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Abstract

Objective: To explore the clinical application and surgical outcomes of the modified Bentall proce-
dure with an outward expansion of the artificial graft in the treatment of patients with aortic valve
disease complicated by ascending aortic aneurysm-like dilation. Methods: A retrospective analysis
was conducted on the clinical data of 44 patients who underwent Bentall surgery between January
2020 and January 2024 at the cardiovascular surgery department of The Affiliated Hospital of Qing-
dao University, West Coast Branch. Among them, 23 patients underwent the modified Bentall pro-
cedure with an outward expansion of the artificial graft, and 21 patients underwent the button-type
Bentall procedure. Preoperative clinical data, intraoperative parameters, postoperative outcomes,
and follow-up results were statistically analyzed. Results: No intraoperative deaths occurred in either
group. The modified Bentall procedure group had significantly shorter cardiopulmonary bypass time,
lower postoperative 24-hour drainage volume, earlier removal of drainage tubes, shorter postop-
erative hospital stay, and lower costs for platelet and coagulation factor transfusion compared to
the button-type Bentall procedure group (P < 0.05). No statistically significant differences were
found between the two groups in postoperative left ventricular diameter and ejection fraction (both
P > 0.05). Conclusion: The modified Bentall procedure with an outward expansion of the artificial
graft can effectively reduce proximal anastomotic bleeding and oozing, making it a safe and effective
surgical approach.
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F B Bk IR A2 HE NIRRT PL RS2 R AR IR Y 7K 5 S Bk SE BHAE >5em, 2 —FaExt 2 e
TAE S IR0 ML P00 o T2 B0 K S2 980 (R B S R0 AR O BRI, (ELAE AR S v XU N b (B0 25 LR B
Loeys-Dietz £ 4 4iE+ Ehlers-Danlos 54 E « DA m i B 3#3) R R B E M E[1]. D NgGEREF,
BIFKARF 5K A T Bl Ik S A0 26 il 50% [2]. BNk 2R AT SIS 2 A IR RE, AR RN O IR T R
B EEEIRE K S ECO LRI . ESIIKRES A 4 DEEES. BT AREERE, S LHE
R, HIZE 2 ORI, FULEARSMESEER . Hal, T RaiEa kS8, eRA David F
AR Yacoub FAR. FEFiksEEHE0R A TR F AR 0% TA SRR 5%, Bentall
FARRE Hui ANAIAR#EAR KX [3]-[6]. 238 EBNIKME HAR(TAVR) ML F R RE, Nmkbemfa s
EPRAL T HIRITIE R SR, TPFEARTRER . ERENEIERRTHE. Z2IHARRAHIBML,
1b i PR e 2 S e R TS B ELR R [7] [8]. AW AR, A5 HMESEFE ISt sl E R,
A5 MBI R AT 15%~20% [9]. A, AHEFEHS R A L s MBS 2 R Bentall T ARG /7 1230
FCAR 98 PRI R RO, PPN FAE DD TR L, 4% F RS T), o508 TR 10U HE BRI S AR5 I AR 1Y)
I RTT R -
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2. ‘P EH*E
2.1. —fgERfsE

(1B 43 A 2018 4F 2 H 22 2024 4F 2 H 75 & KM@ BB O ANRHISCIR 1Y 44 4147 Bentall TR &3 1)
G R BRE, e 37 B B BKAR AR & I RS BIOR IR, 7 610 A BLESIBKICZE, B D350 T E 3k
MRS, HEBRbRAE: (1) ZROIEFAR; (2) FIARZES MO FAR: Q) A OENMITE <20%; (4)
P S DI REA A Bg PR ZE PRI . P B R ET AT O R (A OB B i CT. K I 3
98 CT B IR SR (MRI) SR B W2 . W38T ARG, 4 44 B8 7 A4, M-Bentall 4H:
23 i, ANTLIME /MR R Bentall A Bentall 41: 21 4], 21+ Bentall TA&; 2021 4 11 A2 5, H
FATAIN Bentall A, 2 54T N TSNS R Bentall FA . PIALEZ A IIRR SRNC A F 35 1.

Table 1. Clinical data of patients in both groups
= 1. FHBERIERER

Patients, No. (%)

Characteristic M-Bentall (n = 23) Bentall (n = 21) P Value
Age, mean (SD), y 26.0 (3.1) 24.0 (3.4) 0.358
Sex

Female 1(4.3) 3(14.3)

Male 22 (95.7) 18 (85.7) 0335
BMI, mean (SD) 0.051
Smoke 12 (52.2) 7(33.3) 0.208
Drink 10 (43.5) 5(23.8) 0.169
History of surgery 4 (17.4) 6 (28.6) 0.481
Hypertension 9 (39.1) 5 (23.8) 0.276
Diagnosis

FRERIE 22 (95.7) 15 (71.4)

A SR 2 1(4.3) 6 (28.6) 0.042
Pre-surgery

EF, median (IQR) 60 (54~62) 59 (51~61) 0.587

e B &K AK N2 (mm), mean (SD) 61.9 (8.7) 58.5 (10.9) 0.251
22. FRFEE

AHFEIFAREEAE: A FARIHE BN, AT, A sk sSOsh ik el £ 3k = 56 2h ke
A0 D S K A LARAMEIS, T IMERKENE O FIRE . FH RSB E, VI A sk, B
T OB AT RS, BYRR AR Ak VIBRYT IR Rk, FRIm TR 2 3mm.  “4ifn
AR W A AR KT O, I e A S O OV 5 S kPR 2 [RI I BE B, 76 N T Edmid @ikt D47 & .
(& 1(e) My bric Ak RP A A et RS DA B, e sk RN Bk 1 DUAR F] 7 v bl (B 1(a))s

MR Bentall ZH: A T HEEEIYT, TS24 5 mm (& 1(b)); NiFH 5-0 prolene £k &4 & N\ T L%
i B AL 5 N T 1(c)): BA 5-0 prolene Z2iE44% & A 54 A LI (1 1(d)s B AL
MAERES, 2 5P FahkEEELL LS (8 1(e): WIa /ot m RS H(1E 1(F)).
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Figure 1. Treatment steps of aortic root in modified Bentall operation
B 1. R Bentall FAREFIPKRIBLIE S

f£4t Bentall Z44: DL 5-0 prolene Zi[FWr4% & 3 &, [Ew A TIE S5 N THE; DL 5-0 prolene 82445 i
N T 46T T2 BR
2.3. MBI ERE

PR R B TR 1] ARSMEIAIT R] . LS RKEHITI R] . ARJESRERSIRE T R 1CU {5 B 1]
FHAHHRIR L AR DL ARJEXEFBATREY, P SRR 1. 3. 6 AR ACATEF
&, K6 HEAEMEESNK CTA. WL EERFIRE IS0 TR A m I F A .

2.4, Gt

K SPSS 26.0 BAFHEAT Gt T, TR VRIS + AREZE(XES)FRoR, THECFR LA BOR 43
bR FEESOAAN T ERRAN LB MR t K56 A& IEA A0 = %R
Wilcoxon fF& FAL IS . THECFORHH IR Pu R F R U7 K56 5 Fisher Bt L. PP <0.05 NEREHS
TR
3. &R
3.1. FARIEHRE

44 GIEF TR, KEEARBIET . FEFARIBIRICE T 2.
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PR TR A LR, Z RTS8 (P > 0.05). 51%4: Bentall ZLAHLL, 4K Bentall ZHAKSMEHF
BPIR) S ARG 24 /NSRS RJGIRER IR . AR JGEBEET R A e N S 7 9% FH B
Wb, ErBEAGIEE (P <0.05). WAHAFARMELLE, ZRILSETHFE (P >0.05).

Table 2. Comparison of surgical data between the two groups
2. MABENFARERLER

Mean (SE) Score

_ MD/OR (95%Cl) P Value
Variables M-Bentall (n = 23) Bentall (n = 21)

FARHF K (min) 285.2 (57.5) 313.5 (45.8) -28.3(-60.1, 3.5) 0.08
A HMIEERES [A] (min) 119.2 (23.5) 141.1 (34) -21.9 (-39.6, —4.3) 0.016
RELITEST 18] (min) 85.4 (21.7) 98.4 (22.1) -13(-26.4, 0.3) 0.055
A L1 u, No. (%) 1(4.3) 4(19.1) 0.19 (0.02,1.9) 0.176
A rhgiE /MR No. (%)

1 MR & 14 (60.9) 6 (28.6)

0.26 (0.07, 0.91) 0.04

2 MRITE 9 (39.1) 15 (71.4)
AR A A TUHE u 10 (9.5~10) 10 (10~10) NA 0.047
AR ml 420 (375~600) 590 (400~600) NA 0.132
ARJGE 24 /N5 E (mI) 175 (165~217.5) 245 (210~350) NA 0.001
G ET D) 145 (3.15) 15.5 (4) -1(-3.2,1.2) 0.358
W4 = )R] (h) 68 (63.5~81.5) 78 (67~105) NA 0.129
A S s I [ (d) 8(2.7) 12.2 (3.45) -4.2 (-6.1,—2.3) <0.001
AR B e [ (d) 10.9 (2.3) 14.7 3.7) -3.8(-5.7,-1.9) <0.001
B A 9 156940.7 (22848.9) 163053.2 (23370.6) —6112.54244 (—20182.1,7957)  0.386
ML T 9% A, No. (Mean)

No. (%) 10 (43.5) 16 (76.2) 0.24 (0.07, 0.88) 0.036

H 360 (360~360) 684 (540~4805) NA 0.007

3.2. RigkEIH1ER

ARG R INBE VS 37 511(84.1%)BE VN (8] 6 AN H o BEUIIAR PR AR R IR E R Rk & DR
HRAE. WMABERGEEENRE. PSR, ZRESITFEN. 6 HEHEHEEMSA LOCF (last
observation carried forward)iE#h 55, BARSERIC S T3 3.

Table 3. The postoperative data of the two groups were compared

3. MEBRERGHEXBIELR

Mean (SE) Score

] P Value
Variables M-Bentall (n = 20) Bentall (n =17)

EF-3 month 58 (52.5~60) 59 (54~60) 0.31
7r ZE FF KR N 4%-3 month 49 (45~54.5) 49 (47~54) 0.776

EF-6 month 60 (58~61.5) 60 (56~62) 0.241
/e ZE &P KK N 1£-6 month 48 (46~49.5) 46 (45~50) 0.623

Mortality-6 m
HRAER A ZE-6 m
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4. ¥1ig

Bentall K [ 1968 4 15 Y4l LR, AR TT 2 S B 22 £k Tt 2= 2 BB R 9 5K i ks v R 5[ 10] .
SRIM, A%4% Bentall FATE G A AL )& L 3 S5 ARME 5, Bentall A& 3 [7] 304 3= 2 iR BE A1 5
RISV 1, B AR S WA 1 (LA 3h KR TR 2 22 8 Bentall TR 3= EEK IF AORE
[12]. BIF ST HR IG5 KR 1) 00 268 T%~259% [13]-[15] - B3N kR i T At A S 38—k TR [16]-[18].
1978 4, Cabrol X228t Bentall T ARFEATER, K H FE 30k BEQEHRFA 5 5RIEIE[19], (HiXH]
R FEBARB KL MA SR, EEBmt o5, R G FuEE FoCH, FR Ty A
M=, o5 A FE A A LM, S8 Ik M [20].

1981 4, Kouchoukos %52 H T “#” Bentall FARM S, BI F:ZNAKARABA AL L0 2, Xk T
AL FEF AR BEA ORI I RAE[21], 5“4 Bentall 3 5t W) & 11 28k G dth tH B ™ BB 1, AR P 7R EK
RAYEIR AR I M[22], XSS E FERAE S, HARP e A K REK, FRHRZ SR
Bentall, 1 “Butl” . “RHhFA” © WS, BTHETEN T [23]-[26]{HIX e i B R A
TEEB, IR 12N

AW s BEW]: BRATRAAN TSN A K Bentall FA, HEATH A TR AN TIE L,
MARAR FAbgs 7 IREIR IR A . H R FH AN T s 5 LA &, X 744 .
Fibk, BAREUFARDEAL G AL Bentall B, (HW) A0 AL G705 0 . B 32 3l ik LT I )
BRI FE N, XA AR FEARED S8 TATHHHAR AT B Rl AR o vy & LB I, 32 1 kb
FAF 1k g /AR 2 DA BRI IR T 38 . ARG B, Bl B R 48k, (B 1 46 6 .
{EAHF T 25 FAFAE— € 1R PRV o AHFF 70 AL & BB AR B ARG/, Bl U7 B TAD e o 3 6 ] A o oA K
L A A B R HiE K B 15 P [ DR i3k — 25 B8AIE

g LATA, AN LI /MEIe B Bentall AR AT LA &k A A 5 B B 62 i i S i &, A R 46 5
PR TIRE I (8] SRS [|], & —FRfEi s ARV SEaTAT B3R ke (RS AR ZHE T /& — 8
KBEA B AN K IR 1 -

SE

[1] Vapnik, J.S., Kim, J.B., Isselbacher, E.M., Ghoshhajra, B.B., Cheng, Y., Sundt, T.M., et al. (2016) Characteristics and
Outcomes of Ascending versus Descending Thoracic Aortic Aneurysms. The American Journal of Cardiology, 117,
1683-1690. https://doi.org/10.1016/j.amjcard.2016.02.048

[2] Writing Committee Members, Isselbacher, E.M., Preventza, O., et al. (2022) 2022 ACC/AHA Guideline for the Diag-

nosis and Management of Aortic Disease: A Report of the American Heart Association/American College of Cardiology
Joint Committee on Clinical Practice Guidelines. Journal of the American College of Cardiology, 80, e223-e393.

[3] Kouchoukos, N.T., Marshall, W.G. and Wedige-Stecher, T.A. (1986) Eleven-year Experience with Composite Graft
Replacement of the Ascending Aorta and Aortic Valve. The Journal of Thoracic and Cardiovascular Surgery, 92, 691-
705. https://doi.org/10.1016/s0022-5223(19)35873-8

[4] Erbel, R., Aboyans, V., Boileau, C., Bossone, E., Di Bartolomeo, R., Eggebrecht, H., et al. (2014) 2014 ESC Guidelines
on the Diagnosis and Treatment of Aortic Diseases. Kardiologia Polska, 72, 1169-1252.
https://doi.org/10.5603/kp.2014.0225

[5] Etz, C.D., von Aspern, K., Girrbach, F.F., Battellini, R.R., Akhavuz, O., Leontyev, S., et al. (2013) Long-Term Survival
after Composite Mechanical Aortic Root Replacement: A Consecutive Series of 448 Cases. The Journal of Thoracic and
Cardiovascular Surgery, 145, S41-SA7. https://doi.org/10.1016/j.jtcvs.2012.11.045

[6] Mok, S.C.M., Ma, W., Mansour, A., Charilaou, P., Chou, A.S., Peterss, S., et al. (2016) Twenty-Five Year Outcomes
Following Composite Graft Aortic Root Replacement. Journal of Cardiac Surgery, 32, 99-109.
https://doi.org/10.1111/jocs.12875

[7] Salve, G.G., Mavanoor, S.S., Rajanna, V., Prakash, D. and Sreedhar, K. (2013) Double Reinforcement of Proximal
Anastomosis in Bentall Procedure: A New Technique. Indian Journal of Thoracic and Cardiovascular Surgery, 29, 184-

DOI: 10.12677/acm.2025.152576 2134 Il R 125 23k i


https://doi.org/10.12677/acm.2025.152576
https://doi.org/10.1016/j.amjcard.2016.02.048
https://doi.org/10.1016/s0022-5223(19)35873-8
https://doi.org/10.5603/kp.2014.0225
https://doi.org/10.1016/j.jtcvs.2012.11.045
https://doi.org/10.1111/jocs.12875

IAERT 55

(8]

(9]
[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

187. https://doi.org/10.1007/s12055-013-0228-y

Hussain, G., Ahmad, N., Ahmad, S., Baig, M.A.R., Zaheer, S. and Furkan, A. (1969) New Modification of Modified
Bentall Procedure (A Single Centre Experience). Pakistan Journal of Medical Sciences, 31, 1318-1321.
https://doi.org/10.12669/pjms.316.7855

Achneck, H.E., Rizzo, J.A., Tranquilli, M. and Elefteriades, J.A. (2007) Safety of Thoracic Aortic Surgery in the Present
Era. The Annals of Thoracic Surgery, 84, 1180-1185. https://doi.org/10.1016/j.athoracsur.2007.05.038

Bentall, H. and De Bono, A. (1968) A Technique for Complete Replacement of the Ascending Aorta. Thorax, 23, 338-
339. https://doi.org/10.1136/thx.23.4.338

Singh, M.P. and Bentall, H.H. (1972) Complete Replacement of the Ascending Aorta and the Aortic Valve for the Treat-
ment of Aortic Aneurysm. The Journal of Thoracic and Cardiovascular Surgery, 63, 218-225.
https://doi.org/10.1016/s0022-5223(19)41930-2

McFalls, E.O., Palac, R., Gately, H. and Floten, H.S. (1989) Pseudoaneurysm Formation with Superior Vena Caval
Syndrome 7 Years after Aortic Composite Graft Placement. The Annals of Thoracic Surgery, 48, 704-705.
https://doi.org/10.1016/0003-4975(89)90797-2

Mayer, J.E., Lindsay, W.G., Wang, Y., Jorgensen, C.R. and Nicoloff, D.M. (1978) Composite Replacement of the Aortic
Valve and Ascending Aorta. The Journal of Thoracic and Cardiovascular Surgery, 76, 816-823.
https://doi.org/10.1016/s0022-5223(19)39557-1

McCready, R.A. and Pluth, J.R. (1979) Surgical Treatment of Ascending Aortic Aneurysms Associated with Aortic
Valve Insufficiency. The Annals of Thoracic Surgery, 28, 307-316. https://doi.org/10.1016/s0003-4975(10)63127-x

Donaldson, R.M. and Ross, D.N. (1982) Composite Graft Replacement for the Treatment of Aneurysms of the Ascending
Aorta Associated with Aortic Valvular Disease. Circulation, 66, 1116-1121.

Aoyagi, S., Kosuga, K., Akashi, H., Oryoji, A. and Oishi, K. (1994) Aortic Root Replacement with a Composite Graft:
Results of 69 Operations in 66 Patients. The Annals of Thoracic Surgery, 58, 1469-1475.
https://doi.org/10.1016/0003-4975(94)91937-2

Dossche, K.M., Erwin Tan, M., Schepens, M.A., Morshuis, W.J. and Brutel de la Riviére, A. (1999) Twenty-Four Year
Experience with Reoperations after Ascending Aortic or Aortic Root Replacement. European Journal of Cardio-Tho-
racic Surgery, 16, 607-612. https://doi.org/10.1016/s1010-7940(99)00326-7

Vecsey-Nagy, M., Jermendy, A., Szab6, G., Benke, K., Szabolcs, Z., Merkely, B., et al. (2017) Bilateral Coronary Ostial
Stenosis after Bentall Procedure in a Patient with Marfan Syndrome. Journal of Cardiovascular Emergencies, 3, 193-
196. https://doi.org/10.1515/jce-2017-0027

Cabrol, C., Gandjbakhch, 1. and Cham, B. (1978) Aneurysms of the Ascending Aorta; Total Replacement with Reim-
plantation of the Coronary Arteries. La Nouvelle Presse Médicale, 7, 363-365.

Hoover, E.L., Hsu, H., Ergin, A., Ketosugbo, A., Webb, H., Kharma, B., et al. (1987) Left-to-Right Shunts in Control of
Bleeding Following Surgery for Aneurysms of the Ascending Aorta. Chest, 91, 844-849.
https://doi.org/10.1378/chest.91.6.844

Kouchoukos, N.T. (1989) Aortic Graft-Valve (composite) Replacement at 20 Years: Wrap or No Wrap? Shunt or No
Shunt? The Annals of Thoracic Surgery, 48, 615-616. https://doi.org/10.1016/0003-4975(89)90773-x

Borst, H.G. (1981) Replacement of Ascending Aorta and Aortic Valve. The Annals of Thoracic Surgery, 32, 613-614.
https://doi.org/10.1016/s0003-4975(10)61808-5

Albertini, A., Dell’Amore, A., Zussa, C. and Lamarra, M. (2007) Modified Bentall Operation: The Double Sewing Ring
Technique. European Journal of Cardio-Thoracic Surgery, 32, 804-806. https://doi.org/10.1016/j.ejcts.2007.07.011

Li, H., Song, Y., Liu, X,, Yu, H., Huang, X., Feng, X., et al. (2021) Short-Term Outcomes of a Novel Modified Bentall
Procedure in Acute Type A Aortic Dissection. The Journal of Cardiovascular Surgery, 62, 385-390.
https://doi.org/10.23736/s0021-9509.21.11522-8

Sirajuddin, S., Wang, C.K., Al-Abri, Q., Ridwan, K., Hatzakorzian, R., Lachapelle, K., et al. (2019) Early Results of a
Modified Biological Valved Conduit for the Bentall Procedure. Journal of Cardiac Surgery, 34, 412-418.
https://doi.org/10.1111/jocs.14046

Cebi, N. (2022) “Wings of a Butterfly” Technique in Modified Bentall’s Procedure. The Thoracic and Cardiovascular
Surgeon, 70, 339-340. https://doi.org/10.1055/s-0042-1757299

DOI: 10.12677/acm.2025.152576 2135 Il R 125 23k i


https://doi.org/10.12677/acm.2025.152576
https://doi.org/10.1007/s12055-013-0228-y
https://doi.org/10.12669/pjms.316.7855
https://doi.org/10.1016/j.athoracsur.2007.05.038
https://doi.org/10.1136/thx.23.4.338
https://doi.org/10.1016/s0022-5223(19)41930-2
https://doi.org/10.1016/0003-4975(89)90797-2
https://doi.org/10.1016/s0022-5223(19)39557-1
https://doi.org/10.1016/s0003-4975(10)63127-x
https://doi.org/10.1016/0003-4975(94)91937-2
https://doi.org/10.1016/s1010-7940(99)00326-7
https://doi.org/10.1515/jce-2017-0027
https://doi.org/10.1378/chest.91.6.844
https://doi.org/10.1016/0003-4975(89)90773-x
https://doi.org/10.1016/s0003-4975(10)61808-5
https://doi.org/10.1016/j.ejcts.2007.07.011
https://doi.org/10.23736/s0021-9509.21.11522-8
https://doi.org/10.1111/jocs.14046
https://doi.org/10.1055/s-0042-1757299

	人工血管外翻改良Bentall手术治疗主动脉根部瘤的短期疗效
	摘  要
	关键词
	Short-Term Efficacy of Modified Bentall Procedure with Outward Expansion of Artificial Graft for Aortic Root Aneurysm
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 一般资料和分组  
	2.2. 手术方法  
	2.3. 观察指标和术后随访
	2.4. 统计分析

	3. 结果
	3.1. 手术指标
	3.2. 术后随访情况

	4. 讨论
	参考文献

