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Loeys–Dietz syndrome (LDS), an autosomal-dominant con-
nective tissue disorder first characterized by aortic aneurysms 
and generalized arterial tortuosity, hypertelorism, and bifid/
broad uvula or cleft palate, was first described in 2005.1,2 With 
variable expression, mutations in the transforming growth fac-
tor β receptor I (TGFBR1) and transforming growth factor 
β receptor II (TGFBR2) genes were discovered to be the first 
reported genetic causes of LDS. Subsequently, gene mutations 
in the mothers against decapentaplegic homolog 3 (SMAD3) 
gene and the transforming growth factor β 2 ligand gene 
(TGFB2) were associated with phenotypes showing typical 
manifestations of LDS.3–6 Mutations in all four genes show sim-
ilarly altered transforming growth factor-β (TGF-β) signaling, 
and individuals show similar cardiovascular, craniofacial, cuta-
neous, and skeletal features.1–6 Most importantly, affected indi-
viduals show widespread arterial involvement, with vascular 
tortuosity, a high risk of aneurysms and dissections throughout 
the arterial tree, and an aggressive vascular course. No specific 
clinical criteria exist, as the diagnosis is confirmed by a molecu-
lar test.7 We propose that a mutation in any of these four genes 
in combination with arterial aneurysm or dissection or fam-
ily history of documented LDS should be sufficient to estab-
lish the diagnosis. These diagnostic procedures may ultimately 
be applicable to newly discovered genes that directly influence 
the TGF-β signaling cascade and result in widespread and/or 
aggressive vascular disease. This narrative review will describe 
the classification of LDS, genetic etiologies, cardinal clinical 
manifestations, and best-evidence management recommenda-
tions for the panoply of serious sequelae associated with this 
syndrome.

METHODS
This is a narrative review of the literature on LDS and related 
TGF-β signaling pathway syndromes, based on a systematic lit-
erature review, expert opinion, and standard-of-care practices 
from the center with the largest patient population of these dis-
orders in the world. Experts from the various fields who man-
age the various phenotypic manifestations of this syndrome 
were included in the literature review and description of best 
practices.

CLASSIFICATION AND GENETICS OF LDS
In initial reports, LDS patients, defined as those with muta-
tions in TGFBR1 and TGFBR2, were stratified into two types, 
depending on severity of craniofacial features (type 1) or 
cutaneous features (type 2).1 Given that vascular disease is the 
major concern for this patient group, and that patients with 
mutations in TGFBR1, TGFBR2, SMAD3, or TGFB2 show 
more widespread and/or aggressive vascular disease when 
compared with Marfan syndrome or thoracic aortic aneu-
rysm and dissection, irrespective of the severity of systemic 
features, we propose a revised nosology and that a muta-
tion in any of these genes in combination with documented 
aneurysm or dissection should be sufficient for the diagno-
sis of LDS (Table 1). This will alert clinicians caring for these 
patients to the need for specialized patient counseling and 
management and highlight the evidence-based expansion of 
the clinical spectrum of LDS to include patients with minimal 
or no dysmorphic features. Such reasoning and practices have 
proven productive in the diagnosis and care of patients with 
Marfan and vascular Ehlers–Danlos syndromes.
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Loeys–Dietz syndrome is a connective tissue disorder predispos-
ing individuals to aortic and arterial aneurysms. Presenting with a 
wide spectrum of multisystem involvement, medical management 
for some individuals is complex. This review of literature and expert 

opinion aims to provide medical guidelines for care of individuals 
with Loeys–Dietz syndrome.
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Chromosome deletions encompassing the TGFB2 gene (and 
hypothetically the SMAD3 gene) causing haploinsufficiency are 
sufficient to cause features of LDS. The size of the microdeletion 
may impact clinical presentation of these individuals, especially 
the presence of developmental delay. Mutations in all four of 
these genes have been associated with thoracic aortic aneurysm 
and dissection category of disease, though this probably repre-
sents the mildest end of the Loeys–Dietz spectrum.3–6,8,9

Despite significant clinical variability within and between 
individuals with all four LDS gene defects, medical surveillance 
and treatments are similar. These medical guidelines reflect the 
current literature and expert knowledge both generalized and 
specific to all four types of LDS, even though most of the litera-
ture so far has focused on LDS 1 and LDS 2.

CLINICAL MANIFESTATIONS AND MANAGEMENT 
RECOMMENDATIONS, BY ORGAN SYSTEM

Cardiovascular
Rapidly progressive aortic aneurysmal disease is a distinct 
feature of LDS, requiring close monitoring. Individuals with 
LDS 1/2 with severe craniofacial features are at particularly 
high risk, known to have ruptures at early ages and at smaller 
dimensions than those with other aneurysm syndromes.1,2 

Aortic dissection has been reported in individuals as young 
as 3 months and cerebral hemorrhage as young as 3 years.10,11 
Initial reports of LDS 1/2 cohorts described a mean age of 
death at 26.1 years, with aortic dissection and cerebral hem-
orrhages as major causes of death.1 Better detection, surveil-
lance, and early treatment are expected to extend the life span 
of affected individuals. Several reports show successful vas-
cular interventions with low rates of intraoperative mortal-
ity as compared with other connective tissue disorders with 
pronounced vascular friability.1,12

All individuals with LDS require echocardiography at fre-
quent intervals to monitor the status of the aortic root, ascend-
ing aorta, and heart valves. Minimally, this should occur yearly 
but may require more frequent imaging13 (Table 2).

Congenital heart disease such as bicuspid aortic valve, atrial 
septal defect, or a patent ductus arteriosus are more frequently 
seen in LDS 1/2 than in the general population.14,15 Mitral valve 
prolapse and/or insufficiency can be seen in all types of LDS, 
with mild-to-severe mitral valve disease being reported.3,15,16 
Some individuals require surgical intervention for aortic valve 
or mitral valve leakage, independent of aortic root status. These 
cardiac features should be managed per typical protocols.17

Atrial fibrillation (24%) and left ventricular hypertrophy have 
been reported in LDS 3 and may be seen in other LDS types at 
unknown frequency. Reported left ventricular hypertrophy was 
typically mild to moderate, mainly concentric, and occurred 
in the absence of aortic stenosis or hypertension.15,18 Impaired 
left ventricular systolic function has been reported in LDS 1.19 
Arrhythmias and heart failure should be managed by typical 
protocols.

The decision to undergo aortic surgery is typically based on the 
absolute dimension of the aorta, rate of progression, valve func-
tion, severity of noncardiac features, family history, and infor-
mation about genotype1,13 (Table 3). Unlike the increased risk of 
aortic dissection at or above the 5.0-cm aortic root dimension in 

Table 1  LDS classification
LDS type 
(proposed)

Gene 
symbol Other disorders reported

LDS 1 TGFBR1 TAAD (previously, LDS 1a, 1b, 2a, 2b)

LDS 2 TGFBR2 TAAD, MFS2 (previously LDS 1a, 1b, 2a, 2b)

LDS 3 SMAD3 Aneurysms-osteoarthritis syndrome

LDS 4 TGFB2 Aneurysm, aortic and cerebral, with arterial 
tortuosity and skeletal manifestations

LDS, Loeys–Dietz syndrome; MFS2, Marfan syndrome type 2; TAAD, thoracic aortic 
aneurysm and dissection; TGFBR, transforming growth factor-β receptor.

Source: http://www.omim.org.

Table 2  Guidelines for cardiovascular care and surgery for Loeys–Dietz syndrome
Cardiovascular care

1. Yearly echocardiography; more frequently depending on severity of aortic disease

2. Blood pressure–lowering medication, such as angiotensin receptor blocker, β-blocker, or angiotensin-converting enzyme inhibitor

3. Strict control of hypertension

4. �Exercise restrictions, including avoidance of contact or competitive sports, isometric exercises (sit-ups, push-ups, pull-ups, or weight lifting), exercising 
to the point of exhaustion, and activities with routine blows to the chest or head

5. �Avoid prescribed medications that may negatively impact cardiovascular systems, including stimulant medications (such as decongestants, certain 
attention-deficit hyperactivity disorder medications) and vasoconstrictors (triptans) for headache or migraine management

6. �Subacute bacterial endocarditis prophylaxis in those with artificial valves undergoing dental or other procedures expected to contaminate the blood 
stream (American Heart Association guidelines do not specifically address connective tissue disorders, thus individualized decision making should be 
employed based on echocardiogram findings and/or other risk factors)

7. Atrial fibrillation or other arrhythmias managed per typical protocol

8. Consultation with cardiothoracic surgery when approaching surgical thresholds for aortic root dimension

Cardiovascular surgical considerations

1. Patent ductus arteriosus and septal defect intervention per typical protocol

2. Valve-sparing aortic root replacement, depending on aortic annulus size in young children

3. �Avoid abrupt cessation of angiotensin receptor blocker–type blood pressure medications and resume optimal medication management surrounding 
surgical interventions
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Marfan syndrome, dissections have occurred in individuals with 
LDS 1, 2, or 3 at aortic dimensions of 3.9–4.0 cm1,3 and has been 
reported in LDS 4 at a dimension <5.0 cm.16

In view of the aggressive nature of the vascular disease and 
the low rate of complications associated with valve-sparing aor-
tic root replacement surgery at experienced centers, surgery is 
being recommended at or around these dimensions. For adults 
with LDS 1 or 2, this includes surgical repair of the aortic root 
once the maximal dimension of the aortic root reaches 4.0 cm. 
Valve-sparing surgery is recommended to avoid the need for 
anticoagulation.

Successful valve-sparing aortic root replacement in young 
children (<1 year of age) has been performed.20 Initial manage-
ment of LDS children, especially those with severe craniofacial 
features, considered surgical repair of the aorta once the mea-
surement exceeded the 99th percentile for age and body surface 
area and the aortic valve annulus reached 1.8 cm.1 Consideration 
of the aortic valve annulus will allow for placement of a Dacron 
graft of sufficient size to accommodate somatic growth into 
adulthood. Aggressive medication regimens, with β-blockers 
and angiotensin receptor antagonists, may change the natural 
history of the disease and the thresholds for surgical repair. For 
example, at Johns Hopkins, among patients who are on aggres-
sive medical therapy, regardless of craniofacial severity, we are 
attempting to delay surgery until the aortic annulus grows to 
2.0–2.2 cm. In the absence of a rapidly growing aorta, allowing 
the aortic root dimension to approach the 4.0 cm threshold is a 
consideration.

Valve-sparing surgery may be contraindicated in the pres-
ence of leaflet fenestrations and asymmetry, acute aortic dissec-
tion in unstable patients, significantly enlarged root with leaflet 
irregularities, or bicuspid aortic valves with extensive calcifica-
tion or dysfunction.21 A rapid increase in aortic root dimension 
(>0.5 cm/year) should prompt early surgical consultation.

Aneurysmal disease may present distally to the graft and in 
the aortic arch over time, and it is probably unrelated to the 
original procedure and due to underlying progression of LDS 
vascular disease. This raises the question of possible interven-
tions including complete resection versus more conventional 
resection of the underneath side of the arch at the time of aortic 
root replacement. In children with severe disease who may have 
diminished ventricular function, this type of prolonged proce-
dure should be avoided or considered with caution because of 
the requirement of prolonged cross-clamp time.22 Additionally, 
in children, it remains unclear whether additional aortic sur-
gery is needed to accommodate adult-based vascular needs 
across the arch.23 Individual surgical situations suggest different 
preferences for hemiarch replacement versus elephant trunk 
versus staged replacement with no clear guidelines.24 Referral 
to a high-volume center is highly recommended for patients 
requiring extensive arch surgery.

Postoperative echocardiography at 3- to 6-month intervals is 
recommended for 1 year after surgery, and 6 months to 1 year 
thereafter.20 Coronary button aneurysms have been reported 
after valve-sparing aortic root replacement and are probably 
surgery related and not an LDS-specific complication. There 
has been one report of secondary surgery for revision of coro-
nary buttons for aneurysmal dilation.25

Besides imaging surveillance and prophylactic surgical repair, 
other vascular management includes the use of blood pressure–
lowering medication, avoidance of medications that act as stim-
ulants or vasoconstrictors, and exercise restrictions. β-Blockade 
to reduce hemodynamic stress on the vasculature has been the 
standard-of-care treatment for individuals with syndromic 
aneurysm conditions.26 Angiotensin-converting enzyme inhibi-
tors have also been used at some institutions.27,28 Angiotensin 
receptor blockers may be particularly beneficial due to their 
effects on the TGF-β signaling cascade.29 If an angiotensin 

Table 3  Surgical thresholds for LDS 1, 2, and 3a

System Thresholds

Aortic root (children) 1. Delay surgery until aortic annulus is 2.0–2.2 cm, to accommodate adult-sized graft

2. �For children with slowly progressing aortic diameters and milder craniofacial features, 
adult threshold (4 cm) may be appropriate

3. �Rapidly expanding aorta (0.5 cm over 1 year), severe craniofacial features, and family history 
of aggressive aortic disease should be considerations for earlier surgical intervention

Aortic root (adults) Adults with aortic root dimension >4.0 cm or rapidly expanding (>0.5 cm over 1 year)

Ascending aorta/aortic arch (adults) Aggressive monitoring of aortic dimensions >4.0 cm; personalized decision making with 
low threshold for surgical intervention with growth

Descending thoracic aortaa,b (adults) Adults with descending thoracic aorta 4.5–5.0 cm or rapidly expanding (>1 cm over 1 year)

Abdominal aorta (adults) Adults with abdominal aorta 4.0–4.5 cm or rapidly expanding (>1 cm over 1 year)

Visceral/iliac arteries (adults) Personalized decision making; dimension exceeding two to three times the expected 
arterial diameter or rapid expanding

Cerebrovascular arteries (adults and children) Personalized decision making

Guidelines for LDS 4 have not been suggested; however, early studies suggest that the risk of aortic dissection may not occur at the 4.0 cm threshold and that surgical 
decision making may depend on family history and/or adult aortic dimensions in the mid 4 cm range. More information is needed on this type of LDS.

LDS, Loeys–Dietz syndrome.
aSurgical decisions in children with nonaortic root aneurysms should take into consideration absolute size of aorta, rate of growth, personal and family history severity, and 
genotype severity.
bSurgical guidelines for aneurysms are similar for aneurysmal disease within dissection.
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receptor blocker is used, it should be used to optimal titration 
(losartan: 2.0 mg/kg/day for children; 100 mg/day for adults) (H. 
Dietz, personal communication). Ultrahigh dosing of newer-
generation angiotensin receptor blockers may be considered 
in patients with severely progressive vascular disease even on 
optimal losartan dosage (H. Dietz, personal communication). 
Prophylactic medication use should be considered for individu-
als with LDS without aortic enlargement if they present with a 
family history of LDS with aortic enlargement or if the same 
mutation has been previously seen with vascular disease.

Exercise restrictions to reduce stress on the aortic and arterial 
tissue include avoidance of contact or competitive sports, iso-
metric exercises (sit-ups, push-ups, pull-ups, or weight lifting), 
and exercising to the point of exhaustion.

Diagnostic or baseline vascular imaging through magnetic 
resonance angiography or computerized tomography angiog-
raphy with three-dimensional reconstruction of the head, neck, 
chest, abdomen, and pelvis should be performed to assess for 
aneurysms throughout the aorta and arterial tree and arterial 
tortuosity (Table 4). Aneurysmal disease (including dissec-
tion) is not limited to the aortic root and has been reported 
in all other portions of the aorta and arterial branches of the 
head, neck, and thoracic and abdominal aorta.1,3,4 Nondilated 
coronary artery dissection has been reported in LDS 2 and 3.18,30 
Routine imaging should be performed intermittently. Full vas-
cular imaging should be performed on initial evaluation and at 
about a 2-year interval if there are no identified aneurysms or 
dissections (H. Dietz and B. Loeys, personal communication).

Both magnetic resonance angiography and computerized 
tomography angiography technology are useful surveillance 
tools, but the trade-offs to consider include the risks of exposure 
to ionizing radiation, anesthesia, and different challenges to inter-
preting tortuous arteries or irregular anatomy versus aneurysm. 
Regardless of imaging technique utilized, the goal is obtaining 

serial measurements of all portions of the aorta and arteries.31 If 
there is known aneurysmal disease, vascular and/or neurovascu-
lar specialists should be consulted to determine a proper surveil-
lance routine including frequency and type of imaging.

Arterial tortuosity can be generalized but is most typically 
observed in the neck vessels and has been reported in all types 
of LDS.1,3,14 Tortuous arteries are not associated with higher 
predisposition to aneurysm or dissection in these vessels. The 
presence of tortuous arteries may complicate the interpretation 
of artery measurement. It has been reported that increased ver-
tebral arterial tortuosity measured by magnetic resonance angi-
ography is a marker of adverse aortic outcome.32

Patients may need multiple surgical interventions for the 
aorta and/or arteries.33 Cameron et al.11 reported that 33% of 
the originally reported surgical cohort of LDS 1 and 2 required 
multiple vascular surgical interventions. Additionally, pseudoa-
neurysms post surgery may be underappreciated in this patient 
population.34

Type B aortic dissections have been reported at minimally 
dilated or nondilated aortic dimensions (3.7–4.2 cm) in LDS 
1, 2, and 3 and at undocumented dimensions in LDS 4.3,5,35,36 
Reports also document rapid expansion of aneurysm within 
dissections within a few days. This evidence suggests that indi-
viduals should be aggressively monitored postaortic dissection 
in the short (days) and long (months and years) term for pro-
gressive aneurysm growth within the dissection. Typical post-
dissection imaging should occur at 1, 3, 6, and 12 months and 
yearly thereafter.

Concerns have been raised about using thoracic stent grafts 
in patients with genetic aortic aneurysm syndromes, including 
LDS. Open repair of descending and thoracoabdominal aneu-
rysms is preferred because endovascular repair may result in 
late failure due to continued dilation of fixation zone or per-
sistent perfusion of the false lumen.37,38 However, thoracic 

Table 4  Guidelines for vascular care and surgery for Loeys–Dietz syndrome
Vascular care

1. �Baseline head to pelvis magnetic resonance angiography or computerized tomography angiography imaging with three-dimensional reconstruction 
performed at diagnosis. Repeat imaging after 1 year. Thereafter, progression rate, location, and size of aneurysm should guide frequency of head 
through pelvis imaging. Recommended to have visualization of each part of the vascular tree at least every 2 years. Attention should be paid to 
cumulative radiation from computed tomography imaging. Imaging in severely affected individuals should begin in infancy; for infants lacking severe 
craniofacial or skeletal features, consider initial imaging at 2–3 years of age

2. Consultation with vascular/neurovascular specialists for surveillance and/or surgical plan with presence of aneurysms

3. �Monitor type B dissections aggressively for rapid growth of aortic dimension. Standard follow-up imaging at 7–14 days, then 1, 3, 6, and 12 months 
post dissection, and yearly thereafter

4. Consider duplex arterial screening in presence of abnormal physical exam to identify arterial aneurysm or dissection

Vascular surgical considerations

1. Note vascular tortuosity, aberrant or multiple arteries that may impact surgical intervention

2. �Lumbar cerebrospinal fluid drainage is not contraindicated in patients with LDS, even with dural ectasia, but dural leaks after drain removal may require 
epidural blood patching

3. �Surgical technique for arch and thoracoabdominal reconstruction should avoid inclusion patch techniques in favor of direct branched surgical grafts 
directly to the great vessel, visceral, and renal origins

4. �Endovascular repair may be used as life-saving procedure with referral to institution that can perform later open repair. May be considered between 
previous repairs in which both proximal and distal landing zones for the endograft are within existing Dacron grafts

5. Personalized decision making for type of visceral or cerebrovascular aneurysm repair

LDS, Loeys–Dietz syndrome.
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endovascular repair has been successfully performed for aortic 
replacement where both proximal and distal landing zones for 
the endograft fixation were within existing Dacron grafts from 
previous vascular surgeries (i.e., intercostal patch aneurysms), 
suggesting a potential use for the aortic endograft procedure in 
selected LDS patient populations.39 

There is a place for stent-graft repair as a life-saving “bridge” 
technique post dissection until the patient can be transferred 
to an institution where open repair is available. Stent-graft 
therapy may be justified in descending thoracic aortic rupture 
or to alleviate malperfusion syndromes (such as recalcitrant 
hypertension after renal artery malperfusion secondary to 
acute dissection). With the likelihood of repeat surgeries, pref-
erence should be given to uncovered stents or bare metal stents 
because some stent types may cause complications in future 
surgeries, for example, deformation during cross-clamping.40

In addition, retrograde dissection from descending thoracic 
aortic stent-graft therapy of acute type B dissection can occur, 
requiring emergency arch repair, associated with a 30–60% 
operative mortality. Retrograde dissection in patients with LDS 
has not yet been described in the literature. However, a study 
from China examining stent-graft repair of acute type B dis-
section demonstrated that retrograde dissection was the main 
complication of stent grafting in individuals with Marfan syn-
drome.41 Due to similarities in underlying pathophysiology, 
a similar concern for thoracic endovascular repair and retro-
grade dissection in LDS is justified. Similarly, oversizing of tho-
racic aortic stents for usage as a “bridge” from life-threatening 
complications of thoracic aortic disease in LDS should be mini-
mal to no greater than 10%.

Aneurysms in the abdomen and lower extremities have 
also been reported. Bilateral common iliac artery aneurysm 
repairs have been performed through both open and stent-
graft repairs.42,43 Bilateral popliteal aneurysms have been surgi-
cally repaired through open repair and endovascular repair.44 
Abdominal branch artery aneurysm repairs have been suc-
cessfully reported in LDS including coil embolization or open 
repair of splenic and hepatic arteries.22 Other than magnetic 
resonance angiography or computerized tomography angiogra-
phy imaging, duplex arterial screening should be pursued with 
abnormal physical evaluation. Surgical intervention for visceral 
or iliac arteries should be pursued in rapidly expanding arteries 
or when arterial size exceeds two to three times the expected 
arterial diameter.

Optimal neurovascular surgical strategies have not been 
developed. It is uncertain whether there needs to be a lower 
threshold for treating intracranial aneurysms in individuals 
with LDS as opposed to those in the general population.45 In 
general, aneurysms that are large, growing, or causing symp-
toms are more likely to rupture. Endovascular strategies in this 
area have been successfully performed on saccular aneurysms.46 
Stent-associated coil embolization and aneurysm clipping have 
been reported in various head and neck arteries in LDS.33,46–48 
When deciding on the type of neurosurgical intervention, the 
age of the patient; the size, location, and shape of the aneurysm; 

the neurological and other medical status of the individual; 
potential need for repeated procedures; and complication of 
potential lifelong antiplatelet therapy should be considered.47 
The diagnosis of LDS should not be a contraindication for 
intervention if otherwise indicated.

A clear understanding of the unique anatomy in individuals 
with LDS is crucial prior to surgical or endovascular interven-
tion. Tortuosity of arteries and distal aneurysms, especially in 
access arteries, may impact surgery plan and choice of endo-
vascular devices. Additionally, although the presence of dural 
ectasia does not contraindicate lumbar cerebrospinal fluid 
drainage for spinal cord protection during thoracoabdominal 
aortic aneurysm repair, a dural leak after drain removal may 
require epidural blood patching (J. Black, personal communi-
cation). General strategies for vascular or endovascular surgery 
in LDS should include:

1.	 Experienced anesthesia team with ultrasound-guided 
access for central lines given cervicovertebral arterial 
tortuosity.

2.	 Strict hemodynamic control during surgical clamping or 
intra-arterial catheter manipulation to reduce iatrogenic 
dissection.

3.	 Frequent postoperative monitoring in intensive care unit 
or intermediate care unit.

Multiple surgical case reports suggest the complexity of 
aneurysmal disease in LDS and the need for personalized sur-
gical strategies. Physicians should compare the benefits and 
limitations of open, endovascular, and hybrid repair, keeping 
in mind vascular tortuosity (especially of the aortic arch and 
thoracoabdominal aorta that may affect security of endovas-
cular devices), past repairs, aberrant or multiple arteries (e.g., 
renal), current aneurysms, and natural history of progressive 
aneurysm development.

Orthopedics
Skeletal features in all types of LDS can show overlap with 
Marfan syndrome, including pectus deformity, scoliosis, and 
flat feet. Height and proportions are typically within the nor-
mal range, though evidence of skeletal overgrowth may be 
represented as arachnodactyly and pectus deformities.1,49 
Camptodactyly and talipes equinovarus have been observed, as 
well as contractures of other joints. Extremity contractures in 
conjunction with joint hyperextension are unusual in the gen-
eral population but common in LDS. Recommended manage-
ment for orthopedics is summarized in Table 5.

Many patients with talipes equinovarus respond well to 
stretching if the deformity is mild. Ponseti casting should be 
considered in moderate-to-severe cases (P. Sponseller, per-
sonal communication). Surgery is typically not recommended 
because it often results in overcorrection (hindfoot valgus).50 
Joint hypermobility is also common, including congenital 
hip dislocation and recurrent or multiple joint subluxations.49 
Hypotonia may be present in infancy, and patients may need 
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early intervention therapies.27 Therapy and/or exercises that 
tone muscles and avoid hyperextension and excessive pound-
ing on joints are recommended.

Cervical spine findings are prominent features in LDS 1/2 
(51%), but presence in LDS 3 and 4 is unknown. Patients 
should be assessed for cervical spine abnormalities, sublux-
ations, or instability, using flexion–extension X-rays of the 
cervical spine.1,50,51 Further computed tomography or magnetic 
resonance imaging may be indicated in some individuals. The 
frequency of repeat imaging has not been specifically identified 
for children. One recommendation is to perform imaging every 
3–5 years during growth and after any surgery on the adjacent 
region of the spine (P. Sponseller, personal communication). 
Arthrodesis has been performed successfully for a variety of 
cervical spine malformations.

Scoliotic and kyphotic curve patterns have been reported and 
should be treated per typical protocols. Bracing may be indicated 
in mild curves (<25°) in growing children. Spondylolisthesis 
may be more likely to progress in patients with LDS than in 
the general population and should be monitored at least once 
per year until skeletal maturity. Patients with LDS typically tol-
erate spinal surgeries, though delayed bone healing has been 
reported (likely due to lack of fixation of pedicle screws).50 
Careful attention should be paid to dural ectasia and the risk for 
dural tears. If concerns arise, Trendelenburg positioning should 
be used. Nutritional optimization should occur before any sur-
gical intervention. All orthopedic concerns should be followed 
by an orthopedic surgeon and treated per typical protocols.

Pes planus is typically associated with inward rotation of 
the ankles and can contribute to leg fatigue, muscle cramps, 
or difficulty with ambulation. Some individuals respond well 
to hard-soled inserts for support. Surgery is typically not indi-
cated unless significant pain, calluses, or bunions are occurring. 
Orthotics may also be a consideration for these indications.

Osteoarthritis is a significant feature in LDS 3, and first reports 
of individuals with SMAD3 gene mutations were described 
as aneurysms-osteoarthritis syndrome.3,15 Osteoarthritis has 
been observed in distal extremities, knees, hips, and spine. 
Disk degeneration, meniscal lesions, and osteochondritis dis-
secans have been reported at early age of onset (earliest age, 
12 years).3,15 Many people with LDS come to attention due to 
aneurysmal disease and may not have specific imaging to assess 
osteoarthritis, thus this feature may be present in other types of 

LDS but not well defined. However, reports of LDS 4 have not 
described prominent degenerative joint disease.6 Symptomatic 
treatment is indicated.

The skeletal phenotype related to low bone mineral den-
sity and skeletal fragility (fractures) in young individuals has 
been reported in patients with LDS 2.52,53 Iliac bone histomor-
phometry confirmed low bone mass, and dual-energy X-ray 
absorptiometry scan confirmed decreased lumbar spine area 
bone density. Patients with LDS have a higher incidence of 
fractures. A study by Sponseller and colleagues54 of individu-
als with LDS 1/2 revealed a 50% risk of fracture by 14 years of 
age. Limited dual-energy X-ray absorptiometry data supported 
the findings, revealing that at least 60% of patients had low or 
very low bone mineral density in the spine, hip, and/or femoral 
neck. Individuals should be counseled about low bone mineral 
density and higher risk of fractures. Dual-energy X-ray absorp-
tiometry scans should be considered in the presence of frac-
tures without significant trauma. However, dual-energy X-ray 
absorptiometry scans in children present a challenge because 
they are often difficult to interpret and may require serial imag-
ing to track changes. Osteopenia or osteoporosis may become 
increasingly important in this aging population. Currently, the 
effectiveness and outcome of bisphosphonate therapy in this 
population is unknown.

Allergy
LDS has been associated with a high prevalence of immuno-
logic features including asthma, food allergy, eczema, and 
allergic rhinitis.55 A conservative prevalence estimate of food 
allergies in this population is 31% (compared with 6–8% prev-
alence in the general population), with most common food 
allergies mimicking those of the general population, including 
those to eggs, milk, soy, peanuts, and tree nuts. Symptoms range 
from acute, life-threatening reactions to more chronic gastro-
intestinal symptoms. Antihistamines should be used to treat 
cutaneous or milder reactions, and Epi-Pens should be retained 
only for life-threatening reactions because they rapidly con-
strict blood vessels and could be harmful for individuals with 
underlying vascular disease.

An increased prevalence of asthma, allergic rhinitis, and 
eczema is also evident in LDS, consistent with an overall 
increased risk of allergic disease in this syndrome. Sinus dis-
ease and ear infections may indicate mucous buildup secondary 

Table 5  Guidelines for orthopedic care for Loeys–Dietz syndrome
1. �Cervical spine X-rays in the flexion and extension position performed at diagnosis to assess for instability. Manage per typical protocol. In children, if 

normal at baseline, consider repeat imaging at 3–5 year intervals through growth

2. Clubfoot and contracture intervention per typical protocols

3. Scoliosis intervention per typical protocol (bracing most effective for small curves <25°)

4. Symptomatic treatment of osteoarthritis

5. Avoidance of activities that cause joint injury or pain

6. �Hard shoe inserts or shoes with good arch support may help decrease lower extremity pain caused by significantly flat feet. Consider orthotics or other 
therapeutic bracing as indicated

7. Routine occupational or physical therapy for joint hypermobility or hypotonia

8. In presence of fractures without adequate trauma, consider dual-energy X-ray absorptiometry scan. Medical therapy is unclear
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to allergen exposure, as well as altered craniofacial anatomy. 
Infections should be treated aggressively (Table 6).

Gastroenterology and nutrition
Infants and children with LDS frequently present with failure 
to thrive.55 The cause is likely multifactorial and may include 
the impact of repeated surgical interventions and hospitaliza-
tions, increased baseline caloric expenditures in patients with 
incompletely treated asthma and eczema, and unrecognized 
food allergies and/or intestinal inflammation that both increase 
expenditures and decrease nutrient absorption. Management 
for gastroenterology and nutrition in patients with LDS gener-
ally follow traditional protocol (Table 7).

There should be a low threshold for caloric supplementation 
in individuals meeting criteria for failure to thrive, especially if 
surgeries are planned. Patients should have height, weight, and 
body mass index plotted at each clinic visit. Given the preva-
lence of food allergy in LDS,55 strong consideration should 
be given to extensively hydrolyzed and amino acid formulas. 
If oral intake proves inadequate, nasogastric feedings, as well 
as placement of gastrostomy tubes (both surgically and percu-
taneously), have been used successfully in LDS (A. Guerrerio, 
personal communication).

Given the skeletal fragility and low bone mass seen in LDS,53 
efforts should be made to ensure adequate calcium and vitamin 
D intake so that overall bone strength is not diminished further. 
Calcium intake should be calculated at each visit and supple-
mented if it is found to be below the levels published in the 

age/sex-specific guidelines.56 Serum levels of vitamin D should 
be monitored periodically and supplemented per published 
guidelines.57

Constipation is seen frequently in LDS patients, similar to 
other connective tissue disorders,58 and daily oral PEG-3350 
(glycolax) is our treatment of choice. If constipation has been 
longstanding, a bowel clean-out (either oral or via nasogastric) 
may be necessary prior to beginning daily glycolax.59

LDS has been associated with a high prevalence of eosino-
philic gastrointestinal disease (EGID).55 In a recent case series, 
66% of patients reported gastrointestinal complaints (includ-
ing poor growth, repetitive vomiting, chronic abdominal pain, 
and dysphagia) that were potentially consistent with EGID. Of 
those having gastrointestinal biopsies, 6 of 10 had evidence of 
eosinophilic esophagitis, eosinophilic gastritis, and/or eosino-
philic colitis. The majority of the patients with EGID showed 
improvement in clinical features with food avoidance diets.55

The prevalence of inflammatory bowel disease, ulcerative 
colitis, and Crohn disease is also increased in LDS, and there 
should be a low threshold for investigation in the presence of 
clinical symptoms (A. Guerrerio, personal communication). 
There is no evidence that work-up or treatment for EGID or 
inflammatory bowel disease is different in this population than 
in the general population. As of this writing, typical protocols 
are recommended for investigating and managing EGID and 
inflammatory bowel disease.

Given the increased prevalence of EGID and inflamma-
tory bowel disease, endoscopy is sometimes required. Prior to 

Table 6  Guidelines for allergies for Loeys–Dietz syndrome
1. �Food allergen testing for individuals experiencing reactions following food exposure  

(mild-to-severe anaphylactic response)

2. Food allergens treated by food avoidance and other typical protocols

3. Conservative use of Epi-Pen to treat exposure to food allergen

4. Avoidance of environmental allergens

5. Treatment of eczema may include aggressive moisturizing and/or prescription ointments/topical creams

6. �Treatment of asthma should include conservative use of bronchodilators  
(i.e., use in severe exacerbations) with use of other medications such as inhaled corticosteroids for chronic management

7. Aggressive treatment of sinus and ear infections, which may decrease asthma

8. In presence of asthma, discuss blood pressure medications, as β-blockers can exacerbate an asthma predisposition

9. Decongestants stimulate blood pressure, thus the use of antihistamines and/or intranasal steroids is preferred for chronic rhinitis symptoms

10. �Epi-Pen usage should be addressed in school Individualized Education Program and patient’s emergency letter

Table 7  Guidelines for gastroenterology and nutrition for Loeys–Dietz syndrome
1. �Monitor weight/height and body mass index curves. Have a low threshold for caloric supplementation if patient fails to thrive. Optimize and maintain 

body mass index prior to any planned surgery

2. �In children with severe failure to thrive, consider nasogastric or gastrostomy tube placement to assist with caloric intake. Consider the possibility of 
food allergy in formula choice

3. Periodically monitor calcium intake and serum vitamin D (vitamin D 25-OH). Use typical protocols for deficiency

4. �Consider PEG-3350 (glycolax) for constipation. Precede maintenance therapy with a clean-out if constipation has been longstanding or 
rectal impaction exists. Consider endoscopy and biopsy to evaluate for EGID and IBD if suspected clinically. Prior to endoscopy, evaluate for 
cervical spine instability. Consider assistance of anesthesiology professional during endoscopy for blood pressure and airway and cervical spine 
management.

5. Use typical protocols for diagnosis management and treatment for EGID and IBD

EGID, eosinophilic gastrointestinal disease; IBD, inflammatory bowel disease.
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endoscopy, the presence of cervical spine instability should be 
determined, although its existence is not an absolute contra-
indication to endoscopy. Consideration should be made for 
performing the procedure with the assistance of an anesthesi-
ologist or certified registered nurse anesthetist, and good blood 
pressure control should be maintained. Given the connective 
tissue aspects of LDS, there does exist, at least theoretically, an 
increased risk of perforation, although this has not been seen to 
date (A. Guerrerio, personal communication).

Other management
A variety of other complications and birth defects that can 
range from mild to severe may require identification and man-
agement (Table 8).

Craniofacial. Cleft palate and craniosynostosis are reported 
in LDS 1/2. Treatment is per typical protocol, taking into 
consideration cervical spine status on anesthesia management 
during early surgical interventions. A three-dimensional head 
computed tomography can assess for craniosynostosis. Most 
commonly, the sagittal suture is prematurely closed, but the 
coronal, metopic, and squamosal sutures can also be involved.14 
Facial asymmetry may represent a milder malformation of 
craniofacial development. Consultation with a craniofacial 
program may be useful in determining utility and necessity of 
diagnostic computed tomography imaging.

Due to the craniofacial differences, high and narrow palates 
may cause dental malocclusion that will need orthodontic inter-
vention. Anecdotally, many individuals present with decreased 
dental enamel, causing significant damage of primary teeth 
requiring extraction (H. Dietz and B. Loeys, personal commu-
nication). Early and routine dental evaluations are necessary.

Uvula anomalies (mildest form of cleft palate) can range 
from a bifid uvula, uvula with raphe, to broad or long uvula. 
Although considered part of the original triad of features, many 
individuals may not have this feature.

Cutaneous. Cutaneous findings in LDS include velvety, thin, 
translucent skin with easy bruising and visible veins.1 Scars 
may be atrophic and wound healing may be delayed.13 In 
some individuals lacking craniofacial features, these cutaneous 
features may be a prominent distinguishing feature of LDS from 

Marfan syndrome or thoracic aortic aneurysm and dissection. 
Striae and/or facial milia may also be present.60

General surgery. Splenic or bowel rupture is a rare but life-
threatening manifestation reported in individuals with LDS 
1/2.1 Prolapse of the bowel, uterus, and bladder has also been 
reported.3,15,18

Inguinal, umbilical, hiatal hernias have been observed and 
may occur postsurgically or recurrently. Mesh repair should be 
considered.

Varicose veins have been reported in LDS, and at least in LDS 
3, there is the suggestion that they may be surgically resistant.15

The Nuss procedure for pectus deformity repair is typically 
considered cosmetic, as they rarely impact heart or lung func-
tion. If pursued, it is recommended to not be performed con-
currently with aortic root surgery, as this can prolong recovery 
with added pain and/or other lung complications.

Neurology. Learning disability is a rare primary manifestation 
in individuals with LDS 1/2, and if present, it is likely related 
to craniosynostosis or hydrocephalus.1 It has not been reported 
as a feature in LDS 3. Those individuals presenting with a 
chromosome microdeletion causing LDS 4 may have intellectual 
disability depending on the extent of the chromosome deletion.5

Neuroradiological findings of Chiari malformation have 
been rarely reported in LDS. Hydrocephalus may exist unre-
lated to Chiari malformation.1 Dural ectasia seems to appear in 
an increasing frequency as more radiological imaging of indi-
viduals is being performed.3,6,61

Any aneurysms and dissections in the carotid and verte-
brobasilar systems may require treatment to prevent further 
complications such as strokes. The presence of these finding 
should prompt evaluation by neuroradiology or neurointer-
ventional specialists. Chronic aspirin use may be indicated in 
these individuals.

Headaches appear to be a feature of LDS that may signifi-
cantly impact day-to-day living in individuals with LDS, 
occurring in as much as 50% of patient reports.15 They do not 
seem to co-occur with cerebrovascular abnormalities. Keeping 
a food/environment diary may help identify headache trig-
gers, and sleep studies or ophthalmological evaluations may 
help identify other medical causes to headaches. The impact 

Table 8  Other management recommendations for Loeys–Dietz syndrome
1. Craniofacial referral with three-dimensional computed tomography for craniosynostosis in presence of skull asymmetry. Treated by typical protocol

2. Typical management for cleft palate repair. With surgeries in infancy, cervical spine imaging and management should be considered

3. Headache management may be complex and difficult; consider consultation with headache specialist; vasoconstrictor medications are contraindicated

4. Hernia repair per typical protocol; consider mesh placement and be aware of potential significant scar tissue with multiple interventions

5. �Ophthalmologic baseline evaluation and treatment as indicated for myopia or eye muscle disease. Risk for retinal detachment is present. Natural 
history of eye is unknown; thus follow-up is recommended every 3 years

6. Pulmonary consultation or sleep study for sleep apnea in presence of clinical symptoms

7. �Pectus repair is typically cosmetic. Repair should be discussed with general surgeon for appropriate timing. Preferred avoidance of performing in 
conjunction with aortic root replacement surgery

8. Genetics consultation to discuss overall management plan, inheritance, recurrence risk, familial testing, and pregnancy testing options

9. Psychotherapy to address psychosocial implications of diagnosis on the family
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of dural ectasia in headache development has been described 
in Marfan syndrome, but there is no clear and effective treat-
ment for this finding,62 although for an acute dural tear or 
chronic cerebral spinal fluid leakage, blood patch placement is 
indicated. β-Blockers may provide relief for some individuals. 
Vasoconstrictor class of medications is contraindicated in this 
patient population. Comorbidities of fatigue and joint pain 
also impact quality of life.63

Ophthalmology. A major distinguishing feature from Marfan 
syndrome is the lack of lens dislocation in LDS. Although not 
clinically significant, blue or dusky sclera can be a diagnostic 
clue. Retinal detachment and cataracts have been reported in 
LDS 1/2.15 Myopia is less frequent and severe than in Marfan 
syndrome. A variety of eye muscle problems including 
strabismus, amblyopia, and exotropia are seen in LDS and 
respond to typical protocols of patching and/or surgery.14,15 
Retinal tortuosity has been described, but clinical significance 
is unknown.2

Pulmonary. Pneumothoraces and restrictive lung disease are 
reported pulmonary manifestations. Additionally, obstructive 
sleep apnea may be present, even in young children, and 
sleep studies should be considered in the presence of clinical 
symptoms such as sleep apnea, snoring, morning headaches, 
and daytime tiredness. Pulmonary artery dilation encroaching 
upon the right mainstem bronchus has been reported in a 
3-month-old infant with LDS 2, presenting as respiratory 
distress.64

Cancer. Somatic mutations (mutations in specific tissues) in 
TGFBR2 have been reported in cancer cells, but risk of cancer 
in individuals with LDS is unknown.65 TGF-β signaling is 
recognized to have a role in cancer including suppression of 
carcinogenesis in the initial stages of cancer and promotion of 
tumor progression and metastasis in the later stages.66 Milewicz 
and colleagues9 reported the presence of basal and squamous 
cell carcinoma and breast, pancreatic, parotid gland, and renal 
cell carcinoma in individuals with LDS 1/2. Acute myeloid 
leukemia has been reported in an individual with LDS 1/2.67 
At present, no specific cancer pattern has emerged, and it is 
unknown whether cancer risk is increased in individuals with 
LDS. Normal cancer-screening guidelines are recommended.

Psychosocial adjustment. A genetic diagnosis, especially 
one with significant health burden and somewhat uncertain 
prognosis, can generate a multitude of emotional reactions in 
patients and their caretakers. A diagnosis can affect relationships 
with and between parents, spouses, siblings, children, extended 
family, and nonfamily support systems. Adequate attention 
should be paid to coping and communication styles within the 
family, with referral to therapists or counselors as necessary. 
Those receiving the diagnosis will need assistance understanding 
the importance of medication compliance and physical activity 
restrictions. There may be significant emotional burden related 

to medical appointments and surgical interventions, the natural 
history of the disease in the extended family, feelings of isolation 
or unfairness, and/or fear of the future, both for the affected 
individual and other family members. Depression and anxiety 
over medical concerns may exist on a short-term or chronic 
basis, and appropriate treatments and coping strategies should 
be discussed.

Genetics. Consultation with a genetics professional is 
recommended at diagnosis to review the multisystem 
manifestations of LDS, to help develop an imaging surveillance 
plan and to coordinate interdisciplinary care. Additionally, a 
genetics professional can assist in reviewing the family history 
to determine whether echocardiogram screening or familial 
genetic testing is warranted, especially in the families of LDS 
patients with mild external features.

Genetics professionals can provide educational and support 
resources, including necessary documentation about the diag-
nosis, letters for school or work, and LDS family contacts to aid 
in support. Letters for school should include information about 
the diagnosis, physical education restrictions, allergy manage-
ment, impact of skeletal and joint features, and psychological 
impact of the disorder. This information can help the child, 
family, and school to develop an individualized education pro-
gram. Emergency letters should address risk for catastrophic 
events including aortic, arterial, or hollow organ rupture, 
retinal detachment, and management for allergen exposure. 
(Supplementary Appendixes A, B, and C online).

Pregnancy. Women with LDS can tolerate and have 
successful pregnancies and deliveries, although pregnancies 
should be considered high risk. In the absence of predictive 
characteristics of women who may have complications, 
counseling women about specific risks remains a challenge. In 
21 pregnancies among 12 women with LDS 1/2, 6 women had 
a major complication either during pregnancy or immediately 
postpartum, comprised of 4 aortic dissections and 2 uterine 
ruptures.1 These occurred in first, second, and third pregnancies. 
Two additional women experienced severe uterine hemorrhage 
independent of pregnancy. Arterial rupture may also be a 
pregnancy or postpartum complication. In an additional report 
of 9 women with LDS 1 with 32 children and 22 women with 
LDS 2 with 61 children, only 1 woman experienced a vascular 
complication associated with the pregnancy, passing away of 
aortic dissection 3 weeks postpartum.9 Of 13 women having a 
total of 23 pregnancies with LDS 3, 1 had severe postpartum 
hemorrhage, but no other vascular complications or uterine 
ruptures were reported.15,18 Although few cases of LDS 4 have 
been reported, a “mother died in childbirth” in one individual 
with LDS 4.16 Large-scale studies are necessary (Table 9).

In Marfan syndrome, a high risk of complication including 
death from aortic dissection exists in pregnancies of women 
with aortic dimension >4.5 cm.68 There is an approximately 
10% risk of dissection in pregnancy when the aortic dimen-
sion is above 4.0 cm, and 1% risk in women with normal aorta 
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size.69,70 Due to the more aggressive nature of LDS, pregnancy 
in this population could hold a higher risk of vascular catastro-
phe. Successful pregnancies in women with aortic dimensions 
of 3.9 cm have been reported, although there are no follow-up 
data to predict impact of pregnancy on aneurysm progression 
or formation.71 Additionally, successful treatment of a type A 
dissection in a woman with LDS 1 at 16 weeks of gestation has 
been reported.72 Valve-sparing aortic root replacement prior to 
pursuing pregnancy, especially in women around the 4.0-cm 
surgical threshold, should be considered.

Patients should be referred to high-risk obstetric care and 
delivery in a tertiary-care center.13 Prior to pursuing a preg-
nancy, cervical spine instability should be excluded in the event 
that general anesthesia with emergency vascular surgery is 
required. Consultation with an anesthesiologist should be pur-
sued to review spinal anatomy and possible dural ectasia for 
possible contraindications to spinal epidurals. Multidisciplinary 
input for women with known aneurysms or dissections is opti-
mal to formulate a pregnancy and delivery plan.

Cardiovascular medications should be addressed, with safe 
down-titration and discontinuation of angiotensin receptor 
blockers prior to pursuing a pregnancy. β-Blocker usage is 
recommended throughout pregnancy. Other pain, anticoagu-
lation, and/or other medical therapy should be thoroughly dis-
cussed prior to pregnancy to reduce teratogenic effects on the 
fetus.

Early delivery and the avoidance of high intra-abdominal 
pressure by means of cesarean section may reduce the risk of 
obstetric complications. No specific recommendations can be 
made, however, due to the absence of studies comparing the 
efficacy of cesarean and vaginal deliveries. Poor wound healing 
with cesarean section or episiotomies may occur.13

Preconception genetic counseling is indicated to address 
recurrence risk and diagnostic testing options. The recurrence 
risk when one parent is affected is 50%. When a couple has a 
child with an apparently de novo gene mutation, counseling 
should include approximately ≤1% risk of second child with 
LDS attributed to germline mosaicism.1 Prenatal diagnosis 
through amniocentesis or chorionic villus sampling and preim-
plantation genetic diagnosis are available options for all types of 
LDS. Ultrasound may be a screening tool for clubfoot or camp-
todactyly and fetal echocardiograms may detect in utero aortic 
dilation, but these are not diagnostic.73

As more individuals are diagnosed with LDS, our knowledge 
about the range of medical features and best management prin-
ciples will continue to evolve. This review of the literature and 
expert advice for current management recommendations is 
formulated with the goal of improving quality and longevity of 
life for those affected with LDS.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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