signs and
ymptoms. In addition, in our diagnosis unknown group, no
atient with an isolated Horner syndrome was found to
ave a central nervous system lesion. However, because
rst-order Horner syndromes are relatively common, at
his time we are unwilling to eliminate brain imaging in
ur protocol.
Noncervical (abdominal) neuroblastoma was the attrib-

ted cause of Horner syndrome in three publications.5,11,16

o such cases were found in our study, although not all
atients underwent abdominal imaging. It is possible that
responsible small cervical metastasis was missed in the

hree published patients, and the lesion would have been
etected with modern MRI. Because of the rarity of the
ssociation of abdominal neuroblastoma and Horner syn-
rome, and because additional abdominal imaging re-
uires a longer period for the child in the MRI machine, at
his time we are not recommending abdominal imaging.
owever, in the examination room the abdomen, along
ith the neck, upper chest, and axilla, should be palpated

or masses. In addition, the urine VMA and HVA testing
ay offer some screening for nonvisualized abdominal
euroblastomas.
At this time, we do not advocate formal contrast

ngiography or MRI angiography of the neck and circle of
illis to screen for carotid malformations. The routine

RI through the neck offer views of the carotid artery.

AMERICAN JOURNAL OF58
dditional studies would require more scanning and time
n the magnet for a sedated child.

A RECOMMENDED PROTOCOL: Our data confirm that a
hild presenting with Horner syndrome without a known
iagnosis requires imaging studies to investigate the cause
nd exclude underlying neoplastic processes such as neu-
oblastoma. Our results demonstrate that urine testing
lone is inadequate, because urine screening does not rule
ut neuroblastoma, and other types of mass lesions also
ay be found.
It is our recommendation that children with suspected
orner syndrome undergo a general physical examination

nd palpation of the neck, axilla, and abdomen. If Horner
yndrome is then clinically or pharmacologically con-
rmed, MRI of the head, neck, and chest with and without
ontrast, in addition to random urine studies for HVA and
MA, should be ordered. Although we found no positive
rine studies and published data suggest it may not be as
ensitive a test as was previously thought, the test is
nexpensive and easy to administer in children and should
ot be skipped. We recommend quantitative VMA and
VA by high-performance liquid chromatography because

f the simplicity and noninvasive nature of such a test.
pot urine testing as mentioned earlier is more practical
han 24-hour collections in this age group. The subsequent
iscovery of a neuroblastoma or other mass lesion demands
consultation with a pediatric oncologist.
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