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sensitMty, 52% specificity). Radiationdosimetry to adult reproduc
tive organs was less favorable for radiographic skeletal survey
compared to bone scintigraphy. Conclusion: Our results support
the use of radiographicskeletal survey inthe initialdiagnosis of LCH.
Bone scintigraphy may have a role in monitoring a patient's progress
in which the initialscintigrarnand radiographic survey show good
correlation.

Key Words bone scintigraphy; Langerhans'cell histiocytosis

J NucI Med 1996;37:1456-1460

â€˜LediversegroupofdiseasesassociatedwithLangerhans'cell
proliferation encompass a disparate group of clinical presenta
tions, clinical courses and responses to treatment. They all
display, however, abnormal proliferation of histiocytes, the cell
class to which the Langerhans' cell belongs. Only recently has
the classification and nomenclature of these diseases been
standardized. The recommended term, Langerhans' cell histio
cytosis (LCH) represents diseases that were previously known
as eosinophilic granuloma, histiocytosis X, Langerhans' cell
granulomatosis and classified into unifocal or multifocal sub
types (1 ). Syndromes such as Hand-Schuller-Christian disease

An analysis of patients with proven Langerhans' cell histiocytosis
(LCH)was undertaken with the aim of evaluating the role of bone
scintigraphy in the diagnosis and staging of LCH. MethOdS Radio
graphic skeletal surveys and whole-body bone scintigraphy study
results were reviewed for all patients treated at the Mayo Clinic in
Rochester, Minnesota during 1965â€”1994 with histologic proven
LCH.,@Jlavailable studies were then reported in a randomized and
blinded fashion. Results: Of the 73 patients with the histologic
diagnosis, 56 (76%) had a definite lesion reported on radiographs
and subsequent biopsy-proven bone involvement. For this popula
tion, the sensitivity and specificity of radiographic survey were 100%
and 61 %, respectively, compared to 91% and 55% for bone
scintigraphy. Solitary bone lesions were reported on 21 radiographic
surveys and 24 bone scintigrams. For solitary lesions, radiograph
sensitivity and specificity were 95% and 73%, respectivaly, corn
pared to 88% and 77% for bone scintigraphy. Bone scintig/aphy
receiver operating characteristic curves showed the region of great
eat diagnostic accuracy to be skull, facial bones and mandible (88%
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and the Letterer-Siwe disease are included in this spectrum, but
each disease also exhibits their own unique clinical character
istics.

Skeletal radiology is generally regarded as the most accurate
means of detecting bone lesions due to LCH (2). Bone
scintigraphy has also been advocated as having a role in the
diagnosis and staging of LCH but as yet has not been thor
oughly evaluated (3). The objective of this study was to
evaluate the role of bone scintigraphy in the diagnosis and
staging of LCH and related disorders.

MATERIALS AND METhODS
After Institutional Review Board approval, a retrospective anal

ysis of patient records at the Mayo Clinic in Rochester Minnesota
was undertaken for the period 1965â€”1994.Accurate and consistent
record keeping permitted reliable data extraction from the records
of those patients who had a biopsy-proven diagnosis of LCH,
whole-body bone scintigraphy and radiographic skeletal survey.
For each of these patients, all available skeletal survey radiograph
films and bone scintigrams were reviewed and reported in random
ized and blinded fashion by a radiologist and nuclear medicine
physicians, respectively. All reports were structured into skeletal
regional analysis, allowing qualitative and semiquantitative de
scription of each study. The anatomic regions were graded as: 1 =
normal; 2 = abnormal probably benign; 3 = abnormal possibly
LCH; and 4 = abnormal definitely LCH. Radiographic skeletal
surveys were reported by a radiologist who was aware only that
each patient was being evaluated for the presence or absence of
LCH and was given no other clinical details. Bone scintigrams
were independently reported by two nuclear medicine physicians,
one with (NP 1) and one without (NP 2) information, including
each patient's clinical history, physical examination findings and
radiograph findings. Intraobserver reproducibility was tested by a
third nuclear medicine physician (NP 3) who independently re
ported each patient's study initially and then again after 6 wk.

Sensitivity, specificity, positive predictive value and accuracy
were determined by 4 X 4 tables using the bone biopsy result as the
criterion for disease presence or absence. For these calculations of
the reported bone scans, true disease status was determined on the
basis of the radiographic results of biopsy-proven LCH patients in
whom Grades 1 and 2 were considered as disease absent and
Grades 3 and 4 as disease present. Bone scintigraphy reports by NP
1 and NP 2 were compared on a regional basis using area (Al and
A2) and standarderror(SE1 and SE2) under the receiver operating
characteristic curves calculated using the Dorfman and Alf maxi
mum likelihood estimation program. The correlation coefficients
for ratings given to images from diseased (rA) and nondiseased (rN)
regions were calculated by the Kendall tau correlation and the
mean (r) determined. Probability (j') was then derived from the Z
score using the equation:

z = (Alâ€”A2)(SE12+ SE22â€”2rSElSE2)@2(4,5).
Planar bone scintigraphy was performed approximately 4 hr

after intravenous injection of 99mTc@methylenediphosphonate
(adult dose 740 MBq, pediatric dose 16.8 MBqIkg). Technetium
99m-pyrophosphate was used for the 21 studies performed before
1978. Imaging was to 1000K counts per local view and/or 15
cm/mm for whole-body sweeps using a high-resolution, parallel
hole collimator. The skeletal bone survey included: radiographs of
the skull, facial bones, axial skeleton and appendicular skeleton
where clinically indicated.

Diagnosis was made on the basis of the histopathology biopsy
specimen showing multinucleated Langerhans' cells, histiocytes
and eosinophils. The presence of Birbeck granules on electron
microscopic examination or the antigenic surface markers that

react with OK6/Leu6 antibody and the cytoplasmic protein S 100
detected by immunoperoxidase staining methods were sought in
cases where further confirmatory diagnostic evidence was required.
The patient follow-up period ranged from I mo to 24 yr and 4 mo
(mean = 7 yrâ€”3mo). Prolonged remission was defined as no new
lesions after 5 yr and radiologic improvement of bone lesions.

Radiation dosimetry for whole-body radiograph skeletal survey
and bone scintigraphy was calculated for both a 70 kg adult and a
15 kg child. Radiographic dosimetry was calculated by determining
x-ray output in mGy per mAs at 1 meter for 2.5 mm aluminium
total filtration (X 1.8 three-phase correction) and the kVp for the
particular radiograph technique. A 5-cm distance between skin
surface and film and inverse square calculation were used to
determine x-ray tube output at the patient. Average absorbed doses
were then determined from ICRP 34 tables (6). Bone scintigraphy
dosimetry was based on previously published data for both adults
and children (7,8).

RESULTS
The histologic diagnosis of LCH was made in 73 patients

who had radiograph surveys and bone scintigraphy between
March 1965 and November 1994. Age at the time of diagnosis
ranged between 6 mo and 83 yr (mean age 28 Â±18 yr). The
male-to-female ratio was 41 :32. Ofthese patients, 56 (76%) had
a definite lesion reported on radiographs and subsequent biop
sy-proven bone involvement (Table 1). Bone scintigraphy
showed abnormal radiotracer uptake in the region of suspected
involvement in 5 1 patients. The sensitivity and specificity of
radiographic survey for the detection of LCH in this patient
population were 100% and 61%, respectively, compared to 91%
and 55% for bone scintigraphy. Overall, for detection of disease
in the 73 patients, the accuracy of skeletal radiograph survey
was 90% compared to 82% for bone scintigraphy.

Typical radiographic appearance of LCH was that of a lucent
lesion, sometimes well circumscribed, often with sclerotic
margins and a bevelled edge. Analysis of lesions seen on 28
skeletal radiograph surveys showed 45% to be lucencies, 9%
sclerotic lesions, 42% mixed lucent and sclerotic lesions and
4% complicated lesions e.g., involving vertebral compression
fracture. LCH on bone scintigraphy typically appeared as a
focus ofavid tracer uptake or, alternatively, a circumscribed rim
of increased radiotracer activity surrounding a photopenic
region (Figs. 1, 2). After local radiotherapy or systemic che
motherapy, radiotracer distribution more diffuse and often less
avid (Fig. 3).

Solitary bone lesions were reported on 21 radiograph surveys
and 29 bone scans. These lesions were found mainly in the skull
(38% on radiograph and 26% on bone scintigraphy) and
proximal femur (29% on radiograph and 26% on bone scintig
raphy). Overall there were more lesions found at these sites than
any other (Table 2). For solitary lesions, radiograph sensitivity
was 95% compared to 88% for bone scintigraphy. All but three
of the patients with solitary bone lesions achieved a cure,
including one patient with a single rib lesion who was managed
by observation alone. The three patients who had chronic
disease had multisystem recurrence of LCH. Of the 73 patients,
23 had multisystem involvement and 5 patients with a solitary
bone lesion on radiographic survey had LCH involving other
organs. Two patients with osseous LCH died. One patient died
of systemic amyloidosis 20 yr after diagnosis and the other died
of aggressive multisystem LCH 26 yr after diagnosis.

Intraobserver reliability (reproducibility) of bone scintigra
phy was 83%â€”93%for the axial skeleton and 79%â€”86% for the
appendicular skeleton. The regions of highest intraobserver
reliability were the skull, facial bones (93%) and the pelvis
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MeanAge(s.d.)28Â±16Gender
(M:F)30:26One

system onlyinvolved40(71%)Co-existing
pulmonaryLCH4(7%)Co-existing
pituitaryLCH7(12%)Co-existing
skinLCH13(23%)Co-existing
lymphnodeLCH5(9%)Bone

pain/tenderness54 @96%)

TABLE I
Clinical Details for Patients with Osseous LCH (n = 56)

(93%). Reporting on the lower extremities yielded the lowest
reliability (79%). The 29 bone scans that were reviewed blindly
had an interobserver variation of 6S%â€”72%compared to
62%â€”79%for those studies where clinical information such as
the history, physical examination and radiograph findings were
made available.

Regional analysis of bone scintigraphy showed poor sensi
tivity of certain regions including: the pelvis, sacrum, ribs,
sternum, clavicles and scapula. The regional group of skull,
facial bones and mandible showed higher sensitivity but lower
specificity (Table 3). Comparison of bone scintigraphy report
ing performed with and without clinical history, findings on
physical examination and radiography showed no significant
difference (p > 0. 10, two-tailed) both overall and on regional
analysis.

Radiation dosimetry was more favorable for bone scintigra
phy. The adult whole-body radiation dose for bone scintigraphy
was 2.0 mGy (jediatric: 3.88 mGy) compared to 8.69 mGy
(pediatric: 9.99 mGy) for radiographic skeletal survey. Testic
ular radiation dosimetry favored bone scintigraphy in pediatrics
(1 5.7 mGy versus 18.33 mGy) and adults (1 .6 mGy versus 5.19
mGy). Adult ovarian radiation dosimetry also favored bone
scintigraphy (2.4 mGy versus 10.78 mGy), but radiographic
skeletal survey was more favorable for pediatrics (6.4 mGy
versus 10.78 mGy).

DISCUSSION
LCH is a rare disorder that mainly affects children and young

adults. Thirty-nine percent of patients were less than 20 yr of
age at the time of diagnosis and the mean age of the patients in
our sample was 28 yr. This is slightly higher than expected and
may be due to an inherent referral bias toward adult patients at
our institution (9). LCH is a multisystem disease that most
commonly affects the bones but also may typically involve the
lung, posterior pituitary/hypothalamus, lymph nodes, liver, skin
and mucosal membranes (10). Seventy-six percent of all
patients in this study with the proven histologic diagnosis of
LCH had bone involvement. This number concurs with other
studies (1 1â€”13).Higher proportions of osseous LCH have been
reported, including a study of 117 patients at the Mayo Clinic
between 1907 and 1962, in which there were only five patients
without osseous LCH (14). In addition, a prospective 29-yr
follow-up study of 43 pediatric patients with LCH found
osseous lesions had been diagnosed in all 12 surviving patients
(15). This suggests that the natural history of progressive
disease inevitably involves bone.

Solitary Bone Le@on
A solitary osseous lesion was found in 37% of patients with

LCH of bone and in 28% of all patients with LCH. The most
common sites for the lesion were the skull and proximal femur.
Three of the 21 patients who initially presented with solitary
osseous LCH had disease recurrence after treatment, and
following additional treatment, two achieved prolonged remis

11
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FiGURE1.Four-year-oldboy.(A)Townesradiographprojectionoftheskull
showinga singlelucentLCHlesioninthe leftoccipitalbone (arrow).(B)Bone
scintigraphy(posteriorview)shows avid increased radiotraceruptake sur
roundinga central photopenic area in the leftoccipitalregion(arrow).This
corresponds to the lesionseen on the radiograph.

sion. Our data support the findings of other studies that suggest a
relatively good prognosis for treated solitary osseous lesions
(16â€”18).Multiple osseous lesions found in the remaining 35
patients were predominantly found in the skull, proximal femur
and spine. Other published data describing regional analysis of
osseous LCH lesions also show similar distribution oflesions (19).
Studies of smaller patient numbers have shown a more uniform
distribution of skeletal lesions (20). The absence of spinal lesions
in any of the patients with solitary osseous lesions indicates that
this area may be a more common site of recurrence than primary
disease. Consequently, we recommend that particular attention be
paid to the spine when the patient undergoes follow-up surveil
lance by radiography or bone scintigraphy.

Umfta@ons of Bone Scintigraphy
Poor sensitivities for detection of lesions in the pelvis,

sacrum, ribs, sternum, clavicle and scapula limit the utility of
bone scintigraphy as a diagnostic test. Multifocal osseous LCH
lesions have previously been reported to have been missed on
bone scintigraphy (21,22). Radiographic skeletal survey has
been advocated as the best imaging modality to detect multiple

B
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FiGURE2. Two-year-oldboy withbiopsy-provenlesionin the leftulna. @A)
Radiographof leftforearmshows a lyticdestructivelesioninthe metaphysis
and proximaldiaphysis of the ulna. (B) Bone scintigraphyof left upper
extremityshows avid radiotraceruptake inthe mkland prodmal ulna.
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+VERegion

(Numberof lesions)Sensitivity(%)Specificity(%)predictive(%)Accuracy(%)SkulVFacial

bones/88524162Mandible
(37)CervicaVThoracic/50916083Lumbar

spine(23)PeMs/Sacrum
(9)13862565Scapula/Ribs/Stemunt/074069Clavicle

(24)UpperExtremity(13)50967586Lower

Extremity(21)61625762

NumberNumberSkull22Scapula1Facial

bones2Clavicle2Mandible5Proximal
humerus10Cervical

spine1Distalhumerus2Thoracic
spine9Distal upperextremity2Lumbosacral

spine6Proximalfemur17Pelvis9Distal
femur2Ribs10Distai

lowerextremity2

TABLE 3
Regional Analysis Showing Relative Diagnostic Accuracy of Bone

Scintigraphy

the role ofbone scintigraphy in the management ofosseous LCH?
The answer may be the assessment of response to treatment.
Earlier response to therapy of LCH lesions has been shown on
bone scintigraphy compared to radiography (25). Furthermore,
other authors have suggested that recurrences after radiotherapy
are more readily detected by bone scintigraphy than radiograph
(26). On this basis, it could be argued that lesions seen on
radiography, but not on bone scintigraphy, are clinically inactive
and most likely represent healed or â€œburnedoutâ€•lesions. If this is
true, bone scintigraphy may be the most sensitive test for the
detection of clinically active lesions.

Our study suffers from the limitations imposed upon a
descriptive study, which includes observer bias. The observers
reading both radiographs and bone scans were biased toward
the diagnosis of LCH. This also explains why a significant
difference was not found between bone scans interpreted with
and without clinical history. Unfortunately, a rare disease such
as LCH does not easily permit prospective randomized studies
which are free of such bias. The use of plain film radiographs
as the defacto gold standard for presence of disease is unavoid
able but is an additional source of bias.

The relatively unfavorable radiation dosimetry of radio
graphic skeletal survey to the reproductive organs in adults is of
significance for those patients less than 40 yr of age. Radiation
protection measures such as accurate collimation of the x-ray
beam and the use oflead genital shielding are appropriate. Lead
shielding, however, may compromise diagnostic accuracy in the
pelvic region. Our results show bone scintigraphy to have
relatively poor diagnostic utility in this region and, despite less
favorable dosimetry, is not recommended as an alternative to
radiography. Although both investigations are comparable in
cost, the total cost of whole-body radiographic skeletal survey
is slightly less than that of whole-body scintigraphy. MRI has
been assessed as an alternative investigation of osseous LCH
(27). MRI hasthe advantageof not exposingthe patientto
ionizing radiation, but this must be balanced against increased
cost and prolonged imaging, particularly in children.

CONCLUSION
Whole-body skeletal radiographic survey has greater diag

nostic accuracy than whole-body bone scintigraphy for the
detection of LCH bone involvement, particularly for the scap
ula, clavicles, sternum, ribs, pelvis and sacrum, and is the
recommended means of staging osseous LCH. Scintigraphy of
solitary bone lesions, however, may be useful in monitoring the
response to treatment, although further study is required to
validate this approach. Our study shows that the most common
sites of solitary LCH lesions are the skull and proximal femur
and that localizing bone pain is predictive of osseous LCH.

Rt. ANT. It.

FiGURE3. Fifteen-year-oldboywithbiopsy-provenlesionintheleftfemur.
Bone scintigraphy1 wk after local radiotherapy(1500 cGy in 5 fractions)
showingmilddiffuselyincreased radiotraceruptake inthe femoralshaft and
hyperemicchanges secondary to treatment (arrow).

osseous LCH lesions (20,23). A study of 16 patients, however,
who had no false-negative findings, suggests bone scintigraphy
to be a reliable diagnostic tool for the detection of solitary
osseous LCH lesions (24). For our comparatively older patient
population, the scintigraphic sensitivity of solitary lesion detec
tion was 88%. Although this is an acceptable sensitivity, bone
scanning adds little diagnostic advantage and patients with
solitary bone lesions are best monitored by radiographic survey
to exclude local or multiple recurrence.

Role of Bone Scintigraphy
Localized bone pain was found to be a good clinical predictor

of bone lesions in patients older than 5 yr. Another study of 36
adult patients with osseous LCH showed local tenderness
referable to the bone lesion in 67% of cases (14). In most
patients, the diagnosis of osseous LCH was made by biopsy
after the painful site was depicted as a radiographic lesion.
There appears to be no definite role for bone scintigraphy in
predicting the best bone biopsy site. The question remains: What is

TABLE 2
Distribution of Osseous Lesions on Radiographic Skeletal Survey
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Superiorvenacava(SVC)syndromewasfirstdescribedby
William Hunter in 1757 (1 ). Presently, bronchogenic carcinoma
is the leading cause and accounts for 67%â€”82%of all cases of
SVC obstruction (2). Initially, SVC syndrome was considered
to be an oncologic emergency (3), but later reports have refuted
this notion (4â€”6). Emergency or not, it bears considerable
importance for both the clinician and patient.

A careful diagnostic work-up is an essential prerequisite to
successful management of this syndrome (4,6). Radionuclide
venography is a convenient, noninvasive procedure which
forms an important component of such a work-up (2). In the
present study, we intended to establish certain criteria on
radionuclide venography to aid in the diagnosis and post
therapeutic evaluation of SVC syndrome and to study hemody
namic characteristics in the central veins, consequent to stenosis
and/or obstruction of the SVC.

METHODS

Between February 1986 and July 1994, radionuclide venography
was performed on 117 subjects. Ten healthy volunteer men (aged
31â€”57yr; mean age 43 yr) constituted the control Group N. The
remaining 107 were patients with SVC syndrome (97 men, 10
women; age 33â€”81yr; mean age 62.6 yr). Selection criteria
included presence of clinically obvious SVC syndrome consisting
of swelling of the face, neck and/or the upper extremities (symp
tomatic in 64 patients) or only radiological signs such as medias
tinal widening, suprahilar or hilar lesions and tumor location in
upper lung zones, rendering them susceptible to SVC syndrome

In addition to imaging, radionuclide venography maybe used for the
functional assessment of superior vena cava (SVC) syndrome by
applying the indices of transit time (IT), time of half-peak count (11-I)
and peak count ratio (PC ratio). Methods Ten healthy subjects
(Group N) and 107 patients with SVC syndrome (64 symptomatic
and 43 asymptomatic) were studied. Images were visually assessed
forcollateralsorjugularvenous refiuxand values of the indices were
calculated. Results The 107 patients were subclassffied into three
groups according to the images obtained. Collateral circulation was
seen in 37 patients (Group C). In 20 patients, jugular venous refiux
was observed (Group J). Fifty patients who showed neither collat
erals nor refluxwere included in Group P. In comparison to Group N
[3.6 Â±0.56 sec (sern)],TI values were signfficantly higher (p < 0.05)
forGroupJ (7.13 Â±1.16 see) and GroupC (7.00 Â±0.87 see). Values
ofTh were significantly prolonged (p < 0.05)for Group J (23.6 Â±4.8
see) and Group C (18.8 Â±2.2 see) in comparison to Group N (9.2 Â±
1.5 sac). PC ratio values were higher in all patient groups in
comparison to Group N (3.4 Â±0.57). Conclusion: These indices are
potentially useful in the initialdiagnosis and post-therapeutic evalu
ation of SVC syndrome. Inthe absence ofother causes, appearance
ofjugular venous refiux may be considered a sign of SVC syndrome.

Key Words radionuclide venography superior vena cava syn
drome; jugular venous refiux; fUnCtiOnalindices
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