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Abstract. Gorham-Stout syndrome (GSS) is a rare disease char-
acterized by spontaneous and progressive osteolysis caused by 
benign proliferation of lymphatic vessels or capillaries. It most 
commonly occurs in children or young individuals without 
any inherited predisposition. GSS most commonly affects the 
shoulder girdle, pelvis, ribs and skull. Its diagnosis is mainly 
based on radiological and pathological findings. The present 
study reports on the case of a 22-year-old male patient diag-
nosed with GSS involving the C1-T1 vertebrae accompanied 
by bilateral pleural effusion. Resection of the occipital and 
cervical vertebral lesions and spinal reconstruction using an 
internal fixator were successfully performed via the posterior 
approach. After the surgery, the patient received bisphospho-
nate treatment and vitamin D supplementation. The pleural 
effusion gradually decreased. At the 18-month follow-up visit, 
no evidence of new bone obstruction was present and the 
patient had no neurological sequelae.

Introduction

Gorham-Stout syndrome (GSS), also named disappearing 
bone disease, phantom bone disease or massive osteolysis, is a 
rare osteolytic disease resulting from benign lymphovascular 
proliferation (1). It was first described as ‘the boneless arm’ 
in 1838 (2). Since then, only 300 cases have been reported 
worldwide. GSS may involve any bone of the body and most 

commonly affects the shoulder girdle, pelvis, ribs and skull. 
Owing to its rarity and non‑specific clinical manifestation, 
accurate diagnosis is difficult and usually delayed. The 
conditions of certain patients can progress to complete bone 
destruction, while those of other patients are self-limiting. 
Patients with GSS complicated with spinal involvement 
or chylothorax usually have poor prognosis (3). The treat-
ment options, including surgery, radiotherapy and medical 
therapy, remain controversial. Stable spinal lesions may be 
treated with conservative treatments, including braces, halo 
tractions, radiotherapy and medical therapy (4). To maintain 
stability and prevent neurological injury, surgical management 
is required for unstable spinal lesions (5). The present study 
reports on a case of GSS in a 22-year-old male involving the 
C1-T1 vertebrae with bilateral pleural effusion and discusses 
the diagnostic characteristics and therapeutic management.

Case report

In July 2017, a 22-year-old male was admitted to a local 
hospital with neck pain and limited movement of the neck for 
1 month. The relevant medical history of the patient's family 
was uneventful and the patient had no history of trauma. A 
CT scan revealed multiple osteolysis of the occipital bone 
and several cervical vertebrae and thoracic vertebrae with a 
mildly increased fluorodeoxyglucose uptake accompanied by 
an adjacent soft tissue mass. A needle biopsy of the cervical 
vertebrae was performed and the results revealed hyperplasia 
of the fibrous tissues in the bone lesions without evidence 
of malignancy. No definite diagnosis was made at that time. 
Considering the complexity and high risk associated with 
surgery, the patient underwent irradiation treatment of the 
cervical vertebrae once at the local hospital.

At 1 week following radiation treatment, the patient devel-
oped shortness of breath and chest tightness. Chest ultrasound 
demonstrated large bilateral pleural effusion. The patient 
then presented at the Department of Respiratory and Critical 
Care Medicine, Changzheng Hospital (Shanghai, China). On 
examination, the patient was conscious but distressed and 
his neck was immobilized using a cervical gear. The patient 
had percussion dullness, decreased vocal resonance and 
diminished breath sounds bilaterally, but no palpable lymph 
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nodes, edema of the lower extremities or neurological defi-
cits. Laboratory examination, including routine blood tests, 
biochemical tests and serum tumor markers, were normal, 
except for albumin levels of 25 g/l (normal range based on 
observations at Changzheng Hospital, 40-55 g/l). Radiography 
revealed marked osteolysis in the occipital bone, as well as 
C2-7 and T2 vertebrae (Fig. 1). On MRI, low signal intensity 
in the occipital bone and C1-T1 vertebrae was observed in the 
T1-weighted images (Fig. 2). The corresponding T2-weighted 
MRI revealed an inhomogeneous high signal intensity within 
the lesions (Fig. 2). The chest CT scan revealed a large amount 
of bilateral pleural effusion (Fig. 3). A chest catheter was 
inserted to the right pleural cavity for daily drainage and 
bloody pleural fluid was collected for further analysis. To 
determine the cause of the bloody pleural effusion, left-sided 
thoracoscopy was performed, but no abnormalities were iden-
tified. Approximately 1 l of bloody pleural fluid was drained 
from the left pleural cavity during surgery. Pleural effusion 
samples were gathered from the patient on the 1st, 2nd and 
3rd day post‑surgery. Cytological analysis of the pleural fluid 
was performed and the results were negative regarding malig-
nancies. The patient exhibited a rapid accumulation of pleural 
fluid within 5 days after thoracoscopy and pleural aspiration 
yielded a milky white fluid, which was proven to be chyle via 
laboratory analysis. The patient was provided with a low-fat 
diet and received intravenous albumin infusion.

Considering the spinal instability caused by extensive verte-
bral involvement and the possibility of pathological fracture, 
the patient was then transferred to the Department of Osseous 
Oncology at Changzheng Hospital for surgical intervention. 
The surgery was performed via a posterior approach. During 
the surgery, it was observed that the spinous processes of the 
C2-7 vertebrae had almost disappeared and had manifested 
as malacia, the blood supply was highly abundant, multiple 
vertebral plates and occipital protuberances were destroyed 
and chyle outflowed from the bone lesions. Pedicle screws 
were then inserted into the pedicles of the bilateral T3, T1 and 
C2 vertebrae, left-side T2 and C5 vertebrae and right-side T3 
and T7 vertebrae. The remaining pedicle bones could not be 
treated in the same way, as they were almost destroyed. The 
occipital protuberance was largely destroyed and the cerebral 
dura mater was visible; therefore, the damaged bone and soft 
tissues were resected and a screw and an internal fixator were 
installed in the undamaged occipital cortex. A connecting 
rod was fixed to the occipital and bilateral pedicle screws. To 
relieve the pressure at the dural sac, the soft tissues behind 
the C2-7 vertebrae was carefully separated and removed. 
The spinous processes and vertebral plates of the T1-3 verte-
brae were resected, the damaged bone was scraped off and 
a gelatin sponge was inserted into the site of damage of the 
T1‑3 vertebrae. Histopathological examination of the excised 
tissues revealed proliferative fibrous tissues and numerous 
thin-walled blood vessels in the affected bone cavity, without 
evidence of cellular atypia and osteogenesis reactions (Fig. 4).

Based on the clinical, radiological and pathological 
results, the patient was eventually diagnosed with GSS. The 
surgery was effective and no surgery-associated complica-
tions were observed (Fig. 5). Thereafter, the patient received 
4 mg of zoledronic acid by intravenous administration every 
2 months. He was also provided with calcium and vitamin D 

supplementation. The pleural effusions gradually decreased 
after surgery and the patient was discharged from our hospital 
at 10 days post-surgery without any neurological complica-
tions. At the 18-month follow-up visit, there was no evidence 
of new bone resorption.

Discussion

GSS is a rare osteolytic disease, which has received substantial 
attention since it was first described in 1838 (6). This disease 
has no features of inheritance and may occur at any age, but 
frequently affects children or young individuals (7).

The etiology and pathogenesis of GSS remain poorly 
understood. Gorham and Stout (6) speculated that abnormal 
hyperplasia of vascular tissues in the bone marrow cavity 
results in mechanical pressure, local hypoxia and acidosis, 
thus leading to bone resorption. Osteolysis was also thought 
to correlate with the increased number or enhanced activity of 
osteoclasts in bone lesions (8). Various studies have suggested 
that perivascular monocytes are involved in bone resorp-
tion (9,10). Furthermore, the serum levels of basic fibroblast 
growth factor, vascular endothelial growth factor (VEGF)-A, 
VEGF-C and interleukin-8 were found to be markedly 
elevated in certain patients, indicating their potential roles in 
GSS (11,12).

In 1983, Heffez et al (13) put forward 8 diagnostic criteria 
for GSS: i) Positive biopsy for angiomatous tissue; ii) absence 
of cellular atypia; iii) minimal or no osteoblastic response 
and absence of dystrophic calcification; iv) evidence of local 
and progressive osseous resorption; v) non‑expansile and 
non-ulcerative lesion; vi) absence of visceral involvement; 
vi) osteolytic radiographic pattern; viii) negative hereditary, 
metabolic, neoplastic, immunologic or infectious etiology. In 
the present case, the radiographical and CT images indicated 
multiple sites of osteolysis of the occipital bone and multiple 
cervical vertebrae, and the patient was initially suspected to 
have primary malignant or metastatic bone tumors. However, 
extensive workup, including laboratory examination, systemic 
CT scan, thoracoscopy and needle biopsy of the cervical 
vertebra did not provide any evidence of neoplastic, endocrino-
logical or infectious diseases. To obtain an accurate diagnosis 
and receive further treatment, the patient was transferred to the 
Department of Osseous Oncology at Changzheng Hospital for 
surgical intervention. Post‑operative histopathological exami-
nation of the excised occipital and cervical lesions revealed 
that the bone cavity was infiltrated with numerous dilated 
blood vessels and fibrous tissues without cellular atypia; thus, 
the patient was eventually diagnosed with GSS.

Owing to its rarity, no standard treatment is available for 
GSS. The treatment options include surgery, radiation therapy 
and medical therapy, depending on the location and size. The 
morbidity and mortality are high when the cervical spine is 
involved, as cervical spinal cord injury or cerebrovascular 
accident may occur. Between 1997 and 2019, only 17 cases 
affecting the cervical spine (including the present case) have 
been reported in the English literature. Details of such cases 
are summarized in Table I (14-25). Surgical treatment was 
performed in 9 patients (52%), of whom 2 patients also received 
radiotherapy. The most common surgical method is spinal 
fusion using an internal fixator, e.g. a screw and a plate, or 
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bone graft reconstruction. The anterior or posterior approach 
may be selected according to the specific condition. Of these 9 
reported cases, 2 had no description of the disease progression 
during follow-up. Osteolysis stopped progressing in 6 of the other 
7 cases. Only 1 case developed more severe osteolysis during 
follow-up. The majority of cases have favorable outcomes when 
adequate spinal fusion is performed. Radiotherapy on its own 
or combined with medication was administered to 8 patients 
(47.2%). The outcomes of patients who receive radiotherapy 
may be different. Among these previous cases, 2 patients had 
new bone formation, 1 patient exhibited no further bone resorp-
tion, 3 patients had progressive osteolysis and 2 patients died.

In the case of the present study, remediation of dangerous 
cervical vertebral instability and prevention of spinal cord injury 
were accomplished via posterior resection of the occipital and 
cervical vertebral lesions and spinal reconstruction using an 

internal fixator. As the C1‑T1 vertebrae were involved, the 
surgery was fairly difficult but successful and no post‑operative 
complications occurred. Biphosphonates are a potent inhibitor 
of osteoclasts and may suppress bone resorption in GSS (26). 
Therefore, the patient was administered 4 mg zoledronic acid 
every 2 months and vitamin D supplements post-surgery. At 
the time of conclusion of the study, the patient had no proce-
dure-associated complications and osteolysis had not progressed.

Chylous effusions usually occur in patients with GSS with 
rib, clavicular, sternal, scapular or vertebral involvement (7). 
Chylothorax may result from direct pleural involvement or 
obstruction of the thoracic duct by lymphovascular tissues (27). 
Bilateral chylothorax is a clinically challenging condition and 
has a high mortality rate of 53% (28). Common interventions 
include thoracic duct ligation, pleurodesis, pleurectomy, resec-
tion of lymphangiomatous lesions, radiotherapy and medical 
therapy (28). In the present case, the patient was provided 
with a low-fat diet and received intravenous albumin infusion 
and chest catheter drainage. Chyle outflowing from the bone 
lesions was observed during surgery and the lymphangioma-
tous tissues were surgically resected from the affected bones. 
The pleural effusion gradually decreased after surgery.

In conclusion, the present study reported on a case of GSS 
extensively invading the C1‑T1 vertebrae accompanied by a large 
amount of bilateral pleural effusion. This case exemplifies that 
when osteolysis of unknown causes occurs, GSS, although rare, 
should be taken into consideration. Bloody or chylous pleural effu-
sions may occur in patients with GSS with pleural involvement 

Figure 5. Post-operative (A) anteroposterior and (B) lateral plain radiographs 
of the cervical vertebrae indicate an internal fixator within the occipital bone, 
several cervical vertebrae and T3 vertebrae.

Figure 4. Histological images of the excised cervical vertebrae indicate 
proliferative fibrous tissues and numerous thin‑walled blood vessels in the 
bone cavity without evidence of cellular atypia and osteogenesis reactions. 
(A) Magnification, x100, scale bar, 200 µm; (B) magnification, x400, scale 
bar, of 50 µm; Hematoxylin and eosin staining.

Figure 3. Chest CT scan revealing bilateral pleural effusions in (A) the lung 
window and (B) mediastinal window.

Figure 2. MRI of the cervical vertebrae. (A) Low signal intensity was 
observed on the T1-weighted image and (B) an inhomogeneous high signal 
intensity was present on the T2-weighted image within the occipital bone, 
C1-7 and T1 vertebrae, as well as the surrounding soft tissues (arrows). 

Figure 1. (A) Anteroposterior and (B) lateral images of the cervical verte-
brae indicate marked osteolysis within the occipital bone and C2-7 and T2 
vertebrae (arrows).
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or thoracic duct obstruction. For patients with cervical spinal 
involvement, rapid surgical interventions are recommended to 
achieve spinal stability and prevent neurological complications. 
In the present case, the clinical outcome was favorable after 
surgical intervention and bisphosphonate treatment.
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