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ARTICLE INFO ABSTRACT

Objective: To compile the current knowledge of the surgical approach performed in 
the treatment of scoliosis in Ehlers-Danlos patients.

Summary of Background Data: Ehlers-Danlos syndrome (EDS) has a low incidence 
in the population and is often associated with the development of scoliosis during the 
growth. Few articles are reported in the literature describing the effectiveness and the 
risks associated with the surgical treatment of scoliosis in EDS patients. Such approach 
has been shown to increase life expectancy but is largely controversial because of the 
high rate of complications and morbidity. Due to the lack of knowledge about this disease, 
appropriate recommendations are needed to propose an efficient approach for this kind 
of surgery. 

Methods: A literature search was conducted using PubMed (MEDLINE) database. 
The Medical Subject Headings keywords used in this research were “Ehlers-Danlos 
syndrome” associated with a combination of the following terms “spine”, “scoliosis” or 
“ktphoscoliosis”, “spinal fusion”, ‘spinal surgery”, “surgery”. Articles reporting the surgical 
management of scoliosis in EDS patients and the associated were selected and analyzed 
individually. 

Results: On 10 articles reviewed, 9 were mentioning surgical complications. These 
articles were about 41 patients. Orthopedic treatment has failed, with a rapid degradation 
of scoliosis in puberty in all cases. A stable arthrodesis has been achieved in 35 of 41 
patients, which represents a rate of surgical success of 90%. Vascular lesions occurred in 
13 of 41 patients (33%). Paraplegia occurred in 5 patients, which represents 12%. There 
has been high rate of blood loss in every surgery performed, with an average of 3101 mL.

Conclusion: Surgery of scoliosis in EDS patients gives encouraged results, with a good 
correction of deformity and a stable fusion. However, it presents a high risk of neurological 
and vascular complications. Some precautions are mandatory for the surgery.
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Introduction
Ehlers-Danlos syndrome (EDS) is an uncommon genetic 

disease affecting the connective tissue during the growth and 
is related to a wide range of complications. EDS patients are 
characterized by a high degree of skin hyperextensibility associated 
with joint hypermobility and various vascular disorders. During  

 
the childhood, EDS patients are mainly susceptible to develop a 
severe spinal deformity such as progressive kyphoscoliosis, one of 
the most observable musculoskeletal disorder associated with this 
disease. Historically, first cases of patients with joint hyperlaxity 
and scares defects were described by Hippocrates in 400 BC. In 
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the 1660s, other cases of patients with skin hyperextensibility and 
abnormal flexibility were presented byJob Janszoon van Meek’ren to 
the Leyde Academy. Before and during the late nineteenth century, 
many cases of patients with such cutaneous and musculoskeletal 
features were observed and considered as performers around the 
world [1]. In the 20th century, 2 physicians, Danish dermatologist  
Edward Lauritz Ehlers, and French dermatologist Henri-Alexandre 
Danlos, were the first to officially describe and publish a review of 

patients presenting skin hyperextensibility, joints laxity and skin 
fragility. As an evidence, the syndrome was rapidly named Ehlers-
Danlos Syndrome by the scientific society. Many groups of patients 
were then observed and categorized depending on the severity of 
their joints mobility, skin laxity and musculoskeletal conditions. 
Classification of EDS syndrome was proposed in the 1960s with 
nine subcategories. Since 1997 the new nosology of Villefranche 
distinguishes 6 types of EDS presented in (Table 1) [2].

Table 1: Classification of EDS according to the nosology of Villefranche (Beighton et al., 1998).

Current Classification Old Classification Defects

Common Type I and II Abnormal Type V collagen

Hypermobile Type III Unknown

Vascular Type IV Abnormal Type III collagen

Kyphoscoliotic Type VI Deficiency in Lysyl hydroxylase (PLOD1)

Arthrochalatic Type VIIA and VIIB Deficiency in chain of type I collagen

Dermatosparactic Type VIIC Deficiency in chain of type I collagen

EDS Type VI referred as the kyphoscoliotic form which is 
related to an autosomal recessive form of lysyl hydroxylase-1 
deficiency involved in the stabilization of collagen. PLOD1 gene 
mutation coding for lysyl hydroxylase 1 is then responsible of the 
abnormal production of rich-collagen tissues such as ligaments, 
skin, joints and vessels. This molecular collagen disorder can lead 
to several symptoms like cutaneous and articular hyperlaxity, 
muscular hypotonia in newborns, fragility of the cornea. EDS Type 
VI is also the most interesting form for orthopedic surgeons due to 
the development of a severe spinal deformity beginning in utero or 
in the first years of life. Typically, spinal disease corresponds to a 
scoliosis or a kyphoscoliosis in both thoracic and lumbar spine. The 
progression of this kind of deformity is rapid in EDS patients with 
a high rate of respiratory and vascular complications (breaking of 
small and medium vessels) confirming the need of a surgical therapy 
[3]. Surgical treatment of scoliosis in non-EDS patients often consists 
in a posterior elective thoracolumbar arthrodesis associated with a 
vertebral derotation. However such technical approach performed 
to treat idiopathic scoliosis has to be reconsidered for EDS patients. 
Cautions have to be taken regarding the reduction of scoliosis 
observed in EDS patient type VI due to tissues abnormalities and 
musculoskeletal conditions. Otherwise a large range of severe or 
irreversible complications could be developed postoperatively 
[4-6]. Up to date, few publications have been published regarding 
the surgical treatment used for scoliosis in patients with EDS. 
There is a lack of recommendations on the surgical approach that 
should be performed in these cases and when it should be done, 

even if it has clearly been shown that surgery potentially increases 
life expectancy in EDS patients. The aim of this literature review 
is to summarize all the relevant publications about the surgical 
management of scoliosis in EDS patients. Complications related to 
the surgical procedure performed to treat such spinal deformity in 
patients with some connective tissues disorders are also presented 
in this article.

Methods
A literature review using the Pubmed database was performed 

using a combination of the following formula: ((Ehlers Danlos 
syndrome[MeSH Terms]) AND Scoliosis) AND Surgery; ((Ehlers 
Danlos Syndrome[MeSH Terms]) AND Scoliosis) AND Spinal 
surgery; ((Ehlers Danlos syndrome[MeSH Terms]) AND Scoliosis) 
AND Spinal fusion; (Ehlers Danlos syndrome[MeSH Terms]) AND 
Spinal fusion; (Ehlers Danlos syndrome[MeSH Terms]) AND Spinal 
surgery; ((Ehlers Danlos syndrome[MeSH Terms]) AND Spine) 
AND Surgery; ((Ehlers Danlos syndrome[MeSH Terms]) AND 
Spine) AND Fusion; ((Ehlers Danlos syndrome[MeSH Terms]) AND 
Kyphoscoliosis) AND Surgery; ((Ehlers Danlos syndrome[MeSH 
Terms]) AND Kyphoscoliosis) AND Spinal Fusion. A total of 77 
publications were found according to the above criteria. After 
excluding molecular and genetic-related publications, 37 articles 
were selected. After internal peer review with all authors of 
this article and additional research including citation tracking 
associated with the surgical management of spinal deformity in EDS 
patients, only 10 articles of interest were finally selected (Figure 1). 
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Figure 1: Methods of relevant literature selection.

Results
According to our research criteria only 10 articles published 

within the last 20 years reporting the surgical management of 
spinal deformities in EDS patients were selected. Most of these 
publications refer to complications associated with the surgical 
treatment of kyphoscoliosis in EDS patients (n = 9) and report 41 
cases of operated patients. The mean age of the global population 
was 13 years old with respectively 13 males and 28 females (Table 
2). Ehlers-Danlos syndrome has a low prevalence (from 1 to 9 
cases per 100 000 newborns) making it a rare disease and limits 
the number of reported cases. Therefore few articles have been 
written about spinal arthrodesis in scoliotic EDS patients . In 
1969, a cohort of 100 EDS patients with a severe spinal deformity 
was presented by P. Beighton et al. Among 18 scoliotic subjects 
observed in this population, only 6 of them reported back pains [7]. 
Surgical treatment of EDS patients is recognized to be related to 
the type of the disease. EDS type IV and VII patients have a high 
rate of non-healing wounds, hematoma and infections, in relation 
with capillary fragility whereas bone consolidation is not modified 
by the disease [8]. Then surgical treatment of scoliotic patients 
with EDS is a real challenge according to the rate of complications 

and the benefits of the surgery. Natajaran et al. demonstrated that 
the natural development of a scoliosis in an EDS patient and its 
progression curve progressed rapidly (leading to early respiratory 
complications, muscular and articular hypotonia during the puberty 
period), unless an appropriate surgical treatment is realized. 

Table 2: Reported cases within the literature.

Authors Number of 
patients Gender Mean age 

(years)
Type of 

EDS

McMaster et al., [10] 5 5 F 11.7 np

Vogel et al., [6] 4 1 M – 3 F 11,5 np

Akpinar et al., [11] 5 5 F 14.2 Np

Debnath et al., [12] 1 1 M 20 VI

Yang et al., [13] 5 2 M – 3 F 9.6 I, II, IV

Im et al., [14] 1 1 F 15 IV

Jasiewicz et al., [5] 11 6 M – 5 F 13.8 IV

Liu et al., [15] 3 3 F 13.3 IV

Rabenhorst et al., 
[16] 6 3 M – 3 F 14.8 2 III, 2 

VI, 2 VII

Pozdnikin et al., [17] 8 np From 4 to 
16 np
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Then it was highly recommended to closely follow-up EDS 
patients presenting a spinal deformity and to set up an appropriate 
management of the disease to avoid fatal morbidities [9]. One of the 
best solution to stabilize the progression of the scoliosis should be 
to propose a surgical treatment to the patient in order to decrease 
the potential risk of scoliosis-related complications. On the 
contrary, considering the high rate of bleedings and wound healing 
disorders, Leatherman and Dickson have published that surgery 
has to be avoid in EDS patients with no evidence of that. Nowadays, 
there are no recommendations on the need or the time when the 
surgery should be performed, but it has been clearly demonstrated 
that it increases life expectancy in EDS patients. 

Efficacy of Surgical Treatment

In this literature review, most of the patients had an orthopedic 
treatment during childhood, at the time when they started walking. 
This treatment consisted in wearing a brace or traction. For each 

case, this treatment has failed with a rapid progression of scoliosis 
during the puberty period requiring a surgical approach. Then a 
stable arthrodesis has been achieved in 35 of 39 patients, which 
represents a rate of surgical success of 90% with an improvement 
of sagittal and coronal parameters of 57.7% (Table 3) [5,6,10-17].

Vascular Complications

Vascular fragility is a part of EDS and is critical for the prog-
nostic of this disease: EDS patients have a high risk of spontaneous 
breaking of medium and large vessels due to an abnormal type III 
collagen (different from Marfan’s syndrome) which is the most im-
portant constituent part of vessels wall. Iatrogenic vascular wall 
injury seems to be unavoidable, and more difficult to manage in 
a lumbar anterior approach. In this review, vascular injuries oc-
curred in 13 of 39 patients (33%): superficial hematoma, tears in 
aorta, iliac arteries, thrombosis of coeliac artery, hemoperitoneum 
(Table 3).

Table 3: Results and complications of spinal surgery in EDS patients.

Authors
Angulations

Results Surgical Procedure Complications
Pre-op. Post-op.

McMaster 
et al., [10] 81.2° (49-117) 35° (15-73)

Stable at 2.3 
years of follow-

up
Posterior arthrodesis

Pulmonary infection and pulmonary infarct, acute 
respiratory failure immediately after surgery, hematoma, 

non-healing wounds for two patients, 1 death

Vogel et al., 
[6] 96° (80-113) 60° (58-80) 1 stable, 1 failed

3 circumferential 
arthrodesis

Paresthesia and paralysis of foot extension, neurological 
bladder, incomplete paraplegia, lesion of collateral arteries 

of aorta

1 posterior 
arthrodesis Complete paraplegia (T10 level)

Akpinar et 
al., [11] 25.6° (-70-70) 18.1° (5-38)

Stable at 3.95 
years of follow-

up

4 circumferential 
arthrodesis

Lesion of collateral arteries of aorta, lesion of the common 
iliac artery and of the common iliac vein, no neurological 

complication

1 posterior 
arthrodesis

Lesion of superior gluteal artery during iliac crest 
harvesting, no neurological complication

Debnath et 
al. [12] 95° 24.5° Death at 10 

months
Circumferential 

arthrodesis
Thrombosis of celiac artery and tetraplegia (C7/C8 level) 

caused by ischemia of the spinal artery

Yang et al., 
13] 83.3 (82-90°) 35.3° (28-46)

Stable at 3.3 
years of follow-

up

3 circumferential 
arthrodesis

Lesion of common and external arteries and iliac left 
veins, lesion of collateral arteries aorta, no neurological 

complications during the posterior arthrodesis

Im et al., 
[14] np np Failed np Lesion of abdominal aorta leading to death

Jasiewicz et 
al., [5] 89° (60-150) 78° (21-170)

Stable in 
lordosis, 

increase of 
kyphosis in 3 

cases

5 circumferential 
arthrodesis

Failure of the screws, non-union, increase of the kyphosis, , 
no vascular or neurological complications

6 circumferential 
arthrodesis

Failure of rods and hooks, increase of the kyphosis, 
cardio pulmonary failure, no vascular or neurological 

complications

Liu et al., 
[15] 43.6°(36-50) 8.3° (5-10)

Stable at 5.4 
years of follow-

up

3 posterior 
arthrodesis No vascular or neurological complications

Rabenhorst 
et al., [16] 58.5°(30-98) 26.3° (0-77) 1 failed Posterior arthrodesis Hemoperitoneum, failure of the implants, infection, dural 

tear, death

Pozdnikin 
et al., [17] 62% of correction np Posterior arthrodesis np
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Neurological Complications

Literature suggests that EDS patients have a higher risk of 
neurological complications. Given the few cases reported, the rate 
of such complications is difficult to evaluate even if it seems to be 
higher than 0,7% of the iatrogenic paralysis in classic scoliosis 
surgery in the global population. Paraplegia occurred in 5 patients, 
which represents 12% of the population (Table 3). Vogel et al. 
suggests that type IV EDS patients have a higher risk to develop 
several neurological complications due to the laxity of bones 
and muscles, which allows a higher correction of deformation, 
more than the vascular and neurologic tissue can support [6]. It 
is also supposed that EDS patients have a higher risk of scoliosis 
angulation than the other scoliotic patients, which induces a higher 
risk of neurological complications. 

Choice of Surgical Approach and Technique

In non-EDS patients, lumbar anterior approach has a low risk 
of vascular complications. But due to vessels fragility, EDS patients 
are often exposed to vascular injuries. Yang et al. have described a 
high risk of injuries of the common iliac and extern iliac arteries 
and veins, and lesion of segmentary arteries of the abdominal aorta 
using this approach which has higher vascular risks than posterior 
surgical procedures. But the posterior approach have a higher 
neurological risk. Yang et al. suggest that the posterior approach is 
sufficient to treat scoliotic EDS patients [13]. However, Rabenhorst 
et al. have experimented vascular complications in their 6 patients-
cohort treated by the posterior approach [16]. 

Blood Loss

Table 4: Bloss loss associated with surgical treatment of scoliotic 
EDS patients.

Authors Blood Loss

McMaster et al., [10] 1243mL (1210-2140)

Vogel et al., [6] np

Akpinar et al., [11] 1764mL (1240-2800)

Debnath et al., [12] np

Yang et al., [13] 2800mL (600-6000)

Im et al., [14] 8000mL

Jasiewicz et al., [5] 1818mL (200-1800)

Liu et al., [15] 5500mL (1600-2100)

Rabenhorst et al., [16] 1583mL (500-2000)

Pozdnikin et al., [17] np

According to the different approaches and the type of surgery 
performed, blood loss is a major risk of complication for EDS 
patients. An average of 3101mL was reported in this literature 
review, despite every precautions taken by the operators to limit 
bleeding. However, authors mentioned that blood loss were 
properly managed in all surgical procedure (Table 4). 

Discussion
Cases reported in the literature demonstrated how scoliotic EDS 

patients are difficult to treat due to the comorbidities related to the 
rapid progression of scoliosis and the surgical complications of the 
proposed procedure. There is no recommendations for the surgical 
management of EDS patients. It is highly recommended to closely 
follow-up the progression of the scoliosis during the first years 
of life. A surgical approach have to be considered when scoliotic 
angulation is too important to be supported by conventional 
methods. However, according to the previous procedures reported 
in the literature, some precautions have to be taken before and 
during the surgical procedure. Before the surgery, it is first 
mandatory to prescribe a complete preoperative evaluation to 
properly diagnose the type of EDS since the surgical approach will 
depends on the type of the disease. MRI and angiography are highly 
recommended for patients with vascular abnormalities in order to 
avoid per-operative pitfalls. Even for non-symptomatic patients, 
neuro-imaging will be helpful to detect preoperative spinal cord 
lesions which are mainly observed in patients with an important 
spinal deformity. In this case, a complete neurological evaluation 
including vesical and sphincters functions has to be performed by a 
neurologist before the surgery. 

All of these steps allow the surgeon to plan the surgery in 
good circumstances and decrease the frequency of post-operative 
complications. During the surgical procedure, it is mandatory 
to consider muscles and articular hyperlaxity in order to reduce 
the spinal deformity but to not correct the entire scoliotic 
angulation. This steps is critical to avoid the development of severe 
neurological complications. Yang et al. conclude that the post-
operative correction must be inferior to 50% of the correction 
obtained on preoperative bending X-rays [13]. Moreover, if needed, 
it is highly recommended to perform the discectomy carefully 
to avoid vascular structures. The procedure should not be as 
extensive as performed in the case of classic surgery. During the 
surgical procedure, a perfect management of the blood pressure 
have to be maintained to minimize blood loss. A lower pressure is 
recommended taking care of spinal cord ischemia in case of too low 
pressure. Electrostimulation is also a good way to decrease the risk 
of peroperative bleeding. In the lumbar region, segmentary vessels 
have to be precisely and carefully isolated and coagulated as far as 
possible from the aorta, which is the opposite of the conventional 
technique for scoliosis. In addition, to decrease the risk of blood 
complications, it is not recommended to perform a local injection of 
distilled adrenalin (1:400000), VIIa factor or desmopressin acetate. 
Even if some authors proposed the use of such products, it can easily 
lead to thrombosis during the surgical procedure and increase the 
risk of vascular complications. In terms of manipulations, before 
and during the surgery, some authors advised to perform a head 
traction before or after the surgery. According to the literature, 
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no contraindication were found if these manipulations are only 
realized very carefully and taking care to the risk of lesion of 
brachial plexus.

Conclusion
Spinal surgery for scoliotic EDS patients demonstrated good 

clinical results, with a good correction of deformity and a stable 
fusion. This is supposed to be a best way to extant the quality of 
life of EDS patients. However, this kind of treatment presents a high 
risk of neurological and vascular injuries. Some precautions are 
mandatory before this surgery.
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