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Abstract 

Background:  Aortic valve repair in rheumatic patients is not well-studied. We aimed to present our initial Egyptian 
experience in the aortic valve repair and compare it with the aortic valve replacement. The study included 85 patients 
who had an aortic valve surgery for aortic regurgitation (AR) in a single center from 2018 to 2020. We assigned the 
patients to either aortic valve repair (n= 39) or aortic valve replacement (n= 46). Fifty-nine patients (69.4%) had 
rheumatic heart disease. Study outcomes were hospital complications and the degree of aortic regurgitation after 6 
months in patients who had aortic valve repair.

Results:  Patients who had replacement were significantly older (49.6± 7.2 vs. 43.8± 8.6 years: P= 0.002) and had 
more advanced New York Heart Association (P<0.001) and Canadian Cardiovascular Scoring (P= 0.03) classes. Hyper-
tension (31 (67.4%) vs. 17 (43.6%); P= 0.03) and hypercholesteremia (18 (40%) vs. 17 (18.9%); P= 0.04) were more com-
mon in the replacement group. Patients who had replacement had a significantly higher percentage of valve retrac-
tion (P<0.001). Cardiopulmonary bypass (54.5 (49.5–60) vs. 45 (41–49) min; P<0.001) and ischemic times (36.5 (31–40) 
vs. 30 (28–33) min; P<0.001) were longer in patients who had an aortic valve replacement. Blood transfusion (28 
(60.9%) vs. 11 (282%); P= 0.003) and ICU stay (24.5 (24–48) vs 23 (20–31) h; P= 0.01) were higher in the replacement 
group. Hospital mortality was non-significantly different between groups. Four patients had trivial AR (10.3%), and 
six had mild AR (15.4%) in the repair group. There was no difference in valve pathology or outcomes in aortic valve 
repair patients for degenerative versus rheumatic pathologies. After a 6-month follow-up, four patients had trivial AR 
(10.3%), and six patients had mild AR (15.4%) in the repair group.

Conclusions:  Aortic valve repair could be an alternative to replacement in selected patients with rheumatic 
heart disease. Shorter cardiopulmonary bypass and ischemic times may improve repair outcomes compared to 
replacement.
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Background
Aortic valve repair (AVr) could be an alternative to aortic 
valve replacement (AVR) in selected patients. The tech-
nique has several potential benefits over the conventional 
AVR, including a lower risk of infective endocarditis, 
reduced anticoagulation-related complications compared 

to the mechanical valves, and better durability compared 
to bioprosthetic valves [1].

The European Association for Cardio-Thoracic Sur-
geons/European Society of Cardiology guidelines for 
heart valve disease published in 2017 stated that “Heart 
Team discussion” for selecting patients suitable for AVr. 
AVr can be considered in patients with pliable, non-
calcified valves (Class IC indication) [2]. Aortic valve 
repair is technically challenging, and the new guidelines 
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recommended aortic valve repair in experienced centers 
only [3].

The aortic valve repair techniques are still evolving, and 
several modifications have been described [4]. The pro-
cedure’s outcome may be affected by the center experi-
ence and the valve pathology. There is a paucity of studies 
comparing repair and replacement, and patients with 
rheumatic heart disease are still under-presented in the 
published series. Therefore, we aimed to present our ini-
tial Egyptian experience in aortic valve repair and com-
pare it with aortic valve replacement performed during 
the same timeline.

Methods
Study design and patients
We performed a retrospective study comparing aor-
tic valve repair and replacement. The study included 85 
patients who had aortic valve surgery in a single center 
from July 2018 to July 2020. Patients were assigned to 
either aortic valve repair or replacement by the heart 
team. Patients were selected to either group after com-
prehensive echocardiographic evaluation of the aortic 
valve. Patients with aortic valve regurgitation and pliable 
cusps with no calcification or retraction with or with-
out annular dilatation or cusp prolapse were assigned to 
the repair group. Patients with extensive valve pathol-
ogy, cusp calcification, retraction, or valve stenosis were 
assigned to the replacement group. All patients had 
severe aortic regurgitation as an indication of isolated 
aortic valve surgery. We excluded patients with end-
organ failure (renal or hepatic failure), severe neurologi-
cal disease, infective endocarditis, associated coronary 
artery or other valve diseases, previous cardiac surgery, 
emergency operation, and patients with severe aortic ste-
nosis or bicuspid aortic valve.

Ethical considerations
The local Ethical Committee approved the data collection 
for this study, and they waived the need for the patient’s 
consent due to the retrospective design.

Data and endpoints
We collected data for this study from paper and elec-
tronic patients records. Preoperative data included 
demographics, comorbidities, symptoms, laboratory 
results, and valve pathology. Preoperative echocardio-
graphic evaluation of the aortic valve was performed and 
included the number and location of cusp prolapses, root 
dilatation, and cusp retraction.

Operative data included the incision, cardiopulmonary 
bypass, and cross-clamp times. Postoperative complica-
tions and study outcomes were low cardiac output, blood 
transfusion, re-exploration, pulmonary, neurological, and 

infective complications, ICU stay, and hospital mortality. 
The degree of residual aortic regurgitation was evaluated 
in patients who had aortic valve repair.

Operative technique
Both techniques were performed under general anesthe-
sia and trans-esophageal echocardiographic guidance. 
All patients had a median sternotomy. We performed 
ascending aorta common atrial cannulation for all 
patients and gave retrograde cardioplegia followed by 
direct coronary ostea antegrade cardioplegia. Aortic 
valve repair or replacement was performed through a 
transverse aortotomy.

The aortic valve repair technique was tailored accord-
ing to the aortic valve pathology. Cusps prolapse was 
repaired with plication stitches in the cusp free edge (one 
or multiple stitches) to raise the cusp’s free edge to the 
proper position (Fig.  1). In case of annular dilatation, 
reduction annuloplasty, or commissural plication, was 
done. The sub-commissural triangles were closed with 
horizontal mattress sutures (4/0 polypropylene or 2/0 
polyster with Teflon pledgets) (Fig. 2).

Statistical analysis
Categorical data were expressed as frequencies and per-
centages and compared with the chi-square test or Fish-
er’s exact test when appropriate. Friedman test was used 
to compare predischarge and follow-up aortic regurgita-
tion grades. Continuous data were tested for normality 
distribution visually using histograms and statistically 
using the Shapiro-Wilk test. Normally distributed data 
were compared parametrically using the Student t test 
and presented as mean and standard deviation. Non-nor-
mally distributed data were compared non-parametri-
cally using the Man-Whitney test and described as 25th, 

Fig. 1  Operative view showing plication stitches in the cusp-free 
edge
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50th (median), and 75th percentiles. Statistical analysis 
was performed using SPSS v.23 (IBM Corp- Armonk- 
NY- USA), and a P value of less than 0.05 was considered 
statistically significant.

Results
Preoperative data
Patients who had AVR were significantly older (49.6± 7.2 
vs. 43.8± 8.6 years: P= 0.002) and had more advanced 
New York Heart Association (NYHA) and Canadian 
Cardiovascular Scoring (CCS) classes. Hypertension 
and hypercholesteremia were more common in the AVR 
group. There were no differences in gender, body mass 
index, laboratory results, and ejection fraction between 
groups. The distribution of valve pathology was compa-
rable between both groups with no significant difference. 
Patients who had replacement had a significantly higher 
percentage of valve retraction (Table 1).

Operative and postoperative data
There was no difference in the surgical approach between 
groups. Cardiopulmonary bypass and ischemic times 
were shorter in patients who had aortic valve repair. 
There were no differences in the postoperative com-
plication between groups. Patients who had replace-
ment required more blood transfusion (28 (60.9%) vs. 11 
(28.2%); P= 0.003) and had longer ICU stay (24.5 (24–48) 
vs. 23 (20–31) h; P= 0.01). Five (12.8%) patients had 
trivial aortic regurgitation (AR) after aortic valve repair, 
and10 (25.6%) patients had a mild repair. Before hospital 
discharge, 12 (30.8%) patients had mild AR, and 1 (2.6%) 
had trivial AR (Table 2).

After a 6-month follow-up, there was no differ-
ence in left ventricular end-diastolic and end-systolic 

diameter between both groups. Four patients had trivial 
AR (10.3%), and six patients had mild AR (15.4%) in the 
repair group with significant improvement of the degree 
of AR at 6 months compared to the predischarge grade 
(P= 0.001). There were no events in the aortic replace-
ment group (Table 2).

Fig. 2  Operative view showing closure of the subcommissural 
triangle

Table 1  Comparison of the preoperative data between aortic 
valve repair and replacement

Continuous data were presented as mean and SD or median (25th–75th 
percentiles) and categorical data as frequencies and percentages

Avr aortic valve repair, AVR aortic valve replacement, BMI body mass index, BSA 
body surface ares, CCS Canadian Cardiovascular Society, NYHA New York Heart 
Association, RCC​ right coronary cusp, LCC left coronary cusp, NCC non-coroanry 
cusp

AVr (n= 39) AVR (n= 46) P value

Age (years) 43.8± 8.6 49.6± 7.2 0.002

Males 32 (82.1%) 38 (82.6%) 0.95

BMI (kg.m2) 27.6 (24.2–32.3) 29.4 (25.4–33) 0.32

BSA (m2) 1.9 (1.8- 2.) 1.9 (1.9–2.1) 0.09

NYHA class <0.001

  I 13 (33.3%) 2 (4.4%)

  II 24 (61.5%) 25 (54.4%)

  III 2 (5.1%) 18 (39.1%)

  IV 0 1 (2.2%)

CCS class 0.03

  I 4 (10.3%) 2 (4.4%)

  II 25 (64.1%) 20 (43.5%)

  III 10 (25.6%) 24 (52.2%)

Diabetes mellitus 13 (33.3%) 16 (34.8%) 0.89

Hypercholesterolemia 7 (18.9%) 18 (40%) 0.04

Hypertension 17 (43.6%) 31 (67.4%) 0.03

Smokers 1 (2.6%) 9 (19.6%) 0.02

Atrial fibrillation 5 (12.8%) 5 (10.9%) 0.78

Hemoglobin (g/dl) 13.5 (12.8–14.1) 14.1 (12.2–15) 0.42

Creatinine (mg/dl) 0.9 (0.9–1.1) 0.9 (0.8–1.1) 0.74

Bilirubin (mg/dl) 0.7± 0.2 0.6± 0.2 0.08

Ejection fraction 0.85

  ˃50% 31 (83.8%) 37 (82.2%)

  30–49% 6 (16.2%) 8 (17.8%)

Valve pathology 0.15

  Rheumatic 24 (61.5%) 35 (78.1%)

  Degenerative 15 (38.5%) 11 (23.9%)

Valve lesion <0.001

  RCC prolapse 9 (23.1%) 1 (2.2%)

  LCC prolapse 3 (7.7%) 2 (4.3%)

  NCC prolapse 18 (46.2%) 10 (21.7%)

  Two cusp prolapse 1 (2.6%) 2 (2.2%)

  Root dilatation 8 (20.5%) 10 (21.7%)

  Retracted cusp 0 20 (43.5%)

  Cusp prolapse and 
root dilatation

0 1 (2.2%)
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Repair in degenerative versus rheumatic pathology
In patients with degenerative AR, six patients had right 
coronary cusp prolapse, five had non-coronary cusp 
prolapse, one had two-cusp prolapse, and three had 
root dilatation. In patients with rheumatic AR, three 
patients had right cusp prolapse, three had left cusp 
prolapse, 13 had non-coronary cusp prolapse, and five 
had root dilation (P= 0.11).

Pre-discharge, six patients (40%) had mild AR in 
patients with degenerative AR, and six patients (25%) 
had mild AR, and one patient (4.2%) had trivial AR in 
patients with rheumatic AR (P= 0.68). After 6 months, 
one patient (6.7%) had trivial AR, and two patients 

(13.3%) had mild AR in the degenerative pathology 
compared to three patients (12.5%) with trivial AR and 
four patients with mild AR (16.7%) in the rheumatic 
pathology (P˃0.99).

Discussion
Aortic valve replacement is the optimal treatment for 
managing severe isolated aortic regurgitation. The tech-
nique is safe with proven efficacy over the last decades. 
However, mechanical valves are associated with antico-
agulation-related complications, and tissue valves have 
limited durability. All these factors reduced survival in 
patients after aortic valve replacement compared to the 
normal population [2]. Aortic valve repair was intro-
duced as an alternative approach to replacement with 
the proposed benefits of better durability compared to 
tissue valves with fewer valve-related complications [5]. 
Currently, there is no randomized trial comparing aortic 
valve repair versus replacement, and patients with rheu-
matic heart disease are under-presented in the literature.

We retrospectively compared patients who underwent 
aortic valve repair and replacement. The majority of our 
patients had rheumatic heart disease with no difference 
in valve pathology between groups. Rheumatic pathol-
ogy still presents the leading cause of valve surgery in our 
country [6], and few studies recommended valve repair 
in selected rheumatic patients. Afifi and colleagues rec-
ommended valve repair in mild and moderate lesions 
concomitant with other valve surgery and in younger 
patients to avoid the drawbacks of prosthetic materials 
[7]. However, another study recommended against using 
valve extension technique in young patients with rheu-
matic heart disease because of the high re-operation rate 
[8]. Patients’ assignment to either group in our study was 
based on the heart team discussion. Patients who had 
aortic valve repair were younger and had lower comor-
bidities and symptoms. Those patients had cusp pro-
lapse as the main valve lesion; however, patients in the 
replacement group had a high percentage of cusp retrac-
tion. This finding could indicate that repair was done at 
an early disease stage than replacement. It is crucial to 
appropriately select patients for repair as the long-term 
outcomes depend on the quality of the cusp and the 
repair technique [9]. We did not find a difference in the 
aortic valve pathology between degenerative and rheu-
matic pathology in the repair group. There were no dif-
ferences in the outcomes between both pathologies. This 
finding could indicate that the outcomes of aortic valve 
repair are related to the valve lesion rather than the valve 
pathology.

Aortic valve repair is technically demanding, and 
several recent modifications have been introduced 
with unknown long-term outcomes [10]. We repaired 

Table 2  Comparison of the operative and postoperative data 
between aortic valve repair and replacement

Continuous data were presented as mean and SD or median (25th–75th 
percentiles) and categorical data as frequencies and percentages

Avr aortic valve repair, AVR aortic valve replacement, LVEDD left ventricular end-
diastolic diameter, LVESD left ventricular end-systolic diameter

AVr (n= 39) AVR (n= 46) P value

Incision 0.80

  Sternotomy 32 (82.1%) 44 (95.7%)

  Mini-sternotomy 7 (1.9%) 2 (4.4%)

Cardiopulmonary bypass time 
(min)

45 (41–49) 54.5 (49.5–60) <0.001

Ischemic time (min) 30 (28–33) 36.5 (31–40) <0.001

Minimum core temp ( ͦC) 30.1± 1.3 30.3± 1.2 0.42

Low cardiac output 3 (7.7%) 10 (21.7%) 0.07

Arrythmia 2 (5.1%) 3 (6.5%) 0.99

Blood transfusion 11 (28.2%) 28 (60.9%) 0.003

Re-exploration 0 1 (2.2%) ˃0.99

Sternal rewiring 0 1 (2.2% ˃0.99

Duration of mechanical ventila-
tion (h)

6 (5–10) 8 (6–12) 0.40

Pulmonary complications 2 (5.1%) 1 (2.2%) 0.59

Neurological complications 0 2 (4.4%) 0.50

Infective complications 3 (7.7%) 3 (6.7) ˃0.99

Intensive care unit stay (H) 23 (20–31) 24.5 (24–48) 0.01

Intraoperative aortic regurgita-
tion

NA

  Trivial aortic regurgitation 5 (12.8%) NA

  Mild aortic regurgitation 10 (25.6%)

Predischarge aortic regurgitation NA

  Trivial aortic regurgitation 1 (2.6%) NA

  Mild aortic regurgitation 12 (30.8%)

Hospital mortality 0 1 (2.2%) ˃0.99

LVESD after 6 months (mm) 47 (45–50) 46.5 (45–50) 0.79

LVEDD after 6 months (mm) 68 (67–70) 67.5 (66–70) 0.54

6-month aortic regurgitation NA

  Trivial aortic regurgitation 4 (10.3%) NA

  Mild aortic regurgitation 6 (15.4%)
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cusp prolapse with suspension suture, and we did 
not use cusp extension in our series. This is because 
we repaired patients with good pliable cusp with no 
cusp retraction. The immediate repair outcome was 
satisfactory; however, a long-term follow-up is rec-
ommended. In patients with annular dilatation, we 
performed reduction annuloplasty with sub-commis-
sural plication. The effect of sub-commissural annu-
loplasty could disappear with recurrence of aortic 
regurgitation [11, 12]. Therefore, an external annu-
loplasty ring was proposed to improve the long-term 
outcomes of aortic repair [1, 4]. The indication of 
external annuloplasty was an annular diameter of 25 
mm or greater, which is not common in patients with 
rheumatic heart disease. Therefore, no patient in our 
study had external annuloplasty.

Few studies compared aortic valve repair versus 
replacement, and all were retrospective. Regeer and 
colleagues found that more patients with bicuspid 
aortic valves had valve replacement than repair. They 
reported comparable left ventricular reverse remod-
eling in repair and replacement groups [13]. Mayer 
and associates found better survival after aortic valve 
repair than replacement in aortic valve infective endo-
carditis patients. The use of patches and bicuspid aor-
tic valves predicted late failure [14]. The outcomes in 
our study were comparable between both groups apart 
from the need for blood transfusion and length of ICU 
stay, which were more in patients who had a replace-
ment. These findings can be explained by the shorter 
cardiopulmonary and ischemic times in the repair 
group. Our study showed the feasibility of aortic valve 
repair in rheumatic patients and the need for a larger 
randomized study to confirm our findings and report 
the long-term outcomes. Additionally, patients who 
had repair were younger; this could warrant earlier 
intervention in young patients with moderate to severe 
aortic regurgitation if the aortic valve repair is feasible.

Study limitations
The results of the study should be interpreted in the 
context of the limitations. The study is a single-center 
and retrospective in nature. Patients’ assignment was 
confounded by indication since not all patients were 
suitable for repair. This assignment method led to dif-
ferences in the baseline characteristics, affecting the 
study outcomes. The small sample size also limits the 
study, but this was attributed to the strict inclusion 
criteria of patients with single valve disease. Moreo-
ver, the study is limited by the short-term follow-up. A 
longer follow-up study is recommended.

Conclusions
Aortic valve repair could be an alternative to replace-
ment in selected patients with rheumatic heart dis-
ease. Shorter cardiopulmonary bypass and ischemic 
times may improve the outcomes of repair compared to 
replacement.
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