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	Clinical Guideline
CLINICAL GUIDELINE FOR THE MANAGEMENT OF CHRONIC THORACIC AORTIC DISEASE


	SETTING
	Trustwide 

	FOR STAFF
	Clinical staff at University Hospitals Bristol and Weston

	PATIENTS
	All patients with aortic disease

	___________________________________________________________________________


Thoracic aortic disease is most commonly caused by a combination of age and hypertension.  A significant minority of cases are inherited (syndromic and non-syndromic), and known as hereditary thoracic aortic disease HTAD (see Table 1). The increase in availability of genetic testing has resulted in increased referrals to the service and the need for guidance for referral, genetic testing, and appropriate follow-up intervals.

The Aortic Surveillance Flowchart (Figure 1) and Advised Frequency of Surveillance for Patients with Aortic Disease (Table 2) can be used as guidance on how and when to refer and how often to perform surveillance scans. More detailed notes on HTAD, medical management, surgical referral guidance, pregnancy, lifestyle advice, psychology, screening, and measurements follow.

Referrals 
Patients should be referred to the service if:
· there is a family history of premature (<70 years [<60 with a history of hypertension]) aortic or peripheral vessel aneurysm or dissection in a first degree relative;
· they have a bicuspid aortic valve; and/or
· they have an ascending aortic measurement of >40mm.

Although patients >70 years are less unlikely to benefit from preventative surgery, diagnosis of an underlying vasculapathy may have implications for other family members.

40mm has been chosen as an arbitrary size, beyond which assessment/screening may be advantageous. Younger patients (<60 years) with a dilated aorta <40mm and no other cause may be referred if there is a strong suspicion of an underlying disease.

Table 1. Causes of Thoracic Aortic Disease 
	HTAD - syndromic and non-syndromic (includes MFS, LDS etc) 

		Congenital conditions - bicuspid aortic valve, Coarctation of the aorta, Turner syndrome, Complex congenital heart defects (e.g. Fallot, transposition) 
	




	Hypertension

	Atherosclerosis/degenerative

	Previous aortic dissection

	Inflammatory or infective aortitis

	Infectious aortitis

	Previous traumatic aortic injury


Figure 1.


Aortic Surveillance Flowchart
Dilated thoracic aorta detected on imaging
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Clinical assessment (include family history, valve morphology, blood pressure).

Further assessment is recommended if patient suitable for prophylactic aortic surgery plus 
ANY OF:-

· Family history aortic or vessel aneurysm/dissection
· Bicuspid aortic valve
· Aorta >40mm†
· [Suitable for surgery]

Suitable for surveillance?


Genetic testing (refer family to genetic counsellors for cascade testing if pathogenic variant found)
High suspicion of heritable aortopathy/criteria met for genetic testing











YES

CT or MRI aorta*

MEETS SURGICAL CRITERIA


NORMAL
NO

Dilated segment well seen on echo 
and no HTAD

No further action


YES
NO


MEETS SURGICAL CRITERIA
Echo at 1 year to assess progression
MRI/CT at 1 year to assess progression


Patient no longer suitable for surveillance (e.g. frailty)



Low risk
5 years
Moderate risk
2 years
High Risk
Annual






POST-OP SURVEILLANCE
> 1 YEAR
MEETS SURGICAL CRITERIA
CLINICAL ASSESSEMENT AND SURGICAL REFERRAL
Pregnant or planning pregnancy - refer to maternal heart team. All women require PPC.
Surgical criteria may differ.
Surveillance CT/MRI/echo at intervals dictated by risk 
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Frequency of Surveillance


Surveillance is only required for patients who may benefit from prophylactic surgery in their lifetime, 

Where the aorta has been found to be dilated incidentally in patients in whom there is no suspicion of HTAD, they can typically be reassured and discharged.

For patients who require surveillance, the advised frequency is shown in Table 2. If the dilated portion of the aorta can be seen on echo, MRI and CT surveillance can be less frequent.

Post-op patients require ongoing surveillance due to the risk of dilatation of the remaining aorta, especially if there is a residual dissection. This needs to be done by MRI or CT.

Consider initial MRI/CT brain to pelvis in HTAD where there is a family history of intracranial or peripheral artery aneurysms.



Table 2. Advised Frequency of CT/MRI Surveillance for Patients with Aortic Disease 


	
Risk
	Low Risk – 5 yearly
	Moderate – 2 yearly
	High - annually

	Trileaflet aortic valve*
	41- 44 mm – echo sufficient if stable after 12m

	45-49 mm 
if stable after 12m
Annual echo
	50-54 mm any aetiology not meeting surgical criteria

	Bicuspid aortic valve 
	
	41- 44 mm – echo sufficient if stable after 12m
Annual echo
	45-52 mm not meeting surgical criteria

	Hereditary thoracic aortic disease (HTAD)
	
	MFS<45 mm

	MFS >45 mm and not for surgery 
All LDS (head to pelvis), vEDS**

	Turner syndrome
	Aortic size index (ASI) < 20 mm/m2
	ASI 20-23 mm/m2
	ASI > 23 mm/m2  and risk factors 

	Post op thoracic aneurysm repair 
	If stable at 1, 12 and 24 months 
	Post dissection/TEVAR if stable after 5 years
	HTA
All post op dissections/TEVAR (@1,6,12m initially)



In the case of MFS or LDS root pathology and good echo windows, annual surveillance may be by TTE with 1-3 yearly MRI/CT afer initial assessment.

All LDS MRIs must include head to pelvis (prevalence of ICAs approx 20%)
* where there is no HTAD or suspected HTAD
** frequency of scanning vEDS patients with completely normal vasculature may be reduced to 3-5 yearly
Hereditary Thoracic Aortic Disease 

· HTAD is caused by pathogenic variants in single genes in most cases.
· Typically autosomal dominant with variable expression and penetrance, especially in women. 
· Acute aortic events occur at a younger age (average age at presentation 57 years).
· HTAD may be syndromic with typical features of abnormal ‘connective tissues’ (such as Marfan (MFS) or Loeys-Dietz Syndromes (LDS)) or non-syndromic where these are absent
· Specific genetic variant impacts phenotype, risk for aortic growth, dissection, and associated vascular conditions.
· Pathogenic variants are only found in 20% of familial non-syndromic cases. Many disease-causing variants are yet to be identified.
· 6% to 8% of non-syndromic HTAD have variants in some of the genes that cause MFS or LDS (e.g. FBN1, TGFBR1, TGFBR2, SMAD3, and TGFB2)

All suspected cases of HTAD should be referred to the ICC service. 

Appendix 1 shows the genetic causes of HTAD, with description of the clinical features, aortic phenotype, and more detail on the size at which referral for prophylactic surgery on the ascending aorta should be made. Data are limited for rarer conditions and guidelines for MFS are often used.


Genetic Testing

Should be performed by the CARDIAC team if 
· <70 years (<60 years if history of hypertension) and
· Acute dissection
· Dilated aorta (absolute or by indexed height) if no history of hypertension/other cause
(if established hypertension, discuss with consultant cardiologist who will review case) 
· BAV aortopathy with family history and/or root phenotype

Should be performed by CLINICAL GENETICS team if:
· Family history of TAD with known pathogenic variant
· Features consistent with syndromic HTAD but no cardiac disease 

These patients may come to cardiology and testing may be done by an experienced ICC cardiologist in conjunction with Clinical Genetics

All predictive testing in apparently unaffected individuals should be done via the genetic counsellors

· An EDTA tube of blood should be sent to the Wessex genetics lab at North Bristol and tested on the R125 panel. Forms are available in all departments. 
· The R125 panel includes the following 33 genes: 

FBN1/2, TGFBR1/2, TGFB2/3, SMAD 2/3/4/6, BGN, COL3A1, COL5A1, COL5A2, SCL2A10, LOX, ABL1, ELN, FLNA, MYH11, ACTA2, MYLK, NOTCH1, ASPH, CBS, MFAP5, PRKG1, EFEMP2, FBLN5, IPO8, PLOD1, FKBP14, SKI

· Results may reveal a pathogenic variant, no variants or a variant of unknown significance (VUS). VUS’s cannot be used for predictive testing.

Positive genetic testing should trigger gene-based management and cascade testing of first degree relatives.



Medical Therapy

· Intensive BP control to SBP <120 mm Hg, if tolerated
· Beta-blockers  reduce wall stress and growth rate in MFS. 
· Angiotensin receptor blockers (ARBs) reduce growth rate in MFS 
· Celiprolol 200mg bd reduces event rate in vEDS. New data suggests ARBs are also protective (ARCADE trial, in press)
· Avoid long-term calcium channel blocker use (causes adverse events in MFS)



Timing of Surgery 

	Trileaflet aortic valve
	≥ 55 mm OR 52 mm if surgical risk low
≥ 50 mm if surgical risk low and risk factors, including root phenotype

	Bicuspid aortic valve 
	≥ 50 mm root phenotype (and if  ≥ 45 mm and need for AVR)
>52 if surgical risk low
> 55 mm if ascending aortic phenotype, root normal

	Hereditary thoracic aortopathy 
	MFS ≥ 50 mm
MFS ≥ 45 mm MFS if risk factors *
For LDS and specific genotypes see Appendix 1.

	Turner syndrome (TS)
	ASI > 25 mm/m2 + risk factors*
Consider >27mm/m2 if none 

	Post op thoracic aneurysm surgery
	Residual Type B with
· descending aorta ≥ 60 mm or 
· malperfusion or 
· significant post-op complications eg pseudoaneurysm (≥ 55 mm in HTAD)



*Risk factors for more aggressive phenotypes where surgery may be considered earlier:

MFS	growth rate ≥ 3mm/y, family history of dissection, refractory HT, severe AR, root and ascending aortopathy, marked vertebral arterial tortuosity.

BAV	growth rate ≥ 3mm/y, family history of dissection, root phenotype, coarctation, refractory hypertension, asc aortic length >11 cm, short stature

TS	BAV / coarctation / hypertension. Consider using mm/m if obese.



Pregnancy

· Pregnancy increases the risk of aortic dissection
· All women with aortic disease should have detailed pre-pregnancy counselling by expert obstetric cardiologists, including the offer of pre-implantation genetic diagnosis if a pathogenic variant is known
· Surgery prior to pregnancy is recommended in patients with:
· Syndromic and non-syndromic HTAD with aorta ≥ 45 mm
· BAV and aortic diameter ≥ 50 mm
· Turner syndrome and ASI ≥ 25 mm/m2
· Sporadic aortic root or ascending aorta aneurysm diameter ≥ 50 mm



Education, Lifestyle and Exercise Advice

· Patients should be advised to avoid intense isometric exertion or exercises that require the Valsalva manoeuvre, i.e. light weightlifting and low-intensity aerobic exercise only
· Patient with vEDS should avoid invasive procedures /surgery when possible

All should be educated on the symptoms to expect in the event of acute dissection and what action to take


Psychology

· Post-traumatic stress disorder after dissection is common. Patients may be referred to the ACHD psychology team (service order on Medway).



Screening 

· Thoracic aortic imaging recommended for first-degree relatives of individuals with aortic dissection or aortic aneurysm, regardless of age of onset, including those who did not survive the acute aortic event
· Frequency of imaging depends on gene variant (if known), age, and family history.
· If negative, screening imaging should be started at age 25 or 10 years below the youngest case in the family (whichever is younger) and should be performed 5 yearly until the age of 60 years.
· This will usually be done by the cardiology team, unless otherwise arranged


Measuring Aortic Size

Method of Measurement
· Measuring from sinus to sinus and from inner-edge to inner-edge on CT and MRI correlates well with transthoracic echo 
· Root can be asymmetric - multiple measurements should be reported, with either each sinus-to-sinus diameter or both short- and long-axis diameters
· Leading edge to leading edge (LE-LE) or internal diameter can be measured on echo (quoting normal ranges). LE-LE correlates best with CT
· Measurements should be performed in diastole

The Aortic Size Index (ASI) and Aortic Height Index (AHI)
· ASI is a better predictor of adverse aortic events than diameter; weight affects this
· AHI also predicts events 

The Cross-Sectional Area to Height Ratio (CSA/h)
· >10 cm2/m predicts increased risk of dissection and death   
· Most appropriate to use in patients if height > ±1 s.d. of mean

Aortic length
Excessive elongation of ascending aorta may predict dissection.

 [The Z-Score
· data on natural history of aortopathy in adults is based on diameters. 
· outcomes based on z-scores limited, so Z-score not typically used]

Reporting
Reported echo measurements are at the sinus of valsalva, sinotubular junction and ascending aorta, asbolute and indexed measurements.

Reporting structure for surveillance CT and MRI scans should be standardised with measurements at the same anatomical points, as advised by the complex aortic MDT. 




These points are (with normal ranges:

	Aortic annulus
	mm;14-33 mm

	Sinus of Valsalva
	mm;19-45 mm

	SoV indexed
	mm;13-21 mm/m2

	Sinotubular Junction
	mm;12-38 mm

	Mid Ascending
	mm;19-34 mm

	Proximal Arch(prior to branch 1)
	mm; 30.0 ± 4.4mm

	Mid Arch(between branches 1 and 2)
	mm; 28.4 ± 4.0mm

	Mid arch (between branches 2 and 3)
	mm; 27.2 ± 4.3mm

	Aortic isthmus
	mm; 25.5 ± 3.9mm

	Proximal Descending
	mm;15-26 mm

	Mid Descending
	mm; 13-23 mm

	Diaphragm Hiatus
	mm; 25.1 ± 3.4

	Mid Abdominal
	mm




Rapid growth 

· ≥ 5 mm / year or ≥ 3 mm / year in 2 consecutive years for sporadic aneurysms
· ≥ 3 mm / year for hereditary thoracic aortopathy (HTAD) or bicuspid aortic valve (BAV) disease
· NB. Care must be taken to ensure that serial measurements are made carefully, including examining more historic scans. Whilst rapid growth is rare, small cumulative incremental changes must be noted.

Abbreviations
AHI		aortic height index
ARB		angiotensin receptor blocker
ASI		aortic size index
BAV		bicuspid aortic valve
CSA/h		cross sectional area/height
HTAD		hereditary thoracic aortic disease
LDS		Loeys-Dietz syndrome
MFS		Marfan syndrome
TEVAR	thoracic endovascular aortic repair
vEDS		vascular Ehlers-Danlos Syndrome
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Appendix 1

	Syndromic Heritable Thoracic Aortopathy 

	
	

	Condition & Prevalence
	Gene
	Clinical Features
	Aortic Phenotype
	Refer for Surgery

	Syndromic HTAD∗
	
	

	Marfan syndrome

	FBN1
	Long bone overgrowth, arachnodactyly, scoliosis, pectus deformities, ectopia lentis, myopia, pneumothorax, dural ectasia, mitral valve prolapse. 



	· Sinuses most often affected
· Growth 1mm/year, faster if larger 
· Distal aortic dilatation more common after root replacement/previous Type B dissection 
· Type B dissection initial event in 10% 
	>50mm
>45mm if risk factors*

CSA/h ≥10 cm2/m reasonable




	Loeys-Dietz syndrome 
	TGFBR1 TGFBR2 SMAD3 
TGFB2 
TGFB3 SMAD2 
IPO8
	Skeletal features similar to MFS but unique craniofacial and cutaneous features - craniosynostosis, hypertelorism, bluish sclera, bifid/broad uvula, translucent skin, visible veins, club feet.

Mitral valve prolapse

BAV is more common 

TGFBR1&2 may have earlier onset disease
SMAD3 premature osteoarthritis and peripheral neuropathy
	As for MFS

Aortic and branch vessel aneurysms and dissections, arterial tortuosity.
	≥ 45 mm 
(consider 40-45mm if 
TGFBR1/2,severe extra-aortic features; family history of dissection (especially if young or small aortic diameter); and rapid growth)

	Vascular Ehlers-Danlos syndrome

	COL3A1 
Severity correlates with specific variant.
	May dissect with no dilatation, mitral valve prolapse, pneumothorax, cutis laxa, translucent skin, atrophic scars, small joint hypermobility, easy bruising, typical facies, lobeless ears, acrogeria of hands and feet.


	

Spontaneous aortic and arterial dissections, aneurysms, and rupture, plus organ rupture at young age.
	Avoid if possible due to vascular fragility and associated bleeding complications.

Operate if rapid growth / dissection.

No data to guide prophylactic surgery.

	Arterial tortuosity syndrome
	SCL2A10
	Craniofacial, skin and skeletal features
	Tortuous large and medium sized arteries, aortic dilation.
	

	Shprintzen-Goldberg syndrome
	SKI
	Craniosynostosis, skeletal features, aortic dilation
	
	

	Ehlers-Danlos syndrome  with periventricular nodular heterotopia
	FLNA
	X-linked, periventricular nodular heterotopia, BAV, MV disease, PDA, VSD, seizures, joint hypermobility
	
	

	Meester-Loeys syndrome 
	BGN
	X-linked, mitral valve disease
	
	

	LOX-related TAA
	LOX
	BAV, Marfanoid habitus in some 
Highly penetrant

	Root aneurysms, fusiform dilation of root and ascending aorta into arch
	

	Smooth muscle dysfunction syndrome 
	ACTA2
	Moyamoya-like cerebrovascular disease, pulmonary hypertension, pulmonary disease, hypoperistalsis, hypotonic bladder, congenital mydriasis
	
	




	Non-syndromic HTAD 
	
	

	
	Gene
	Clnical Features
	Aortic Phenotype
	Refer for Surgery/Notes

	
	ACTA2
	Premature CAD and moyamoya-like cerebrovascular disease, livedo reticularis, iris flocculi
	· Aneurysms involve root and ascending aorta
· Subset of variants predispose to occlusive vascular diseases
· Screening for coronary artery /cerebrovascular disease in individuals with specific variants
· Can dissect at diameters <45 mm 
	≥ 45 mm 
40-45mm if risk factors

MRI can be 3-5 yearly


	
	MYH11
	· PDA
· Highly penetrant
	· aneurysms involve root and ascending aorta
· may have peripheral arterial disease
	

	
	MYLK
	· Aortic dissection at relatively small aortic size
· Highly penetrant
	Present at >40 years with type A dissection with little previous enlargement (median diameter, 42.5 mm)
	

	
	PRKG1
	· Aortic dissection at young ages and small aortic sizes
· Can present in late teens with type A or B aortic dissection without previous aortic enlargement
· Highly penetrant
	
	

	
	MAT2A
	BAV
	
	

	
	MFAP5
	Skeletal features may be present
	
	

	
	
	
	
	

	
	THSD4
	
	
	

	Bicuspid Aortic Valve–Associated Ascending Aortic Aneurysm
	
	

	Familial BAV/aortic stenosis and aortopathy
	NOTCH1
	Aortic valve stenosis
Premature calcification
	
	

	BAV with aortopathy
	TGFBR2 SMAD6 LOX 
	Syndromic and nonsyndromic HTAD with an increased frequency of BAV
	
	

	Turner syndrome
	XO, Xp
	Short stature, lymphedema, webbed neck, premature ovarian failure

50% have cardiovascular defects, including BAV (15%–30%), aortic coarctation (7%–18%), and ascending aortic dilation (33%).
	· Typically ascending aortopathy

· Obesity common, caution with ASI
	· ASI ≥25 mm/m2 + risk factors
· If no risk factors few data to guide preventative surgery.
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