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Loeys-Dietz Syndrome and the Spine
A patient guide

In brief: Loeys-Dietz syndrome is an inherited connective-tissue disorder caused by faults in the

transforming growth factor beta, or TGF-β, signalling pathway, the chemical messaging system that

governs how the body builds and maintains its connective tissues. It is best known to the wider medical

world for its effects on the arteries, where it produces a tendency to aneurysm and to twisting, tortuous

vessels. From the point of view of a spinal surgeon, however, it has a second character that is just as

important and far less widely understood, because the same faulty signalling that weakens the arterial wall

also shapes the bones, ligaments and dura of the spine. The condition has a particular tendency to affect the

top of the neck, where instability at the craniocervical junction and the atlantoaxial joint, together with

malformations and fusions of the cervical vertebrae, are strikingly characteristic. Further down, it is

associated with scoliosis and kyphoscoliosis, with spondylolisthesis that tends to appear early and progress,

and with dural ectasia, a ballooning of the lining of the spinal canal. What makes Loeys-Dietz distinctive

for the surgeon is not only this catalogue of spinal features but the backdrop against which any operation

must be considered: fragile tissues, twisting and aneurysm-prone arteries, and the need to dovetail spinal

care with the aggressive vascular surveillance that the condition demands. The single most important idea

is that the spine in Loeys-Dietz cannot be thought about in isolation from the whole connective-tissue

picture.

What Loeys-Dietz syndrome is, and why it reaches the spine
Loeys-Dietz syndrome was first described as a distinct entity in the mid-2000s, when faults were identified in the

genes that carry the instructions for the receptors and ligands of the TGF-β signalling pathway. This pathway is

one of the body's master regulators of connective tissue. It tells cells how to lay down collagen and elastin, how to

organise the matrix that gives tissues their strength and elasticity, and how to shape the skeleton during growth.

When the signalling is disturbed, as it is in Loeys-Dietz, the consequences are felt wherever connective tissue does

its work, which is to say almost everywhere.

A number of different genes can give rise to the syndrome. Faults in the genes for the type 1 and type 2 TGF-β
receptors were the original cause described, and others have since been added, including genes that carry the

instructions for the SMAD3 protein, which relays the signal inside the cell, and for the TGF-β2 and TGF-β3

ligands themselves. These are grouped together because they disturb the same pathway and produce an

overlapping picture, although the balance of features varies from one genetic subtype to another.

The reason the condition reaches the spine is that the spine is, at heart, a connective-tissue structure. The vertebrae

are bone, shaped during development by the same signalling that is disturbed in Loeys-Dietz. The discs, the

ligaments that bind the vertebrae together, the joint capsules and the tough dura that sheathes the spinal cord are all

connective tissue. When the matrix is laid down abnormally and the signalling that organises growth is faulty, the

result can be vertebrae that are malformed or fused, ligaments that are lax and allow excessive movement, joints

that are unstable, and a dura that stretches and balloons. The spine, in other words, is not a bystander in

Loeys-Dietz; it is one of the systems the condition acts upon directly.

It is worth holding this systemic framing in mind throughout, because it explains why a spinal surgeon thinking

about Loeys-Dietz is never thinking about the spine alone. The same fault that loosens a ligament at the top of the

neck weakens the wall of the aorta in the chest, and the two cannot be separated.

The craniocervical junction and the upper cervical spine
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The most characteristic spinal feature of Loeys-Dietz, and the one that draws particular attention from surgeons,

lies at the very top of the neck. The craniocervical junction is the region where the skull meets the spine, and just

below it the first and second cervical vertebrae, the atlas and the axis, form the atlantoaxial joint that allows the

head to rotate. This region depends heavily on ligaments rather than on the interlocking shape of bones for its

stability, and it is precisely this dependence on connective tissue that makes it vulnerable in Loeys-Dietz.

Studies of the cervical spine in people with the condition have found a high prevalence of deformity and instability

in this region. The ligaments that should hold the atlas firmly against the axis can be lax, allowing more movement

between the two than the structure is designed for, a situation described as atlantoaxial instability. The bones

themselves may be malformed. There can be anomalies of the odontoid process, the peg of bone projecting up

from the axis around which the atlas rotates, and abnormalities of the way the skull base is formed and the way it

sits in relation to the spine. Because of how consistently these features appear, formal surveillance of the cervical

spine has been recommended as part of the overall picture in this condition.

The significance of instability at this level is that the upper cervical spinal canal is where the brainstem becomes

the spinal cord, the most critical neural real estate in the body. Excessive movement here is a matter taken

seriously by surgeons precisely because of what lies within the canal at that point. This is description, not

prediction; the degree and significance of any instability varies enormously from one person to another and is a

matter for individual assessment by the treating team.

Cervical vertebral malformations and fusions
Alongside instability, the cervical spine in Loeys-Dietz frequently shows structural malformations of the vertebrae

themselves. The bones may be abnormally shaped, and segments that should be separate may be fused together, a

pattern that has been documented in imaging studies of the neck in this condition. Such fusions and malformations

are part of the same developmental disturbance that produces the instability, reflecting the role of TGF-β
signalling in shaping the vertebrae as the skeleton forms before birth and during early growth.

These structural changes matter for two reasons. The first is that a fused or malformed segment alters the way load

and movement are distributed through the neck, which can place extra demand on the mobile segments next to it,

including the already vulnerable atlantoaxial joint. The second is that malformations complicate the picture for

anyone planning surgery, because the normal landmarks and the normal corridors for placing fixation may be

distorted. The anatomy cannot be assumed to be standard, and detailed imaging is the means by which the actual

configuration is understood.

The coexistence of malformation, fusion and instability in the same region is part of what gives the upper cervical

spine in Loeys-Dietz its distinctive and demanding character. It is a region where the bones may be the wrong

shape, where some joints have fused while others have become too loose, and where the consequences of getting

things wrong are serious because of the neural structures close at hand.

Scoliosis and kyphoscoliosis
Moving down the spine, Loeys-Dietz is associated with curvature of the kind seen across the connective-tissue

disorders. Scoliosis, a sideways curvature with a rotational component, is a recognised feature, and it may be

combined with an excessive forward bend to produce kyphoscoliosis. These curves arise because the soft-tissue

restraints that should keep the growing spine balanced are weakened, allowing it to deviate from its normal

alignment as growth proceeds.

The curvature in Loeys-Dietz shares its general character with that seen in related conditions, but it sits within the

wider context of the syndrome, which colours how it is regarded. A curve in a spine whose ligaments are lax,

whose bone may be of altered quality, and whose owner also carries arterial fragility is a different proposition

from an idiopathic curve in an otherwise robust adolescent. Published series describing the management of

scoliosis in Loeys-Dietz have drawn attention to exactly this, noting that operations on these spines carry
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particular considerations that flow from the connective-tissue and vascular background rather than from the curve

alone.

As with every feature described here, the presence, size and behaviour of a curve vary widely between individuals.

Some people with Loeys-Dietz have no curvature at all, while others have curves that progress and draw attention.

The description of an association at the level of groups of patients is not a statement about any one person.

Spondylolisthesis
Spondylolisthesis is the forward slippage of one vertebra upon the one below it, occurring when the structures that

should lock the vertebrae in place fail to hold them. In Loeys-Dietz this feature has been singled out as occurring

with notable frequency, with a tendency to appear earlier in life and to be more severe than is usual, a pattern that

has been specifically described in the literature on the condition.

The reason this fits the wider picture is that the resistance to slippage depends on bone and on the soft-tissue

restraints between the vertebrae, both of which are affected by the disturbed signalling of Loeys-Dietz. When

these restraints are weakened, the vertebra is less firmly held and more prone to slip, and to continue slipping over

time. The observation that the slippage tends to be early and severe is consistent with a structural weakness present

from the outset rather than wear accumulated over a lifetime.

For the spinal surgeon, spondylolisthesis in this setting is noteworthy both as a source of symptoms in its own

right and as another illustration of the central theme, that the connective-tissue fault of Loeys-Dietz expresses

itself throughout the spine in ways that reflect the loss of structural restraint. It is described here as a recognised

association, not as something that befalls every person with the condition.

Dural ectasia
Dural ectasia is a ballooning or widening of the dura, the tough membrane that encloses the spinal cord and the

nerve roots and holds the cerebrospinal fluid. In connective-tissue disorders, the dura, being itself a

connective-tissue structure, can stretch under the constant pressure of the fluid within it, expanding and sometimes

eroding the surrounding bone of the spinal canal. Dural ectasia has been documented in Loeys-Dietz, most often in

the lower part of the spine where the fluid pressure when upright is greatest, and it has been reported in a

substantial proportion of those who have been imaged for it.

The relevance of dural ectasia to the spinal surgeon is twofold. As a feature, it is part of the diagnostic and

descriptive picture, one more sign that the connective tissue of the spine is involved. As a practical matter, a

stretched and thinned dura is a more fragile structure, which is a consideration in any procedure that approaches or

opens the spinal canal, because the membrane that must be handled or repaired is not the robust tissue it would be

in an unaffected spine.

Dural ectasia is frequently silent, causing no symptoms and discovered only on imaging performed for other

reasons. Where it does produce symptoms, these can be diffuse and are not specific to the condition. As ever, the

finding is described here in general terms, and its presence or significance in any individual is a matter for

assessment rather than assumption.

The surgical challenge: fragile tissues and a hostile vascular background
What truly sets Loeys-Dietz apart for the spinal surgeon is not any single spinal feature but the environment in

which spinal surgery must be contemplated. The same connective-tissue fault that produces the spinal features also

produces fragile tissues throughout the body and a vascular system that is prone to aneurysm and to extreme

tortuosity, the twisting and coiling of arteries along their course. Operating on such a spine is operating against a

difficult background.

The fragility of the tissues is a recurring theme in the surgical literature on the condition. Tissues that tear more

easily, vessels with thin and weak walls, and a tendency to bleed are reported, and series describing spinal surgery
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in Loeys-Dietz have noted higher rates of complication, greater blood loss and a particular need for care than

would be expected in surgery on otherwise normal spines. The dura, as already described, may itself be thinned

and stretched, adding to the delicacy of any procedure that enters the canal. None of this means that surgery cannot

be undertaken; it means that it is approached with full knowledge of the terrain and with a heightened respect for

the fragility of everything being handled.

The arterial picture adds a further dimension. Tortuous arteries may take unexpected courses, and the proximity of

major vessels to the spine, particularly in the neck and the front of the spinal column, becomes a matter of careful

pre-operative study. Detailed vascular imaging is the means by which the surgeon understands where the arteries

actually run before approaching the spine, because the assumption of normal vascular anatomy cannot safely be

made. The whole enterprise is one of preparation, imaging and caution rather than of routine.

Coordinating spinal care with vascular surveillance
Because the artery and the spine are affected by one and the same fault, care in Loeys-Dietz is necessarily a

coordinated, multidisciplinary affair, and this is perhaps the most important practical point for the spinal surgeon

to convey. The condition demands aggressive surveillance of the arteries throughout the body, with regular

imaging from the head to the pelvis to detect aneurysms and dissections, because the arterial complications are the

principal threat to life. Spinal care sits within this framework rather than alongside it.

The practical consequence is that decisions about the spine are made in concert with the cardiovascular and

genetic teams. The timing of any spinal procedure, the management of blood pressure around the time of surgery,

the order in which different problems are addressed, and the level of monitoring during and after an operation all

draw on the wider knowledge of the person's vascular state. A spinal operation is not planned as though the

arteries did not exist; it is planned with the arteries firmly in view, and often after the vascular situation has been

characterised in detail.

This coordination runs in both directions. The spinal features, particularly upper cervical instability, are part of

what the wider team must keep in mind when planning any procedure that involves positioning the neck or

managing the airway, since movement of an unstable cervical spine is a consideration during anaesthesia for any

operation, vascular or otherwise. The unifying principle is that Loeys-Dietz is a whole-body condition, and good

care of the spine within it depends on the spine being managed as one part of an integrated whole.

How the spine is assessed
The assessment of the spine in Loeys-Dietz rests on imaging, interpreted always against the background of the

wider condition. The aim is to build a detailed picture of the bones, the alignment, the stability and the soft tissues,

so that the actual configuration of a particular spine is understood rather than assumed.

Plain X-rays, including views taken in flexion and extension, are a standard means of looking at alignment and at

movement between vertebrae, which is how instability, particularly in the upper neck, is demonstrated. They also

show curvature and any slippage of one vertebra on another.

Computed tomography, the CT scan, gives the detailed view of bone that is needed to understand malformations

and fusions of the cervical vertebrae, to study the complex anatomy of the craniocervical junction, and to plan any

surgery in a region where the bony landmarks may be distorted. It is the most detailed way of examining the shape

of the bones.

Magnetic resonance imaging, the MRI scan, shows the neural structures, the spinal cord and nerve roots, the discs

and the dura, and is the means by which dural ectasia and any compression of the neural elements are assessed.

Vascular imaging, by CT or MRI angiography, characterises the arteries and their course, which in Loeys-Dietz is

an essential companion to spinal imaging rather than a separate exercise. Together these studies describe both the

spine itself and the vascular environment around it.
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Outlook
The outlook in Loeys-Dietz, considered from the spinal angle, is best understood as one part of a larger whole. The

spinal features, the upper cervical instability and malformation, the scoliosis, the spondylolisthesis and the dural

ectasia, vary greatly from one person to another in whether they appear at all, how marked they are, and whether

they cause any trouble. Many of these features are silent or mild; some draw attention and require management.

The recognition that the condition has a characteristic tendency to affect the upper cervical spine has led to the

suggestion that this region warrants surveillance, so that any instability is understood rather than overlooked.

The dominant influence on outlook in the condition overall remains the arterial disease, and it is the vascular

surveillance and management that govern the broad picture. The spinal features are managed within that context,

with their own timing and priorities woven into the wider plan. Where surgery on the spine is contemplated, the

connective-tissue fragility and the vascular background shape how it is approached and explain the particular care

that the literature describes.

Across the whole subject the consistent themes are that the spine in Loeys-Dietz is one expression of a systemic

connective-tissue fault, that the upper cervical spine is its most characteristic spinal target, that the surgical

environment is demanding because of fragile tissues and tortuous, aneurysm-prone arteries, and that good care

depends on integrating the spine into the coordinated, multidisciplinary surveillance the condition requires. Any

individual outlook is a matter for assessment by the treating teams rather than something that can be read from the

diagnosis alone.


