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Abstract 

Background: Extent of left ventricular (LV) reverse remodeling after aortic valve repair or 

replacement (AVR) may differ between patients operated for acute aortic regurgitation (AR) 

and chronic AR. The aim of this study was to compare changes in LV volumes and function 

between patients with acute and chronic AR who underwent AVR.  

Methods: A total of 98 patients (54±15 years, 61% men) with acute (n=21) or chronic AR 

(n=77) were included in the present retrospective evaluation. LV volumes, LV ejection fraction 

and global longitudinal strain indexed for LV end-diastolic volume (GLSi) were assessed 

preoperatively and after a median follow-up of 28 months (interquartile range: 17-66 months). 

Results: Patients with acute AR tended to have smaller preoperative LV end-diastolic volume 

compared to chronic AR (156±15 vs. 183±6 ml; p=0.070). Both in patients with acute and 

chronic AR, significant LV reverse remodeling with sustained reduction in LV volumes occurred 

during follow-up with a significant smaller LV end-diastolic volume in acute AR compared to 

chronic AR (106±8 vs. 128±5 ml; p=0.032). Preoperative and postoperative LV ejection 

fractions were not significantly different between groups. In contrast, GLSi was better in 

patients with acute AR compared to chronic AR before AVR (-1.34±0.20 vs. -0.96±0.07 %/10 

ml; p=0.042) and during follow-up (-1.65±0.16 vs. -1.29±0.07 %/10 ml; p=0.017).  

Conclusion: After AVR, LV reverse remodeling occurs both in patients with acute and chronic 

AR. However, LV end-diastolic volume was more reduced and GLSi was more preserved during 

follow-up in acute AR than in chronic AR.  
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Introduction 

The prevalence of aortic regurgitation (AR) in the general population is 10% and is often 

mild.
1,2

 Severe chronic AR results in a combination of left ventricular (LV) volume overload 

(due to the regurgitant volume) and LV pressure overload (due to systolic hypertension as a 

result from an increase in total aortic stroke volume).
3
 In early stages of the disease, the LV 

adapts to the volume overload with eccentric LV hypertrophy to preserve LV systolic function.
4
 

Progressive LV dilation and systolic hypertension increase LV wall stress leading to 

ultrastructural myocardial changes that may not reverse after aortic valve repair or 

replacement (AVR).
5-7

 In severe acute AR, these changes may not take place and therefore the 

remodeling process after emergent AVR may be different to that observed in patients with 

chronic AR.  

The studies evaluating the presence and clinical implications of LV reverse remodeling after 

AVR have focused on patients with severe chronic AR.
8-11

 However, little is known about the LV 

reverse remodeling process in patients with severe acute AR. Accordingly, the aim of the 

current study was to characterize changes in LV volumes and function after AVR in patients 

with acute AR and chronic AR. 

 

Methods 

Patients 

The present retrospective study included adult patients who underwent aortic valve and root 

surgery for AR or aortic root pathology from 1998 to 2013 at the Leiden University Medical 

Center, The Netherlands. Patients with moderate to severe and severe AR and 

no more than mild aortic stenosis were selected from a large echocardiographic database. 

Patients with available echocardiograms at baseline (before surgery) and at least 6 months 

after aortic valve replacement were included. If patients underwent reoperation on the aortic 

valve and/or aortic root during follow-up, the last transthoracic echocardiography before 

reoperation was considered in the analysis. Concomitant mitral or tricuspid valve disease was 

not an exclusion criterion.  

Baseline clinical characteristics, EuroSCORE II and surgical procedures were recorded. In 

addition, LV volumes and function and valvular hemodynamics were assessed with 2-

dimensional transthoracic echocardiography preoperatively and at 6 months or longer follow-

up. All data were prospectively collected in the departmental Cardiology Information System 

(EPD-Vision, Leiden University Medical Center, Leiden, The  Netherlands) and retrospectively 

analyzed. Patients were divided into two groups: patients with acute AR developed ≤6 weeks 

before AVR and patients with chronic AR lasting for >6 weeks before AVR. 

The institutional ethical committee approved the retrospective analysis of clinical and 

echocardiographic data and waived the need for patient written informed consent for patients 
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followed-up at the Leiden University Medical Center, The Netherlands. For retrospective 

analysis of postoperative echocardiographic data of patients followed-up in referral centers, 

written informed consent was obtained. 

 

Two-dimensional transthoracic echocardiography 

Transthoracic echocardiography was performed at rest with patients in the left decubitus 

position using commercially available ultrasound systems (System 5, Vivid 7 and E9, General 

Electric Healthcare, Vingmed, Horten, Norway) equipped with 3.5-MHz or M5S transducers. 

Two-dimensional and Doppler data were acquired at the parasternal, apical, subcostal and 

supra-sternal views according to current recommendations.
12

 The echocardiographic data 

were digitally stored in cine-loop format and data analysis was retrospectively performed 

using EchoPac (112.0.1, GE Medical Systems, Horten, Norway). LV end-diastolic (LVEDV) and 

end-systolic (LVESV) volumes were quantified in the apical two- and four-chamber views using 

the Simpson’s biplane method and LV ejection fraction (LVEF) was calculated.
12

 Further 

evaluation of LV systolic function was performed with two-dimensional speckle-tracking 

longitudinal strain analysis. LV longitudinal strain was measured from apical two-, three- and 

four-chamber views and averaged to obtain LV global longitudinal strain (GLS). To take into 

consideration changes in LV volumes over time after AVR, GLS was corrected for LVEDV and 

expressed as percentage of deformation per 10 ml of LVEDV (GLSi).  

Aortic valve function was evaluated using color, continuous- and pulsed-wave Doppler. AR 

grade was assessed using a multiparametric approach including the measurement of the jet 

width relative to the LV outflow tract width and the vena contracta width in the parasternal 

long-axis view and apical three- or five-chamber views and the measurement of the pressure 

half time (if feasible) with continuous wave Doppler on the apical three- or five-chamber 

views. AR was graded as 0 (absent), 1 (mild), 2 (mild-moderate), 3 (moderate-severe) or 4 

(severe).
13

 Aortic stenosis grade was assessed measuring the aortic jet velocity and transaortic 

mean pressure gradient on continuous-wave Doppler recordings of the valve obtained in the 

apical three- or five-chamber views. Left ventricular outflow tract velocity was measured using 

the pulsed-wave Doppler in the apical three- or five-chamber views with the sample volume 

placed 5 mm below the aortic annulus plane into the left ventricle. Aortic valve area was 

calculated using the continuity equation. Patients with more than mild aortic stenosis were 

excluded as per inclusion and exclusion criteria of the study. 

 

Surgery 

After median sternotomy, arterial cannulation was performed of the distal ascending aorta (in 

elective non-dissected aortic pathology and in the absence of dilatation of the distal part of 

the ascending aorta) or the subclavian or femoral artery (in patients with ascending aorta 
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dissection or dilatation). Patients underwent aortic valve and root replacement or valve-

sparing aortic root reconstruction. In aortic valve and root replacement techniques, the 

coronary buttons were mobilized and the sinuses of Valsalva and the aortic valve were 

excised. A mechanical or biological prosthesis was then implanted. Thereafter the coronary 

buttons were reattached.
14,15

 For valve-sparing aortic root reconstruction, either a 

supracoronary ascending aorta replacement was performed with restoration of the 

sinotubular junction or the native sinuses of Valsalva were resected and a graft was implanted 

using the reimplantation technique (modified David procedure) or the remodeling technique 

(Yacoub technique), as previously described.
16-18

 Leaflet repair procedures (leaflet triangular 

resection, leaflet resuspension and plication of the free edge of the leaflet) were performed if 

needed. In addition, concomitant aortic arch replacement was performed if the luminal 

diameter at this level was >45 mm or – in cases of dissection – a (re)entry tear was present in 

the arch.  

 

Follow-up 

Patients underwent two-dimensional transthoracic echocardiography during follow-up at the 

discretion of the treating cardiologist. The median follow-up duration was 28 months 

(interquartile range: 17-66 months). 

 

Statistical analysis 

All data analyses were performed using the SPSS software version 20 (SPSS, Chicago, IL, USA). 

Categorical variables are reported as numbers and percentages. Continuous variables are 

reported as mean ± standard deviation or median and interquartile range. Differences 

between acute and chronic AR were analysed using the chi-square test (for categorical 

variables) and the unpaired Student’s t-test or Mann-Whitney U test (for normally or non-

normally distributed continuous variables, respectively). Linear mixed model analysis was used 

to assess the differences in change in LV dimensions and function over time between the two 

groups. Onset of AR (acute or chronic) and time of transthoracic echocardiography 

(preoperative or follow-up) were incorporated in the model as fixed variables. An unstructured 

covariance matrix was applied. The estimated marginal mean ± standard error of the mean 

was presented. All statistical tests were two-sided. A p-value<0.05 was considered statistically 

significant. 

 

Results 

A total of 98 patients (mean age 54±15 years, 61% men) were evaluated: acute AR was present 

in 21 (21%) patients and chronic AR in 77 (79%) patients. Acute AR was classified as moderate-

severe in 6 (29%) patients and severe in 15 (71%) patients and the etiology was endocarditis in 



Chapter 7 │ 

114 

 

14 (66%) patients, acute type A aortic dissection in 5 (24%) and acute pulmonary edema 

associated with aortic root dilation in the remaining 2 (10%) patients. Chronic AR was 

classified as moderate-severe in 49 (64%) patients and severe in 28 (36%) patients. The clinical 

and surgical characteristics of both groups are displayed in Table 1. Cardiovascular risk factors 

were comparable between groups. However, the creatinine clearance was significantly lower 

and New York Heart Association class IV heart failure symptoms were more frequently 

reported in patients with acute AR compared with chronic AR. Patients with acute AR had 

higher EuroSCORE II compared with patients with chronic AR. Among patients with acute AR, 6 

(29%) patients underwent emergent surgery and 15 (71%) patients underwent urgent surgery. 

In the entire cohort, the aortic valve and root were replaced by a biological prosthesis in 60 

(61%) patients and by a mechanical prosthesis in 10 (10%) patients. 

 

Table 1. Baseline and surgical characteristics.  

 Acute AR  

(n=21) 

Chronic AR 

(n=77) 

p-value 

Age (years)  56 ± 14 53 ± 15 0.380 
Male   10 (48%) 50 (65%) 0.234 
Body surface area (m

2
) 1.85 ± 0.18 2.03 ± 0.41 0.059 

Smoking  5 (24%) 18 (23%) 1 
Diabetes mellitus  3 (14%) 2 (3%) 0.110 
Hypertension  8 (38%) 29 (38%) 1 
Dyslipidaemia  2 (10%) 7 (9%) 1 
NYHA functional class    0.002 
 I 11 (52%) 29 (38%)  
 II 3 (14%) 26 (33%)  
 III 2 (10%) 20 (26%)  
 IV 5 (24%) 2 (3%)  
Creatinine clearance (ml/min) 78 ± 36 104 ± 37 0.008 
EuroSCORE II (%) 7.3 (3.3 – 22.4) 2.5 (1.6 – 4.2) <0.001 
Bicuspid aortic valve 2 (10%) 27 (35%) 0.042 
Aortic valve and root technique   0.414 
 Replacement 17 (81%) 53 (69%)  
 Valve-sparing restoration 4 (19%) 24 (31%)  
Mitral valve surgery 6 (29%) 15 (19%) 0.549 
Tricuspid valve surgery 4 (19%) 10 (13%) 0.725 
CABG 2 (10%) 6 (8%) 1 

Data are presented as mean ± standard deviation, as median (interquartile range) or as number 

(percentage). AR: aortic regurgitation. CABG: coronary artery by-pass grafting. EuroSCORE: European 

System for Cardiac Operative Risk Evaluation. NYHA: New York Heart Association. 

 

In the remaining 28 (29%) patients, a valve sparing procedure was performed with isolated 

aortic valve repair in 3 patients, supracoronary ascending aorta replacement with restoration 

of the sinotubular junction in 6 patients, reimplantation technique of David in 17 patients and 
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the remodeling technique of Yacoub in 2 patients. There were no differences in the number 

and type of concomitant surgeries performed in both groups.  

 

LV reverse remodeling after AVR for acute versus chronic AR 

The median echocardiographic follow-up duration was 34 months (interquartile range: 18-66 

months) in patients with acute AR and 26 months (interquartile range: 16-64 months) in 

patients with chronic AR (p=0.491). Recurrence of moderate-severe or severe AR at follow-up 

was present in 5 (5%) patients, all in chronic AR patients. At follow-up, the mean aortic valve 

gradient was similar between patients with acute and patients with chronic AR (9.3±10.3 vs. 

7.3±5.3 mmHg; p=0.236). 

Figure 1 shows the LV volumes preoperatively and at follow-up. The preoperative LVEDV was 

slightly smaller in patients with acute AR compared with chronic AR (156±15 vs. 183±6 ml, 

p=0.070). The preoperative LVESV was comparable between acute and chronic AR (73±10 vs. 

85±4 ml; p=0.162). At follow-up, in both groups, LV reverse remodeling occurred with a 

significant reduction in LVEDV and LVESV. However, the LVEDV was significantly smaller at 

follow-up in patients with acute AR than in patients with chronic AR (106±8 vs. 128±5 ml; 

p=0.032).  

The change in LV function is displayed in figure 2. The preoperative LVEF was similar in 

patients with acute AR and chronic AR (55±2 vs. 54±1%; p=0.595) and increased during follow-

up with no difference between groups (acute AR: 57±2% vs. chronic AR: 59±1%; p=0.444). In 

patients with acute AR, GLS was −15.8±1.3% before and −15.5±0.9% aler surgery (p=0.874). In 

patients with chronic AR, GLS was −15.0±0.8% before and −14.3±0.4% aler surgery (p=0.373). 

Because GLS represents shortening of the LV, which is dependent on the size of the LV, GLS 

was indexed for LVEDV. The GLSi was significantly better in patients with acute AR compared 

with chronic AR at baseline (−1.34±0.20 vs −0.96±0.07%/10 mL; P=.042) as well as during 

follow-up (−1.65±0.16 vs −1.29±0.07; p=0.017). 

 

Discussion 

The main findings of the present study include the observation that patients with acute AR had 

slightly smaller pre-operative LVEDV compared with patients with chronic AR suggesting the 

lack of LV remodeling to compensate the volume and pressure overload in the former group. 

Despite this observation, significant LV reverse remodeling after AVR was observed in both 

patients with acute AR and patients with chronic AR, with significantly smaller LVEDV and 

more preserved LV systolic function (based on speckle tracking echocardiography measure-

ments) at follow-up among patients with acute AR compared with patients with chronic AR. 
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Figure 1. Left ventricular volumes over time in acute and chronic AR.  

Data are displayed as estimated marginal means ± standard error of the mean. *p<0.05 compared with 

preoperative. AR: aortic regurgitation. LVEDV: left ventricular end-diastolic volume. LVESV: left ventricular 

end-systolic volume 

  
Figure 2. Left ventricular function over time in acute and chronic AR.  

Data are displayed as estimated marginal means ± standard error of the mean. *p<0.05 compared with 

preoperative. AR: aortic regurgitation. GLSi: global longitudinal strain indexed for left ventricular end-

diastolic volume. LVEF: left ventricular ejection fraction. 
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Acute versus chronic aortic regurgitation 

Timing of aortic valve repair/replacement for AR depends on the presence of symptoms or 

documentation of LV systolic function impairment or LV dilatation.
19

 Acute severe AR is usually 

associated with abrupt onset of heart failure symptoms, signs of low cardiac output and initial 

signs of LV remodeling, including LV dilatation and hypertrophy that cannot compensate the 

abrupt increase in volume and pressure overload.
20

 Experimental models have shown changes 

in extracellular matrix, perivascular fibrosis and increased cardiomyocyte cross-sectional area 

early after onset of acute severe AR.
20

 In contrast, in chronic severe AR, the adaptive changes 

in LV structure to compensate the gradual increase in volume and pressure overload result in 

larger LV dilatation and hypertrophy (compared with acute AR) that normalize wall stress and 

preserve LV systolic function.
4
 When the AR progresses and LV wall stress increases, LV systolic 

dysfunction occurs.
21-23

  

In acute AR immediate surgical intervention is usually necessary and can be performed with 

good outcome,
24,25

 whereas in chronic AR patients, surgery is not recommended until 

symptoms develop or when LVEF<50% or LV end-diastolic diameter >75 mm or LV end-systolic 

diameter >55mm.
19

  

Aortic valve and root surgery restoring the competence of the aortic valve reduces the LV 

volume and pressure overload inducing LV reverse remodeling. Previous studies have shown 

that LV reverse remodeling occurs, both after aortic valve and root replacement and after 

valve-sparing aortic root reconstruction in patients with chronic AR.
8-10

 In contrast, comparison 

of postoperative LV reverse remodeling and change in systolic function between patients 

operated for acute AR and patients operated for chronic AR have not been described 

extensively. Kumpuris et al. compared three patient groups with severe AR who underwent 

aortic valve surgery; chronic AR with postoperative LV reverse remodeling, chronic AR without 

postoperative LV reverse remodeling and acute AR.
26

 Patients operated for acute AR and 

patients operated for chronic AR who showed postoperative LV reverse remodeling had 

similar LV end-diastolic and LV end-systolic diameters preoperatively and postoperatively 

(median 30 days after surgery).
26

 The present evaluation also showed LV reverse remodeling in 

both groups of patients which was more pronounced among patients with acute AR than in 

patients with chronic AR. Probably, more advanced microscopic remodeling with increased 

myocardial fibrosis in patients with chronic AR may preclude normalization of LV volumes after 

AVR. 

Furthermore, recovery or normalization of LV systolic function is an important surgical 

outcome with prognostic implications. In chronic AR patients with preoperative LV systolic 

dysfunction or severe dilation who underwent aortic valve and root surgery, the LVEF 

improved significantly.
8,27

 Particularly, patients with LV reverse remodeling early after surgery 

experienced an increase in LVEF from 47±9% to 56±6% during follow up, whereas in patients 
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without LV reverse remodeling after surgery, the LVEF remained low (from 32±6% to 26±9%).
11

 

However, LVEF may not be a sensitive marker of LV systolic function in these patients. As 

previously demonstrated, patients with chronic severe AR may have impaired GLS despite 

having normal LVEF suggesting the presence of ultrastructural changes of the myocardium.
23

 

GLS may be also a better reflector of the LV performance after AVR. A previous study including 

47 chronic AR patients showed significant postoperative improvement in GLS normalized for 

LVEDV (from about -0.9 %/10 ml to -1.2 %/10 ml; p<0.01).
5
 We found similar results in chronic 

AR patients (from -0.96 %/10 ml to -1.29 %/10 ml; p<0.001). In addition, we demonstrated 

that patients with chronic AR had more impaired GLSi compared to acute AR patients before 

and after surgery suggesting more myocardial dysfunction in the former patients. 

 

Clinical implications 

The present study provides further insight into the effect of AR on LV performance before and 

after AVR. Chronic AR was associated with less LV reverse remodeling and less improvement in 

LV function after aortic valve and root surgery compared with acute AR, which might be 

attributed to increased myocardial fibrosis in patients with chronic AR. Although LVEF was not 

significantly different between patients with acute and chronic AR before as well as after 

surgery, GLSi was less affected in patients who underwent surgery for acute severe AR 

suggesting a lesser degree of microscopic remodeling (myocardial fibrosis and extracellular 

matrix changes) in these patients. 

Current guidelines recommend surgery in asymptomatic patients with chronic severe AR when 

LV dilation (LV end-diastolic diameter >75mm or LV end-systolic diameter >55mm) or LV 

dysfunction (LVEF <50%) occurs. The present study indicates that chronicity of AR is associated 

with diminished postoperative improvement in LV performance and normalization of LV 

volumes. Therefore, more sensitive parameters of LV dysfunction or early remodeling may be 

helpful to improve the outcomes of aortic valve surgery for chronic AR. GLSi is able to detect 

myocardial dysfunction in an earlier stage compared to LVEF.
5,23

 Studies including GLSi in 

surgical decision-making might help in the optimal timing of surgery in patients with chronic 

AR. Perhaps surgery at an earlier stage can prevent the development of irreversible changes of 

the myocardium. 

 

Limitations 

This was a retrospective study with a limited number of patients. Only patients with 

preoperative and follow-up echocardiography were included in the present analysis which 

might have introduced a selection bias. Clinical data for patients who did not meet the 

inclusion criteria were not collected and therefore comparisons between included and 

excluded patients are not feasible to investigate the differences and selection bias. 
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Furthermore, there was no prospective follow-up protocol, thus echocardiographic follow-up 

was performed at the discretion of the treating cardiologist. The exact duration of AR was 

unknown in the majority of patients with chronic AR; therefore no further analysis could be 

performed relating the duration of AR to the extent of LV reverse remodeling and LV function 

improvement. 

 

Conclusion 

LV reverse remodeling occurs after aortic valve surgery both for acute and chronic AR. 

However, LVEDV was more reduced and GLSi was more preserved during follow-up in patients 

operated for acute AR than in patients with chronic AR. 

 

References 

1. Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL, Lehman B, Benjamin EJ. Prevalence and 
clinical determinants of mitral, tricuspid, and aortic regurgitation (the Framingham Heart Study). Am 
J Cardiol 1999;83:897-902. 

2. Lebowitz NE, Bella JN, Roman MJ, Liu JE, Fishman DP, Paranicas M, Lee ET, Fabsitz RR, Welty TK, 
Howard BV, Devereux RB. Prevalence and correlates of aortic regurgitation in American Indians: the 
Strong Heart Study. J Am Coll Cardiol 2000;36:461-467. 

3. Taniguchi K, Nakano S, Kawashima Y, Sakai K, Kawamoto T, Sakaki S, Kobayashi J, Morimoto S, 
Matsuda H. Left ventricular ejection performance, wall stress, and contractile state in aortic 
regurgitation before and after aortic valve replacement. Circulation 1990;82:798-807. 

4. Uretsky S, Supariwala A, Nidadovolu P, Khokhar SS, Comeau C, Shubayev O, Campanile F, Wolff SD. 
Quantification of left ventricular remodeling in response to isolated aortic or mitral regurgitation. J 
Cardiovasc Magn Reson 2010;12:32.  

5. Smedsrud MK, Pettersen E, Gjesdal O, Svennevig JL, Andersen K, Ihlen H, Edvardsen T. Detection of 
left ventricular dysfunction by global longitudinal systolic strain in patients with chronic aortic 
regurgitation. J Am Soc Echocardiogr 2011;24:1253-1259. 

6. Gorgulu S, Norgaz T, Nurkalem Z, Ergelen M, Eksik A, Genc A, Zencirci AE. Comparison of left 
ventricular contractility in pressure and volume overload: a strain rate study in the clinical model of 
aortic stenosis and regurgitation. Echocardiography 2010;27:798-802. 

7. Kusunose K, Cremer PC, Tsutsui RS, Grimm RA, Thomas JD, Griffin BP, Popović ZB. Regurgitant volume 
informs rate of progressive cardiac dysfunction in asymptomatic patients with chronic aortic or mitral 
regurgitation. JACC Cardiovasc Imaging 2015;8:14-23. 

8. Leshnower BG, Guyton RA, McPherson L, Kilgo PD, Chen EP. Improved left ventricular function and 
remodeling after the david v for significant aortic insufficiency. Ann Thorac Surg 2013;96:2090-2094. 

9. McCarthy FH, Bavaria JE, Pochettino A, Fox Z, Moeller P, Szeto WY, Desai ND. Comparing aortic root 
replacements: porcine bioroots versus pericardial versus mechanical composite roots: hemodynamic 
and ventricular remodeling at greater than one-year follow-up. Ann Thorac Surg 2012;94:1975-1982.  

10. Regeer MV, Versteegh MI, Klautz RJ, Stijnen T, Schalij MJ, Bax JJ, Ajmone Marsan N, Delgado V. Aortic 
valve repair versus replacement for aortic regurgitation: effects on left ventricular remodeling. J Card 
Surg 2015;30:13-19.  

11. Sénéchal M, Bernier M, Dagenais F, Dubois M, Dubois-Sénéchal IN, Voisine P. Usefulness of 
preoperative stroke volume as strong predictor of left ventricular remodeling and outcomes after 
aortic valve replacement in patients with severe pure aortic regurgitation. Am J Cardiol 
2011;108:1008-1013.  



Chapter 7 │ 

120 

 

12. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, Flachskampf FA, Foster E, 
Goldstein SA, Kuznetsova T, Lancellotti P, Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, 
Tsang W, Voigt JU. Recommendations for cardiac chamber quantification by echocardiography in 
adults: an update from the American Society of Echocardiography and the European Association of 
Cardiovascular Imaging. J Am Soc Echocardiogr 2015;28:1-39.e14.  

13. Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Agricola E, Monin JL, Pierard LA, 
Badano L, Zamorano JL; European Association of Echocardiography. European Association of 
Echocardiography recommendations for the assessment of valvular regurgitation. Part 1: aortic and 
pulmonary regurgitation (native valve disease). Eur J Echocardiogr 2010;11:223-244.  

14. Kouchoukos NT, Wareing TH, Murphy SF, Perrillo JB. Sixteen-year experience with aortic root 
replacement. Results of 172 operations. Ann Surg 1991;214:308-318. 

15. Kon ND, Cordell AR, Adair SM, Dobbins JE, Kitzman DW. Aortic root replacement with the freestyle 
stentless porcine aortic root bioprosthesis. Ann Thorac Surg 1999;67:1609-1615. 

16. Frater RW. Aortic valve insufficiency due to aortic dilatation: Correction by sinus rim adjustment. 
Circulation 1986;74:I136-142. 

17. Demers P, Miller DC. Simple modification of "T. David-V" valve-sparing aortic root replacement to 
create graft pseudosinuses. Ann Thorac Surg 2004;78:1479-1481. 

18. Sarsam MA, Yacoub M. Remodeling of the aortic valve annulus. J Thorac Cardiovasc Surg 
1993;105:435-438.  

19. Joint Task Force on the Management of Valvular Heart Disease of the European Society of C, 
European Association for Cardio-Thoracic S, Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-
Esquivias G, Baumgartner H, Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, Iung B, 
Lancellotti P, Pierard L, Price S, Schafers HJ, Schuler G, Stepinska J, Swedberg K, Takkenberg J, Von 
Oppell UO, Windecker S, Zamorano JL, Zembala M. Guidelines on the management of valvular heart 
disease (version 2012). Eur Heart J 2012;33:2451-2496 

20. Lachance D, Plante E, Roussel E, Drolet MC, Couet J, Arsenault M. Early left ventricular remodeling in 
acute severe aortic regurgitation: insights from an animal model. J Heart Valve Dis 2008;17:300-308. 

21. Iida N, Seo Y, Ishizu T, Nakajima H, Atsumi A, Yamamoto M, Machino-Ohtsuka T, Kawamura R, 
Enomoto M, Kawakami Y, Aonuma K. Transmural compensation of myocardial deformation to 
preserve left ventricular ejection performance in chronic aortic regurgitation. J Am Soc Echocardiogr 
2012;25:620-628. 

22. Di Salvo G, Rea A, Mormile A, Limongelli G, D'Andrea A, Pergola V, Pacileo G, Caso P, Calabrò R, Russo 
MG. Usefulness of bidimensional strain imaging for predicting outcome in asymptomatic patients 
aged ≤ 16 years with isolated moderate to severe aortic regurgitation. Am J Cardiol 2012;110:1051-
1055.  

23. Ewe SH, Haeck ML, Ng AC, Witkowski TG, Auger D, Leong DP, Abate E, Ajmone Marsan N, Holman ER, 
Schalij MJ, Bax JJ, Delgado V. Detection of subtle left ventricular systolic dysfunction in patients with 
significant aortic regurgitation and preserved left ventricular ejection fraction: speckle tracking 
echocardiographic analysis. Eur Heart J Cardiovasc Imaging 2015;16:992-999. 

24. Kallenbach K, Oelze T, Salcher R, Hagl C, Karck M, Leyh RG, Haverich A. Evolving strategies for 
treatment of acute aortic dissection type A. Circulation 2004;110[suppl II]:II-243–II-249. 

25. Perić M, Vuk F, Huskić R, Lausević-Vuk L, Nesković AN, Borzanović M, Bojić M. Active infective 
endocarditis: low mortality associated with early surgical treatment. Cardiovasc Surg 2000;8:208-213. 

26. Kumpuris AG, Quinones MA, Waggoner AD, Kanon DJ, Nelson JG, Miller RR. Importance of 
preoperative hypertrophy, wall stress and end-systolic dimension as echocardiographic predictors of 
normalization of left ventricular dilatation after valve replacement in chronic aortic insufficiency. Am 
J Cardiol 1982;49:1091-1100. 

27. Cho SH, Byun CS, Kim KW, Chang BC, Yoo KJ, Lee S. Preoperative indexed left ventricular dimensions 
to predict early recovery of left ventricular function after aortic valve replacement for chronic aortic 
regurgitation. Circ J 2010;74:2340-2345.

 


