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Abstract
Purpose Aortic dissection is an infrequent but serious
condition that often requires immediate operative

intervention. We explore recent developments in the
classification of aortic dissection and perioperative
transesophageal echocardiography that assist with
quantifying the severity of disease and facilitate its
management.

Principal findings We describe the pivotal role of
echocardiography in  relation to key surgical
considerations such as cannulation, aortic root surgery,
perfusion in the aortic arch vessels, stenting in hybrid arch
repair, and timing of preventative surgery.

Conclusion Developments in the classification of aortic
dissection have improved our perspective and understanding
of the key presenting features that affect mortality.
Improvements in patient outcome may be achieved in part
by appropriately timed echocardiography-guided surgery.
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Résumé

Objectif La dissection aortique est une maladie peu
fréquente mais grave qui nécessite souvent une
intervention opératoire immédiate. Nous explorons les
développements récents survenus dans la classification de
la dissection aortique et lutilisation de
l’échocardiographie transesophagienne périopératoire
pour aider a quantifier la gravité de la maladie et
faciliter sa prise en charge.
Constatations principales
de 'échocardiographie en relation avec diverses considérations
chirurgicales clés, notamment la canulation, la chirurgie de la
racine aortique, la perfusion des vaisseaux de I'arc de [’aorte,
Uimplantation d’endoprothese pour la réparation hybride de
larc, et le choix du moment opportun pour la chirurgie de
prévention.
Conclusion Les
classification de la dissection aortique ont amélioré notre

Nous décrivons le role-charniére

développements survenus dans la
perspective et notre compréhension des caractéristiques de
présentation clés qui affectent la mortalité. Des
améliorations au niveau des pronostics des patients
pourraient survenir en partie grdce a une chirurgie

échoguidée planifiée au moment opportun.

Aortic dissection is an infrequent but serious condition that
often requires operative intervention. In this article, we
discuss recent developments in classification schemes for
aortic dissection in accordance with presenting factors. In
addition, the role of echocardiography is considered for
confirmation of correct surgical cannulation, guiding
surgery involving aortic valve regurgitation, perfusion in
the aortic arch vessels, hybrid arch repair, and timing of
preventative surgery.
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«Fig. 1 Perioperative transesophageal echocardiography assessment
of aortic dissection and associated complications. (a) Short-axis views
of dissection in the descending thoracic aorta. With the use of colour
flow Doppler, blood in the true lumen (TL) may be seen entering the
false lumen (FL) via a tear (arrow head) of the intimal flap. There is a
mobile thrombus (Tb) in the false lumen (Video 1a). (b) Colour M-
mode across the long-axis view of the aortic arch showing
independent mobility of the intimal flap (arrow head) with respect
to the aortic wall. This image of high temporal resolution shows
expansion of the true lumen (TL) in systole. (c) Mid-esophageal long-
axis views of the aortic valve showing prolapse of the intimal flap into
the left ventricular (L'V) outflow tract and mal-coaptation of the aortic
cusps during diastole (Video 1c). (d) Colour flow Doppler shows
aortic regurgitation (AR) highlighted by an arrow (Video 1d).
LA = left atrium; RV = right ventricle; Ao = aorta. (e) Upper
esophageal long-axis (Video le) and (f) short-axis (Video 1f) views
of the aortic arch showing an intimal flap and periaortic hematoma
(H) near the origin of the left common carotid (LCC) artery. Colour
Doppler shows antegrade flow in the true lumen (TL) during systole
and some retrograde flow in the false lumen (FL) (Video le)

Anatomy and echocardiographic presentation

In patients with aortic dissection, there is disruption of the
aortic intima and media, creating two compartments: a true
lumen and a false lumen separated by an intimal flap.
Blood in the true lumen communicates with that in the
false lumen via the intimal tear (Fig. la). Using
transesophageal echocardiography (TEE), we find that the
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Fig. 2 Stanford, DeBakey, and Penn classification schemes for aortic
dissection. In the Penn classification, Stanford Type A aortic
dissection is integrated with DeBakey I (with descending aortic
involvement) and DeBakey II (without descending aortic
involvement). Similarly, for Stanford Type B aortic dissection,
extension in the descending aortic may be in the thorax alone
(DeBakey III extent A) or in both the thorax and abdomen (DeBakey
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true lumen is characterized by rapid systolic expansion,
whereas the false lumen is represented by diastolic
enlargement, often with evidence of spontaneous
echocardiographic contrast."” This feature occurs as a
result of blood traversing a tear in the intimal flap and is
shown by colour Doppler (Video 1a).> In M-mode, this
motion may be visualized with sufficient temporal
resolution (Fig. 1b).* Artifacts occur as a result of
reverberation of ultrasound, particularly in a dilated
ascending aorta and in the presence of a pulmonary
artery catheter.” An intimal flap may be distinguished from
an imaging artifact when a linear structure is seen to move
independently with respect to the aortic wall. Multiple two-
dimensional scan views of the aorta may also be needed to
confirm the presence of an intimal flap and to avoid
misdiagnosis. It is likely that additional clarification may
be obtained by three-dimensional TEE, which shows the
dissection flap as a sheet of tissue rather than as a linear
structure.®

In experienced hands, TEE seems to be both sensitive
and specific for detecting thoracic aortic dissection. In a
meta-analysis of diagnostic studies evaluating the accuracy
of TEE, computerized tomography, and magnetic
resonance imaging, the sensitivities (95% confidence
interval [CI]) were 98% (95 to 99), 100% (96 to 100),
and 98% (95 to 99), respectively. The corresponding
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IIT extent B). Further categorization is based on extension of clinical
presentation with the following ischemic profile: a- absence of
ischemia; b- branch vessel malperfusion; c- circulatory collapse; b
and c- both branch vessel malperfusion and circulatory collapse.
Within Stanford Type B or DeBakey III, Penn class a category may
be subdivided into high risk (Type I) or low risk (Type II) of
complications depending on the echo-anatomic features
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Fig. 3 Aortic root surgery (a, b, ¢, & d) and arch procedures (e, f, &
g) for Type A aortic dissection. (a) The Bentall procedure involves
replacement of the ascending aorta, root, and aortic valve with a
valved-conduit. (b) The Yacoub procedure involves remodelling of
the aortic root and sinuses with preservation of the native aortic valve
(AV). (c) In the David procedure, there is replacement of the aortic
root, re-suspension of the native AV within the tube graft, and

specificities (95% CI) were 95% (92 to 97), 98% (87 to 99),
and 98% (95 to 100), respectively.’

Furthermore, extension of aortic dissection and hence
reasons for hemodynamic instability may be identified by
TEE. Detectable complications include cardiac
tamponade;® severe aortic regurgitation (Figs. Ic and 1d,
Video 1c¢ and ld);9 proximal coronary dissection'® with
myocardial ischemia;11 and severe cardiac failure.® By
identification of regional wall motion abnormalities, TEE
has a particularly important role in screening for possible
coronary artery disease and in determining the need for
revascularization without a coronary angiogram.''

Malperfusion of other vital organs and hence adverse
outcome may occur when dissection extends into the aortic
arch and brachiocephalic vessels (Figs. le and 1f, Videos
le and 1f)."? In addition to distinguishing malperfusion in
vessels supplying the upper body, TEE has been shown to
detect malperfusion in branches of the descending aorta
(e.g., the celiac, mesenteric, and renal vessels) via
transgastric  views.'> Nevertheless, these views are
difficult to obtain and care should be taken to avoid
gastric injury.'

reinforcement with sub-commissural annuloplasty. (d) A new
technique integrating both remodelling (Yacoub) and re-suspension
with sub-commissural annuloplasty (David). (e) Hemiarch repair. (f)
Total arch replacement with Carrel patch. (g) Total arch replacement
with branched graft anastomosis to individual brachiocephalic vessels
and elephant trunk prosthesis

Classification and surgical approach

In clinical practice, the location and management of aortic
dissection form the basis of its classification.'> Aortic
dissection has been categorized by Stanford and DeBakey
(Fig. 2).">'® The Stanford classification is based on the
location of the false lumen: Type A involving at least the
ascending aorta and Type B referring to disease confined to the
descending aorta beginning at the left subclavian artery.'”
There are three categories in the DeBakey classification: 1) In
DeBakey I, the false lumen extends from the ascending aorta
to the descending aorta; 2) In DeBakey I1, the false lumen was
originally confined to the ascending aorta, but this category
has now been modified to include disease in the aortic arch;16
and 3) In DeBakey III, as in Stanford Type B, the false lumen
is confined to the descending aorta distal to the left subclavian
artery. These classifications are useful for guiding
requirement for surgery or conservative management:
Stanford Type A or DeBakey I and II dissections require
immediate surgical management, whereas Stanford Type B or
DeBakey III aortic dissection may be managed conservatively
or by endovascular stenting.”
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Fig. 4 The trifurcated graft in aortic arch replacement and hybrid
arch procedure. (a) The trifurcated graft. (b) The “branch-first” aortic
arch replacement enables continuous perfusion of the brain and upper
body using a trifurcated graft. Sequential anastomoses of the three
brachiocephalic vessels to the three limbs of the graft provide almost
uninterrupted cerebral perfusion as the diseased arch is debranched
and replaced. This trifurcated graft receives oxygenated blood via the
right axillary artery (Ax). The lower body is perfused by retrograde

There are several surgical approaches for Type A aortic
dissection. Approaches for dissection in the aortic root and
ascending aorta include: replacement of the ascending aorta
and aortic valve, combined replacement using a valved-
conduit (Bentall procedure in Fig. 3a),'®'? and valve-sparing
aortic root surgery (Figs. 3b, 3c, and 3d) involving coronary
arterial re-implantation.”>*' Valve-sparing aortic root repair
comprises remodelling of the native aortic valve and root into
neo-aortic sinuses (Yacoub procedure in Fig. 3b),% re-
suspension of the aortic valve within the tubular ascending
aortic graft (David procedure in Fig. 3c),” or integration of
both techniques. Recent evidence suggests that integration of
remodelling and re-suspension (Fig. 3d) may provide
additional support for obtaining stable root dimensions and
aortic valve competency.>*2°

Surgery to the aortic arch depends on whether there is
dissection in the transverse arch and the brachiocephalic
vessels.”’” In the absence of involvement in the distal arch
and brachiocephalic vessels, a hemiarch repair (Fig. 3e) is
performed. A total arch replacement is necessary when the
intimal tear occurs in the transverse arch (Carrel patch in
Fig. 3f) and between the brachiocephalic vessels (branched
graft in Fig. 3g).%®

Recent advances in surgical technique involve use of a
trifurcated graft (Fig. 4a), which is perfused intraoperatively
by cannulation of the right axillary artery.” This novel
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flow of blood from a cannula placed in the femoral artery. Since
cerebral perfusion is almost uninterrupted, the need for deep
hypothermic circulatory arrest and the associated complications can
be obviated. IA = innominate artery; RCC = right common carotid
artery; LCC = left common carotid artery; LSC = left subclavian
artery. (c) Hybrid arch procedure involving an open trifurcated graft
for revascularization of brachiocephalic vessels, debranching, and
endovascular stenting (endostent) in the aortic arch

technique enables cerebral perfusion to be maintained and is
known as “branch-first” aortic arch replacement.’® It
involves  end-to-end  anastomosis of the three
brachiocephalic vessels to the trifurcated graft during
sequential de-branching and replacement of the diseased
aortic arch (Fig. 4b). Since cerebral perfusion is almost
uninterrupted, the need for deep hypothermic circulatory
arrest and associated complications can be obviated.”"

Hybrid arch surgery is another new development
involving open revascularization of the brachiocephalic
vessels and endovascular stenting.?>*? Instead of a
traditional graft, an endovascular stent is deployed in the
diseased aortic arch (Fig. 40).33'37

Dissection extending from the arch into the descending
thoracic aorta may require downstream repair with
additional prosthetic extension, known as the elephant
trunk (Figs. 3g and 4b). This tubular prosthesis may be
stented (frozen) or left unstented in the proximal
descending thoracic aorta to facilitate complete correction
at a later stage.>*~’

Additional classification

A novel framework has recently been created for grading
presenting features as well as prognosis and perioperative
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management (Fig. 2). This Penn classification (from the
University of Pennsylvania) stratifies Stanford Type A
aortic dissection into the presence (DeBakey I) or absence
(DeBakey II) of descending thoracic aortic involvement.*
Similarly, for Stanford Type B aortic dissection, extension
in the descending aortic may be in the thorax alone
(DeBakey III a) or in both the thorax and abdomen

(DeBakey IIT b).*' Each permutation is then divided into
four categories according to branch vessel disease and
circulatory dysfunction: Class a-aortic dissection with
absence of branch vessel malperfusion or circulatory
collapse (no end-organ ischemia); Class b-aortic
dissection with branch vessel malperfusion and localized
ischemia in the neurologic, renal, or mesenteric organs;
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«Fig. 5 Transesophageal echocardiography assessment of aortic
cannulation, malperfusion, and elephant trunk prosthesis. (a) Mid-
esophageal short-axis view of the descending thoracic aorta showing
the correct placement of the guidewire (W) in the true lumen (TL).
The guidewire was inserted under transesophageal echocardiography
guidance. There is spontaneous echocardiographic contrast within the
false lumen (FL) (Video 5a). (b) Upper-esophageal short-axis view of
the aortic arch reveals incorrect placement of a guidewire (W) in the
false lumen (FL). Early identification of its location prior to aortic
cannulation may obviate the complications of malperfusion (Video
5b). (c) Mid-esophageal short-axis view of the descending thoracic
aorta with colour flow Doppler showing blood traversing from the
true lumen (TL) to the false lumen (FL) (Video 5c). Doppler spectral
display confirms the direction of flow towards the transducer in
systole. (d) Mid-esophageal short-axis (Video 5d) and (e) long-axis
(Video Se) views of the descending thoracic aorta showing collapse of
the true lumen (TL) and pressurization of the false lumen (FL) which
is enlarged. (f) After correction and redirection of proximal flow using
an elephant trunk, there is re-expansion of the true lumen (TL) with
appropriate flow in both the short-axis (Video 5f) and (g) long-axis
(Video 5g) views. Colour Doppler shows flow via a residual intimal
tear. (h) Mid-esophageal short-axis (Video 5h) and (i) long-axis
(Video 5i) views of the proximal descending thoracic aorta showing a
non-stented elephant trunk (ET). Colour flow Doppler shows laminar
flow. (j) Upper esophageal long-axis view of the aortic arch showing
partial thrombosis (Tb) within the false lumen (FL)

Class c—aortic dissection with circulatory collapse with or
without cardiac involvement (generalized ischemia); Class
b and c-aortic dissection with both branch vessel
malperfusion and circulatory collapse (localized and
generalized ischemia).*” For Type B dissection, the Penn
Class a category may be subdivided into high risk (Type I)
or low risk (Type 1II) of complications.*'
Echocardiographic features suggestive of complications
(Type D) include: aortic diameter > 40 mm, patent false
lumen, ulcer-like projections and a primary tear in the
concavity of the distal aortic arch.*'

This Penn classification of aortic dissection is based on
clinical manifestations superimposed on echocardiographic
and other imaging modalities.*” The integration of the three
classifications (Stanford, DeBakey, and Penn) with an
ischemic profile provides a framework for grading the
variable diagnostic features and likely prognosis.*>** From
observational data, it is evident that ischemia is associated
with high mortality.*> In Type A aortic dissection, in-
hospital mortality of patients presenting with local
ischemia, circulatory collapse, or both were 24%, 24%,
and 44%, respectively. In the absence of these features, in-
hospital mortality was 14%.** From multivariate
regression, generalized ischemia or a combination of
local and generalized ischemia were associated with
significantly higher odds of intraoperative mortality.**
The implication of this association using the Penn
classification is that patients in these categories require
rapid intervention to restore perfusion and to prevent multi-
organ failure. Categorization of patients in the Penn
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classification simplifies the heterogeneity of presentation
and may allow comparison of management strategies.

Transesophageal echocardiography guidance of
surgical cannulation and perfusion

Owing to the complexity of aortic disease, such as the
presence of a false lumen or an intramural hematoma, there
may be uncertainty regarding the optimal site of arterial
cannulation for cardiopulmonary bypass.**** Recent
evidence suggests that perioperative TEE assists correct
cannulation by identifying the location of the guidewire in
either the true lumen (Fig. 5a, Video 5a) or the false lumen
(Fig. 5b, Video 5b).***° The true lumen is likely to be the
chamber in which there is expansion and concavity in
systole (Fig. 1b). On the other hand, the false lumen has a
convex shape in systole and expands in diastole; there may
be spontaneous echocardiographic contrast owing to stasis
or thrombosis. (Fig. 5a and Video 5a).

Flow crossing the dissection flap from true lumen to
false lumen may be shown by Doppler on spectral display
(Fig. 5¢). By correct cannulation of the true lumen,
pressurization of the false lumen and complications of
malperfusion, such as paraplegia and mesenteric ischemia,
are likely to be minimized."**® Similarly, further
iatrogenic extension of dissection or aortic rupture may
be obviated.*’

Nevertheless, owing to the presence of multiple
complex tears, pressurization of the false lumen (Figs. 5d
and Se, Videos 5d and 5e) may still occur despite initial
correct cannulation and reperfusion of the true lumen.*®
Immediate surgical correction may be used, e.g.,
an elephant trunk to redirect flow into the true lumen
beyond the aortic tear (Figs. 5f and 5g, Videos 5f and 5g).
Since malperfusion may still occur due to kinking of an
unstented graft, TEE is needed to check adequacy of flow
and possible surgical repositioning of the elephant trunk
(Figs. 5Sh and 5i, Videos 5h and 5i) in the descending
thoracic aorta.*’

After surgical repair, patency of the false lumen
indicates persistent leak, the possibility of late
complications (e.g., aneurysm),”>>" and the need for re-
intervention.”** Prognostically, if repair is successful,
then there should be evidence of thrombosis®' (Fig. 5j) and
a collapsed false lumen.””

Despite its prominent intraoperative role, TEE may not
always enable monitoring of cannulation and perfusion,
e.g., during cardiopulmonary bypass with an empty heart
and in difficult areas such as the brachiocephalic vessels. In
these circumstances, surface ultrasonography of arterial
vessels, such as epiaortic scanning’®® and femoral
imaging,” is likely to provide very useful additional
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Fig. 6 Transesophageal echocardiography (TEE) assessment of
aortic regurgitation in aortic dissection. (a) Standard TEE
measurements of the aortic root may be made at the follow points:
(A) aortic annulus; (B) sinus of Valsalva; (C) sinotubular junction;
(D) proximal ascending aorta. Additional measurements relating
specifically to aortic regurgitation should include: (E) coaptation
height, which is the perpendicular distance from the level of the aortic
annulus to the point of coaptation of the aortic cusps; (F) coaptation
length, which is the distance of coaptation between adjacent surfaces
of the aortic cusps; (G) extent of prolapse, which is the perpendicular
distance to from the aortic annulus to the lowest point of the aortic

HR: 43 BPM

cusp; (H) jet eccentricity, which is the angle between the eccentric jet
and the long axis of the aortic root. All diameters are measured
perpendicular to the long axis (A, B, C, D) of the aorta and aortic
annulus (E, F, G). Mid-esophageal long-axis views of the aortic valve
showing different mechanisms of aortic regurgitation (AR) in aortic
dissection: (b) Eccentric jet of aortic regurgitation owing to proximal
extension of the intimal flap and asymmetrical prolapse of the aortic
cusps (Video 6b). (c) Central aortic regurgitation due to dilatation of
the aortic root and reduced coaptation of the aortic cusps (Video 6c).
(d) Central aortic regurgitation secondary to prolapse of the intimal
flap preventing coaptation of the aortic cusps (Video 6d)
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Fig. 7 Transesophageal echocardiography (TEE) assessment of
valve-sparing aortic root surgery. Mid-esophageal long-axis views
after valve-sparing aortic root replacement (ARR) for aortic
dissection. (a) Symmetrical coaptation of aortic leaflets without
cusp prolapse. The coaptation height (E) is > 8 mm and the
coaptation length (F) is > 4 mm (Video 7a). (b) Transient central
jet of mild aortic regurgitation during early diastole. This patient

information. Furthermore, in the case of brachiocephalic
perfusion, other monitoring, such as near-infrared cerebral
spectroscopy, would show end-organ receipt of
perfusion.”*’

Transesophageal echocardiography assessment of
aortic regurgitation

In the presence of aortic root involvement, it is necessary to
assess whether aortic repair may be carried out without
aortic valve replacement.”® Using TEE, it is possible to
assess the functional aortic annulus, i.e., ventriculo-aortic
junction and the sinotubular junction within which the
aortic valve is suspended.”” Recommended
echocardiographic views and measurements for patients
with aortic dissection and aortic root repair include:
diameter of the aortic annulus, sinuses, sinotubular
junction, ascending aorta, height of aortic cusp
coaptation, coaptation length, degree of aortic valve
prolapse, and severity of aortic regurgitation (Fig. 6a).°*%*

In the presence of aortic regurgitation, it is necessary to
identify its mechanisms,®! which have been shown to
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underwent the David procedure for aortopathy in association with
Loeys-Dietz syndrome (Video 7b). (c) Inadequate asymmetrical
coaptation due to prolapse (arrow) of the right coronary cusp beyond
the aortic annulus (dotted line) (Video 7c). (d) An eccentric jet of
aortic regurgitation has been detected by transesophageal
echocardiography (Video 7d). LA = left atrium; LV = left
ventricle; LVOT = left ventricle outflow tract

include: intrinsic leaflet pathology (such as thick calcified
deformed cusps with restrictive mobility);*> annular
dissection disrupting attachment of aortic cusps, leading
to cusp prolapse (Fig. 6b, Video 6b); annular dilatation
causing tethering and incomplete closure of aortic cusps
(Fig. 6¢, Video 6¢);% and prolapse of the dissection flap
preventing closure of cusps (Fig. 6d, Video 6d).®*%

In addition to repairing the dissected aorta, the aortic
valve may have to be replaced, particularly in an
emergency and when leaflet calcifications and deformity
with cusp prolapse are identified.°® Nevertheless, valve-
sparing aortic root surgery should be possible in the
absence of these abnormalities when the aortic root may be
reconstructed to enable cusp coaptation.’” This situation
may arise when the aortic cusps fail to coapt in the
presence of aortic dilatation or a prolapsed flap which
interferes with their closure. Furthermore, valve-sparing
surgery is indicated when the aortic cusps coapt well
during preventative aortic surgery in high-risk patients,
e.g., Loeys-Dietz syndrome®’*° (Figs. 7a and 7b, Videos
7a and 7b).

Towards the end of cardiopulmonary bypass with
adequate aortic root pressure, TEE should be used to



Transesophageal echocardiography and aortic dissection

371

(¢

RPA

Fig. 8 Perioperative transesophageal echocardiography assessment
of the aortic arch and brachiocephalic vessels (a) From the upper
esophageal position, the aortic arch is seen in long-axis (Video 8a)
and (b) in short-axis (Video 8b) views. (c¢) Brachiocephalic branches
of the aortic arch: innominate artery (IA), left common carotid (LCC)
artery, and left subclavian (LSC) artery are seen in short axis by
withdrawing the TEE probe in the upper esophageal position at 0°
(Video 8c). Flow in the innominate artery (IA) is toward the
transducer and appears red. Further down the aortic arch, flow in the
left common carotid (LCC) artery and left subclavian (LSC) artery is
away from the transducer and appears in blue. (d) Keeping the left
common carotid (LCC) artery in view, the multiplane sector is rotated
to 90° to visualize the LCC artery in long axis. This pulse wave
Doppler image has a low peak velocity suggestive of the low
resistance of the cerebral vessels, which allows continuous antegrade

evaluate adequacy of repair and to exclude residual aortic
regurgitation.” Findings on TEE that predict recurrent
aortic incompetence after a valve-sparing procedure
include: an eccentric regurgitant jet, sub-annular
coaptation with prolapsed cusps (Figs. 7c and 7d, Videos
7c and 7d), reduced coaptation height (E <8 mm in
Fig. 6a), and short coaptation length (F <4 mm in
Fig. 62).°"% Immediate re-exploration rather than
conservative management would be appropriate when
there is at least moderate aortic regurgitation caused by
reduced coaptation or prolapsed cusps®”’® (Figs. 7c and

o

/51102130

flow even in diastole. (e) The TEE probe is withdrawn gently with
some counter-clockwise rotation to the patient’s left in order to reveal
the long axis of the left subclavian (LSC) artery. Pulse wave Doppler
shows a high peak velocity of a relatively high resistance of the
systemic circulation. The difference between the low-velocity profile
in the LCC and the high-velocity profile in the LSC artery helps to
distinguish these vessels from one another. (f) The right innominate
vein (IV) and innominate artery (IA) are seen from the upper
esophageal position by right lateral flexion at 0°. (g) In the proximal
transgastric position, it is possible to visualize an expanded aortic
view of the aortic valve (AV), ascending aorta (AAo) and proximal
aortic arch (blind spots) at 40°-60° (Video 8g) and at (h) 110°-130°
(Video 8h). IV = innominate vein; LV = left ventricle;
PT = pulmonary trunk; RV =right ventricle; RPA = right
pulmonary artery; SVC = superior vena cava

7d, Videos 7c and 7d). Other considerations for further
aortic valve repair or replacement would depend on patient
comorbidity, quality of tissue, and surgical expertise.®”

Transesophageal echocardiography assessment of arch
and brachiocephalic perfusion
Aortic dissection involving the arch and brachiocephalic

vessels has been associated with ischemic neurological
injury. Cerebral malperfusion may be further exacerbated
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Fig. 9 Epiaortic images during
surgery for repair of Type A
aortic dissection. (a) In the
short-axis view of the dilated
proximal ascending aorta, there
is a dissection flap (arrow)
(Video 9a). (b) In this short-axis
view close to the aortic arch, the
aorta is not dilated and there is
no dissection flap (Video 9b).
Direct epiaortic imaging allows
the surgeon to localize precisely
the segment of the aorta which

is suitable for cannulation

Table Aortic Dissection Associated With Genetic Syndromes

L15-7lo/Eplaortic

Syndrome Marfan Loeys-Dietz Vascular Ehlers-Danlos Bicuspid AV

Autosomal Inheritance Dominant Dominant Dominant Dominant

Mutational Genes Fibrillin-1 TGF-p receptor Type 3 Procollagen Several e.g., NOTCHI,
Type 1 & 2 COL 3A1 UFDIL, ACTA 2, eNOS

Cellular Effects

Cardiovascular Features

Clinical Criteria & Features

(Facial, Ocular, Skeletal,
Respiratory, & Others)

Microfibrillar
deficiency

1 Activation of TGF-3
pathway

Aortic dissection

Aortic dilatation &
aneurysm formation

Mitral valve prolapse

Ghent nosology:
Ectopia lentis
Dolichostenomelia
Arachnodactyly
Scoliosis

Pectus deformity

Narrow high arch
palate

Pneumothorax

Dural ectasia

1 Activation of TGF-f3
pathway

Aortic dissection
without much
dilatation

Aortic root & distal
aortic dilatation

General arterial
tortuosity

Craniosynostosis
Hypertelorism
Joint contracture
Micrognathia
Scoliosis

Pectus deformity
Cleft palate
Bifid uvula
Dural ectasia

Formation of kinked Type 3
collagen

Aortic dissection without
prior dilatation

Large & mid-sized arterial
rupture (not dilated)

Vascular fragility 1
Hemorrhagic risk

Villefranche nosology:
Acrogeria

Joint hypermobility

Thin hyperextensible skin
Tissue friability

Easy bruising
Hemothorax
Pneumothorax

Spontaneous rupture of organs,
e.g., colon & uterus

Abnormal development of
AV & aorta

Aortic dissection

Aortic root & proximal aortic
dilatation

AV stenosis

Coarctation of the aorta

Turner syndrome:
Lymphedema
Short stature
Webbed neck

Scoliosis

AV = aortic valve; ACTA 2 = actin alpha-2 receptor gene (vascular smooth muscle); COL 3A 1 = procollagen Type 3 gene;
eNOS = endothelial nitric oxide synthase; NOTCH 1 = notch-1 receptor gene; TGF-f = transforming growth factor — Beta receptor;
UFDI-L = ubiquitin fusion degradation 1-like gene
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by the requirement for deep hypothermic circulatory arrest
during repair of the aortic arch. From an imaging
perspective, TEE may detect malperfusion in the arch
vessels and so influence the surgical plan. A dissection flap
or hematoma extending into the arch and origins of the
brachiocephalic vessels may be visualized (Figs. le and 1f,
Videos le and 1f). These supra-aortic vessels may be
assessed from the upper esophageal position showing the
aortic arch (Fig. 8a at 0°, while Fig. 8b is at 90° rotation)
(Videos 8a and 8b).”' The innominate artery, left common
carotid artery, and subclavian artery can be seen in the
short-axis view (Fig. 8¢ and Video 8c) by withdrawal,
anteflexion, and left lateral flexion of the TEE probe.71 To
obtain an orthogonal plane of the left common carotid
artery in long axis (Fig. 8d), the multiplane sector is rotated
to 90°. Pulse wave Doppler displays a low peak velocity
waveform suggestive of a low-resistance cerebral vessel
that allows continuous antegrade flow even in diastole
(Fig. 8d).”*7

To visualize the left subclavian artery in long axis
(Fig. 8e), the probe is withdrawn gently with some counter-
clockwise rotation towards the patient’s left. A relatively
high peak Doppler velocity profile is usually detected in the
left subclavian artery owing to the high resistance of the
systemic circulation and rapid reflections of the pulse wave
velocity (Fig. 8¢).”*’® The difference between the low
velocity profile in the left common carotid artery and the
high velocity profile in the left subclavian artery helps to
distinguish these vessels from one another.

To assess vessels on the right side of the head and neck,
right lateral flexion and withdrawal of the probe from the
standard upper esophageal long-axis view of the aortic arch
(at 0°) may show the short-axis views of the innominate
artery and vein (Fig. 8f), although visualization of these
innominate vessels by TEE is not always possible.

Generally, imaging for the distal ascending aorta and
proximal arch is challenging owing to the interposition of
air within the trachea and the TEE probe in the esophagus.
Pulsatile perfusion in the supra-aortic vessels may be
identified and monitored by TEE in some (but not all)
patients before and after (but not during) cardiopulmonary
bypass.

Recent evidence suggests that there are three strategies
for improving visualization of the aorta in the
intraoperative period, particularly after inclusion of
prosthetic material. First, an expanded aortic view of the
entire ascending aorta and proximal arch may be obtained
by placing the TEE probe in the proximal transgastric
position rather than in the deep transgastric position. This
novel proximal transgastric view has been obtained
intraoperatively using low-frequency ultrasound for depth
resolution and a probe with a good range of anteflexion
(Figs. 8g and 8h).”* The probe is turned to the patient’s

right and anteflexed to show the long-axis view of the
aortic valve, ascending aorta, and proximal arch between
40-60° (Fig. 8g, Video 8g). An orthogonal view of the
same structures and the blind spots on the proximal arch
may be visualized from 110-130° (Fig. 8h, Video 8h).”*

Second, an epiaortic ultrasound probe may be placed on
the ascending aorta via an intermediate saline medium.”
Direct epiaortic scanning confirms the presence of aortic
dissection®*7® (Fig. 9a and Video 9a) and enables the
surgeon to identify dissection-free segments of the
ascending aorta that may be suitable for cannulation’®
(Fig. 9b and Video 9b).

Third, an aortic view (A-view) catheter with a saline-
filled balloon placed in the left main bronchus has been
shown to improve TEE imaging of the blind spots. Saline
allows continuous transmission of ultrasound and thus
uninterrupted visualization of the distal ascending aorta
and the proximal arch.””’®

In addition to visualization of the diseased aorta and the
brachiocephalic vessels, TEE may assist with endovascular
stenting.””"*" It has been used in identifying the true lumen
via visualization and confirmation of a guidewire placed
distally in the femoral artery and hence aorta®'** (Fig. 5a,
Video 5a) Moreover, TEE may have a role in sizing,
determining suitable landing zones devoid of atheroma,
confirming appropriate blood flow,**** and checking for
endoleak.**#-8¢

Echocardiography and timing of preventative surgery

From an anesthetic perspective, comorbidity is important to
consider since it affects perioperative outcome and the
timing of preventative surgery. In patients with aortic
disease, several factors affecting perioperative outcome
include age > 70 yr, heart failure, stroke, diabetes mellitus
requiring insulin therapy, and renal dysfunction.®”*®

Furthermore, the evidence suggests that specific
etiological factors should be identified in aortic
dissection. Besides hypertension, previous cardiac

surgery,® pregnancy,” and cocaine abuse,”’ such factors
include inflammatory vascular diseases’ and congenital
autosomal dominant diseases such as Marfan syndrome,93
Loeys-Dietz syndrome,®®®* Ehlers-Danlos syndrome,”
and bicuspid aortic valve”>2° (Table). In general, there is
arterial medial wall degeneration, reduced distensibility,
increased stiffness, and aortic dilatation.””%%

To improve survival in patients who are at risk of acute
aortic dissection, it is necessary to monitor progression of
disease so that optimal timing of preventative surgery may
be determined.”® Surgical intervention is indicated for
these patients at risk of aortic dissection because of
significant mortality and morbidity under emergency
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situations.”” In conjunction with magnetic resonance
imaging”® and computerized tomography,
echocardiography®® may be used to monitor the size of
the aortic root, ascending aorta, and descending thoracic
aorta.>”® From a pathological perspective, an enlarged but
thin-walled aorta is an indicator of increased wall stress in
accordance with the Young-Laplace equation:'®

Diameter x Pressure

1 _
Wall stress = == ~Vall thickness

There is a general rule that operative treatment must be
provided when the ascending aorta exceeds 5.5 cm.'"!
Nevertheless, from analysis of patients who had acute
aortic dissection, it is evident that dissection occurs at
smaller aortic diameters.'">'% Currently, it is likely that
operative treatment should be provided when the ascending
aortic diameter reaches 5.0 cm in patients with connective
tissue disease'®™ and bicuspid aortic valve.'®'°° This
threshold could be reduced to 4.0-4.5 cm when there are
additional considerations such as concurrent aortic valve
surgery, family history, proposed pregnancy, rapid growth
rate of >05cm per annum, and Loeys-Dietz
syndrome.*%°

Nevertheless, adults vary in size, and thus, absolute
measurements of the aorta should be adjusted accordingly.
Previously, the aortic root ratio was obtained, i.e., the
observed aortic root dimension divided by the maximum
predicted aortic root. This latter parameter is two standard
deviations above the mean predicted diameter based on age
and body surface area. When the aortic root ratio reaches
and exceeds 1.3, then prophylactic aortic root replacement is
appropriate.'”’” In the recent guidelines from the American
Heart Association, surgical repair in patients with Marfan
syndrome is indicated when the ratio of the maximum cross-
sectional area of the ascending aorta or root in square
centimetres to the patient’s height in metres exceeds 10.”

In addition to absolute and relative (aortic ratio) aortic
diameters, it is possible to utilize extra measurements to
quantify the risk of dissection.'”®'" In the presence of
aortic enlargement in diameter, there is a reduction in
distensibility,''® which is the relative change in diameter
per unit change in pressure. In contrast to distensibility,
stiffness increases, since it is the ratio of natural logarithm
(systolic pressure / diastolic pressure) to relative change in
diameter."'! In routine perioperative practice, distensibility
and stiffness are interesting measurements that are likely to
be used only as an adjunct to aortic diameters.'"

Conclusion

Aortic dissection is an uncommon but life-threatening
disease that requires urgent intervention and anesthesia.''>

@ Springer

Recently, developments in classification have improved
our perspective and understanding of the key presenting
features that affect mortality.'"> Improvements in patient
outcome may be achieved in part by appropriately timed

echocardiography-guided  surgery.''*''* In  future,

advances in transducer technology that provide images of
high resolution and in three dimensions over time may
enable us to obtain incremental characterization of tear and
rupture sites, aortic valve morphology, and the coronary
orifice 6:115-117
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