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Background: Gorham-Stout syndrome (GSS) involving the spine is a rare clinical entity, and there is a
paucity of comprehensive study on its radiological features. We aimed to present the radiological changes
and spinal deformities in patients with spinal GSS.

Methods: From January 2005 to December 2017, 11 consecutive GSS patients with spinal deformity
were identified. Their medical records and imaging features were retrospectively reviewed. Computed
tomography (CT) and magnetic resonance imaging (MRI) were used for a precise evaluation of spinal
involvement. Posteroanterior and lateral standing radiographs were used to evaluate the spinal deformity.
Results: CT showed multi-level generalized osteolytic lesions, with ill-defined fluid attenuation adjacent to
the osseous changes. MRI demonstrated hyperintense signals on both T1- and T2-weighted images, while the
unaffected segments showed normal signal intensity. Seven patients (63.6%) had a dominant feature of kyphosis,
and 4 (36.4%) had scoliosis when spinal GSS was diagnosed. Kyphosis variably spanned from C7 to L1,
averaged 94° (range, 53° to 158°), and was associated with sagittal imbalance in 4 cases. In our series, the
apex of kyphosis and scoliosis coincided within the most seriously osteolytic segment. All patients received
medication for GSS. Two adolescents taking Boston braces showed a relatively stable deformity. Four
patients received long posterior spinal fusion, but two had fusion failure.

Conclusions: CT and MRI investigations are important in the initial diagnosis and continued management

for spinal GSS. A typical spinal deformity secondary to GSS presents as kyphosis or kyphoscoliosis, which is

usually highly variable but highly concordant with osteolysis in terms of span and apex.
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Introduction

Gorham-Stout syndrome (GSS), characterized by
spontaneous, aggressive and progressive osteolysis, is a rare
condition of unknown cause (1-3). This disease occurs at
any age, without a gender or race predilection (1,4). GSS
can affect any part of the skeleton, with the majority of bone
lesions in maxillofacial areas, upper extremities (including
the scapula), and the trunk (including the ribs, clavicles and
pelvic girdles) (5). Radiologic investigations are important
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in the initial diagnosis, and the continued management
and long-term follow-up of patients with GSS. The advent
of computed tomography (CT) and magnetic resonance
imaging (MRI) has led to a better understanding of this
disease (6). In terms of treatment, it is mostly palliative,
and always limited to symptom management. To date,
there is still no known intervention which addresses GSS
consistently and effectively, and all reported interventions
are considered experimental treatments (7).

Due to the non-specificity of the early clinical
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manifestations of osteolysis, GSS patients with spinal
involvement can continue daily activities until a pathological
vertebral fracture or symptomatic spinal deformity (8).
As osteolysis progresses, it may cause variable spinal
deformities such as scoliosis, kyphosis, subluxation, or even
dislocation of the spine (9). Sometimes, neurological deficits
may occur due to the intra-spinal hematoma or severe
vertebral dislocation secondary to spinal GSS (10,11). If
accompanied by the additional involvement of the thoracic
cage, GSS patients with spinal deformity may experience
chylothorax, restrictive ventilatory impairment, or life-
threatening complications (12-14). Therefore, it is crucial
to offer early diagnosis and management for spinal GSS.
Theoretically, for patients with a severe spinal deformity or
neurological deficits, surgical strategies of lesion resection
and bone reconstruction may lead to improved outcomes.
However, spinal fusion in patients with GSS has been
associated with a high incidence of graft resorption and
fusion failure, requiring reoperation (10,15). In general, a
poor prognosis is usually associated with spinal GSS (1), and
we should pay more attention to spinal deformity to prevent
unfavourable adverse outcomes.

Approximately 50 cases of GSS with involvements of
the spine have been reported in the literature (9,16,17).
However, the descriptions are mostly based on sporadic
case reports. To the best of our knowledge, there have
been no comprehensive studies of radiological changes
and spinal deformity in patients with GSS. Moreover, the
progression of spinal deformity in such patients has never
been investigated in previous studies. Here, we present a
consecutive series of 11 cases with GSS, who had the main
complaint of progressive spinal deformity, with the aim of
illustrating the radiologic characteristics and of exploring
the progression and treatment of spinal deformity in

patients with GSS.

Methods
Patients

After approval from the institutional review board of
our hospital, we retrospectively reviewed the medical
records of patients with spinal GSS who presented with
a spinal deformity in our department from January 2005
to December 2017. Diagnosis of GSS was based on the
positive histopathological examination after biopsy of the
lesion and the radiologic evidence of progressive osteolysis
after exclusion of infection, tumour, and metabolic or
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endocrine disorders (18,19). Patients were excluded if they
had incomplete data of medical records, laboratory tests,
or radiological examinations. In total, 11 consecutive GSS
patients with spinal deformity were enrolled in this study,
including 6 females and 5 males. All patients were initially
diagnosed with a spinal deformity by their orthopedists
who referred them to our clinic for further assessment and
treatment. Diagnosis of spinal GSS was not made until
referral to our clinic.

Radiologic characteristics

All radiographic data were reviewed jointly by a senior
orthopedic spine surgeon and a radiologist with experience
in the diagnosis of musculoskeletal disease. The
radiographic pattern of the spinal deformity was assessed
on posteroanterior and lateral standing films. The type
of scoliosis was defined according to the classification
system proposed by the Scoliosis Research Society (20):
cervicothoracic (apex at C7 or T1), thoracic (apex between
T2 and T11), thoracolumbar (apex at T12 or L1), lumbar
(apex between L2 and L4), and lumbosacral (apex at L5
or below). Patients were considered to have a C-shaped
curve if they had a 1 major curve involving any region of
the spine, an S-shaped curve if they had 2 separate curves,
or a triple curve pattern if they had 3 separate curves.
The span, apex, and convexity of these curves were also
recorded. Coronal balance was measured as the deviation of
the C7 plumb line from the center sacral vertical line, and
was considered significant with a deviation of over 20 mm.
The parameters measured in the sagittal plane included
segmental kyphosis and sagittal balance. Sagittal balance
was determined according to the horizontal distance from
the C7 plumb line to the posterior superior corner of S1,
and imbalance was considered to be present if the distance
surpassed 40 mm (21). CT scanning and three-dimensional
reconstructions were used for precise evaluation of the
range of osteolysis. MRI was used to define the extent of
spinal canal encroachment, vascular formation, and soft
tissue involvement (22).

Statistical analysis

Descriptive analysis was used for statistical analysis. All
continuous data, if the sample was normally distributed, was
expressed as the means + standard deviation; otherwise, the
median and range were used.
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Results

In our series, there were 2 young children, 7 adolescents
and 2 adults. Ten patients had an earlier average age at
detection of spinal deformity than that at diagnosis of GSS
(13.9£13.5 versus 16.5+13.1 years). The general data and

clinical characteristics are shown in Zable 1.

Radiological changes

Cortical loss and/or progressive osteolysis were identified
in all patients. Spinal involvement was not clearly detected
on plain radiographs in most cases. On CT scanning,
spinal involvements were characterized by widely multi-
level generalized osteolytic lesions, with ill-defined
fluid attenuation adjacent to the osseous changes. MRI
demonstrated hyperintense signals on both T1- and T2-
weighted images, while the unaffected segments showed
normal signal intensity (Figure I).

As shown in Table 2, the locations of the lesions were
continuous and variable, being cervicothoracic in 2 patients,
thoracic in 3, thoracolumbar in 5 and thoracolumbosacral
in 1. Lesions were present in a varied span of vertebral
levels from C4 to S4, and the median span was 10 segments
(ranging from 6 to 16). The most commonly involved
segments were the thoracic spine. Wedged vertebrae were
detected in all patients, with a median segment of 3 (ranging
from 2 to 7). The most seriously pathological fracture
or highly wedged vertebra mainly occurred in the upper
thoracic or thoracolumbar vertebrae (Figure 2).

Additionally, an infiltrative soft tissue abnormality
adjacent to the area of osteolysis was identified in 7 patients
(63.6%), who presented with a hyperintense signal in T2-
weighted images and demonstrated an intense enhancement
following administration of gadolinium contrast.
Compression of the spinal cord or nerve root was detected
in 6 patients (54.5%). Syringomyelia was also identified in
1 patient (Patient 10).

Characteristics of spinal deformities

All patients were diagnosed with spinal GSS at their first
visit to our clinic. There were 7 patients (63.6%) with a
main presentation of kyphosis and 4 (36.4%) with scoliosis
when GSS was diagnosed. The patterns of the spinal
deformities were highly variable in terms of the scoliosis
shape, curve location, and sagittal alignment. 7able 3 shows
the features of the spinal deformities in our cohort.
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Among the 7 patients with mainly significant kyphosis
(Patients 1, 2, 3, 5, 7, 9, and 10), 6 (85.7%) had angular
kyphosis and the remaining patient (Patient 7) had regular
kyphosis. The span of the kyphosis varied from C7 to L1,
with a median of 7 levels (ranging from 5 to 8). The
thoracic spine was the most commonly involved segment,
with the median apex at T7 (ranging from T3 to T11). The
median angle of maximum kyphosis was 94° (ranging from
53° to 158°). Four patients (Patients 1, 2, 3, and 10) showed
severe sagittal imbalance, with a median distance (from
the C7 plumb line to the posterior superior corner of S1)
of 50.5 mm (ranging from 40 to 82 mm). In the coronal
plane, there were 6 cases of a C-shaped curve and only 1 of
an S-shaped curve. The major Cobb angle of scoliosis was
34° (ranging from 19° to 72°); however, two patients were
identified with coronal imbalance (Patients 3 and 9).

Four patients had a significant presentation of scoliosis
(Patients 4, 6, 8, and 11). The curve localized to the
thoracic/thoracolumbar in 1 case and the thoracolumbar/
lumbar in 2 of 3 cases with an S-shaped curve, while it
was thoracolumbar in 1 case with a C-shaped curve. The
median span of the curve was 6.5 levels (ranging from 6 to
11 levels), corresponding to a median apex at T12 (ranging
from TS5 to L3). The median Cobb angle of scoliosis
was 40° (ranging from 18° to 61°), and all kyphoses were
regular, with an angle of 34° (ranging from 30° to 41°). All
4 patients were well-balanced in the coronal and sagittal
planes.

As shown in Figure 2, the span of spinal deformity
showed a high concordance with the osteolysis lesions.
The locations of the kyphoses were more consistent with
the locations of lesions compared to those of scoliosis.
Various spinal deformities were occasionally associated with
pathological fractures or wedged vertebrae. The apex of
kyphosis in 9 patients (81.8%) was formed at the location
where the most seriously pathological fracture or highly
wedging vertebrae occurred, and such a phenomenon on
scoliosis was only identified in 5 patients (45.5%). Overall,
kyphosis was more closely associated with widely multi-
level osteolytic lesions.

Management of GSS and spinal deformity

As shown in Table 4, a variety of treatments was performed
according to the patients’ condition. Ten patients (except
Patient 1) had an adequate radiographic follow-up after
3.9x1.5 years (ranging from 2 to 7 years). Among these
patients, medication, including bisphosphonates, and
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Figure 1 Patient 7, male, 12 years. (A) CT scan and three-dimensional reconstruction showing a lytic lesion in the multi-segment thoracic

spine and destructive vertebral body lesions. (B) MRI showing hyperintense signal of the affected vertebrae on both T'1- and T2-weighted

sequences and severe narrowing of the canal at the apex of kyphosis. CT,

Table 2 Imaging features of CT and MRI when GSS was diagnosed

computed tomography; MRI, magnetic resonance imaging.

Case Spar? of Wedging of vertebral ~ T1 weighted of T2 weighted Intraspinal S[:;irn:IeI:/oerd Par;tzifebral
osteolysis [No.] body [No.] MRI of MRl hematoma compression involvement

1 C7-L3 [16] T7-T9 [3] Hyperintense Hyperintense Y N N

2 T6-L2 [9] T9-T12 [4] Hyperintense Hyperintense N Y Y

3 C4-T7 [11] T3-T5 [3] Hyperintense Hyperintense N Y N

4 T2-T10 [9] T4-T6, T8, T10 [5] Hyperintense Hyperintense N N Y

5 T2-T7 [6] T3-T5 [3] Hyperintense Hyperintense N Y Y

6 T8-L5 [10] T11-T12, L3-L4 [4] Hyperintense Hyperintense Y Y Y

7 T3-L1 [11] T7-T8 [2] Hyperintense Hyperintense N N Y

8 T10-L3 [6] L1-L3 [3] Hyperintense Hyperintense N N N

9 T2-T9 [8] T7-T8 [2] Hyperintense Hyperintense N Y Y

10 C4-T5[9] T1-T4 [4] Hyperintense Hyperintense N Y Y

11 T7-S4 [15] T8-L2 [7] Hyperintense Hyperintense N N N

CT, computed tomography; MRI, magnetic resonance imaging; GSS, Gorham-Stout syndrome; No., the number of involved vertebrae;

Y, yes; N, no.

calcium supplementation, was recommended for the
treatment of spinal GSS; however, deterioration of osteolysis
was confirmed in 2 patients (Patients 2 and 7). In terms
of the spinal deformity, 2 adolescents (Patients 8 and 11)

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

received regular Boston bracing, and the deformities
stabilized in both. In addition, 4 patients [Patients 2,
4 (Figure 3), 5, and 9] received corrective surgery with
a posterior instrumentation that skipped the involved
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Figure 2 Span of osteolysis and spinal curves in each of the 11
patients when spinal Gorham disease was diagnosed in our clinic.
The solid black rectangle indicates the most seriously pathological
fractures or highly wedging vertebrae, and the solid black circle

indicates the apical vertebra of scoliosis or kyphosis.

segments of GSS. However, Patient 2 developed kyphosis
progression due to fusion failure and proximal junctional
kyphosis but refused revision surgery, and Patient 5 resorted
to revision surgery because of rod breakage (Figure 4). The
remaining patients (Patients 3, 6, 7, and 10) refused the
recommended surgery because of indeterminate prognosis
or high surgical complications, and all of them significantly
progressed in regards to their spinal deformity.

Discussion

The current study reported a rare condition of patients
with spinal GSS. To our knowledge, this is the first
comprehensive study of spinal GSS with the largest sample
to date. In our study, osteolytic lesions were continuous but
variable, with pathological fractures and wedged vertebrae.
The patterns of the spinal deformity were highly variable
in terms of the curve location, shape, apex, and sagittal
alignment. Regardless, kyphosis or kyphoscoliosis presented
as the typical deformity pattern in this disease, and the
span and apex of kyphosis showed good concordance with
that of progressive osteolysis. Our study also provided
important data on treatment with medication, bracing, and
surgical intervention, all of which tended to result in near-
satisfactory outcomes.

As reported both in our cases and in the literature

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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(9,16,23-29), and summarized in Tuble 5, spinal GSS can
occur at any age and at any level from the cervical spine to
the sacrum; however, the cervical and thoracic vertebrae
are the most frequently involved regions. The early clinical
manifestations of GSS are often subtle and nonspecific.
Patients may present with pain and swelling following a
trivial injury, or present with a long history of chronic dull
pain (8,9). The prognosis can be optimized if early diagnosis
is confirmed during the course of the disease. As the etiology
and precise pathogenesis are not well understood, diagnosis
of GSS is challenging and often delayed. As in our series,
all patients were misdiagnosed by their local orthopedists
and then referred to our clinic generally until severe spinal
deformity or neurological deficits had occurred (27).
Radiographic findings demonstrated partial or complete
bony resorption involving one or more vertebrae.
Subcortical osteolytic lesion was the early change,
followed by progressive atrophy, fracture, and disappearance
of a part of some vertebrae. CT scanning is useful in
assessing the extent of bone destruction, but it cannot
estimate the vascularity of the lesion. Moreover, 3D CT
reconstructions can also be valuable for surgeons to analyze
spinal morphology (30). The signal behavior varies on MRI
because of the relative amount of vascular structures and
fibrosis. Inflammation and increased capillary permeability
can increase the signal intensity of MRI, and hypointense
zones are due to fibrosis. Both in our and Dominguez ez al.’s
study (31), affected vertebrae showed hyperintensity on both
T1- and T2-weighted images. Damron et 4/. (32) indicated
that hyperintensity was closely associated with active
Gorham-Stout disease. MRI is useful in differentiating
between early, active, and later stages by demonstrating
changes in signal intensity over time. Therefore, the role
of MRI is not to provide a specific diagnosis but rather to
demonstrate the progressive nature of this disorder.
However, no data are available on the risk factors for
spinal deformity onset and progression. From the natural
history provided by our cases, we believe that because
of the subcortical osteolytic lesion in the asymmetrical
vertebral areas, the original spinal abnormality, especially
structural kyphosis, develops rapidly (8,9). After revealing
that the span and apex of the spinal deformity have a high
concordance with vertebral osteolysis, we also believe
that the most seriously pathological fracture or highly
wedging vertebrae might be the initial onset of deformity.
The affected paravertebral soft-tissue, particularly the
paravertebral muscle, also has a substantial effect on the
progression of spinal asymmetry deterioration (33). In
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Figure 3 Patient 4, male, 12 years. (A) Initial X-rays showing C-shaped thoracolumbar scoliosis with a Cobb angle of 61°. (B,C) CT
scanning and MRI showing aggressive osteolysis and destructive lesions of the thoracic vertebra. (D) Hematoxylin and eosin staining
showing thin-walled blood vessels with hemorrhage and scanty bone (magnification at 10x). (E) Corrective surgery was postponed because
of the patient’s extremely low bone mineral density, and was then replaced with Boston bracing. The compensatory thoracolumbar curve
increased to 122°, with a severe thoracic kyphosis of 106° and the apex at T'10 7 years later. (F) Surgery with satellite rod and screws from T3
to L4 was performed after 2 months of Halo traction, and a significant improvement of the spinal deformity with rigid fusion was achieved.

CT, computed tomography; MRI, magnetic resonance imaging.

addition, myelopathy and weakness of the paravertebral deformity presenting with kyphosis or kyphoscoliosis. In
muscle can be caused by compression of the spinal cord some conditions, once the ribs and chest wall are involved,
and nerves associated with a serious pathological fracture rapid and substantial curve progression can result in
and intra-spinal hematoma. For the above reasons, an trunk shortening. Then, the unbalanced trunk can also
affected patient may be predisposed to developing a typical trigger subluxation, dislocation or other extremely severe
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Figure 4 Patient 5, female, 39 years. (A) Preoperative X-rays showing cervicothoracic angular kyphosis with a curve of 100°. (B,C) CT and

MRI demonstrating aggressive multiple lytic lesions on the thoracic vertebrae from T3 to T8. (D) Long posterior fixation was performed,

with screws and rods from C6 to T10. (E) X-ray 14 months after fixation showing rod and screw breakage at the cervicothoracic junction.

The white circle indicates the area of rod and screw breakage. (F) The patient received a revision surgery, and no resorption of implanted

bone or loss of correction was found during 3 years of follow-up. CT, computed tomography; MRI, magnetic resonance imaging.

deformities (25,27). Consequently, asymmetrical osteolytic
lesions with wedged vertebrae and affected paravertebral
muscle contribute to the initial formation and deterioration
of the spinal deformity.

Due to the lack of knowledge regarding this rare disease,
spinal GSS is always misdiagnosed or missed when kyphosis
or scoliosis is initially diagnosed. In our study, spinal
deformity, especially thoracic kyphosis, rapidly deteriorated

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

from the initial presentation. Most patients presented
with primary significant kyphosis, and sagittal or coronal
imbalance was also identified in such patients. Nevertheless,
a relatively small Cobb angle and well-balanced trunk were
both commonly observed in patients mainly presenting
with scoliosis (9,25,27). Similarly, most patients in
previous sporadic case reports also showed remarkable
thoracic kyphosis, with the apex on the most highly wedged
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vertebrae (27,28). Thus, kyphosis or kyphoscoliosis may
be the typical spinal deformity secondary to spinal GSS. In
addition, long C-curve type scoliosis was found early in this
disease, and replaced with an S-shaped curve. Generally,
a C-shaped curve is an initial injury, whereas an S-shaped
curve may be an adaptive change in order to maintain trunk
balance (34,35). Overall, increased awareness of spinal GSS
and earlier active management are of great importance for
spinal deformity showing a progressive curve or an S-shaped
curve tendency.

Thus far, there is no consensus regarding spinal GSS
treatment with medication, radiotherapy, and surgery (8,36-38).
Since it is self-limiting, waiting to observe spontaneous
arrest is also an appropriate option (38). In terms of
treatment for an associated spinal deformity, we believe
that a mild asymptomatic deformity can be stabilized by
bracing. In a previous study (39), cervicothoracic kyphosis
was also controlled with a brace. For a severe unstable
deformity, surgical treatment may provide the best chance
when possible. At this stage, brace treatment is usually
useless and corrective surgery may be the only way to
maintain the stability. Therefore, even though spinal GSS
can be treated effectively, spinal deformity will continue
to progress over time once severe imbalanced kyphosis
or scoliosis develops. In addition, surgical interventions
are frequently interrupted due to grievous multi-level
osteolysis and missing bone substance for internal fixation.
To avoid fixation pullout, pedicle screw fixation bridging
the diseased vertebra with a correction rate of 50% to 60%
is recommended. Unfortunately, as occurred in Sekharappa
et al. (25), rod breakage at the cervicothoracic junction
occurred in our patient. Ganal-Antonio er al. (29) reported
a middle-aged female patient who underwent 6 revision
surgeries for proximal junction kyphosis, broken nail,
decoupling, distal junction kyphosis, screw extraction, and
other reasons during the 14 years of follow-up. The fusion
segment also gradually extended from the initial C5-T3
to the occipital bone—L3, and the patient eventually died
of sepsis after limb paralysis and dependence on ventilator.
Moreover, fusion failure and graft resorption were also
identified in our study and a previous study (9). Therefore,
the treatment of this rare condition is still full of challenge
and unknowns.

Limitations

This study still has several limitations. First, there is still
no consistently effective treatment of spinal GSS due to its

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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unknown mechanism. Second, since most patients refused
surgery, the current data might not be sufficient to judge
the efficacy of surgical intervention, and the risks of severe
complications associated with correction surgery remain

undefined.

Conclusions

CT and MRI investigations play an important role in
the initial diagnosis and continued management of spinal
GSS. Kyphosis or kyphoscoliosis may be a typical spinal
deformity. The spinal deformities deteriorate rapidly, and
asymmetrical osteolytic lesions, highly wedged vertebrae,
and affected paravertebral muscles might be the cause of
progressive spinal deformity.
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