Heart Surgery Forum 2025; 28(2): E212-E218
doi: 10.59958/hsf.8235

Article

https://journal.hsforum.com/

The Impact of Sun’s Procedure on Postoperative Aortic Remodeling in
Patients with Retrograde and Classic Type A Aortic Dissections

Jinhai Xia'®, Chaoen Luo'®, Asfandyar Khan', Chaozhong Long', Dapu He',

Yaoguang Feng', Zhengwen Leil:*

I Department of Cardiothoracic Surgery, The First Affiliated Hospital, Hengyang Medical School, University of South China, 421001 Hengyang, Hunan,

China
*Correspondence: leizhengwen0803@163.com (Zhengwen Lei)

Submitted: 19 November 2024 Revised: 11 December 2024  Accepted: 9 January 2025

Abstract

Background: This study aims to compare the impact of
Sun’s procedure on distal aortic remodeling in patients with
acute Stanford type A aortic dissection (TAAD), including
retrograde TAAD (RTAAD) and classical TAAD. The pro-
cedure’s role in promoting distal aortic remodeling is as-
sessed, along with potential differences in outcomes be-
tween the two subtypes of type A aortic dissection. Meth-
ods: A total of 76 patients diagnosed with TAAD, includ-
ing 31 with RTAAD and 45 with classical TAAD were en-
rolled between November 2019 and May 2023. Using Care-
stream Image Suite V4, true and false lumen areas were ret-
rospectively analyzed at five anatomical planes (pulmonary
artery, abdominal trunk, superior mesenteric artery, left
renal artery opening, and inferior mesenteric artery) pre-
operatively and three months postoperatively. Distal aor-
tic remodeling outcomes were compared between the two
groups. Results: Both the TAAD and retrograde type A
aortic dissection (RTAAD) groups underwent Sun’s pro-
cedure, consisting of total arch replacement, distal frozen
elephant trunk technique, and ascending aorta replacement.
In TAAD, the primary tear was excised through ascend-
ing aorta replacement, and stent expansion was used to en-
large the true lumen of the descending aorta. In RTAAD,
stent grafts isolated the primary tear in the descending aorta
and expanded the true lumen. No significant differences
were observed between the groups in short-term distal aor-
tic remodeling. There were no significant differences be-
tween the two groups in baseline characteristics, including
sex, age, smoking history, hypertension, diabetes, coronary
heart disease, and hyperlipidemia. Conclusions: These
findings suggest that postoperative distal aortic remodeling
may be influenced by factors beyond dissection type. Fur-
thermore, Sun’s procedure is an effective surgical approach
for both TAAD and RTAAD patients.
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Introduction

Acute Stanford Type A aortic dissection (TAAD)
(Fig. 1A1,A2) is a critical cardiovascular condition with a
mortality rate approaching 50% within the first 48 hours of
onset [1]. The Stanford classification is based on the lo-
cation and extent of intimal tear, with Type A dissection
involving an intimal tear within or extending to the ascend-
ing aorta [2] . A specific subtype, retrograde Stanford Type
A aortic dissection (RTAAD) (Fig. 1B1,B2), occurs when
the intimal tear originates below the left subclavian artery
and propagates retrogradely to the ascending aorta and aor-
tic arch [3]. RTAAD accounts for approximately 9% of all
TAAD cases [3].

Current management of acute Type A aortic dissection
typically involves emergency surgical intervention, as rec-
ommended by the 2014 European Association for Cardio-
Thoracic Surgery (Class Ib recommendation) [4]. How-
ever, there is still controversy regarding the optimal treat-
ments for RTAAD patients. Some studies [5] advocate for
endovascular stent graft intervention in select cases. A
Japanese study by Omura et al. [5], researchers treated
eight elderly RTAAD patients with multiple organ dysfunc-
tion, including neurological, renal, respiratory, and circula-
tory impairments. Utilizing endovascular aortic repair, the
authors achieved a 0% early mortality rate and favorable
outcomes. However, more robust studies, particularly in-
cluding multicenter, large-sample, and long-term follow-up
designs are needed to verify these results.

An alternate proposal involves utilizing conservative
management with timely intervention in select cases of
RTAAD, based on key differences from traditional TAAD
[6-8]. Unlike classical TAAD, where emergency surgical
treatment is almost universally required due to the high risk
of rupture, RTAAD patients may experience better prog-
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Fig. 1. Imaging and surgical approaches for RTAAD and classical TAAD. (A1,A2) Representative imaging of RTAAD, highlighting

the retrograde propagation of the intimal tear from below the left subclavian artery to the ascending aorta. (B1,B2) Representative imaging

of classical TAAD, characterized by an intimal tear originating in the ascending aorta. (C) Diagram of Sun’s procedure, illustrating the

replacement of the aortic arch with a four-branch artificial blood vessel and the implantation of an elephant trunk stent in the descending

aorta for vascular remodeling. RTAAD, retrograde Stanford Type A aortic dissection; TAAD, Type A aortic dissection.

noses, particularly when thrombus formation in the false lu-
men of the ascending aorta promotes relative hemodynamic
stability. In such cases, it has been suggested that observa-
tion paired with timely intervention may be more appro-
priate than immediate surgery. However, other researchers
advocate for surgical treatment as the definitive approach
for RTAAD patients.

In China, the most commonly used surgical method
is the “stent elephant trunk™ procedure, developed by Sun
Lizhong and colleagues in 2003, also known as Sun’s pro-
cedure [9] (Fig. 1C). This procedure involves replacing the
aortic arch with a four-branch artificial blood vessel and
implanting an elephant trunk stent in the distal descending
aorta. The stent’s expansive properties are used to seal the
tear, dilate the vessel, and expand the true lumen, allowing
closure of the false lumen and ultimately promoting vascu-
lar remodeling.

This study aims to assess postoperative vascular re-
modeling outcomes between RTAAD surgical treatment
and conventional TAAD patients. By evaluating the ef-
ficacy of surgical treatments, we seek to provide a clini-
cal reference for the surgical diagnosis and treatment of R-
TAAD patients.

Materials and Methods
General Information

This study retrospectively analyzed 76 patients diag-
nosed with acute Stanford Type A aortic dissection from
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November 2019 to May 2023. The retrograde Stanford
Type A aortic dissection (RTAAD) group comprised 31
cases, while the TAAD group had 45 cases. Patient de-
mographics, including sex, age, smoking history, and pre-
vious medical history, were collected from the medical
records. Carestream medical imaging software Image Suite
V4 (Rochester, New York State, USA, Version number:
11.4.1.1011-vuep) was used to measure the true lumen,
false lumen, and total lumen areas at various anatomi-
cal planes (pulmonary artery, abdominal trunk, superior
mesenteric artery, left renal artery opening, and inferior
mesenteric artery) based on perioperative computed tomog-
raphy angiography (CTA) examinations. This study ad-
hered to the Declaration of Helsinki throughout its entire
course and was approved by the hospital’s ethics commit-
tee (Approval No.: 20230927LL001).

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) Preoperative
confirmation of acute Stanford Type A aortic dissection by
CTA; (2) Postoperative survival exceeding 3 months with
available postoperative CTA images; (3) No history of pre-
vious major cardiovascular surgery. Exclusion criteria in-
cluded: (1) TAAD patients with involvement limited to the
ascending aorta, without involvement of the aortic arch or
distal aorta. (2) TAAD patients who did not undergo Sun’s
procedure combined with ascending aorta replacement.
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Table 1. Baseline preoperative patient characteristics.

General RTAAD group (n=31) TAAD group (n=45)  t/x2 value p-value
Sex 0.040 0.841
Male 28 (90.3%) 40 (88.9%)
Female 3(9.7%) 5(11.1%)
Age 50.26 4+ 10.04 51.93 +12.28 —0.628 0.532
Smoking 0.543 0.461
Yes 6 (19.4%) 12 (26.7%)
No 25 (80.6%) 33(73.3%)
Hypertension 2.350 0.125
Yes 29 (93.5%) 35(77.8%)
No 2 (6.5%) 10 (22.2%)
Diabetes 0.408
Yes 1(3.2%) 0(0.0%)
No 30 (96.8%) 45 (100.0%)
Coronary heart disease <0.001 1.000
Yes 3(9.7%) 4 (8.9%)
No 28 (77.4%) 41 (91.1%)
Hyperlipidemia 1.784 0.182
Yes 7 (22.6%) 4 (8.9%)
No 24 (71.0%) 41 (91.1%)
Postoperative true/false cavity >1 0.047 0.828
Yes 13 (41.9%) 20 (44.4%)
No 18 (58.1%) 25 (55.6%)

RTAAD, retrograde Stanford Type A aortic dissection; TAAD, Type A aortic dissection.

Surgical Groups and Procedures

The RTAAD group (31 cases) presented with retro-
grade tear starting from the chest/descending aorta (below
the left subclavian artery) and extending in a retrograde
manner to the ascending aorta. Intraoperatively, an ele-
phant trunk stent covered the intimal tear. The TAAD
group (45 cases) had the tear originating in the ascending
aorta/aortic arch (closer to the left subclavian artery). Both
groups underwent Sun’s procedure. Statistical analysis was
used to compare true lumen, false lumen, and total lumen
sizes at different anatomical planes to assess vascular re-
modeling before and after surgery.

Statistical Methods

Statistical analysis was performed using SPSS 26
(IBM-SPSS Statistics, Chicago, IL, USA). Descriptive data
were presented as mean £ standard deviation (Y £ S).
For normally distributed data with homogenous variances,
paired-sample #-tests were used for intra-group compar-
isons, and independent-sample #-tests for inter-group com-
parisons. Non-normally distributed data were expressed as
M (P25, P75), and comparisons were performed using the
Mann-Whitney U test for inter-group and Wilcoxon signed-
rank test for intra-group analyses. M means the median, and
P25 and P75 refer to the 25th and 75th percentiles. Count
data were presented as percentages (%), and the chi-square
test, corrected chi-square test, or Fisher’s exact probability
test were used for inter-group comparisons of the total ef-
fective rate.
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Comparison of General Preoperative Data between Two

Groups

This study included a total of 76 patients, with 31 in
the RTAAD group, comprising 28 males and 3 females, and
an average age of 50.26 £+ 10.04. The TAAD group was
comprised of 40 males and 5 females, with an average age
of 51.93 + 12.28. There were no significant differences in
sex, age, smoking history, hypertension, diabetes, coronary
heart disease, hyperlipidemia, or other general data between
the two groups (p > 0.05). Refer to Table | for details.

Comparison of Intraluminal Areas in Different Segments

of the Descending Aorta in Both Groups Preoperatively

There were no significant differences between the two
groups in terms of intraluminal areas at the pulmonary
artery, abdominal trunk, superior mesenteric artery, left re-
nal artery opening, or inferior mesenteric artery planes pre-
operatively (p > 0.05). No significant differences were ob-
served in the intraluminal areas (true lumen, false lumen,
and total lumen) at these five planes before surgery. Refer
to Table 2 for details.
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Table 2. Preoperative comparison of lumen area segments of the descending aorta.
RTAAD group (n=31) TAAD group (n=45)

Variable t/z values p-value

Pulmonary artery plane Preoperative true lumen area (mm?) 346.06 4+ 156.42 421.98 + 200.26 -1.852  0.068
Preoperative false lumen area (mm?) 609.46 (494.93, 711.63) 520.20 (369.92, 674.59) —1.750  0.080

Total preoperative area (mm?) 945.18 4+ 172.03 937.75 4+ 228.93 0.153 0.879

Celiac trunk plane Preoperative true lumen area (mm?) 305.21 £+ 98.49 338.79 £+ 158.68 -1.137  0.259
Preoperative false lumen area (mm?) 441.58 (297.33, 493.53) 323.83 (165.96, 484.69) —1.286  0.198

Total preoperative area (mm?) 714.80 £+ 193.53 652.55 £ 172.13 1.473 0.145

Superior mesenteric artery level Preoperative true lumen area (mm?) 283.48 £+ 92.65 301.22 4 148.60 -0.64  0.524
Preoperative false lumen area (mm?) 338.10 (257.18, 440.91) 293.70 (126.27,412.30) -1.360  0.174

Total preoperative area (mm?) 628.08 £+ 146.34 585.84 £+ 153.42 1.201 0.233

Left renal artery opening Preoperative true lumen area (mm?) 232.88 +79.36 270.75 4+ 129.01 -1.582  0.118
Preoperative false lumen area (mm?) 268.55 (185.30, 340.36) 229.46 (49.23,303.96) —1.711  0.087

Total preoperative area (mm?) 505.23 £ 120.59 481.72 + 129.18 0.801 0.426

Inferior mesenteric artery plane Preoperative true lumen area (mm?) 211.66 £+ 94.74 205.09 4+ 101.97 0.285 0.777
Preoperative false lumen area (mm?) 176.77 (0.00,201.81)  127.44 (0.00,219.73)  —0.248  0.804

Total preoperative area (mm?) 348.28 + 80.77 359.27 + 155.71 -0.361  0.719

Comparison of Intraluminal Areas in Different Segments

of the Descending Aorta in Both Groups Postoperatively

Postoperative comparisons of intraluminal areas in
the pulmonary artery plane postoperatively showed no sta-
tistically significant differences between the two patient
groups. Specifically, at the pulmonary artery plane, the
true lumen (p = 0.941), false lumen (p = 0.168), and total
lumen (p = 0.142) areas showed p values exceeding 0.05.
Similar results were observed at the abdominal trunk plane
(true lumen p = 0.464, false lumen p = 0.747, total lumen p
= 0.115), superior mesenteric artery plane (true lumen p =
0.420, false lumen p = 0.578, total lumen p = 0.122), the left
renal artery opening plane (true lumen p = 0.797, false lu-
men p = 0.629, total lumen p = 0.900), and inferior mesen-
teric artery plane (true lumen p = 0.873, false lumen p =
0.594, total lumen p = 0.944).

The ratio of the true lumen to the false lumen was con-
sistently greater than 1 postoperatively in both groups, with
ap value of 0.828 (p > 0.05), indicating no statistically sig-
nificant difference. These findings suggest that the surgi-
cal outcomes, in terms of lumen remodeling, were similar
across the two groups. Refer to Table 3 for details.

Discussion

For acute TAAD involving the ascending aorta, aor-
tic arch, and distal aorta, Sun’s procedure—total arch re-
placement with distal elephant trunk stent graft implanta-
tion combined with ascending aorta replacement—has be-
come the standard surgical approach in China [10,11] . This
technique, widely implemented across the Chinese Main-
land, has demonstrated favorable clinical outcomes. Sur-
gical strategies for TAAD involving the aortic arch differ
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between domestic and international practices. In Western
countries, most cardiac centers perform ascending aorta re-
placement combined with partial aortic arch replacement by
default [12]. However, Chinese TAAD patients are gener-
ally younger and have a longer life expectancy compared to
their Western counterparts, and partial aortic arch replace-
ment is associated with a higher long-term risk of reoper-
ation in this population [12]. Meta-analysis studies have
indicated that, although total aortic arch replacement in-
creases the complexity of surgery compared to partial aortic
arch replacement, it does not increase operative mortality
rates. Therefore, for institutions with established technical
expertise, Sun’s procedure is recommended as the preferred
approach for aortic arch reconstruction in these patients.

Challenges in Managing RTAAD

In clinical practice, some patients present with acute
RTAAD, where the intimal tear originates in the descend-
ing aorta distal to the left subclavian artery. The resulting
hematoma propagates retrogradely to the aortic arch and de-
scending aorta [13]. Surgical management of RTAAD re-
mains a contentious issue. Some classify RTAAD as a form
of acute TAAD, necessitating emergency surgical interven-
tion with Sun’s procedure [12]. Others advocate for a de-
layed approach, allowing the hematoma to stabilize before
proceeding with endovascular isolation surgery. This ap-
proach is particularly recommended for elderly patients or
those with significant comorbidities that elevate the risks
of conventional open surgery [7]. For RTAAD with entry
tears in the descending aorta, such as in elderly patients or
those with severe preoperative organ dysfunction, including
multi-organ failure who are not suitable for conventional
open surgery, thoracic endovascular repair (TEVAR) has
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Table 3. Postoperative comparison of lumen area segments of the descending aorta.

Variable RTAAD group (n=31) TAAD group (n=45) t/z values p-value

Pulmonary artery plane Postoperative true lumen area (mm?) 522.72 £ 91.75 521.05 £ 99.68 0.074  0.941
Postoperative false lumen area (mm?)  552.49 (375.70, 590.53) 434.65 (348.92, 570.40) —1.380 0.168

Total postoperative area (mm?) 1045.57 + 223.07 956.20 + 279.00 1.485 0.142

Celiac trunk plane Postoperative true lumen area (mm?) 360.73 + 157.51 335.17 £ 142.38 0.736  0.464
Postoperative false lumen area (mm?)  374.42 (296.00, 478.02) 373.70 (237.67,479.58) —0.323  0.747

Total postoperative area (mm?) 748.97 + 192.22 683.30 + 164.93 1.594  0.115

Superior mesenteric artery level ~ Postoperative true lumen area (mm?) 324.17 4+ 138.25 300.34 + 116.86 0.811  0.420
Postoperative false lumen area (mm?)  338.53 (253.65, 442.56) 303.10 (106.27, 434.82) —0.556 0.578

Total postoperative area (mm?) 645.04 £+ 122.05 595.61 £ 143.49 1.566  0.122

Left renal artery opening Postoperative true lumen area (mm?) 260.16 4+ 120.24 267.01 4+ 108.77 -0.258 0.797
Postoperative false lumen area (mm?)  286.05 (179.30, 325.07) 237.39 (64.27,345.88) —0.484 0.629

Total postoperative area (mm?) 498.64 + 118.31 495.01 + 126.57 0.126  0.900

Inferior mesenteric artery plane Postoperative lumen area (mm?) 211.61 £ 86.08 208.38 4+ 85.69 0.161 0.873
Postoperative prosthetic lumen area (mm?) 186.18 (0.00, 247.01)  148.15 (0.00, 238.94) —0.533  0.594

Total postoperative area (mm?) 366.94 + 95.40 369.17 £+ 155.64 -0.071 0.944

emerged as a viable alternative surgical option. TEVAR of-
fers a less invasive approach, reducing surgical stress and
potentially improving outcomes in high-risk patients [5,14]
. However, these patients require meticulous postoperative
follow-up for complications, such as stent migration, false
lumen expansion, or re-dissection [5,14] .

Prognosis and Treatment Considerations

Distinct differences between RTAAD and classi-
cal TAAD influence prognosis and treatment strategies.
Lopez-Marco et al. [15] found that compared to TAAD,
RTAD rarely involves the aortic valve, coronary arteries, or
aortic sinuses. This distinct difference in anatomical pre-
sentation may contribute to the relatively better prognosis
observed in RTAD cases. Based on these findings, they
advocate for a proactive treatment strategy for RTAD, em-
phasizing the importance of addressing the primary entry
tear to reduce the risk of short-term and mid-term compli-
cations. Recommended approaches include total arch re-
pair or frozen elephant trunk repair, when appropriate, with
simultaneous management of distal perfusion insufficiency
when necessary [15].

In our clinical experience, RTAAD presenting patients
with concurrent pericardial effusion or hematoma-induced
coronary artery compression often suffer from hemody-
namic instability, which can lead to life-threatening cardio-
vascular events such as sudden death. Although not all pa-
tients exhibit these complications, every RTAAD case car-
ries this risk. Based on these observations, our center advo-
cates for emergency surgical treatment in RTAAD patients
presenting with such high-risk features.
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Intraoperative Stent Use and Insights from TEVAR in Aor-

tic Dissection Management

Few studies have examined the use of intraoperative
stents to isolate the distal descending aorta hematoma in
TAAD or to manage primary rupture of the descending
aorta in RTAAD, with the goal of promoting effective dis-
tal aortic remodeling. However, extensive research has
explored correlations between acute Stanford B-type aor-
tic dissection and Stanford A-type aortic dissection after
TEVAR, including risk factors, morphological characteris-
tics, surgical strategies, and postoperative aortic remodel-
ing [13,15-17]. These findings provide a theoretical foun-
dation for developing improved surgical strategies for man-
aging acute RTAAD patients.

Distal Aortic Remodeling After TEVAR and Sun's Proce-

dure: Insights and Gaps

Extensive literature has explored distal descending
aortic vascular remodeling after TEVAR surgery for acute
Stanford B-type aortic dissection, providing a solid scien-
tific foundation for understanding remodeling processes in
these cases [18,19] Studies on TEVAR for acute RTAAD
and distal aortic remodeling after TAAD repair have also
been reported [20], but the limited number of cases prevents
a definitive evaluation of its efficacy [21]. To address this
gap, we analyzed vascular remodeling across different seg-
ments of the descending aorta—including the pulmonary
artery plane, abdominal trunk, superior mesenteric artery,
left renal artery opening, and inferior mesenteric artery
plane—following Sun’s procedure in TAAD and RTAAD
patients. The primary objective was to assess the short-term
remodeling effects of the descending aorta in patients who
did not undergo resection of the descending aorta rupture.
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In our study, we observed no significant preoperative
differences between the two groups in terms of sex, age,
hypertension, diabetes, coronary heart disease, or other fac-
tors influencing aortic remodeling. Additionally, the true
lumen and false lumen dimensions were comparable be-
tween the groups before surgery. Postoperatively, the de-
scending aorta in both groups showed a consistent pattern
characterized by unchanged total lumen area, enlargement
of the true lumen, and reduction of the false lumen. At the
same time, no significant complications, such as internal
leakage, vascular rupture, major bleeding, or death were ob-
served. Short-term distal aortic remodeling outcomes were
also similar between the two groups.

These results suggest that postoperative distal aortic
remodeling may be influenced by factors other than just the
type of dissection, and future research should further ex-
plore its underlying mechanisms. Furthermore, total aor-
tic arch replacement combined with frozen elephant trunk
surgery demonstrates strong clinical efficacy for RTAAD
patients. For RTAAD patients with retrograde involvement
of the ascending aorta and aortic arch, Sun’s procedure re-
mains a highly effective surgical approach, provided there
are no significant surgical contraindications. Its use should
be further promoted in clinical practice.

Limitations

This study is subject to some notable limitations. First,
although the imaging reviews were conducted by experi-
enced radiologists, inter-patient variability can still lead to
errors. Second, this single center retrospective study of
the RTAAD group is limited by a small sample size and
short follow-up duration. Further validation of these find-
ings requires multicenter studies with larger sample sizes
and long-term follow-up to ensure robust conclusions.

Conclusions

In conclusion, this study found no significant differ-
ences in short-term distal aortic remodeling between pa-
tients with TAAD and RTAAD following total aortic arch
replacement with frozen elephant trunk surgery. Both
groups demonstrated comparable trends of true lumen en-
largement, false lumen reduction, and stable total lumen ar-
eas, with no significant postoperative complications. These
findings suggest that the surgical treatment strategies for
TAAD and RTAAD may have similar short-term efficacy,
postoperative distal aortic remodeling may be influenced by
factors beyond dissection type. Furthermore, Sun’s proce-
dure is an effective surgical approach for both TAAD and
RTAD patients. However, further multicenter studies with
larger sample sizes and long-term follow-up are still needed
to validate these results and to better understand the factors
influencing postoperative aortic remodeling, as well as the
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differences in the efficacy of Sun’s procedure for different
subtypes of type A aortic dissection.
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