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Abstract: Objective: To compare the outcomes of valve-sparing ascending aortic replacement versus the Bentall
technique in the treatment of aortic dissection with involvement of the aortic root. Methods: Between January 2014
and December 2015, 50 patients with Stanford acute type A aortic dissection with involvement of the aortic root
were given surgical treatment. The patients were randomly divided into the Bentall group (n=28) and the valvesparing ascending aortic replacement group (hereinafter referred to as VSAAR group, n=22). The two groups were
compared regarding cardiopulmonary bypass time, aortic cross-clamp time, postoperative complications, and surgical outcomes. Results: Cardiopulmonary bypass time and aortic cross-clamp time were markedly longer among
the patients with Bentall surgery than those with valve-sparing ascending aortic replacement (Both P<0.001); the
incidences of acute renal failure and neurological complications, assisted ventilation duration and hospitalization
duration differed insignificantly between the two group in the perioperative period (All P>0.05); compared with
those before operation, postoperative aortic sinus diameter and left ventricular end-diastolic diameter (LVEDD)
were reduced significantly, but aortic valve regurgitation and left ventricular ejection fraction (LVEF) were improved
significantly among the patients with valve-sparing ascending aortic replacement (All P<0.001); the LVEF was improved but the LVEDD was decreased among those with Bentall procedure (Both P<0.001); all the patients, regardless receiving Bentall procedure or valve-sparing ascending aortic replacement, were not substantially different in
postoperative LVEDD and LVEF (Both P>0.05). Conclusion: The short-term outcomes of valve-sparing ascending
aortic replacement in the treatment of patients with Stanford acute A aortic dissection with involvement of the
aortic root are basically equivalent to those of Bentall procedure.
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Introduction
Stanford acute type A aortic dissection is a
risky cardiovascular disease due to its acute
onset, severity, high mortality and disability. It
has been reported that the mortality of aortic
dissection in the first 48 h after onset can
reach 50%, namely, with a mortality of 1% hourly [1, 2]. Early and timely surgical procedure is
the only effective way to save a patient’s life [3].
Standford acute type A aortic dissection without involving the aortic root requires no aortic
root replacement, with simple operation but
good prognosis. Nevertheless, the dissection
involving the aortic root is more likely to cause
aortic valve insufficiency, tears in the coronary
ostia leading to acute myocardial infarction,

and ruptured hemorrhage leading to acute pericardial tamponade and other complications
[4-6]. Accordingly, adopting optimal methods to
treat the dissection with involvement of the aortic root and eliminate the hidden fatal hazard
has become one of the goals of emergency
operation [7]. Currently, the controversy concerning the surgical techniques for the aortic
dissection is mainly about which alternatives of
aortic root replacements to select [8, 9].
Therefore, choosing optimal strategies to improve the surgical outcomes of aortic dissection involving the aortic root has become the
focus of cardiac surgeons [10, 11].
The Bentall technique is a mature surgical procedure with proven efficacy. However, mechani-
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cal prosthetic aortic valve replacement requires
life-long postoperative anticoagulation, but
long-term use of anticoagulants may lead to
high risk of related complications. Besides, the
postoperative bioprosthetic aortic valve implantation may give birth to bioprosthetic valve failure. All of the above factors affect the quality of
life of the patients. With a better understanding
of the physiological and anatomical features of
the aortic root and the aortic valves, great progress has been made in valve-sparing aortic root
replacement. Aortic valve preservation precludes lifelong anticoagulation and associated
complications including bleeding or thrombosis. Valve-sparing aortic root replacement has
shown to effectively protect against postoperative dilatation of aortic annulus [12]. However,
there is a paucity of systematic clinical studies
on the feasibility and safety of valve-sparing
ascending aortic replacement. Therefore, the
current study was designed to provide a good
strategy for the aortic root replacement in clinical practice, for which we compared the shortterm outcomes of the Bentall procedure versus
the valve-sparing ascending aortic replacement
by taking 50 patients as subjects who had
Stanford acute type A aortic dissection with
involvement in the aortic root and had been
admitted to the emergency department.
Materials and methods
Patients
This study got approval from the Hospital Ethics
Committee and written informed consent was
collected from each patient. Between January
2014 and December 2015, a total of 50
patients with Stanford acute type A aortic dissection admitted in our hospital were recruited
in this study. All the patients were diagnosed by
preoperative thoracoabdominal aortic computerized tomography angiography (CTA), and
underwent echocardiography to assess severity of aortic valve regurgitation, aortic sinus
diameter, left ventricular end-diastolic diameter (LVEDD) and left ventricular ejection fraction
(LVEF). All the patients were randomly assigned
to the Bentall group or the valve-sparing
ascending aortic replacement group (hereinafter referred to as VSAAR group) in terms of a
random number table. Patients older than 18
years were eligible for the study if they had aortic dissection involving the aortic root, widening
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aortic sinus, presence or absence of aortic
valve insufficiency, the dissection without
involvement of the coronary ostia and more
than 1 year of follow-up. Patients had rheumatic or senile degenerative changes in the aortic
valves were excluded from the study. The eligible patients included 36 males and 14 females,
with 31-55 years of age (mean 42.7±8.4 years).
The interval between onset and surgery was
6-42 h, with a mean of 11.2±5.4 h.
Interventions
At admission, all the patients received symptomatic treatment such as sedation, analgesia
and blood pressure control, and then underwent emergency operation after full preoperative preparation. The patient was placed in a
supine position under general anesthesia, with
the left radial artery and left dorsal artery punctured for blood pressure monitoring. The chest
was dissected by the median sternotomy, which
allowed an exposure of the heart, the ascending aorta, the aortic arch and the branch vessels above the arch, with cannulation of the
right femoral artery, the right subclavian artery
and the right atrium for establishment of cardiopulmonary bypass. The ascending aorta
was cross-clamped when cooling to 28°C. After
the ascending aorta was incised, cardioplegic
arrest was induced by infusion of solution for
myocardial protection directly into the left and
right coronary ostia. It continued to cool down
to 20°C for hypothermic circulatory arrest, and
then the aortic cross-clamp was released for
antegrade cerebral perfusion. Replacements of
the distal ascending aorta and the aortic arch,
and the stented elephant trunk implantation
were performed following the standard practice
[5]. For management of the aortic root, distinct
surgical strategies were adopted for the
patients in the Bentall group and the VSAAR
group. The patients in the Bentall group underwent the aortic valve replacement, the aortic
root replacement, and the coronary artery ostia
grafting. For those in the VSAAR group, surgeons crosscut the aortic segment above the
sinotubular junction, sutured the torn aortic
valve junction to the corresponding adventitia,
performed the aortic sinus angioplasty and
concurrently sutured the residual aortic intima
and adventitia above the sinotubular junction,
followed by distal artificial vascular anastomosis. Good aortic valve closure was checked by
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Table 1. Preoperative characteristics of the patients
Variable
Bentall group
VSAAR group
t/χ2 value
P value

Case
28
22

Age (year)
41.4±7.5
44.1±6.7
2.819
0.382

M/F (n) Hypertension (n, %)
20/8
20 (71.4)
16/6
15 (68.2)
1.839
2.138
0.173
0.149

PT (n, %)
5 (17.9)
4 (18.2)
0.348
0.549

PE (n, %)
15 (53.6)
12 (54.5)
1.047
0.311

HI (n, %)
4 (14.3)
3 (13.6)
1.152
0.297

Note: MF denotes Male/Female, PT pericardial tamponade, PE pericardial effusion, HI hemodynamic instability, VSAAR valvesparing ascending aortic replacement.

Table 2. Preoperative aortic root and cardiac function parameters
Variable
Case
AR
None
Mild
Moderate
Severe
ASD (mm)
LVEDD (mm)
LVEF (%)

Bentall group
28

VSAAR group
22

1 (3.6)
13 (46.4)
11 (39.3)
3 (10.7)
45.8±6.7
50.9±5.8
57.5±8.3

1 (4.5)
10 (45.5)
9 (40.9)
2 (9.1)
46.9±7.2
52.1±7.8
58.4±8.6

t/χ2 value

P value

1.243

0.651

2.484
1.142
1.183

0.096
0.112
0.702

Note: VSAAR denotes valve-sparing ascending aortic replacement, AR aortic regurgitation, ASD aortic sinus diameter, LVEDD
left ventricular end-diastolic diameter, and LVEF left ventricular ejection fraction.

Table 3. Comparisons of perioperative variables
Variable
CP (min)
ACC (min) RS (n, %)
Bentall group 275.2±76.4* 146.9±48.7* 3 (10.7)
VSAAR group 189.4±63.5 95.3±28.6
2 (9.1)
t/χ2 value
14.361
18.283
1.325
P value
<0.001
<0.001
0.554

AKI (n, %)
7 (25)
6 (27.3)
0.849
0.671

NC (n, %)
2 (7.1)
1 (4.5)
0.338
0.871

AV (h)
40.2±9.5
43.8±8.7
2.354
0.107

Hospitalization (d)
26.5±9.7
24.3±8.8
2.102
0.142

Note: Compared with the valve-sparing ascending aortic replacement group, *P<0.05. CP denotes cardiopulmonary bypass,
ACC aortic cross-clamp, RS re-sternotomy, AKI acute kidney injury, NC neurological complications, AV assisted ventilation, and
VSAAR denotes valve-sparing ascending aortic replacement.

transesophageal echocardiography after cardiac cardioversion.
Follow up
All patients were followed for a period of 1 year.
With clinic visits or telephone calls, they
received routine echocardiography every 3
months, and an annual thoracoabdominal aortic CTA to assess the aortic root profile.
Outcome measures
The time for cardiopulmonary bypass, aortic
cross-clamp time and the rate of complications
of patients were compared between the two
study groups; in addition, the predictors for the
aortic root profile including the severity of aortic
regurgitation, the aortic sinus diameter, LVEDD
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and LVEF before operation and the last postoperative follow-up were also compared between
the two groups. Between-group comparison
also went for surgical results.
Statistical analysis
The SPSS software (version. 21) was utilized for
analyses on all the statistical data. Measurement data were expressed as mean ± standard
deviation, with the independent sample t-test
for inter-group comparisons and the paired
t-test for intra-group comparisons before and
after operation. Enumeration data were presented as rates, with the chi square test for
inter-group comparisons. P<0.05 was deemed
to be statistical significance.
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Preoperative aortic root and
cardiac function parameters
The patients in both groups
suffered from aortic dissection with involvement of the
aortic root before operation.
The patients in the two
groups were generally wellbalanced in the severity of
aortic regurgitation, the aortic sinus diameter, LVEDD
and LVEF (P>0.05, Table 2).
Cardiopulmonary bypass
time, aortic cross-clamp
time and complications

Figure 1. Comparisons of the aortic root profile before and after operation. in
the valve-sparing ascending aortic replacement group; for comparison with
those before operation, *, P<0.001.

The cardiopulmonary bypass time, aortic crossclamp time of the patients
prolonged substantially in
the Bentall group versus
those in the VSAAR group
(P=0.000), but the incidence
of acute kidney failure, the
rate of neurological complications, assisted ventilation
duration and hospitalization
differed insignificantly between the two group (P>
0.05, Table 3).

Results

Surgical outcomes

Patient characteristics

After operation, striking improvements in the
aortic valve regurgitation and LEVF but markedly reduction in the aortic sinus diameter and
LVEDD of the patients were observed in the
VSAAR group, as compared with those before
operation (All P<0.001, Figure 1). Likewise, significantly improved LEVF and reduced LVEDD of
the patients were also found in the Bentall
group (Both P<0.001).

The Bentall group consisted of 28 patients,
with 20 males and 8 females, a mean age of
41.4±7.5 years, and the average interval from
onset to surgery of 10.8±4.9 h. Among the 28
patients, preoperative hypertension occurred
in 20, pericardial tamponade in 5, pericardial
effusion in 15 and unstable hemodynamics in
4. The VSAAR group included 22 patients, with
16 males and 6 females, a mean age of
44.1±6.7 years and the average time from
onset to surgery of 11.6±4.2 h. Of 22 patients,
preoperative hypertension was present in 15,
pericardial tamponade in 4, pericardial effusion in 12 and unstable hemodynamics in 3.
Insignificant differences were observed between the two groups with regard to preoperative clinical data, and they were comparable
(P>0.05, Table 1).
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The LVEDD and LVEF of patients at the final
follow-up after operation differed slightly
between the VSAAR group and the Bentall
group (Both P>0.05, Table 4).
Mortality
Postoperative death was present in four
patients in the Bentall group, with a mortality of
14.3%, including 2 deaths from multiple organ
failure, gastrointestinal hemorrhage in 1 patient
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Table 4. Comparison of postoperative LVEDD
and LVEF of the patients
Variable
Bentall group
VSAAR group
t value
P value

LVEDD
47.9±7.1
47.5±6.2
1.629
0.267

LVEF
65.7±8.9
63.3±9.5
2.578
0.115

Figure 2. Comparison of mortality of the patients between the two groups.

and pulmonary infection in1. By contrast, postoperative death occurred in 3 patients in the
VSAAR group, with a mortality of 13.6%, including 2 deaths from multiple organ failure and
large-area cerebral infarction in 1 patient. The
difference in the mortality of patients was not
striking between the two groups (P=0.238,
Figure 2).
Discussion
Bentall surgery, a classic technique for the
treatment of the dissection involving the aortic
root, can remove all proximal dissection tissues, achieve total aortic root replacement,
and eliminate the hidden threat of recurrent
dissection involving the aortic root, which is a
good option particularly for patients with dissection involving the coronary artery [13-15].
However, with long and complex procedures,
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prosthetic valve replacement and associated
anticoagulation not only significantly impact
the quality of life in patients, but also delay the
false lumen thrombosis in the distal aortic dissection, and affect the long-term outcomes of
the patients [16]. The valve-sparing aortic root
replacement was proposed based on the recognition of the aortic root that the aortic sinus
and all the components of the aortic valves play
a crucial role in maintaining the normal functions of aortic valves [17-20]. This technique
has overcome the drawbacks of the Bentall
procedure, but its long-term outcomes need
further follow-up observations. The findings in
the current study showed that the short-term
outcomes of the valve-sparing aortic root
replacement was evident, with significantly
decreased aortic sinus diameter and LVEDD
but strikingly improved preoperative aortic
regurgitation and LVEF at 1-year follow-up.
Moreover, no significant difference with regard
to mortality of patients was noted between the
two groups (P>0.05); the major causes of death
included multiple organ failure, recurrent pulmonary infection, recurrent gastrointestinal
hemorrhage and large-area cerebral infarction.
Multiple organ failure, pulmonary infection and
gastrointestinal hemorrhage may be attributed
to large surgical trauma, long bedrest, long
recovery duration, coexisting underlying diseases and long cardiopulmonary bypass [21, 22].
Large-area cerebral infarction may be due to
false-lumen minimal residual thrombus, deep
venous thrombosis or hypothermic circulatory
arrest [23]. Although the incidence of complications was basically similar between the two
groups, the aortic cross-cramp and cardiopulmonary bypass duration of patients were both
substantially longer in the Betall group compared with those in the VSAAR group, which
also brought higher risks for postoperative
cardiopulmonary by pass-associated complications and myocardial injury in the Bentall group.
In addition, the differences in LVEF and LVEDD
between the two groups differed insignificantly,
indicating that the valve-sparing ascending aortic replacement is effective.
In conclusion, Standford acute type A aortic
dissection involving the aortic root should be
treated according to the conditions of the
patients. The valve-sparing ascending aortic
replacement for the management of Standford
acute type A aortic dissection achieved shortInt J Clin Exp Med 2018;11(3):2452-2458
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term outcomes basically equivalent to those of
the Bentall surgery, so it is worthy of extensive
use in clinical practice. Therefore, the current
study provides experimental evidence for the
selection of aortic dissection with involvement
of the aortic root replacement. There are some
limitations in this study, including the small
sample size, a single center study and a shortterm follow-up. However, given the emergency
of the surgery for aortic dissection, it is difficult
to conduct a randomized, multicenter, and controlled trial. Therefore, additional trials are
required to make further follow-up for assessment of the long-term outcomes of valve-sparing ascending aortic replacement.

[6]

Acknowledgements

[10]

This study was granted by the Shandong
Province Science And Technology Development
Plan (2014GGH218016).

[7]

[8]

[9]

[11]

Disclosure of conflict of interest
None.
Address correspondence to: Chengwei Zou, Department of Cardiovascular Surgery, Shandong
Provincial Hospital Affiliated to Shandong University,
No.324, Jingwuweiqi Road, Jinan City 250021,
Shandong Province, China. Tel: +86-0531-68776353; E-mail: zouchengwei05@163.com

[12]

[13]

References
[1]

[2]

[3]
[4]
[5]

2457

Rylski B, Suedkamp M, Beyersdorf F, Nitsch B,
Hoffmann I, Blettner M and Weigang E. Outcome after surgery for acute aortic dissection
type A in patients over 70 years: data analysis
from the german registry for acute aortic dissection type A (GERAADA). Eur J Cardiothorac
Surg 2011; 40: 435-440.
Tsai TT, Trimarchi S and Nienaber CA. Acute
aortic dissection: perspectives from the international registry of acute aortic dissection
(IRAD). Eur J Vasc Endovasc Surg 2009; 37:
149-159.
Nienaber CA and Clough RE. Management of
acute aortic dissection. Lancet 2015; 385:
800-811.
David TE. Surgery for acute type a aortic dissection. J Thorac Cardiovasc Surg 2015; 150:
279-283.
Chiu P and Miller DC. Evolution of surgical therapy for stanford acute type a aortic dissection.
Ann Cardiothorac Surg 2016; 5: 275-295.

[14]

[15]

[16]

[17]

Moon MR. Approach to the treatment of aortic
dissection. Surg Clin North Am 2009; 89: 869893, ix.
Kallenbach K, Oelze T, Salcher R, Hagl C, Karck
M, Leyh RG and Haverich A. Evolving strategies
for treatment of acute aortic dissection type A.
Circulation 2004; 110 Suppl 1: II243-9.
David TE, Armstrong S, Manlhiot C, McCrindle
BW and Feindel CM. Long-term results of aortic root repair using the reimplantation technique. J Thorac Cardiovasc Surg 2013; 145:
S22-25.
Sun L, Qi R, Zhu J, Liu Y and Zheng J. Total arch
replacement combined with stented elephant
trunk implantation: a new “standard” therapy
fortype a dissection involving repair of the aortic arch? Circulation 2011; 123: 971-978.
Tian D, Rahnavardi M and Yan TD. Aortic valve
sparing operations in aortic root aneurysms:
remodeling or reimplantation? Ann Cardiothorac Surg 2013; 2: 44-52.
Gaudino M, Di Franco A, Ohmes LB, Weltert L,
Lau C, Gambardella I, Salica A, Munjal M, Elsayed M, Girardi LN and De Paulis R. Biological
solutions to aortic root replacement: valvesparing versus bioprosthetic conduitdouble
dagger. Interact Cardiovasc Thorac Surg 2017;
24: 855-861.
Sansone F, Zingarelli E, Ceresa F and Patane F.
Partial aortic root remodeling in case of ascending aortic aneurysms. Innovations (Phila)
2013; 8: 264-268.
Tanaka M, Kimura N, Yamaguchi A and Adachi
H. In-hospital and long-term results of surgery
for acute type A aortic dissection: 243 consecutive patients. Ann Thorac Cardiovasc Surg
2012; 18: 18-23.
van Putte BP, Ozturk S, Siddiqi S, Schepens
MA, Heijmen RH and Morshuis WJ. Early and
late outcome after aortic root replacement
with a mechanical valve prosthesis in a series
of 528 patients. Ann Thorac Surg 2012; 93:
503-509.
Zizza A, Pano M, Zaccaria S, Villani M and Guido M. Outcome of acute type A aortic dissection: single-center experience from 1998 to
2007. J Prev Med Hyg 2009; 50: 152-158.
Mookhoek A, Korteland NM, Arabkhani B, Di
Centa I, Lansac E, Bekkers JA, Bogers AJ and
Takkenberg JJ. Bentall procedure: a systematic
review and meta-analysis. Ann Thorac Surg
2016; 101: 1684-1689.
Attia T, Robich M, Lincoff AM, Shishehbor MH,
Svensson L and Smedira NG. Successful treatment of aortic root dissection complicated with
extensive myocardial infarction using the total
artificial heart. J Surg Case Rep 2017; 2017:
rjx123.

Int J Clin Exp Med 2018;11(3):2452-2458

Bentall procedure versus valve-sparing ascending aortic replacement
[18] Fattouch K, Murana G, Castrovinci S, Nasso G,
Mossuto C, Corrado E, Ruvolo G and Speziale
G. Outcomes of aortic valve repair according to
valve morphology and surgical techniques. Interact Cardiovasc Thorac Surg 2012; 15: 644650.
[19] Leyh RG, Fischer S, Kallenbach K, Kofidis T,
Pethig K, Harringer W and Haverich A. High failure rate after valve-sparing aortic root replacement using the “remodeling technique” in
acute type a aortic dissection. Circulation
2002; 106: I229-233.
[20] Zehr KJ, Orszulak TA, Mullany CJ, Matloobi A,
Daly RC, Dearani JA, Sundt TM 3rd, Puga FJ,
Danielson GK and Schaff HV. Surgery for aneurysms of the aortic root: a 30-year experience.
Circulation 2004; 110: 1364-1371.

2458

[21] Zhang J, Jiang Y, Gao C, Feng J and Wang A.
Risk factors for hospital death in patients with
acute aortic dissection. Heart Lung Circ 2015;
24: 348-353.
[22] Kazui T, Washiyama N, Bashar AH, Terada H,
Suzuki T, Ohkura K and Yamashita K. Surgical
outcome of acute type A aortic dissection:
analysis of risk factors. Ann Thorac Surg 2002;
74: 75-81; discussion 81-72.
[23] Gaul C, Dietrich W and Erbguth FJ. Neurological symptoms in aortic dissection: a challenge
for neurologists. Cerebrovasc Dis 2008; 26:
1-8.

Int J Clin Exp Med 2018;11(3):2452-2458

