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Abstract

Background: Vanishing bone disease/Gorham-Stout disease (GSD) is a condition that produces deformity and instability of
bone. The fibro lympho-vascular tissue replaces the bone leading to massive osteolysis and its sequelae, but the exact cause is yet
unknown. The disease involves the spine infrequently, but due to the proximity of the spinal cord it can seriously affect the patient.
The aim of this study is to report as a review to contribute to the diagnosis, and treatment modalities in GSD affection of spine with
the reported literature available from 1983 till March 2022.

Materials & Method: This metanalysis study is focused on GSD involving the spine. The search was done in two databases
PubMed and Google scholar from 1983 up to March 2022. The Study selection was done to study the demographic pattern of GSD
in spine and its outcome with conservative and surgical treatment and to determine the best suitable medical treatment for stopping
disease progression and achieving remission.

Results: We retrieved 72 articles from Google scholar and PubMed out of which § articles were excluded (90 reported cases).
Heffez criteria was followed for diagnosis in all these cases (n=86,95.5%). 57 patients (64%) were operated and 33 patients (36%)
were managed conservatively. Per-operative failure to achieve a fixation/reconstruction were reported in 2(2.53%) cases. Number
of surgeries till follow-up were average 170+1.23 (1-S) surgeries. The average follow-up of cases reported was 47.1+48.9 (3-240
months). Union was documented in 10 cases (3.4%). 9 of these cases needed additional bone graft/substitute.
Bisphosphonates(n= 40), sirolimus (n= 5), interferon (n= 17), radiotherapy (n= 31) and beta-blockers (n= 4) were given in
medications. 23 patients had remission. Death occurred in 17 patients (18.88%).

Conclusion: Surgery is needed frequently. Failure of fixations, achieving union and remission are daunting and “offlabel” therapies
are the dictum. Radiotherapy has been used more frequently with or without bisphosphonates. Though promising medical
treatment are evolving and focus of treatment is directed towards anti-angiogenic, anti-osteolytic and anabolic therapy, but no
standard treatment recommendations can be made out from existing literature.
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disease (GSD) [2,3]. GSD is known by many other names such
as “Phantom bone disease” and “Disappearing bone disease”
[4]. Osteolysis can affect both axial & appendicular skeleton
[S]. Since then, more than 300 cases of GSD has been reported
worldwide[6]. There is no evidence of genetic, metabolic,
malignant, neuropathic, and infectious cause [7]. This disease
occurs at any age without gender or race predilection [8-10].
GSD can occur in any part of the skeleton, but more commonly
in the bones of pelvic and shoulder girdles [11]. The disease
also involves the spine, and due to the close proximity of the
spinal cord it can seriously affect patient’s final outcome [12].
Surgical treatment of GSD is difficult, especially in the spine
[13]. Regeneration of the bone does not occur even after the
osteolysis has stopped [ 14, 15]. Multiple treatment modalities
for GSD are reported, such as chemotherapy, radiation therapy,
bisphosphonates, calcium supplements, interferon, vitamins,
calcitonin, hormones, antibiotics, antivirals, antifungals,
embolization, and surgical resection, but none of them gives
scientifically proven better outcomes [15-18]. The treatment
strategy of GSD in spine is still not delineated and is usually
complicated by failure, failed reconstruction, recurrence, re-
surgery and/or death [4]. This article is a systematic review to
arrive at standard recommendations for GSD, to reaffirm the
importance of considering GSD as a diagnosis and guiding the
proper treatment of GSD in the spine in view of the rarity of the
disorderand non-standardized recommendations.

Materials & Methods

The literature was searched for all available articles of GSD
involving the spine. We begin our search with two databases
Google Scholar, and PubMed. The article language was set to
be in English and translation wasn’t done for any other
language to be included. The search year was set from 1984 to
March 2022. Studies that had GSD without spine involvement
and non-specified conservative or surgical treatment were
excluded. The data was searched to find demographic variables
with management of the patients of GSD and its outcomes to
define recommendations. The Demographic variables in the
form of age, sex, affection of region of spine (Cervical,
Thoracic, Lumbar, Sacral or/and Cervico-Thoracic Junction,
Thoraco- Lumbar Junction, Lumbo-Sacral Junction), number
of vertebrae involved, visceral affection and other
musculoskeletal involvement were assessed. The confirmation
of diagnosis was made by following Heflez criteria; 1. A positive
biopsy for angiomatous tissue, 2. Absence of cellular atypia, 3.
Minimal orno osteoblastic response and absence of dystrophic
calcification, 4. Evidence of local progressive osseous
resorption, S. No expansile, non-ulcerative lesion, 6. Absence
of visceral involvement. 7. Osteolytic radiographic pattern, 8.
Negative hereditary, metabolic, neoplastic, immunologic, or

infectious etiology [19]. Typical Biopsy and radiological
criteria were analyzed and described to arrive at diagnosis. The
surgery if performed Anterior, Posterior/ Combined approach,
Decompression with or without fixation (DF), number of
surgeries and bone-graft substitute if used were noted. The
number of surgeries was considered one if the reconstruction
was done in same stage or multiple stage around same
admission. The therapeutic method used for suppression and
achieving remission, outcome assessment by union, stable
reconstruction, progression, remission, death (and its cause if
mentioned) and number of years of follow-up were analyzed.
Remission was considered if the follow-up was more than 2
years and there was no progression of disease. If there was
remission reported, then it was categorized as objectified
(tested with MRI or Blood reports) or inferred without
objective criteria followed. We also identified the article’s
corresponding author/institution, and he/she was contacted
by email for getting current follow-up and status of all patients.
The authors were not contacted if the patient died related or
unrelated to the disease. The email reply was analyzed for any
add-onvalue over the published report.

Statistics

Patient demographics and characteristic categorical variables
were analyzed and the mean + standard deviation (minimum-
maximum) for all applicable variables were calculated. Non
classified (NC) entries were also included in calculations.
Each category was compared by using appropriate statistical
tools such as IBM SPSS software ver. 20.0 (IBM Corp.,
Armonk,NY, USA)

Results

We retrieved 72 articles from Google scholar and PubMed out
of which 5 articles were excluded. Our review achieved finally
full detailed 67 articles (90 reported cases) with involvement of
spine (Figure 1) (Table 1). Year wise articles published were
analyzed and the average value was 3+1.86 (1-7) publication
per year in our review. The average number of patients was 1
+1.39 (1-11) in each article. The average age was 24.42+18.47
(2-77 years). The age wise affection was noted as <S years (n=
10, 11.1 %), 5-10 years (n= 15, 16.66 %), 10-15 years (n= 18,
20%), >1Syears (n= 45, 50%), NC (n=2,2.22%). The male
and female affection were 67.44% and 32.56% respectively.
The vertebral affection noted in spinal regions is graphically
represented individually, in combination or junctional (Figure
2). The average vertebral number affection was 5.04+ 3.57 (1-
17). Biopsy was done in (n= 86, 95.5%). Heffez criteria was
followed for diagnosis in all these cases. 57(64%) of patients
were operated and 33(36%) were managed conservatively. In
the surgical group, only posterior approach was executed in 32
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Figure 1: Flowchart of the literature search
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Figure 2: Bar diagram showing affection of different regions of spine alone or in
combinations.

Figure 3: Histogram showing different modalities of treatment given in the 23 patients in
whom remission was achieved. Medications in 4 patients were not classified.

(68.08%), anterior approach in 4 (4.4%), and combined
approach was executed in 11 patients (12.22%).
Decompression only was done in 4(4.4%%) Dural fistula
repair has been additionally done in 1(2.2%) patient.
Vertebroplasty have been solely done in n=2 (2.53%) patients.
Per-operative failure to achieve a fixation/reconstruction were
reported in 2(2.53%) cases. Number of surgeries till follow-up
were average 1.70+1.23 (1-5) surgeries. The average follow-up
of cases reported was 47.1+48.9 (3-240 months). In follow-up
stability was maintained in 35 cases. Of these patients in which
stability was maintained, 8(34.78%) cases were in
conservatively treated group (n=33) and 27(47.36%) were in
surgical group (n=57).

In our review, a total of 8 patients with visceral involvement
were noted. Only 1(12.5%) had remission in cases of visceral
involvement in GSD (n= 8, 8.8%) in our review. Morselized

local autograft was used in all the cases. Union was documented
in 10 cases (9%) of total cases. 23 cases were put with other
bone graft/substitute. External auto graft (n=9), BMP (bone
morphogenic protein) (n=7), Allograft (n= ), External Auto
graft + Allograft (n= 1) and Calcium phosphate (n= 1) were
used for additional facilitation of union. Of these 23 cases 8
(34.78%) documented union.

Medications were given in 67 patients out of which out of
which 33 patients were treated conservatively and 34 patients
were given medications before/after surgery. Bisphosphonates
(n=40), sirolimus (n=5), interferon (n=17), radiotherapy (n=
31) and beta-blockers (n= 4) alone or in combinations.
Histogram showing different modalities of treatment given in
the 23 patients who had remission with medications. In 4
patients, the given medical treatment was not classified
patients. (Figure 3). Out of remitted 23 patients 15 patients
were treated surgically, and 8 patients were treated
conservatively. 21 patients had inferred remission and only 2
patients had objectified remission. 15 patients with non-spinal
involvement had remission(16.67 %) and only 1 with visceral
involvement had remission (1.11%).

Deathin 17 patients (18.88%) were noted. In deaths, age wise
affection was noted as < S years (n=2, 2.22%), > 5-10 years
(n=6, 6.66%), >10-1S years (n=1, 1.11%), >1Syears (n=7,
7.77%), NC (n=1, 1.11%). In 3 patients’ death were related
with non-spinal disease. Death rate was higher in cervical
regional affection (n=8/18, 44.44%), Thoracic regional
affection (n= 2/21, 9.52%), lumbar (n= 0), sacral (n= 0),
cervico-thoracic junction (n=1, 100%), occipito-cervical
junction (n=2/9, 22.22%).

We sent email to all the correspondent authors (only for the
patients whose death were not reported) to know if any of the
patient required any additional surgical or conservative
treatment, for the authors whose email were not found we sent
a mail to the hospital and out of 67 authors we got reply from
only S authors and status of 3 patients were updated.

Discussion

The highest number of reports were published in 2017 and
2021 with 7 reports in each year. This may be due to more
aggressive treatment and standardization of care in the last
decadein spine surgery. In one of the largest series of patients at
a single center, Ruggieri et al have reported their experience at
the Istituto Ortopedico Rizzoli comprising of 13 patients [20].
The highest number of patients reported in single study is of
cervical affection (n=11) by Duetal [21]. The exactincidence
of GSD remains unknown owing to the sporadic occurrence of
the disease. The reported incidence have been between 20-30
years age with more male predilection [22]. In our review the
most common age was 10 years (11.36%). This contradicts
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Figure 4: Bar diagram showing total number of deaths in the different affected regions of
spine.
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Figure §: Bar diagram showing approaches used in surgical patients.
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Figure 6: Stacked Bar diagram showing union achieved by additional bone graft/ substitutes.

with previous reports. The gender ratio was in favor of males
affection (67.4%) in the review.

The etiology of the Gorham stout disease is still unknown, it is
not yet proved that whether this condition is hereditary or
caused by other environmental or physiological factors [3-4, 6,
12]. Previous authors have reported that the process is
cytokine driven which forms osteoclasts with high activity
from monocytes and production of angiogenic factors
[23-25]. The theories behind the development of the disease
are related to the role of endothelial cells [6]. It has been
postulated that endothelial cells of lymphatic channels secrete

factors involved in osteoclastic activation and leading to bony
osteolysis. The role of Osteoclasts in GSD is still unclear as
some patients with GSD does not have osteoclast and some do
[1, 2, 24-25]. Osteolysis is further divided into five types
depending on the site involved and the genetic inheritance
pattern as type I is hereditary multicentric osteolysis with
dominant transmission, type II is hereditary multicentric
osteolysis with recessive transmission, type III is
nonhereditary multicentric osteolysis with nephropathy and
type V is Winchester syndrome, defined as a monocentric
disease of autosomal recessive inheritance [28]. It can be
multicentric where radiological lesions can be different in
different areas [S]. In another classification of international
society for the study of vascular anamolies, GSD was found in
simple vascular malformations, ITa-lymphatic malformation
which helps in differential diagnosis [S, 29]. Monocytic cells
producing osteoclastogenic factors such as factor B have been
isolated in GSD patients [11, 24]. The bone that undergoes
osteolysis is replaced by fibrous tissue [1]. The diagnosis of
GSD is tough and demands a high-level accuracy of clinical
suspicion passed through multiple diagnostic examinations.
MR, CT scan, X-ray, and bone scan are the most frequently
used methods [3]. Radiology plays an important role for the
diagnosis, but final confirmation should be done by biopsy to
eliminate any infections, tumor, and necrosis [28-29]. The
histology of GSD in spine shows irregular ecstatic vascular
channels within the bony trabeculae. Bones have a thin cortex
and ahoneycomb like appearance but based on the histological
examination diagnosis cannot be confirmed because the GSD
lesions can be active orinactive. Therefore, diagnosis should be
always concluded based on the clinical, histological, and
radiology findings [6, 12-14]. The proliferation of the
endothelial lining of the blood vessels is confirmed by the
strong presence of D2-40 amongall the cells in the pathological
examination [6, 30-31]. In most cases, laboratory values are
within normal limits [34-37]. Many Cytokine markers or
related molecules in serum and tissue fluid have been measured
experimentally to find markers of disease activity, but of the
attempted markers only VEGF A and VEGF C have been
proven effective [2S, 38]. Osteolytic lesions in patients with
GSD are visible as radiolucent foci in the radiographic images
[6]. Classical radiological features are tapering bone ends or
mouse tail appearance [39]. The vertebrae in GSD become
weak and form biconcave deformities that further causes
fracture of the bone and neurologic impairment [40]. GSD has
been classically divided into early intraosseous stage that has
sub-cortical radiolucency’s and later extra-osseous stage that
involves destruction, reabsorption, and disappearance of the
bone [19]. The signal behavior varies on MRI because of the
relative number of vascular structures and fibrosis.
Inflammation and increased capillary permeability can
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Number| . Appendicular Number Surgery(S)/ | A:Anterior/ . Bone | Number L Union Sta_ble .
Sr. Follow-|Visceral|  skeletal . . . Decompressio (D), Medications spine  |Remission
N Year| Author of Age |Sex + fiocti of Region | Conservative | P: Posterior/ D + Fixation(DF graft of Gi (Y.N, muet| (YN
° Patients w D AHECHON 1 e rtebrae © C: Combined xation(DF) (+/_) |Surgeries ven NC) cons N
) a.N)
1 [1983 Ed?]{;d]”t 1 s M| 2@| + 2 o,C s c DF B 4 NC N N N
Heflez et
2 [oss| ) 1 1B |M| 2| + 6 |ocmh c NA NA B B RT N| Y N
Dunbar et _
3 [1993] s, 3 | pNe M| 12@| B 3 c s NC B B NC RT N| N N
IDNC M| 60 | + 2 C C NA NA ~ ~ RT NA | NC Y
140 [ M| 120 2 C C NA NA RT NA | NC Y
Dominiguez N )
s e B 6 [M|na| _ - 8 |cTm s p D B 1 RT N | Ne N
5 (1994 Dflgg]et 1 13 M| 22 - + 3 TL s c DF +Alo| 2 RT N Y N
6 |190s| Pemaet 1 w0 M| 2@ 3 c s P DF +BMP| 1 RT vy | v Y
al[44] v - -
Foult et
71995 s, 1 2 (M| as@| _ 6 c s c DF +EAG| 3 NC N| N N
g 1006 LCeSevet] s M| 36 6 T s C D +EAG| 2 NC N N N
al[30] - -
9 |1997 N:[Vf;]el 1 6 |M| 6 ~ + 3 |och c NA NA - - RT NA| N N
Hagberg et RT, Bis,
10]1997 1 19 M| 19 + 3 CT s NC NC 3 NC | Ne N
al[58] - ’ - INTF
Khosrovi et
11907 0 1 @ M| 24 | + 2 |och c NA NA - - RT NA | NC %
Lesniewska ,
122002 1 65 | F| 15@ 4 CT s NC NC 1 RT N| N N
et al[60] - - -
13 |2003| CPoneNeet) 49 |m| 18 + 4 c s C DF 2 NC Ne | oy N
al[48] - -
14 [2005 Aﬁr:]e‘ 1 10 M| 36 - 10 T s c DF +EAG| 1 Bis N Y Y
15 |2005 2‘]‘[?]“ 1 st |F| 36 | + M T.L c NA NA B - RT NA | NC %
Takahashi
16 2005 1;[‘1;25]]““ 1 2 | F| 16 + + 6 T,L f NA NA B B INTE [NA | NC N
172006 SI'EZ;]‘ 1 2 |F| 6@ | _ + 7 CT St P D B 1 RT,Bs | N N N
Kai et
18 [2006] e 1 35 |F| Nne | B 1 c s A DF +BMP| 1 NC NC | NC NC
Lekovic et
192006 :Eg;c]e 1 0 M| 92| + 2 |ocm s c DF B 1 RT N N N
Lehman et
202009 21[6(313 1 61 | F| 204 | _ + M L f NA NA B B RT,Bs | NA | NC Y
Kose et
21 2009 a‘l’[;ii 1 9 M| 55| _ + M |TLS c NA NA B | RNt [ NA | NC N
Mowry et
22 [2010] MOV 9 |F| 240 | _ + 5 c s p DF B 1 NC Ne| oY N
al[68]
Adler et
232011 al*[eg;] 1 7 |F| 6 B + M L c$ NA NA B 2 | INTR.Bis [ NA | NC N
242011 DZIV[%‘]“ 1 6 |M| 4@ | + + M T c NA NA B | wrEBs [ NA | NC N
Bevacizumab,
Brodzki et Octreotide, -
. + o)
25 |2on1| Mo 2 | p2s|m| 24 | M NC c NA NA B ~ marnre | NA | NC %
RT
Bevacizumab,
Octreotide,
+ +
m4s |F| 6 M NC c NA NA B ~ marnre | NA | NC N
RT
Heyd et
26 [2011 :I[yme 6 | n3s M| 24 | _ Ne | Ne S NC NC B NC NC NC | NC N
M6l | F| 144 NC | NC C NA NA RT NC | NC N
24| F| 46 | + NC | NC s NC NC ~ NC NC NC| N N
V)30 M| 38 | NC_| NC s NC NC ~ NC NC NC | NC N
Vyaa | M| 54 | NC | NC C NA NA ~ ~ RT NC | NC N
Vinas [ M| 12 NC | NC C NA NA RT NC | NC N
272012 S:ﬁ‘;‘;]et 1 21 M| Nne | ~ 2 T s P DF B 1 NC NC | NC NC

Table 1: A short summary of the various published reports of Gorham Stout disease of spine, the type of surgical/medical management used and the outcome/remission of the included patients.
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No . up ) affection . . . D + Fixation(DF) . Given - |construct [ (Y,N)
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al[74] - - -
Sekharz
30 2013 >STHERPAL 5 s M| 12 B B 4 T s P DF B 1 Bis Ne | ~e NC
et al[4]
m23 M| 20 2 T S P DF 5 NC N | N N
B
31 [2013| Soman 2 | s (M 13 + NC | T s P DF 2 Bis NC | ~e NC
etal[49] — —
i5s |[M| NC | + 4 T S P DF ~ 2 Bis NC | NC NC
Kilicoglu et
312013 1 35 | M| 108 + 2 |ocm S P DF 5 NC N | Y Y
al*[75] -
32 [2013 H:f[‘;‘f]d 1 4 M| Ne | + 2 T.L s P DF +EAG| 1 | RLINTF |NC | NC NC
33 2013 Eomailiejah | 32 [M| 60 + 1 L S A DF 1 |Bis, Chemo |NC | ¥ Y
etal[l5] - -
34 [2014| Kekutaet | 49 M| 22 2 L s c DF 1 NC Yy | v NC
al[47] - - -
35 [2014] Mailotet | 33 |F| 12 6 T S P DF +BMP| 2 NC Ne |y NC
al[76] - -
N
Suero et ICalcium INTE, Bis.
36 [2014 1 2% |M| 12 + + T,L P DF 1 PN |y N
y al*[77] 7 ’ s Phosph Sir ¢
ate
372014 Niretal7s][ 1 v [F| 24 | + 3 T c NA NA - - B’S’;I;TF’ Ne |y N
382015 K;k[’:g]el 1 27 M| 84 | + 2 |ocm S P D ~ 5 RLBs | N [ v Y
Ganal et
39 |2015 ;E’;‘O]C 1 4 |F|m@| _ + 2 c,T S c DF +Alo| 5 Bis N | N N
Carbo et RT, Bis.
40 |2015 1 10 M| 48 + + 17 T.L sn NC NC 1 5 INa | Na Y
al81] - INTF
Kimet , RT, Bis
412015 1 12 (M| 2@ + M > NA NA 55 Iva | Ne N
al82] ef - ¢ ¢ - - INTF ¢
422015 Gz‘li[as?]et 1 13 M| 120 [ _ + M [ [ NA NA ~ B Bis NA | NC NC
Rossler et Sun & .
43 2015 "0 2 | pua|m| a8 | - M s c NA NA - - Pl |NC | Y Y
~ . Sun &
m7 M| s4@ | - 5 T c NA NA - - R B N N
Schell *
44 [2016] Schellet 1 31 |F| 72 4 [¢ s C DF EAG, +| 1 NC Y Y Y
al[85] - -
Allo
452017 TTE?;';‘ 1 15 [m| 60 | _ B 5 c S A DF +EAG| 1 NC vy | v Y
Srivastav et .
a6 [2007| S 1 17 M| 19 | + M T S P DF +Alo | 2 RT, Bis
47 [2018]Mo ctal52]] 1 14 |M]| 24 + 8 C.T S P DF 1 Sir Y | v Y
48 |2018| Liweta3ty| 1 31 M| 24 | + 3 LS sn - - - 1 INTF, Bis
49 |2018| TRccardet ) 23 |F| 24 + 2 T s P DF 1 NC Ne | Y Y
al[87] - -
502019 \Zil[‘;i]a 1 4 |F| 24 | _ B 4 T c NA NA B 2 Bis NA | NC N
51 {2019 K‘]’[tlol? 1 7 (M| 7@ + + 1 T [¢ NA NA B NA |Bis, BB,RT | N N N
a
52 [2019 Sa“?[gg‘]’e‘ 1 6 |M|4s@ | + 3 |ocm c NA NA B 1 |Bis,BB,RT [NA | N N
al
Kimet
532019 ) 1 2 M| 12 | _ + 9 CT S c DF +Alo | 1 NC nNe | oy N

Table 1: A short summary of the various published reports of Gorham Stout disease of spine, the type of surgical/medical management used and the outcome/remission of the included patients.
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al[90] - - -
Simon et NC
5612019 3 D3 132 + 1 C C NA NA INTF, Bis | NA N N
al[91] - - -
NC
1) 10 36@ + 2 C S P DF 1 NC NC NC N
ms |Nc| 24@ | + 7 C S P DF B 1 NC NC | NC N
5712020 Chang et 1 22 M 18 _ + 9 0,C, T S P DF _ 1 RT NC Y
al[92]
Yokoi et .
5912020 al[93] 1 14 F 10 _ + 4 T, S$ P DF _ 1 Bis NC NC N
6012021 Gui ct al[94] 1 25 |M 6 _ _ 6 T S P DF _ 1 NC NC NC
M t
612021 OZF’S"]” o 18 |F| no | + + 4 C,T s P DF +EAG| 3 NC N N N
Gronroos et RT, Bis.
212021 1 2 M + 2 T P DF + EA 2 _— N N Y
62 120: al7] 3 36 _ S G INTF C
Toga et INTF, Bis,
+ + +
6312021 al[95] 1 26 | F| 12 4 T S C DF EAG 3 BB Y Y N
64 |2021 GCZT[T;(‘;’]" el 37 M| 9 B + M |ocm S P DF +EAG| M NC % Y N
E
65 |2021 Vsayl'[";’]v e ss M| 36 B + 3 c S P DF +BMP| 1 Bis Y| v N
The t!
66 |2021 0;'{'[‘;2‘}" o 60 |F| 3@ | _ + 2 |ocm S NC NC B NC Sir Ne| N N
. Teriparatide,
67 |2020| Krishnanet | 12 |F| 60 B B 3 L s P DF +Alo| 1 calcitonin, | Y Y vz
al[33] o
Bis, Sir
@: Death, *: Verteboplasty, $:Dural Fistual Repair, #: Failed Per-operative reconstruction/execution, * Added as per author's Email Reply , Present(+),Absent(-), NA : Not Applicable,
NC: Not classified/ unavailable, EAG: External autograft (Iliac crest, Fibula or other stut graft), Allo(Allograft) BMP (Bone morphogenic protein) BIS (Bisphosphonate),RT (Radiotherapy),
Sir(Sirolimus), Chemo (Chemotherapy), INTF (Interferon), BB(Beta-blocker), Sun (Sunitinib), TAF (Tafoxiparin), Y :Objectified remission, Y:Yes, N:No

Table 1: A short summary of the various published reports of Gorham Stout disease of spine, the type of surgical/medical management used and the outcome/remission of the included patients.

increase the signal intensity on MRI, and hypointense zones
are due to fibrosis [8]. GSD shows a low signal intensity on the
T1 weighted images , but in active disease T1 and T2 weighted
imagesboth are hyperintense [ 12,38-39]. MRl is thus 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 [41].
MRIis used to define the extent of spinal canal encroachment,
vascular formation, and soft tissue involvement [42]. CT scan
with 3D reconstructions is used for precise evaluation of the
range of osteolysis. Radiographic features of GSD have four

stages: 1) Bony deformity, 2) loss of bone mass, 3) Endothelial
invasion into adjacent tissues, 4) Shrinkage end of affected
bones giving it “sucked candy appearance” [15]. GSD affecting
thoracic vertebrae can directly involve the extension of the
lymphatic fluid into pleural cavity [43]. The manifestations of
GSD are progressive and according to the musculoskeletal
system affected. Even though GSD is progressive and does not
metastasize, it’s progression can stop suddenly [44], but in
some cases lesions remained stable for longer duration without
re-ossification [18, 45]. Common clinical features of GSD in
spine patient include localized pain, fracture, paresthesia, and
functional impairment, neurological defects, paralysis,
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Sr.no Medical management Basic Mechanism

It attaches to hydroxyappetite crystals and inhibit
the resorption of the bone by osteoclast.

1 Bisphosphonates

Radiotherapy may arrest endothelial cell
proliferation and limit the progression of disease.

2 Radiotherapy

It impacts the cellular metabolism and
differentiation possessing antitumor activity &
interfere with the cancer cells multiplication. It also
stops the growth of Osteoclasts.

3 Interferon alpha 2b

Itis an immunosuppressive agent that directly target
the mTOR (Malignant target of rapamycin) and thus
decreasing the growth of tumour cells.

4 Sirolimus

Down regulates the vascular endothelial growth
factor (VEGF) which leads to vascular proliferation; It
can also inhibit the proliferation and migration of
lymphatic endothelial cells.

. Inhibits cellular signalling by targeting multiple
receptor tyrosine kinases which play a role in tumour
angiogenesis and tumour proliferation.

. Paclitaxel promotes the assembly of microtubules
and stabilizes microtubules preventing
depolymerisation.

Bone resorptive cells have surfaces for calcitonin.
After activation the cells shrinks from the bone
surface and stop bone resorption

5 Beta-blockers

Sunitinib +
Paclitaxel

7 Calcitonin

8 Heparin/Tafoxiparin

Reduces the stimulation of osteoclastogenesis
factor, thus downregulating Rankl Inhibitors
VEGF is highly selective for vascular endothelial cells
and induces angiogenesis by serving as a potent
endothelial cell mitogen.

9 Sclerostin inhibitors

10 Bevacizumab (VEGF Antibody)

Transport proteins across cellular barriers.

Limitations/side effects
Severe musculoskeletal pain, ocular inflammation, Osteo-
necrosis of jaw, over suppression of bone turnover, and
subtrochanteric atypical femoral fractures, increased
incidence of atrial fibrillation

Healing Issues. Failure Bone-graft Incorporation.

Fever, rigors, chills, neutropenia, thrombopenia

Mouth and lip ulcers, diarrhoea, abdominal pain, nausea,
sore throat, headache, dizziness, elevated cholesterol,
and leg swelling. Healing Issues. Sirolimus being FGF
(Fibroblast Growth Factor) inhibitor may delay healing
and is to be kept in mind before undertaking a revision
surgery.

Bradycardia, orthostatic hypotension

Hypothyroidism, hypertension, fatigue, yellow skin

discolouration, neurotoxicity, bone marrow suppression,
mucositis.

Flushing, nausea, headache, vomiting.

Thrombocytopenia or coagulation disturbances

Headache, Arthralgia

Haemorrhage, Clots in arteries

Table 2: Medical management modalities with their respective mechanism of action and side effects/limitations

respiratory distress and failure [S]. Aizawa et al have reported
28 cases of GSD involving the spine in the literature, stating
that the cervical and the thoracic vertebrae are frequently
affected, only one case was reported involving the lumbar
vertebrae [46]. In our review, thoracic vertebrae was the most
common region affected in spine with 25.92% (n= 21).
Junctional affection was more common at Occipito-cervical
junction (n=9,11.11% ). Kakuta et al revealed a unique feature
of partial disappearance of the aorta, which was supported by
the tumor mass, a cage of harvested bone was inserted into the
dead space following the tumor resection [47]. In our review
overall junctional affection was noted in 10(12.34%) cases.
Multiple vertebrae affection was noted in 79(74.26%) cases.
Affection being multiple leads to deformity and instability
needing stabilization in most of the cases. In the review though
only 33 cases were managed conservatively. Out of these only 8
cases had stability maintained with average follow-up of 36
months. 25 cases (75.76%) lost stability in due course

suggesting the need for surgical stabilization.

Chylothorax is a reported complication of GSD in 17% of
patients and carries poor prognosis, further extension of
lymphangiectasia to the surrounding structures results into
hemothorax or chylothorax, Chylothorax develops due to the
leakage of the chyle from penetration of the lymphatic
dysplasia [3, 6, 47-48]. Its management is complex and
complicated and with repeated interventions [31]. In severe
cases of GSD involving spine, visceral functions are damaged
and can belife threatening, higher mortality rate is seenin 13.3-
20% of patients due to chylothorax [11, 50]. Patients with
spinal & visceral involvement can have a mortality rate
exceeding 50% [49]. But in our review, only 3 dead patients
had appendicular skeletal affection. Visceral involvement (n=
8) isnotapoor prognosticator in the current review analysis, as
only one patient had mortality. Death in 17 patients (18.88%)
were noted with cervical association (n= 8, 8.88%) in our
review (Figure 4). Spinal GSD treatment includes three major
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options: 1) Medical management, 2) Radiation Therapy and
3) Surgical stabilization [3]. Spine surgery is usually required
in view of the progressive deformity. Any compromise in the
stability of the spinal column can give rise to severe mechanical
pain and predisposes the neural structure to damage [3, 6].
Radiation therapy is often used alone or with the combination
of the surgery, the surgical intervention is mainly used for
serving the purpose of the skeletal stabilization [6]. The effect
of the radiotherapy yet remains unclear to prove whether it
arrests the progression of the osteolytic changes or not.
Radiotherapyata decided dosage can eliminate the endothelial
proliferation of the lymphangioma from the spine.
Radiotherapy combined with medications are getting better to
reduce the bony destruction [11, 13, 51]. The use of
radiotherapy is mentioned both as a part of conservative
management and post-operatively to maintain remission of
disease. The surgical interventions are performed according to
the size of the lesion, namely resection of the smaller lesions
and long fusions for the larger lesions. If the disease is
asymptomatic or spine is stable, then it can be managed with
medications and radiotherapy but the ones presenting with
deformities or neurological affection requires surgical
interventions [4]. Less invasive procedures like vertebroplasty
can be done in early affections, and dural infiltration may
require duroplasty in some cases. Failure of executing a global
stable reconstruction per-operatively, needing even
abandonment of the surgery was noted in our review in two
(2.22%) patients, highlighting the extensive destruction that
can occur in GSD. So careful preoperative planning is needed
with multiple surgical inventory/ instrumentation. The types
of surgical treatments pertaining to spinal GSD varies from
stabilization by posterior or anterior approaches or combined
methods. Surgery is needed in most of the cases. The posterior
approach was the most common in our review with 32
(28.89%) patients (Figure S). Dural infiltration can occur
needing duroplastywhich hasbeen needed and reportedin (n=
2;2.22%) cases. In 35 cases stable reconstruction of spine was
successfully documented. Stability was non-maintained in
30(52.63%) cases. Nonunion and instability in spine
necessitates multiple surgeries in many cases (n=21, 23.33%).
Thus, surgical complex reconstructions, multi-rod systems
with anterior reconstructions if needed are advised in all cases.
Though questionable, the surgery can be done after medical
treatments when the osteolysis have stopped. Delayed Timing
of surgical interventions as a strategy has been advocated by
some, as the grafted bone resorbs if surgery were performed
before disease regression [13].

Calcium, vitamin D and pro nutritive additions for healing are
being used generously. The outcome of the chemotherapy
agents such as nitrogen mustard and steroids has been proven

ineffective [12]. In medical therapy, bisphosphonates and/or
sirolimus are advised to improve the stabilization of the bone
post-operatively. Bisphosphonates are also used with the
combination of alpha 2b interferon and other
chemotherapeutic agents [13, 47, 52]. Other pharmacological
agents suggested for the treatment of the GSD are androgens
and propranolol [3]. A study conducted with sirolimus for
vascular anomalies showed promising results for patients with
tuberous sclerosis or lymphangioleiomyomatosis involving the
PI3K/AKT pathway [52]. In our review with the treatments
given, Outcomes with Radiotherapy is promising as the
number of remissions were higher (n= 6). Till now no United
states Food & Drug administration (USFDA) medical
approvalhasbeenreported orin process for treating GSD [11].
Brodzki et al suggested that low molecular weight heparin and
tafoxiparin therapy should be considered for severe pediatric
GSS with anticipated risks as heparin-induced
thrombocytopenia, an allergic reaction or coagulation
disturbances [38]. A summary of current treatment modalities,
theiractions, caveats and effectivenessin our review of patients
is tabulated (Table 2). But looking to the majority of used
medical management, bisphosphonates, interferon and
sirolimus form the mainstay of medical therapy. There is no
conclusive line of treatment medically. Also, Pre-surgical
medical optimization through neoadjuvant therapies targeting
lymphangitic tissue has shown enhanced surgical outcomes
[52].

In the long-term follow-up analysis, four year follow up of 26
patient inclusive of 2 years follow up of 19 patient is available.
The average follow-up period has been reported as 47.12 +
48.90 (3-240) months. The lesser number of available cases
with longer time follow-ups suggests that the most effective
way of stabilization surgery also cannot be recommended. This
itself shows the complexity of the spinal affection in GSD
which needs surgical reconstruction method to be optimized
on case-to-case basis. The status of union is also not reported in
most of the literature, all being short duration follow- up.
Remission is the purpose of most medical treatment and
achieving stability is the surgical goal. Morselized grafting of
posterior elements is a standard technique. But it has been
insufficient and a reason for failure of union. The use of bone
graft substitutes/analogues doesn’t guarantee union but a
logical step to add to a favorable outcome in complex extensive
GSD. Union evades GSD, and documented union was
obtained in only 10 cases, out of which 8 cases were
supplemented with a bone graft or substitute other than local
autograft (Figure 6). HLA matched allograft achieving a stable
union has been used in 1 case by Krishnan et al with favorable
outcome. In the same case union can be enhanced by off label
use of teriparatide and remission achieved with
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bisphosphonate and sirolimus at 4 years follow-up [33].
Remission is the most important target in the therapy. Only 23
patients had remission in the review of which majority (n=21)
were inferred remission. Surprisingly though, obtaining
objectified remissions is not reported in most of the literature.
This would exactly be the reason why so many numbers of
patients have multiple surgeries and failures. Of the attempted
markers only VEGF A and VEGF C have been proven effective
to demonstrate remission [25, 38]. The disease remission and
osteolysis arrest can be confirmed by the MRI findings: the
disappearance of GSD enhancement (hypointensity in T1 and
T2 sequences) and fatty degeneration of the vertebral bodies
[53].

Limitations of this review exist. The study does not conclude
the recommended methodology of surgery or remission
treatment. This is because there are smaller number of patients
of GSD and multiple subgroups are many making it
heterogeneous for statistical analysis. Also, the long-term
follow-ups are not available. All these articles have considered
published literature and follow-up duration, but
recommendations are not standard in them as well. Our study
has discussed all modalities of treatment and has tried to get the
latest follow-up status of the patients in previous literature
through email communication. There was a limitation of e-mail

References

response from corresponding authors, and we could only get
response from $ authors. So, more long-term data could not be
pooled. So, it may be inferred that the true follow-ups and
outcome may be even more inferior. Standardization of medical
therapy looks less likely due to sporadic presentation,
unconventional treatment, off-label medications with
unpredictable evolving sequela. Most cases are limited to
anecdotal casereportsand short case series.

Conclusion

Surgerywould be needed in most cases of spinal GSD. Failure of
fixations and repetitive surgeries are needed. So, achieving a
global strong reconstruction with union should be expediated
with use of bone graft analogues. Remission is daunting and “off
label” therapies are the dictum. Radiotherapy has been used
more frequently with or without bisphosphonates. Although,
promising medical treatment are evolving (sirolimus and alpha
2B Interferon) and focus of treatment is directed towards anti-
angiogenic, anti-osteolytic and anabolic therapy. Strikingly no
consensus evolves and no standard treatment
recommendations can be made out from the existingliterature.

1. Dickson GR, Hamilton A, Hayes D, Carr KE, Davis R, Mollan RAB. An
investigation of vanishing bone disease. Bone. 1990;11(3):205-210.

2. Gorham lw sa. Massive osteolysis (acute spontaneous absorption of bone,
phantom bone, disappearing bone); its relation to hemangiomatosis. ] Bone
JtSurg Am. 1995;37(5):985-1004.

3. Nikolaou VS, Chytas D, Korres D, Efstathopoulos N. Vanishing bone disease
(gorham-stout syndrome): A review of a rare entity. World J Orthop.
2014;5(5):694-698.

4. SekharappaV, Arockiaraj J, Amritanand R, Krishnan V, David KS, David SG.
Gorham’s disease of spine. Asian Spine J. 2013;7(3):242-247.

S. Momanu A, Caba L, Gorduza NC, Arhire OE, Popa AD, Ianole V, et al.
Gorham-stout disease with multiple bone involvement—-challenging
diagnosis of arare disease and literature review. Med. 2021;57(7):1-11.

6. Dellinger MT, GargN, Olsen BR. Viewpoints on vessels and vanishing bones
in Gorham-Stout disease. Bone [Internet].2014;63:47-52.

7. Groénroos M, Palomiki A. Young adult with Gorham’s disease presenting in
anemergency department: a case report. ] Med Case Rep.2021;15(1):1-4.

8. DuCZ, Li§, XuL, Zhou QS, Zhu ZZ, Sun X, et al. Spinal Gorham-Stout
syndrome: Radiological changes and spinal deformities. Quant Imaging Med
Surg.2019;9(4):565-578.

9. Patel DV. Gorham’s disease or massive osteolysis. Clin Med Res.

20085;3:65-74.

10. Avelar RL, Martins VB, Antunes AA, de Oliveira Neto PJ AE. Use of
zoledronic acid in the treatment of Gorham’s disease. Int J Pediatr
Otorhinolaryngol. 2010;74:319-22.

11. Koto K, Inui K, Itoi M, Itoh K. Gorham-Stout disease in the rib and thoracic
spine with spinal injury treated with radiotherapy, zoledronic acid, vitamin D,
and propranolol: A case report and literature review. Mol Clin Oncol.
2019;11(6):551-556.

12. Dominguez R, Washowich TL. Pediatric Radiology plain film, CT ,and MRI
findings of two cases. 1994;316-318.

13. Tateda S, Aizawa T, Hashimoto K, Kanno H, Ohtsu S, Itoi E, et al. Successful
management of gorham-stout disease in the cervical spine by combined
conservative and surgical treatments: A case report. Tohoku J Exp Med.
2017;241(4):249-254.

14. Tilling G SB. Disappearing bone disease, Morbus Gorham: report of a case.

Acta Orthop Scand. 1968;39:398-406.

15. Ali Akbar Esmailiejah, Naser Kamalian MA. Temporary Paraplegia resulting
from Groham’s disease involving the third lumbar vertebrae and proximal
femur: A five year Follow-up and review of the literarture. Arch Iran Med.
2013;16(11):686-690.

16. Paley MD, Lloyd CJ PC. Total mandibular reconstruction for massive
osteolysis of the mandible. BrJ Oral Maxillofac Surg. 2005;43:166-168.

17. Vinée P, Tanyii MO, Hauenstein KH, Sigmund G, Stéver BAC. CT and MRI
of Gorham syndrome. ] Comput Assist Tomogr. 1994;18:985-989.

18. Yoo SY, Hong SW. Chung HW, Choi JA, Kim CJ KH. MRI of the Gorham’s
disease: findingin two cases. Skelet Radiol. 2002;31:301-306.

19. Heffez L, Feeney JE, Carter BL. Perspectives on massive osteolysis: report of
a case and review of the literature. Oral Surgery, Oral Med Oral Pathol.
1993;55(4):331-343.

74 | Back Bone: The Spine Journal | Volume 3 | Issue 2 | October 2022-March 2023 | Page 65-77



Krishnan A et al

www.backbonejournal.com

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31

32.

33.

34.

3S.

36.

37.

38.

Ruggieri P, Montalti M, Angelini A, Alberghini M, Mercuri M. Gorham-
Stout disease: The experience of the Rizzoli Institute and review of the
literature. Skeletal Radiol. 2011;40(11):1391-1397.

Chang-Zhi Du, Song Li, Liang Xu, Qing-Shuang Zhou, Ze-Zhang Zhu, Xu
Sun YQ. Spinal Gorham-Stout syndrome: radiological changes and spinal
deformities. Quant Imaging Med Surg. 2019;9(4):565-578.

Ibrahim Saeed Gataa, Noroz Hama R. Nader Y, Abdallah DT. Massive
Craniofacial Gorham Disease Treated Successfully by Cisplatin and S-
Fluorouracil With Ten Years of Follow-Up: A Case Report and Literature
Review. ] Oral Maxillofac Surg. 2016;74(9):1774-1782.

DevlinRD, BoneHG3rd R. Interleukin-6: a potential mediator of the massive
osteolysis in patients withGorham- Stout disease. J Clin EndocrinolMetab.
1996;81:1893-1897.

Colucci S, Taraboletti G, Primo L, Viale A, Roca C, Valdembri D, Geuna M,
Pagano M, Grano M, Pogrel AM et al. Gorham-Stout syndrome: A
monocyte-mediated cytokine propelled disease. ] Bone Min Res.
2006;21:207-18.

Dupond J-L, Bermont L, Runge M de BM. Plasma VEGF determination in
disseminated lymphangiomatosis-Gorham- Stout syndrome. A marker of
activity? A casereport witha 5 years follow-up. Bone. 2010;46:873-876.

Kulenkampft HA, Richter GM, Hasse WE et al. Massive pelvic osteolysis in
the Gorham-Stout syndrome. Int Orthop. 1990;14:361-366.

Cannon SR. Massive osteolysis. A review of seven cases. ] Bone Jt Surg - Ser B.
1986;68(1):24-28.

Hardegger F, Simpson LA SG. The syndrome of idiopathic osteolysis.
Classification, review, and case report. ] Bone Jt Surg Br. 1985;67:88-93.

Lee BB, Rockson SG BJ. Lymphedema: a concise compendium of theoryand
practice. Springer. 2018;

PJ. L, Saifuddin A, Webb PJ, Mitchell N, Ramani P. Gorham’s disease of the
spine. Skeletal Radiol. 1996;25:403-405.

Liu S, Zhou X, Song A, Kong X, Wang Y, Liu Y. Successful treatment of
Gorham-Stout syndrome in the spine by vertebroplasty with cement
augmentation: A case report and literature review. Med (United States).
2018;97(29):1-6.

Kahn HJ, Bailey D MA. Monoclonal antibody D2-40, a new marker of
lymphatic endothelium, reacts with Kaposi’s sarcoma and a subset of
angiosarcomas. Mod Pathol. 2002;15(4):434-440.

Krishnan A, Raj A, Degulmadi D, Mayi S, Rai R, Bali SK, et al. Gorham-Stout
disease: A multirod lumbar reconstruction with off-label suppression-
remission therapy. Surg Neurol Int. 2022;13(136):1-S.

Bouloux GF, Walker DM MG. Massive osteolysis of the mandible: Report of
a case with multifocal bone loss. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1999;87(3):357-361.

Sharma A, Iyer N, Mittal A, Das D SS. Vanishing mandible. J Oral Sci.
2012;52(3):513-516.

Tong A, Leung T, Surgery PC. Management of massive osteolysis of the
mandible: a case report. Oral Surgery, Oral Med Oral Pathol Oral Radiol
Endodontology.2010;109(2):238-41.

Gondivkar SM GA. Gorham-Stout syndrome: a rare clinical entity and
review of literature. Oral Surgery, Oral Med Oral Pathol Oral Radiol
Endodontology. 2010;109(2):41-48.

BrodszkiN, LansbergJK, Dictor M, Gyllstedt E, Ewers SB, Larsson MK, etal.
A novel treatment approach for paediatric Gorham-Stout syndrome with
chylothorax. Acta Paediatr Int ] Paediatr. 2011;100(11):1448-1453.

. Tena-Sanabria ME, Jestis-Mejenes LY, Fuentes-Herrera G, Alvarez-Martinez

40.

41.

42.

43.

44.

4S.

46.

47.

48.

49.

S0.

S1.

S2.

S3.

S4.

S6.

57.

S8.

59.

FA, Victorio-Garcia NP, Nufiez-Enriquez JC. A report of two children with
Gorham-Stout disease. BMC Pediatr.2019;19(1):1-7.

Vanhoenacker FM, De Vuyst D, Vandervliet E, Veyt A, Vangeneugden ]J.
Paget’s disease with vanishing bone pattern and spinal fusion. ] Belge Radiol.
2007;90(5):388-390.

Damron TA, Brodke DS, Heiner JP, Swan JS DS. Gorham’s disease (Gorham-
Stout syndrome) of scapula. Skelet Radiol. 1993;22:464-467.

Martin Noguerol T, Barousse R, Socolovsky MLA. A. Quantitative magnetic
resonance (MR) neurography for evaluation of peripheral nerves and plexus
injuries. Quant Imaging Med Surg. 2017;7:398-421.

Mawk JR, Obukhov SK, Nichols WD, Wynne TD, Odell JM, Urman SM.
Successful conservative management of Gorham disease of the skull base and
cervical spine. Child’s Nerv Syst. 1997;13:622-625.

Granado Pena JM, Biez Marrero O, Sosa Henriquez M. Gorham’s disease of
the cervical spine. Case report. Neurocirugia. 1995;6(2):156-160.

Boyer, P.; Bourgeois, P.; Boyer, O.; Catonne, Y,; Saillant G. Massive Gorham-
Stoutsyndrome of the pelvis. Clin Rheumatol. 2005;24:551-555.

Aizawa T, Sato T, Kokubun S. Gorham disease of the spine: A case report and
treatment strategies for this enigmatic bone disease. Tohoku J Exp Med.
2005;205(2):187-196.

Kakuta Y, Iizuka H, Kobayashi R, lizuka Y, Takahashi T, Mohara J, et al.
Gorham disease of the lumbar spine with an abdominal aortic aneurysm: A
casereport. SpineJ.2014;14(1):5-9.

Chong Ng L, Sell P. Gorham disease of the cervical spine-a case report and
review of the literature. Spine (Phila Pa 1976).2003;28(18):355-358.

Barman A, Bhide R, Viswanathan A, George J, Thomas R, Tharion G.
Gorham’s disease of the spine. NeuroRehabilitation. 2013;33(1):121-126.

Tie ML, Poland GA RE 3rd. Chylothoraxin Gorham’s syndrome. A common
complication of arare disease. Chest. 1994;105(1):208-213.

Ellati R, Attili A, Haddad H, Al-Hussaini M SA. Novel approach of treating
Gorham-Stout disease in the humerus: Case report and review of literature.
EurRevMed Pharmacol Sci. 2016;20(3):426-432.

Mo AZ, Trenor CC, Hedequist DJ. Sirolimus Therapy as Perioperative
Treatment of Gorham-Stout Disease in the Thoracic Spine A Case Report.
JBJS Case Connect.2018;8(3):1-7.

Manisali, M. & Ozaksoy D. Gorham disease: correlation of MR findings with
histopathologic changes. Eur Radiol. 1998;8:1647-1650.

William H. Edwards, Roby c.thompson E varsa. Lymphangiomatosis and
massive osteolysis of the cervical spine. Clin Orthop Relat Res. 1983;222-9.

. Dunbar SF, Rosenberg A, Mankin H, Rosenthal D, Suit HD. Gorham's

massive osteolysis: the role of radiation therapy and a review of the literature.
International Journal of Radiation Oncology* Biology* Physics. 1993 Jun
15;26(3):491-497.

Drewry GR, Martinez CR, Brantley SG. Gorham disease of the spine. Spine
(PhilaPa1976).1994;19(19):2213-22.

Foult H, Goupille P, Aesch B, Valat JP, Burdin P JM. Massive osteolysis of the
cervical spine. A case report. Spine (Phila Pa 1976).
1995;20(14):1636-1639.

Hans Hagberg, Kristina Lamberg GA. a-2b interferon and oral clodronate for
Gorham’s disease. Lancet. 1997;350:1822-1823.

Khosrovi H, Ortiz O, Kaufman HH, Schocket SS, Reddy GN, Simmons D.
Massive osteolysis of the skull and upper cervical spine: Case report and
review of the literature. ] Neurosurg. 1997;87(5):773-780.

. Bode-Lesniewska B, Hochstetter A von, Exner GU, Hodler J. Gorham-Stout

75 | Back Bone: The Spine Journal | Volume 3 | Issue 2 | October 2022-March 2023 | Page 65-77



Krishnan A et al

www.backbonejournal.com

61.

62.

63.

64.

6S.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

disease of the shoulder girdle and cervico-thoracic spine: fatal course in a 65-
year-old woman. Skelet Radiol. 2002;31:724-729.

Duffy BM, Manon R, Patel RR, Welsh JS. A case of Gorham’s disease with
chylothorax treated curatively with radiation therapy. Clin Med Res.
2005;3(2):83-86.

Takahashi A, Ogawa C, Kanazawa T, Watanabe H, Suzuki M, Suzuki N, et al.
Remission induced by interferon alfa in a patient with massive osteolysis and
extension of lymph-hemangiomatosis: A severe case of Gorham-Stout
syndrome. ] Pediatr Surg. 2005;40(3):47-50.

Girn HRS, Towns G, Chumas P, Holland P, Chakrabarty A. Gorham’s disease
of skull base and cervical spine - Confusing picture in a two year old. Acta
Neurochir (Wien).2006;148(8):909-913.

B. Kai, A. Ryan, P.L. Munk PD. Gorham disease of bone: three cases and
review of radiological features. Clin Radiol. 2006;61:1058-1064.

Lekovic GP, Mariwalla NR, Horn EM, Chang S, Rekate HL, Theodore N.
Skeletal dysplasia involving the subaxial cervical spine: Report of two cases
andreview of theliterature. Neurosurgical focus. 2006 Feb 1;20(2):1-6.

Lehmann G, Pfeil A, Béttcher ], Kaiser WA, Fiiller ], Hein G, et al. Benefit ofa
17-year long-term bisphosphonate therapy in a patient with Gorham-Stout
syndrome. Arch Orthop Trauma Surg. 2009;129(7):967-972.

Kose M, Pekcan S, Dogru D, Akyuz C, Ozcelik U, Ozsurekei Y, et al. Gorham-
Stout syndrome with chylothorax: Successful remission by interferon alpha-
2b. Pediatr Pulmonol. 2009;44(6):613-615.

Sarah Mowry, MD; Rinaldo Canalis, MD F. Gorham-Stout Disease of the
Temporal Bone. Laryngoscope. 2010;120:598-600.

Adler F, Gupta N, Hess CP, Dowd CF, Dillon WP. Intraosseous CSF fistulain
a patient with Gorham disease resulting in intracranial hypotension. Am J
Neuroradiol.2011;32(11):198-200.

Deveci M, Nagihan I, Corapg F. Gorham-Stout Syndrome with Chylothorax
ina Six-Year-Old Boy.2011;78(June):737-739.

Heyd R, Micke O, Surholt C, Berger B, Martini C, Fiiller J, Schimpke T,
Seegenschmiedt MH, German Cooperative Group on Radiotherapy for
Benign Diseases (GCG-BD. Radiation therapy for Gorham-Stout
syndrome: results of a national patterns-of-care study and literature review.
International Journal of Radiation Oncology* Biology™ Physics. 2011 Nov
1;81(3):179-185.

Rajendra Kumar Sahoo, Balavenkatasubramanian Jagannathan G,
Palanichamy VN. Anaesthetic consideration in patients with Gorham ’ s
syndromel: A case report and review of the literature. 2012;56(4):391-394.

Noda M, Endo C, Hoshikawa Y, Ishibashi N, Suzuki T, Okada Y, et al.
Successful management of intractable chylothorax in Gorham-Stout disease
by awake thoracoscopic surgery. Gen Thorac Cardiovasc Surg.
2013;61(6):356-358.

Zheng MW, Yang M, QiuJX, Nan XP, Huang LY, Zhang WD, Gong L, Huang
ZZ.Gorham-Stout syndrome presenting in a S-year-old girl with a successful
bisphosphonate therapeutic effect. Experimental and Therapeutic
Medicine. 2012 Sep 1;4(3):449-451.

Kilicoglu ZG, Kis NK, Aker FV, Berkman MZ, Simsek MM. Gorham disease
of the craniocervical junction: X-ray, computed tomography, and magnetic
resonance imaging findings. The Spine Journal. 2013 May 1;13(5):11-14..

Maillot C, Cloche T, Le Huec JC. Thoracic osteotomy for Gorham-Stout
disease of the spine: a case report and literature review. European Spine
Journal.2014;27(9):2285-2290.

Molina EJ, Niederstadt T, Ruland V, Kayser G, Stummer W, Ewelt C, Rossler
J. Cerebrospinal fluid leakage in Gorham-Stout disease due to dura mater
involvement after progression of an osteolytic lesion in the thoracic spine:
Casereport. Journal of Neurosurgery: Spine. 2014 Dec 1;21(6):956-960.

78.

79.

80.

81.

82.

83.

84.

8S.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Vered Nir, MD, , Ludmila Guralnik, MD, Galit Livnat, MD, Ronen Bar-
Yoseph M, Fahed Hakim, MD, Anat Ilivitzki, MD, and Lea Bentur M.
Propranolol as a Treatment Option in Gorham-Stout Syndrome: A Case
Report. Pediatr Pulmonol. 2014;49:417-419.

Kohno M, Aota Y, Kawai T, Murata H, Saito T. Surgical Treatment of
Gorham’s Disease with Massive Osteolysis of the Skull and Cervical Spine: A
Case Reportand Review of Literature. NMC Case Rep J.2015;2(2):80-84.

Ganal-Antonio AK, Samartzis D, Bow C, Cheung KM, Luk KD, Wong YW.
Disappearing bone disease of the humerus and the cervico-thoracic spine: a
case report with 42-year follow-up. The Spine Journal. 2016 Feb 1;16(2):67-
75.

Carbé E, Riquelme O, Garcia A, Gonzélez JL. Vertebroplasty in a 10-year-old
boywith Gorham-Stout syndrome. Eur Spine J.2015;24:590-593.

Kim MK, HongJR, Kim SG, Lee SK. Fatal Progression of Gorham Disease: A
Case Report and Review of the Literature. ] Oral Maxillofac Surg.
2015;73(12):2352-2360.

Pn G, Ac D, An P. A Rare Case of Progressive Gorham’s Disease of Right
Shoulder Girdle and Cervical Spine in A Child: 10 Year Follow-up and A
Review of Literature. ] Orthop case reports. 2015;5(4):30-33.

Réssler J, Saueressig U, Kayser G, Von Winterfeld M, Klement GL.
Personalized therapy for generalized lymphatic anomaly/gorham-stout
disease with a combination of sunitinib and taxol. J Pediatr Hematol Oncol.
2015;37(8):481-485.

Adam Schell, John M. Rhee, Abigail Allen, Lindsay Andras FZ. Surgical
management of gorham disease involving the upper cervical spine with
occipito-cervical-thoracic fusion: a case report. Spine J.2016;1-11.

Srivastava SK, Aggarwal RA, Nemade PS, Bhoale SK. Vanishing bone disease
of chest wall and spine with kyphoscoliosis and neurological deficit: A case
reportandreview ofliterature. Indian ] Orthop.2017;51(1):107-114.

Alexandre Jaccard, César Macedo, Gabriel Castro AG. Thoracic spine
dislocation in Gorham-Stout Syndrome: Case report and literature review.
SurgNeurol Int.2018;9(223):1-3.

Wang P, Liao W, Cao G, Jiang Y. A rare case of Gorham-stout syndrome
involving the thoracic spine with progressive bilateral chylothorax: A case
report. BMC Musculoskelet Disord. 2019;20(1):1-6.

Jung Hwa Kim, MD, Do Heum Yoon, MD. PhD, Keung Nyun Kim, MD. PhD
DA, Shin, MD. PhD, Seong Yi, MD. PhD, Jiin Kang, MD, Yoon Ha MP.
Surgical management of Gorham-Stout disease in cervical compression
fracture with cervico-thoracic fusion: A Case report and review of literature.
World Neurosurg. 2019;129:277-281.

Barbagli G, Barni I, Romoli S. A rare case of spine disappearing bone disease:
Lesson learned and review of the literature. Interdisciplinary Neurosurgery.
2019 Sep 1;17:79-83.

Simon F, Luscan R, Khonsari RH, Toubiana J, Belhous K, James S,
Blauwblomme T, Zerah M, Denoyelle F, Donadieu J, Couloigner V.
Management of Gorham Stout disease with skull-base defects: case series of
six children and literature review. International Journal of Pediatric
Otorhinolaryngology.2019 Sep 1;124:152-156.

Chang K, Yang M, Li B, Huang H. Surgical management of Gorham-Stout
syndrome involving the cervical spine with bilateral pleural effusion: A case
reportand literature review. Exp Ther Med. 2020;19:3851-38S5S.

Hana Yokoi, Vikram Chakravarthy, Benjamin Whiting, Scott E. Kilpatrick,
Tsulee Chen AK. Gorham-Stout disease of the spine presenting with
intracranial hypotension and cerebrospinal fluid leak: A case report and
review of the literature. Surg Neurol Int.2020;11(466):1-4.

Chloe Guil, Brett Rocos, Laura-Nanna Lohkamp, Angela Cheung, Robert
Bleakney EM. Utility of the spinal instability neoplastic score to identify

76 | Back Bone: The Spine Journal | Volume 3 | Issue 2 | October 2022-March 2023 | Page 65-77



Krishnan A et al www.backbonejournal.com

2021;12(227):1-3. 97. Aleksey Evsyukov, Murodzhon Kosimshoev, Yuliy Kubetskyi EN and JR.
Surgical treatment of a patient with Gorham-Stout disease of craniovertebral

. Toga A, Watanabe K, Suzuki S, Nori S, Tsuji O, Nagoshi N, et al. Gorham-
95 Toga aranase Hes o S agosii A, et @ Lrorham junction: case reportandliterature review. Br ] Neurosurg. 2021;1-6.

|
|
|
|
l
Stout Disease Resulting in Spinal Deformity Treated by Fusion Surgery i
Combined With Everolimus Therapy: A Case Report. JBJS case Connect. | 98. Ashley Ann Thompson SP. Gorham- Stout disease of the mandible,
2021;11(1):1-S. 1 manubrium and cervical spine presenting as bilateral chylothorax. BM] Case
|
|
|
|
|
|
|
|

Rep.2021;14(1):1-3.
96. Harman YG and F. The loneliness of a long-distance runner. A ten-year P 14(1):1-3

survey of a patient diagnosed with Gorham-Stout syndrome at the
occipitocervical junction. BrJ Neurosurg. 2021;1-4.

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the patient has
given his/her consent for his/herimages and other clinical information to be reported in the Journal. The patient understands that his/hername
andinitials willnotbe published, and due efforts will be made to conceal his/heridentity, but anonymity cannot be guaranteed.

How to Cite this Article
Conflict of Interest: NIL Krishnan A, Agrawal P, Parmar V, Chauhan V, Degulmadi D, Mayi S, Ranjan R, Bali SK, Amin PC,
Source of Support: NIL Charde PR, Krishnan PA, Dave MR, Dave BR| Gorham Stout Disease- A Rare Disorder with

Ambiguous Recommendations: A Systematic Review of literature | Back Bone: The Spine
Journal | October2022-March 2023; 3(2): 65-77.

77 | Back Bone: The Spine Journal | Volume 3 | Issue 2 | October 2022-March 2023 | Page 65-77



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

