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Acute type A aortic dissection repair with intratho-
racic right subclavian artery cannulation.

CENTRAL MESSAGE

The intrathoracic right subcla-
vian artery is a safe and effective
site for cannulation for aortic
arch surgery.
See Commentaries on pages 6 and 8.
Video clip is available online.

The arterial cannulation strategy for aortic arch surgery, espe-
cially in acute type A aortic dissection (ATAAD), remains vari-
able.1-3 Axillary artery cannulation protects the cerebral
circulation from potential atherosclerotic debris but necessitates
an additional incision or is sometimes too small. The
FIGURE 1. The right subclavian artery can be used as a cannulation site in aor

cannulation in a patient with an acute type A aortic dissection extending into the

mmDacron graft sewn to the right subclavian artery. C, Completion of an acute t

ment, total right common carotid artery replacement and aorto-right subclavian
innominate artery provides a larger artery for cardiopulmonary
bypass and antegrade cerebral perfusion (ACP); however, it
may be diseased or involved in the dissection. In our practice,
we have shifted to intrathoracic cannulation of the right
subclavian artery (RScA). This approach avoids an additional
tic arch surgery. A, Intrathoracic isolation of the right subclavian artery for

innominate and right common carotid arteries. B, Cannulation through an 8-

ype A aortic dissection repair with an aortic root repair, zone 1 arch replace-

artery bypass.
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TABLE 1. Demographics and preoperative outcomes

Variable Total (N ¼ 58) ATAAD (N ¼ 34) Other (N ¼ 24)

Patient age, y, median (IQR) 63 (49-71.5) 63.5 (48.5-75.5) 60 (49.5-70)

Male sex, n (%) 31 (53) 22 (65) 9 (37.5)

Body surface area, m2, median (IQR) 2.1 (1.9-2.3) 2.1 (1.9-2.2) 2.2 (1.9-2.3)

Preexisting comorbidities, n (%)

Hypertension 47 (81) 25 (74) 22 (92)

Diabetes 5 (8.6) 0 (0) 5 (21)

Smoking status, n (%)

None 14 (24) 9 (26) 5 (21)

Former 26 (45) 11 (32) 15 (62.5)

Current 18 (31) 14 (41) 4 (17)

Coronary artery disease, n (%) 18 (31) 4 (12) 14 (58)

Chronic obstructive pulmonary disease, n (%) 15 (26) 5 (15) 10 (42)

History of myocardial infarction, n (%) 5 (8.6) 1 (2.9) 4 (17)

History of stroke, n (%) 2 (3.4) 1 (2.9) 1 (4.2)

History of renal failure, n (%) 6 (10) 3 (8.8) 3 (12.5)

On dialysis, n (%) 1 (1.7) 1 (2.9) 0 (0)

Connective tissue disorder, n (%) 0 (0) 0 (0) 0 (0)

Bicuspid aortic valve, n (%) 10 (17) 1 (2.9) 9 (37.5)

Previous cardiac intervention, n (%) 18 (31) 6 (18) 12 (50)

Previous cardiac surgery, n (%) 8 (14) 1 (2.9) 7 (29)

Preoperative aortic insufficiency, n (%)

None 16 (28) 9 (26) 7 (29)

Trace 8 (14) 4 (12) 4 (17)

Mild 10 (17) 8 (24) 2 (8.3)

Moderate 15 (26) 10 (29) 5 (21)

Severe 9 (16) 3 (8.8) 6 (25)

Ejection fraction, %, median (IQR) 55 (55-60) 55 (55-60) 58 (54-61)

NYHA function class, n (%)

III/IV 10 (17) 5 (15) 5 (21)

Acute myocardial infarction 1 (1.7) 1 (2.9) 0 (0)

Acute stroke 3 (5.2) 3 (8.8) 0 (0)

Acute renal failure 3 (5.2) 3 (8.8) 0 (0)

Acute paralysis 0 (0) 0 (0) 0 (0)

Cardiogenic shock 3 (5.2) 2 (5.9) 1 (4.2)

Preoperative creatinine, mg/dL, median (IQR) 1.0 (0.9-1.3) 1.0 (0.8-1.4) 1.0 (1.0-1.2)

Medications, n (%)

Anticoagulants 4 (6.9) 1 (2.9) 3 (12.5)

Inotropes 2 (3.4) 1 (2.9) 1 (4.2)

ATAAD, Acute type A aortic dissection; IQR, interquartile range; NYHA, New York Heart Association.
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incision as in the use of the right axillary artery,manipulation and
clamping of the innominate artery, and graft material left on the
innominate artery.

METHODS
This study was approved by the Institutional Review Board at the

University of Michigan, Michigan Medicine, with a waiver of informed

consent, and was in compliance with Health Insurance Portability and

Accountability Act regulations.
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Study Population
Between December 2014 and April 2018, 58 patients underwent

aortic repair with moderate hypothermic circulatory arrest (HCA) and

ACP via intrathoracic RScA cannulation by sewing an 8-mm Dacron

graft to the artery. Indications included ATAAD (n ¼ 34), aortic

arch aneurysm (n ¼ 23), and infected ascending and arch graft

(n ¼ 1).

The investigators leveraged Society of Thoracic Surgeons data elements

from the University of Michigan's Cardiac Surgery Data Warehouse and

electronic medical record review for data collection.



TABLE 2. Intraoperative data

Variables Total (N ¼ 58) ATAAD (N ¼ 34) Other (N ¼ 24)

Aortic root procedure, n (%)

None 8 (14) 3 (8.8) 5 (21)

AVR only 7 (12) 1 (2.9) 6 (25)

Bioprosthetic 7 (12) 1 (2.9) 6 (25)

Mechanical 0 (0) 0 (0) 0 (0)

Root replacement 17 (29) 7 (21) 10 (42)

Bentall procedure 13 (22) 4 (12) 9 (37.5)

Bioprosthetic 9 (16) 3 (8.8) 6 (25)

Mechanical 4 (6.9) 1 (2.9) 3 (12.5)

Inclusion root technique 2 (3.4) 1 (2.9) 1 (4.2)

David VSARR 2 (3.4) 2 (5.9) 0 (0)

Root repair, n (%) 26 (45) 23 (68) 3 (12.5)

Ascending replacement, n (%) 57 (98) 34 (100) 23 (96)

Aortic arch procedure, n (%)

Hemiarch 35 (60) 20 (59) 15 (62.5)

Zone 1 6 (10) 5 (15) 1 (4.2)

Zone 2 15 (26) 9 (26) 6 (25)

Zone 3 2 (3.4) 0 (0) 2 (8.3)

Frozen elephant trunk, n (%) 9 (16) 7 (21) 2 (8.3)

Concomitant procedures, n (%)

CABG 7 (12) 2 (5.9) 5 (21)

Mitral valve 3 (5.2) 1 (2.9) 2 (8.3)

Tricuspid valve 4 (6.9) 0 (0) 4 (17)

CPB time, min, median (IQR) 216 (188-248) 200 (172.5-234.5) 237.5 (199.5-251)

Cross-clamp time, min, median (IQR) 146 (109-185.5) 123 (96-161) 168.5 (152-190)

HCA time, min, median (IQR) 22 (17-29) 23 (20-28) 16.5 (14-31)

Antegrade cerebral perfusion, n (%)

Unilateral 43 (74) 27 (79) 16 (67)

Bilateral 15 (26) 7 (21) 8 (33)

Lowest temperature, �C, median (IQR) 24 (21-26) 24 (22-26) 23 (21-28)

Blood transfusion (PRBCs), n (%)

0 units 36 (62) 18 (53) 18 (75)

1 unit 4 (6.9) 4 (12) 0 (0)

2 units 8 (14) 3 (8.8) 5 (21)

�3 units 10 (17) 9 (26) 1 (4.2)

ATAAD, Acute type A aortic dissection; AVR, aortic valve replacement; VSARR, valve-sparing aortic root replacement; CABG, coronary artery bypass graft; CPB, cardiopulmo-

nary bypass; IQR, interquartile range; HCA, hypothermic circulatory arrest; PRBCs, packed red blood cells. Hemiarch: Aortic arch was resected from the base of the innominate

artery to the base of the left subclavian artery, then the lesser curvature; no reimplantation of arch branches. Zone 1 arch: Aortic arch was divided between the innominate artery

and left common carotid artery with reimplantation of the innominate artery or right common carotid artery and right subclavian artery separately. Zone 2 arch: Aortic arch was

divided between the left common carotid artery and left subclavian artery with reimplantation of the innominate artery and left common carotid artery or right subclavian artery,

right common carotid artery, and left common carotid artery separately. Zone 3 arch: Aortic arch was divided distal to the left subclavian artery with reimplantation of all arch

branches.
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Surgical Techniques
Following a standard median sternotomy, we dissected out the innomi-

nate artery, right common carotid artery, and RScA. The right recurrent

laryngeal nerve, approximately 3 cm distal to the bifurcation, was well-

visualized and preserved. The RScAwas examined and palpated to confirm

the absence of dissection, atherosclerotic plaque, and calcification. The

normal RScA appeared similar in the patients with and those without aortic

dissection. The RScAwas not used for cannulation if it was dissected, aneu-

rysmal, or atherosclerotic or calcified. Vessel loops were sometimes placed

around the RScA to retract the vessel. After heparinization, the RScAwas

clamped with a Satinsky clamp, and an arteriotomy was made. An 8-mm
Dacron graft was anastomosed to the RScAwith 5-0 Prolene and connected

to the arterial perfusion line with a 1/4"–3/8" connector after deairing

(Figure 1). The aortic root and arch repair were performed as described

previously.4-6
Statistical Analysis
Analyses provided descriptive information on the demographic, clin-

ical, and surgical characteristics. Continuous variables were summarized

as median (interquartile range), and categorical variables were reported

as number (%) in frequency tables.
JTCVS Techniques c Volume 2, Number C 3



TABLE 3. Causes and outcomes of all postoperative new-onset strokes

Case Timing

Preoperative

conditions Procedure Clinical symptoms Imaging findings Potential causes Outcomes

1 Immediate

stroke,

POD 1

Acute type A

dissection,

ruptured

ascending aorta

Aortic root repair,

ascending aorta and

transverse arch

replacement

(unilateral ACP)

Left facial weakness,

left-sided pronator

drift

Right temporal,

frontal and parietal

lobes low

attenuation with

hemorrhagic

conversion

Intraoperative PEA

arrest, hypotension

Resolved

2 Delayed

stroke,

POD 7

Acute type A

dissection,

moderate AI, and

malignant

hypertension

Aortic root repair,

ascending aorta,

and zone 2

arch þ LCC,

innominate artery

replacement

(bilateral ACP due

to bovine trunk)

Impaired language,

confusion

Multifocal bilateral

watershed infarcts

Relative hypotension

to previously

uncontrolled

hypertension

Resolved

POD, Postoperative day; ACP, antegrade cerebral perfusion; PEA, pulseless electrical activity; AI, aortic insufficiency; LCC, left common carotid.

TABLE 4. Postoperative data

Variable Total (N ¼ 58) ATAAD (N ¼ 34) Other (N ¼ 24)

Reoperation for bleeding, n (%) 0 (0) 0 (0) 0 (0)

Tamponade, n (%) 0 (0) 0 (0) 0 (0)

Deep sternal wound infection, n (%) 0 (0) 0 (0) 0 (0)

Postoperative myocardial infarction, n (%) 0 (0) 0 (0) 0 (0)

Sepsis, n (%) 0 (0) 0 (0) 0 (0)

Atrial fibrillation, n (%) 17 (29) 9 (26) 8 (33)

Cerebrovascular accident, n (%) 2 (3.4) 2 (5.9) 0 (0)

Transient ischemic attack, n (%) 0 (0) 0 (0) 0 (0)

Paraplegia, n (%) 0 (0) 0 (0) 0 (0)

New-onset acute renal failure, n (%) 3 (5.2) 3 (8.8) 0 (0)

Requiring dialysis, n (%) 2 (3.4) 2 (5.9) 0 (0)

Recurrent laryngeal nerve injury, n (%) 0 (0) 0 (0) 0 (0)

Vocal cord paralysis, n (%)

Left 1 (1.7) 0 (0) 1 (4.2)

Right 0 (0) 0 (0) 0 (0)

Pneumonia, n (%) 3 (5.2) 2 (5.9) 1 (4.2)

Prolonged ventilation, n (%) 19 (33) 15 (44) 4 (17)

Duration of intubation, h, median (IQR) 22 (17-39) 25 (18-66) 21 (16-30)

Reintubation, n (%) 3 (3.4) 1 (2.9) 2 (8.3)

Postoperative length of stay, d, median (IQR) 8 (6-15) 8.5 (6-15) 8 (6-12)

Total length of stay, d, median (IQR) 9.5 (6-17) 9.5 (6-16) 10 (6-19)

Intraoperative mortality, n (%) 0 (0) 0 (0) 0 (0)

Mortality at discharge, n (%) 2 (3.4) 2 (5.9) 0 (0)

30-d mortality, n (%) 3 (5.2) 3 (8.8) 0 (0)

ATAAD, Acute type A aortic dissection; IQR, interquartile range.
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VIDEO 1. Discussion of the use of the intrathoracic right subclavian ar-

tery (RScA) in aortic arch surgery with detailed operative video of dissec-

tion and cannulation of the RScA in 3 different cases: (1) ascending and

arch aneurysm repair, (2) acute type A aortic dissection repair, and (3)

redo sternotomy with hypothermic circulatory arrest and antegrade cere-

bral perfusion for repair of a substernal ascending and arch aortic aneu-

rysm. Video available at: https://www.jtcvs.org/article/S2666-2507(20)

30174-7/fulltext.
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RESULTS
Demographics and Intraoperative Data

The median patient age was 63 years (Table 1). Thirty-
five patients (60%) had a hemiarch replacement, and 23
(40%) had a zone 1–3 arch replacement with replacement
of 1–4 arch branches. The majority of patients (74%) had
unilateral ACP. The median hypothermic circulatory arrest
time was 22 minutes, with an average lowest temperature of
24 �C. Fifty patients (86%) underwent a concomitant aortic
valve or root procedure (Table 2).

Outcomes
Among the 58 patients, the rates of postoperative new-

onset stroke and transient ischemic attack were 3% (2 of
58) and 0%, respectively. Both postoperative strokes
occurred in patients with an ATAAD (Table 3). There
were no right recurrent laryngeal nerve injuries. The in-
hospital mortality rate was 3% (2 of 58) (Table 4).

DISCUSSION
In this study, we report a low rate of neurologic compli-

cations, operative mortality, and no complications of the
RScA or right upper extremity with intrathoracic RScA
cannulation in aortic arch surgery with ACP. Use of the
RScA via intrathoracic cannulation prevents the additional
incision and the added risks (increased potential for blood
loss outside the surgeon's direct vision and brachial plexus
injury) as in axillary artery cannulation. It also avoids
blocking the blood flow to the right common carotid artery,
manipulation of the innominate artery, and the increased
risk of neurologic complications from ischemia due to
clamping and the potential for embolic stroke. It provides
an alternative option if the innominate artery is involved
in the dissection and perfuses the right vertebral artery for
additional cerebral perfusion. In the long term, using the
RScA eliminates the risk of thrombosis from the graft ma-
terial sewn to the innominate artery causing postoperative
and late stroke or transient ischemic attack. The dissection
of the RScA should be very close the artery, to avoid injury
to the right recurrent laryngeal nerve. Medial retraction of
the innominate artery could facilitate the exposure of prox-
imal RScA (Video 1). After dissection, the RScA is quite
mobile with little tension a majority of the time. The right
recurrent laryngeal nerve is easy to identify and preserve.
There were no right recurrent laryngeal nerve injuries in
our series.
In summary, intrathoracic RScA cannulation is a safe

and effective method for elective and emergent aortic arch
surgery with moderate HCAwith ACP.
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