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Introduction

The standard classification system for vascular tumors and 
vascular malformations was established by the International 
Society for the Study of Vascular Anomalies (ISSVA). The 
first classification was adopted by the ISSVA during its 11th 
workshop in 1996. The revised classification was recently 
approved during the 20th ISSVA workshop in 2014. In this 
updated classification, Gorham–Stout disease (GSD) and 
generalized lymphatic anomaly (GLA) were categorized 
separately from the original classification of systemic lym-
phatic malformations [1].

GSD is a rare vascular anomaly characterized by prolif-
eration of thin-walled sinusoidal channels of lymphatic ori-
gin and progressive destruction of the bone; it is also known 
as vanishing/disappearing/phantom bone disease, massive 
osteolysis, Gorham’s disease, and Gorham–Stout syndrome 
in the previous medical literature [2–6]. Progressive oste-
olysis can arise in a single bone or in multiple contiguous 
bones [7]. GSD mainly involves the skeletal system, but its 
progression often includes thoracic and abdominal involve-
ment, leading to effusions and ascites [8]. Pain and swelling 
may occur in the affected area.

GLA is characterized by diffuse or multicentric prolif-
eration of dilated lymphatic vessels which resemble a com-
mon lymphatic malformation, which presents at birth or 
develops later in children and young adults. GLA can affect 
the skin and superficial soft tissues, as well as the viscera 
of the abdominal and thoracic cavities, with frequent bone 
involvement [1, 8]. GLA can present with acute or persistent 
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pericardial, pleural, or peritoneal effusion, and cases with 
thoracic involvement are associated with a poorer prognosis 
than those with soft tissue or bone involvement [9].

Kaposiform lymphangiomatosis (KLA) has recently been 
distinguished as a novel subtype of GLA with foci of spindle 
endothelial cells amid a background of malformed lymphatic 
channels [10]. KLA is a complex lymphatic anomaly that 
exhibits features of both malformation and neoplasia [11]. 
All cases of KLA involve multiple organs with a predilection 
for the thoracic cavity, causing pleural effusion that com-
monly leads to respiratory distress and dyspnea [12].

The prevalence rate of bony involvement including verte-
brae has been investigated in GSD/GLA [13] and KLA [11]. 
MR imaging findings of vertebral involvement have been 
reported in some cases of GSD [14–17]. However, no previ-
ous studies have assessed the detailed MR imaging findings 
with emphasis on vertebral involvement in these lymphatic 
disorders, probably because of the low incidences of these 
diseases. Therefore, this study aimed to assess the MR imag-
ing findings of vertebral involvement in GSD, GLA, and 
KLA.

Materials and methods

Patients

The present study was approved by the human research 
committee of the institutional review board of our hospital, 
and complied with the guidelines of the Health Insurance 
Portability and Accountability Act of 1996. The require-
ment for informed consent was waived due to the retrospec-
tive nature of this study. Fourteen cases of GSD, GLA, or 
KLA [11 males, three females; mean age, 18 years (range, 
7–39 years)] treated between October 2004 and Septem-
ber 2016 were identified in our hospital’s electronic medi-
cal chart system. All patients underwent histopathological 
examinations and were subsequently diagnosed with GSD, 
GLA, or KLA according to clinical, pathological, or radio-
logical findings. The imaging criterion for GSD was pro-
gressive osteolysis with resorption and cortical loss, whereas 
the imaging criterion for GLA was discrete radiolucencies 
and an increasing number of affected bones over time with-
out evidence of progressive osteolysis [13]. Histologically, 
although dilated malformed lymphatic channels lined by a 
single layer of endothelial cells are common in both GLA 
and KLA, the latter is characterized by foci of patternless 
clusters of intra- or perilymphatic spindled cells associated 
with platelet microthrombi, extravasated red blood cells, 
hemosiderin, and some degree of fibrosis [18]. Therefore, 
differentiation of GLA from KLA was performed using 
pathological specimens. Of these 14 patients, seven met 
the diagnostic criteria for GSD [five males, two females; 

mean age, 20 years (range, 7–39 years)], four for GLA [three 
males, one female; mean age, 21 years (range, 7–32 years)], 
and three for KLA [three males; mean age, 11 years (range, 
7–18 years)]. There was no past history of radiotherapy, 
and severe undernutrition was not found during the clinical 
course of diseases in any patients.

Among them, nine patients [six males, three females; 
mean age, 18 years (range, 7–39 years)] who underwent 
whole-spine MR examinations were included in this study. 
Of these, three were diagnosed with GSD [one male, two 
females; mean age, 26 years (range, 19–39 years)], three 
with GLA [two males, one female; mean age, 17 years 
(range, 7–31 years)], and three with KLA [three males; mean 
age, 11 years (range, 7–18 years)].

MR imaging

All nine patients were examined using a 1.5-T MR imag-
ing system. A Signa Excite 1.5 T (GE Healthcare, Mil-
waukee, WI, USA) was used in five patients and an Intera 
Achieva 1.5 T Pulsar (Philips Medical Systems, Best, the 
Netherlands) was used in the remaining four patients. A 
spine coil was used to allow whole-spine coverage. Sag-
ittal MR images were obtained at 3-mm section thickness 
with 1-mm intersection gap, and a 26 × 26–40 × 40-cm 
field of view. T1-weighted spin-echo (TR/TE, 
366–600/8–18 ms), T2-weighted fast spin-echo (TR/TE, 
3000–3600/86–106 ms), and fat-suppressed T2-weighted 
fast spin-echo (TR/TE, 3000–3800/93–106 ms) images were 
obtained in all patients. Whole-spine MR examinations were 
performed in two sessions. The first session ranged from the 
cervical spine to the upper thoracic spine and the second 
session ranged from the lower thoracic spine to the sacrum.

Image assessment

A radiologist with 17 years of post-training experience, 
who was blinded to patient information, reviewed all of the 
MR images. First, the reviewer evaluated MR images for 
the presence of fatty marrow replacement, prolonged T1 
and T2 lesions, and pathologic compression fracture. The 
presence of fatty marrow replacement was defined as areas 
showing hyperintensity similar to subcutaneous fat on both 
T1- and T2-weighted images and hypointensity on fat-sup-
pressed T2-weighted images. The presence of prolonged T1 
and T2 lesions was defined as well-defined areas showing 
hyperintensity on T2-weighted images with or without fat 
suppression and hypointensity on T1-weighted images in 
comparison to normal bone marrow. The prolonged T1 and 
T2 lesions were round or oval in shape in smaller lesions or a 
geographical shape in larger lesions. The presence of a path-
ologic compression fracture was defined as loss of height in 
the anterior, middle, or posterior dimension of the vertebral 
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body that exceeds 20% compared with normal portions of 
the vertebral body. Second, if fatty marrow replacement 
or prolonged T1 and T2 lesions were observed on the MR 
images, the locations, the presence of perivertebral space 
involvement, involvement patterns (diffuse or focal pattern), 
and distributions (anterior/middle or posterior column) of 
these abnormalities were assessed. A diffuse pattern was 
defined as abnormal intensities that spread throughout the 
vertebrae, whereas a focal pattern was defined as abnormal 
intensities localized to a part of the vertebrae.

Results

A total of six patients [four males, two females; mean age, 
15 years (range, 7–31 years)] had MR abnormalities. The 
patients’ characteristics are summarized in Table 1. On 
spine MR images, one (33%) of three patients with GSD, 
two (67%) of three patients with GLA, and all three (100%) 
patients with KLA showed both fatty marrow replacement 
and prolonged T1 and T2 lesions of the vertebrae (Figs. 1, 
2, 3). The spine MR imaging findings are summarized in 
Tables 2, 3.     

Fatty marrow replacement was seen in the cervical spine 
of two (33%) patients, the thoracic spine of six (100%), the 
lumbar spine of six (100%), and the sacral spine of two 
(33%). The involvement patterns of fatty marrow replace-
ment were both diffuse and focal in four (67%) patients, only 
diffuse in one (17%), and only focal in one (17%). The dis-
tributions of fatty marrow replacement were both anterior/
middle and posterior column in all six (100%) patients.

Prolonged T1 and T2 lesions were seen in the cervical 
spine of three (50%) patients, the thoracic spine of three 
(50%), the lumbar spine of six (100%), and the sacral spine 
of three (50%). The involvement patterns of prolonged T1 
and T2 lesions were both diffuse and focal in two (33%) 
patients and only focal in the remaining four (67%). The 
distributions of prolonged T1 and T2 lesions were both ante-
rior/middle and posterior column in five (83%) patients and 
only anterior/middle column in the remaining patient (17%).

Pathologic compression fractures were seen in two (33%) 
patients. The sites of pathologic compression fractures were 
the thoracic spine of these two patients; pathologic compres-
sion fractures were only observed in the thoracic spine.

Discussion

Although somatic mutations in phosphatidylinositol-4,5-bi-
sphosphate 3-kinase, catalytic subunit alpha (PIK3CA) are 
the most common cause of isolated lymphatic malforma-
tions (LMs) and disorders in which LM is a component fea-
ture [19], the causal genes of complex lymphatic anomalies Ta
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including GSD, GLA, and KLA have yet to be revealed. 
Treatment for complex lymphatic anomalies varies by mech-
anism of lymphatic dysfunction and location of active com-
plications, and included medication, surgery, radiotherapy, 
and nutritional therapy. Medical therapy included corticos-
teroids, propranolol, interferon-α, octreotide, and mamma-
lian target of rapamycin (mTOR) inhibitor. mTOR inhibi-
tor (like rapamycin, also known as sirolimus) has recently 
attracted attention since it was efficacious and well tolerated 
in patients with complex lymphatic anomalies [12, 20, 21].

The prevalence rate of bony involvement including ver-
tebrae has been investigated in GSD/GLA [13] and KLA 
[11]. According to the previous investigations that evaluated 
plain radiographs, CT, or MR imaging, osseous involvement 

among 19 patients with GSD was seen in the cervical spine 
of five (16%) patients, the thoracic spine of two (11%), the 
lumbar spine of two (11%), and the sacral spine of two 
(11%), whereas that among 32 patients with GLA was seen 
in the cervical spine of 12 (38%) patients, the thoracic spine 
of 26 (81%), the lumbar spine of 15 (47%), and the sacral 
spine of 15 (47%) [13]. In 12 patients with KLA evaluated 
by plain radiographs, CT, or MR imaging, involvement of 
the axial skeleton (vertebral column, rib cage, sternum, or 
cranium) was seen in eight (67%) patients, and the most 
common sites of bony involvement were the vertebral bodies 
in eight (67%) patients [11]. According to these reports, ver-
tebral involvement was observed more frequently in GLA/
KLA than in GSD.

Fig. 1   A 19-year-old woman with GSD (Patient 1). a T1-weighted 
(TR/TE, 500/18  ms) images show diffusely hyperintense areas of 
the thoracic and lumbar spine (arrows). Posterior columns are also 
involved (arrowheads). b T2-weighted (TR/TE, 3100/95 ms) images 

show diffusely hyperintense areas of the involved vertebrae (arrows). 
c Fat-suppressed T2-weighted (TR/TE, 3600/102 ms) show decreased 
signal intensities of the involved vertebrae suggestive of fatty marrow 
replacement (arrows)

Fig. 2   A 7-year-old boy with GLA (Patient 2). a T1-weighted (TR/
TE, 400/9 ms) images show diffusely or focally hyperintense areas of 
the thoracic and lumbar spine (arrows). Diffusely or focally hypoin-
tense areas are also observed (arrowheads). b T2-weighted (TR/TE, 
3000/95 ms) images show diffusely or focally hyperintense areas of 

the involved vertebrae (arrows). Posterior columns are also involved 
(arrowheads). c Fat-suppressed T2-weighted (TR/TE, 3000/100 ms) 
show decreased signal areas suggestive of fatty marrow replacement 
(arrows) and the remaining hyperintense areas are suggestive of pro-
longed T1 and T2 lesions (arrowheads)
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MR imaging findings of vertebral involvement have been 
noted in some case reports regarding GSD [14–17]. In an 
elderly patient with GSD, the osteolysis of the cervico-tho-
racic junction showed hypointensity on T1-weighted images 
and hyperintensity on T2-weighted images, suggesting pro-
longed T1 and T2 lesions in our study [14]. This finding was 

reasonable because of the lymphatic nature of this disorder. 
Meanwhile, in pediatric patients under 10 years of age with 
GSD, kyphotic cervicothoracic spines demonstrated abnor-
mal hyperintensity comparable with subcutaneous fat on 
T1-weighted images, suggesting fatty marrow replacement 
[15–17].

Fig. 3   A 7-year-old boy with KLA (Patient 4). a T1-weighted 
(TR/TE, 400/9  ms) images show diffusely hyperintense areas of 
the cervical and thoracic spine (arrows). b T2-weighted (TR/TE, 
3000/105  ms) images show diffusely hyperintense areas of the 
involved vertebrae (arrows). c Fat-suppressed T2-weighted (TR/TE, 

3000/105 ms) show decreased signal intensities of the involved ver-
tebrae suggestive of fatty marrow replacement (arrows) and a focal 
hyperintense area suggestive of prolonged T1 and T2 lesion (arrow-
head)

Table 2   Summary of spine MR imaging findings

GSD Gorham–Stout disease, GLA generalized lymphatic anomaly, KLA kaposiform lymphangiomatosis, C cervical spine, T thoracic spine, L 
lumbar spine, S sacral spine

Patient Age Sex Diagnosis Sites of vertebral involvement Perivertebral space involvement

1 19 F GSD T12, L1–5, S1–5 presence of perivertebral space involvement
2 7 M GLA C2/6, T5–12, L1/3, S1/3 absence of perivertebral space involvement
3 31 F GLA C3/7, T1–12, L1–5, S1–3 absence of perivertebral space involvement
4 7 M KLA C3–4, 6–7, T1–7, 10–12, L1, 3–5, S1–3 absence of perivertebral space involvement
5 8 M KLA T2–7, 9–12, L1–5 presence of perivertebral space involvement
6 18 M KLA T4–12, L1–2, 5 presence of perivertebral space involvement

Table 3   Summary of spine MR imaging findings

GSD Gorham–Stout disease, GLA generalized lymphatic anomaly, KLA kaposiform lymphangiomatosis, C cervical spine, T thoracic spine, L 
lumbar spine, S sacral spine, D diffuse pattern, F focal pattern, A anterior/middle column, P posterior column

Patient Age Sex Diagnosis Fatty marrow replacement Prolonged T1 and T2 lesions Pathologic compression fracture

Location Pattern Distribution Location Pattern Distribution

1 19 F GSD T/L/S D A/P L/S D/F A/P no pathologic compression fracture
2 7 M GLA T/L/S D/F A/P C/T/L/S D/F A/P T
3 31 F GLA C/T/L F A/P C/T/L/S F A/P no pathologic compression fracture
4 7 M KLA C/T/L D/F A/P C/T/L/S F A/P no pathologic compression fracture
5 8 M KLA T/L D/F A/P L F A/P T
6 18 M KLA T/L D/F A/P L F A no pathologic compression fracture
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T1-weighted images are the most suited to evaluate the 
cellular content in bone marrow because the high-fat content 
is interspersed with hematopoietic elements. Yellow marrow 
has a signal intensity comparable with that of subcutaneous 
fat, whereas red marrow displays intermediate T1 relaxation 
with a signal intensity lower than that of subcutaneous fat 
but higher than that of disk or muscles [22]. Developmental 
maturation occurs through the replacement of active hemat-
opoietic marrow, which is actively producing mature blood 
cells from progenitors, with primarily fatty marrow that no 
longer produces hematopoietic cells [22]. Humans are born 
with nearly their entire skeleton composed of red marrow, 
which converts to fatty marrow over time in an organized 
predictable manner [23]. This proceeds in a distal to proxi-
mal manner until the age of 25 years when the adult pattern 
of marrow is in place, with the axial and proximal appen-
dicular skeleton containing the remaining red marrow [22]. 
Therefore, hyperintense bone marrow comparable with sub-
cutaneous fat on T1-weighted images was obviously abnor-
mal in pediatric patients with GSD as shown in the previous 
reports [15–17] and with GLA/KLA in our study.

Hyperintense bone marrow on T1-weighted images is 
usually benign and indicates decreased bone marrow cel-
lularity. The differential diagnosis of diffusely hyperintense 
bone marrow on T1-weighted images includes normal vari-
ant, irradiated marrow, osteoporosis, heterogeneous fatty 
marrow, and multiple hemangiomas [24]. The differential 
considerations for focally hyperintense bone marrow on 
T1-weighted images include normal variant, focal fatty 
marrow, solitary hemangioma, lipoma, Paget disease, bone 
marrow hemorrhage, melanoma, Modic type 2 discogenic 
degenerative endplate changes, and other post-inflamma-
tory focal marrow atrophies [24]. We emphasize that GSD, 
GLA, and KLA should be included in the differential diag-
nosis of diffusely or focally hyperintense bone marrow on 
T1-weighted images.

The present study had several limitations. First, the cohort 
was small because the study was conducted at a single insti-
tution, and these lymphatic anomalies are extremely rare. 
Second, although these patients were categorized as GSD, 
GLA, or KLA according to clinical, pathological, and radio-
logical findings, differential diagnosis was difficult because 
of the lack of defining criteria. Third, because we could not 
obtain pathological specimens of the affected vertebrae, we 
could not perform radiologic-pathologic correlation.

In conclusion, MR imaging was a useful tool for the 
detection of vertebral abnormalities in GSD, GLA, and 
KLA. Fatty marrow replacement usually occurred diffusely 
and focally, whereas prolonged T1 and T2 lesions frequently 
occurred focally. The most commonly affected site of these 
vertebral abnormalities was the lumbar spine, followed by 
the thoracic spine. These vertebral abnormalities almost 
always involved both the anterior/middle and posterior 

column of the vertebrae. GSD, GLA, and KLA should be 
considered if MR images demonstrate fatty marrow replace-
ment and prolonged T1 and T2 lesions of the vertebrae.
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