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Robotic aortic valve replacement in the Middle East:
reproducibility into practice with evolving complexity
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Background: Robotic aortic valve replacement (RAVR) has seen a rise in usage in recent years; however,
follow-up data remain limited. This study aimed to assess the short- and mid-term clinical outcomes after RAVR.
Methods: This study included patients who underwent RAVR between 2022 and 2024. The primary
outcomes were mortality and survival at follow-up. The secondary outcomes were hospital complications and
echocardiographic parameters at follow-up.

Results: Fifteen patients underwent RAVR. The mean age was 38.6£14.4 years, and 86.7% were males.
The median Society of Thoracic Surgery (STS) score was 0.6%. Isolated RAVR was performed in 66.7% of
the patients (n=10), whereas five patients underwent concomitant surgery, including mitral valve repair (n=1),
mitral valve replacement (n=3), and ascending aortoplasty (n=1). Mechanical valves were used in 10 patients
(66.7%). The mean ischemic time was 150+33.9 min. No sternotomy conversion was required. The median
length of hospital stay was 9 days [quartile (Q)1-Q3, 4-15 days]. Four patients had on-table extubation
(26.7%). One patient required intensive care unit (ICU) readmission, and one patient was readmitted for
pleural effusion. The median follow-up was 24 months (Q1-Q3, 15-29 months). No mortality was reported
during this period. All patients were in New York Heart Association (NYHA) class I, except for one in
NYHA II. There were no significant changes in left ventricular ejection fraction (LEVF) at the last follow-up
compared with the preoperative value (P=0.741). However, the left ventricular end-diastolic diameter
(LVEDD) was significantly lower at follow-up than preoperatively (P=0.003).

Conclusions: RAVR demonstrates promising short- and mid-term clinical outcomes. Its minimally
invasive nature and the ability to use durable mechanical valves may offer potential advantages over

traditional surgical and transcatheter approaches.
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EaNke

Introduction older patients, those at high surgical risk, and individuals

The management of symptomatic aortic valve disease has with limited life expectancy (4,5). However, the limited

continuously evolved, with robotic aortic valve replacement
(RAVR) emerging as an innovative, minimally invasive
technique (1,2). RAVR offers a sternum- and muscle-sparing
approach while still allowing for the use of traditional
surgical valves (3). Transcatheter aortic valve replacement
(TAVR) has also provided a minimally invasive option for
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durability of TAVR valves, along with challenges related to
managing concomitant coronary artery disease, aortopathy,
and mitral valve disease, presents significant limitations (6).
Compared with mechanical valves, the use of
bioprosthetic valves in younger patients is associated with

higher valve-related reoperation rates and reduced long-
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term survival (7,8). Consequently, practitioners have sought
to adopt a minimally invasive approach that also provides
patients with durable valves and comparable or superior
outcomes to TAVR. Additionally, RAVR has the potential
to address concomitant mitral valve disease, reduce the
rates of paravalvular leak, and lower pacemaker insertion
rates associated with TAVR (6,9). Despite the increasing
application of RAVR, longitudinal follow-up data remain
limited. This study evaluated the short- and mid-term
clinical and echocardiographic outcomes after RAVR.

Methods
Design

We used an ambispective design in which patients who
underwent RAVR between March 2022 and November 2024
at King Faisal Specialist Hospital and Research Center were
retrospectively recruited and then prospectively followed
up. The survival status of all patients was confirmed via
telephone contact in November 2024. We included patients
who underwent either isolated or concomitant RAVR.

Data collection

All relevant clinical data were retrospectively collected
from electronic medical records. The parameters included
demographics (age, sex, body mass index), preoperative
comorbidities [diabetes mellitus, hypertension, heart
failure, pulmonary hypertension, atrial fibrillation (AF),
stroke, peripheral arterial disease (PAD), chronic kidney
disease (CKD), and chronic obstructive pulmonary disease
(COPD)], symptoms stratified by the New York Heart
Association (NYHA) classification, and preoperative
echocardiographic data [left ventricular ejection fraction
(LVEF), valve pathology, left ventricular end-diastolic
diameter (LVEDD), and left ventricular end-diastolic
volume (LVEDV)]. Right ventricular dysfunction was
defined as tricuspid annular plane systolic excursion
(TAPSE) <17 mm (10). Preoperative risk stratification
was conducted via the Society of Thoracic Surgery
(STS) scoring system. Surgical data included the type of
surgery performed (isolated vs. concomitant), the type and
manufacturer of the valves, aortic valve size, and aortic
cross-clamp time.

Outcome measures

The primary outcomes were in-hospital mortality and
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survival at follow-up following RAVR. Secondary outcomes
included hospital outcomes such as reoperation, blood
transfusion, and postoperative complications [acute
kidney injury (AKI), new-onset AF, surgical site infection
(SSI), and stroke]. Postoperative heart failure was defined
as reduced pump function diagnosed based on clinical
symptoms, echocardiographic evidence of reduced ejection
fraction, and elevated B-type natriuretic peptide (BNP)
levels. Hospital complications were defined as those
occurring within the same hospital admission or within
30 days of surgery. Readmissions to the intensive care unit
(ICU) and hospital were recorded. The LVEF, LVEDD,
and right ventricular function were evaluated during
follow-up.

Surgical technique

RAVR was performed under general anesthesia using a
double-lumen endotracheal tube. Cardiopulmonary bypass
was initiated through peripheral cannulation of the right
common femoral artery and vein, and the right internal
jugular vein. The da Vinci Xi system (Intuitive Surgical,
Sunnyvale, CA, USA) was used for the procedure through
three ports: a perimammary working and camera port, and
left and right ports for robotic arms, placed in the second
and sixth intercostal spaces, respectively, along the axillary
line.

Venting of the aortic root was achieved through the
working port, and a left ventricular vent was placed via
the upper right superior pulmonary vein. A transthoracic
aortic cross-clamp was applied, and antegrade cardioplegia
was delivered via the aortic root. A transverse aortotomy
was performed, and the aortic valve was excised via robotic
scissors. Circumferentially interrupted 2-0 braided sutures
were placed, after which the assistant threaded the sutures
through the valve’s sewing ring and delivered the valve
through the working port. Suture fasteners (Cor-knot®
Device; LSI Solutions, Victor, NY, USA) were used to
secure the valve in place, and the aortotomy was closed in
two layers.

In cases of RAVR with concomitant mitral valve
procedures, the conventional surgical sequence is reversed,
prioritizing aortic valve replacement. This adjusted
approach deviates from the globally accepted conventional
approach of addressing the mitral valve first. The rationale
for this shift lies in the surgical access and mitral valve
exposure provided by the right mini-thoracotomy robotic
approach.
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Table 1 Preoperative clinical and echocardiographic data of

patients who underwent RAVR

Patient characteristics Data (n=15)
Age at time of surgery (years) 38.6+14.4
Male 13 (86.7)
Body mass index (kg/m?) 31+7.6
STS score (%) 0.6 (0.4-1.1)
Diabetes mellitus 3 (20.0)
Hypertension 7 (46.7)
Decompensated heart failure 1(6.7)
Pulmonary hypertension 2 (13.3)
AF 1(6.7)
Stroke 1(6.7)
COPD 0
PAD 0
CKD 0
NYHA dyspnea class
1] 7 (46.7)
M 7 (46.7)
1\ 1(6.7)
LVEF
>55% 7 (46.7)
50-54% 7 (46.7)
45-49% 1(6.7)
Valve pathology
Severe aortic stenosis 4 (26.7)
Severe aortic regurgitation 7 (46.7)
Severe aortic regurgitation + severe mitral 1(6.7)
stenosis
Severe aortic stenosis + severe mitral 3 (20.0)
regurgitation
LVEDD (cm) 5.3+0.9
LVEDV (mL) 146+50.8

Data are presented as mean SD, n (%), or median (Q1-Q3). AF,
atrial fibrillation; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; LVEDD, left ventricular end-
diastolic diameter; LVEDV, left ventricular end-diastolic volume;
LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association; PAD, peripheral arterial disease; Q, quartile; RAVR,
robotic aortic valve replacement; SD, standard deviation; STS,

Society of Thoracic Surgery.

© AME Publishing Company.

Khaliel et al. RAVR in Asia: new era

Ethical considerations

The study was approved by the hospital’s Institutional
Review Board (IRB #2241086). The study was conducted
in accordance with the Declaration of Helsinki (11) and
the International Council for Harmonisation (ICH)
Harmonized Good Clinical Practice guidelines (12). Owing
to the study’s retrospective nature, a waiver of informed
consent was granted, and patient anonymity was maintained
throughout.

Statistical analysis

Continuous data are presented as means and standard
deviations if normally distributed, or as medians and
interquartile ranges if skewed. Categorical data are
presented as frequencies and percentages. Longitudinal
analysis was conducted using a random-effects ordered
logistic model for ordinal data, a random-effects model for
continuous variables, and the Friedman test for binary data.
Statistical analysis was performed using Stata version 18
(StataCorp., College Station, TX, USA), and a P value of

<0.05 was considered statistically significant.

Results
Preoperative data

Fifteen consecutive patients underwent RAVR during the
study period. The mean age was 38.6£14.4 years, and 86.7%
were males. The median STS score was 0.6%. The most
common comorbidities were hypertension (46.7%) and
diabetes (20.0%). No patients had COPD, PAD, or CKD
(Tible 1).

Echocardiographic data revealed that all patients
had an LVEF >45%, and aortic regurgitation was the
most common valve lesion (46.7%). The LVEDD was
5.3£0.9 mm, and the LVEDV was 146+50.8 mL. No patient
had preoperative right ventricular dysfunction (Zable 1).

Operative data

Isolated RAVR was performed in 66.7% of the patients
(n=10), and five patients underwent concomitant surgery,
including mitral valve repair (n=1), mitral valve replacement
(n=3), and ascending aortoplasty (n=1). Mechanical valves
were used in 10 patients (66.7%). The aortic prostheses
included On-X (On-X Life Technologies, Austin, TX,
USA; n=10), MagnaEase (Edwards Lifesciences, Irvine,
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Table 2 Operative data of patients who underwent RAVR

Type of surgery Data (n=15)
Surgery
Isolated RAVR 10 (66.7)
RAVR + mitral valve repair 1(6.7)
RAVR + mitral valve replacement 3 (20.0)
AVR + ascending aortoplasty 1(6.7)
Valve type
Mechanical 10 (66.7)
Biological 5(33.3)
Valve manufacturer
On-X 9 (60.0)
MagnaEase 1(6.7)
Perceval 1(6.7)
MagnaEase + Mosaic 2(13.3)
On-X + Cosgrove band 1(6.7)
Perceval + MagnaEase 1(6.7)
Aortic valve size (mm)
21 2 (13.3)
21/283 2(13.3)
23 6 (40.0)
25 2 (13.3)
27/29 3(20.0)
Ischemic time (min) 150+33.9
Cardiopulmonary bypass time (min) 231+55.6

Data are presented as n (%) or mean + SD. AVR, aortic valve
replacement; RAVR, robotic aortic valve replacement; SD,
standard deviation.

CA, USA; n=3), and Perceval (LivaNova, London, UK;
n=2). The most common aortic valve size was 23 mm (n=6,
40.0%). No patient required conversion to sternotomy
(Tible 2).

The mean ischemic time was 150£33.9 min, and
cardiopulmonary bypass time was 231+55.6 min. Ischemic
time decreased markedly after nine cases of isolated RAVR,
and it remained unchanged in the fifth combined RAVR
compared to the first (Figure I).
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Hospital outcomes

The median length of hospital stay was 9 days [quartile
(Q)1-Q3, 4-15 days]. Four patients (26.7%) underwent
on-table extubation. The median duration of mechanical
ventilation was 72 hours, and the median number of
blood units transfused was three. Seven patients (46.7%)
underwent reoperation—six for bleeding and one for valve
failure.

AKI requiring temporary dialysis occurred in 3 patients
(20.0%). AF was reported in 2 patients (13.3%), heart
failure in 1 patient (6.7%), and extracorporeal membrane
oxygenation (ECMO) was used in 1 patient (6.7%). There
were no reported cases of new stroke, permanent pacemaker
insertion, SSI, myocardial infarction, or hospital mortality.
One patient required ICU readmission because of a low
ejection fraction, and one patient was readmitted for pleural

effusion (Table 3).

Follow-up

The median follow-up was 24 months (Q1-Q3, 15—
29 months), and all patients were available for follow-up.
No mortality was reported during this period.

All patients had NYHA class I, except for one who had
NYHA class II. At the last follow-up, 1 patient (6.7%)
had an LVEF <45%, whereas nine patients had an LVEF
>55%. There were no significant changes in LVEF at
the last follow-up compared with the preoperative value
(P=0.741). However, the LVEDD was significantly lower
at the last follow-up than preoperatively (P=0.003). Two
patients had right ventricular dysfunction, which was
not significantly different from the preoperative values

(P=0.091) (Tuble 4).

Discussion
Summary of the study

The study evaluated 15 patients who underwent RAVR.
Mechanical valves were most commonly used, and five
patients underwent concomitant procedures. No hospital
or follow-up mortality was reported. Four patients had on-
table extubation, and the median duration of mechanical
ventilation was 72 hours. There were no reported cases
of new-onset stroke, permanent pacemaker insertion,
SSI, or myocardial infarction. The median follow-up was
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Figure 1 Ischemic time in patients with isolated and combined RAVR. The patients were arranged sequentially according to the surgery

performed. RAVR, robotic aortic valve replacement.

Table 3 Postoperative outcomes in patients who underwent RAVR

Postoperative outcomes Data (n=15)

On-table extubation 4 (26.7)

Duration of ICU mechanical ventilation (hours) 72 [6-132]

Blood units transfused 3[1-8]
ECMO 1(6.7)
ICU readmission 1(6.7)
Reoperation 7 (46.7)
AKI 3(20.0)
New-onset AF 2 (13.3)
Heart failure 1(6.7)
Hospital stay (days) 9 [4-15]
Hospital readmission 1(6.7)

Data are presented as n (%) or median [Q1-Q3]. AF, atrial
fibrillation; AKI, acute kidney injury; ECMO, extracorporeal
membrane oxygenation; ICU, intensive care unit; Q, quartile;
RAVR, robotic aortic valve replacement.

24 months (Q1-Q3, 15-29 months). The LVEDD was
significantly lower at the last follow-up compared to the
preoperative value.

© AME Publishing Company.

Comparison with the literature

Minimally invasive cardiac surgery offers several advantages
over traditional cardiac surgery, including smaller incisions,
faster recovery, less postoperative pain, reduced blood loss,
and a lower risk of infection (13-15). RAVR has shown
promising outcomes in several recent studies. Badhwar and
associates reported outcomes in 20 patients undergoing
RAVR (1). The mean age was 68 years, and the most
common pathology was aortic regurgitation, similar to our
series. They did not report 30-day mortality, renal failure,
stroke, reoperation for bleeding, or paravalvular leakage.

The mean age in our patients was lower than in other
reports, likely because of the high prevalence of rheumatic
heart disease in our region (16). Similarly, Folliguet and
colleagues reported their initial experience with RAVR
in five patients, noting no sternotomy conversion rate,
mortality, stroke, or reoperation for bleeding. The mean
ischemic time was 98 min (17).

In a larger series, Wei and colleagues reported outcomes
of robotic surgery in 50 patients (2). The median ischemic
time was 117 min. Forty-two patients underwent extubation
in the operating room, and no operative mortality was
reported. Badhwar and associates also reported the initial
multicenter experience with RAVR in 212 patients (18).
The median age was 67 years, and the median ischemic
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Table 4 Comparison of preoperative, predischarge, and last follow-up LVEF, LVEDD, and right ventricular function in patients who

underwent RAVR
Echocardiography finding Preoperative Predischarge Last follow-up P
LVEF 0.741
>55% 7 (46.7) 6 (40.0) 9 (60.0)
50-54% 7 (46.7) 3 (20.0) 4 (26.7)
45-49% 1(6.7) 5(33.3) 1(6.7)
<45% 0 1(6.7) 1(6.7)
LVEDD (cm) 5.3+0.9 4.7+0.6 0.003*
Right ventricular dysfunction 0 4 (26.7) 2 (13.3) 0.091

Data are presented as n (%) or mean + SD. *, P<0.05. LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;

RAVR, robotic aortic valve replacement; SD, standard deviation.

time was 166 min. Operative mortality was reported in 1%
of patients, with reoperation in 8%, renal failure in 1%, and
stroke in 1%. The rate of sternotomy conversion was zero.

RAVR has continued to evolve, and a totally endoscopic
procedure using sutureless valves has been introduced into
the armamentarium of robotic surgery (19). Balkhy and
associates reported the first-in-human experience of totally
endoscopic RAVR using sutureless valves in a 76-year-old
male, who had an uneventful recovery (20).

The learning curve in robotic cardiac surgery is an
important consideration when implementing this surgical
technique. It has been reported to be longer than that of
other surgical procedures. Jonsson and colleagues found
that cardiac surgery can be performed safely during the
early learning curves; however, mastery may require 250-
500 cases, as estimated by the procedure time (21).

Khairallah and collaborators reported that the learning
curve, defined by decreased operative time, improved
significantly after 30 robotic cardiac cases when expert
surgeons moved between centers (22). Wei and associates
observed a plateau in ischemic time for RAVR after five
cases (2). In our series, ischemic time decreased markedly
after nine cases of isolated RAVR; however, it remained
stationary after five cases involving concomitant procedures.
A longer study is warranted to evaluate the learning curve
across more patients.

Several surgical techniques have shown comparable
results to their transcatheter alternatives (23). RAVR was
introduced as an alternative to TAVR, with the potential to
use self-expandable or surgical valves (24). In a propensity
score-matched study of 144 patients with low- to
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intermediate-risk disease, TAVR was compared with RAVR.
Conversion to sternotomy was reported in two patients
in the TAVR group and in none in the RAVR group (6).
Reoperation for bleeding was required in 6% of patients
in the RAVR group. However, TAVR was associated with
higher rates of heart block, stroke, 1-year mortality, and
paravalvular leakage. Therefore, compared with TAVR,
RAVR is a minimally invasive approach with a lower
complication rate and the possibility of using traditional
surgical valves, making it an appealing option for younger
patients.

Implications

This study highlights the potential role of the RAVR
as a viable, minimally invasive alternative for managing
symptomatic aortic valve disease. These findings suggest
that RAVR can achieve satisfactory short- and mid-term
outcomes, including low mortality rates and acceptable
postoperative complication rates. These results could
encourage broader adoption of RAVR techniques among
surgeons, especially for younger patients who may benefit
from the durability of mechanical valves. Furthermore, this
study underscores the importance of incorporating RAVR
into treatment protocols for patients with concomitant
mitral valve disease and other cardiac conditions, where it
may offer meaningful advantages over TAVR.

Limitations

This study has several limitations that should be considered.
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First, the sample size of 15 patients is relatively small,
which may limit the generalizability of the findings.
Additionally, the ambispective design, which combines
retrospective and prospective elements, may introduce
biases in data collection and interpretation. Although the
median follow-up duration was 24 months, this period may
not be sufficient to fully evaluate long-term outcomes and
complications associated with RAVR. Finally, the absence of
a control group limits the ability to directly compare RAVR
outcomes with those of traditional surgical techniques

or TAVR.

Conclusions

RAVR demonstrates promising short- and intermediate-
term clinical outcomes, positioning it as an effective
option for symptomatic aortic valve disease patients. The
technique’s minimally invasive nature, along with the ability
to use durable mechanical valves, offers potential advantages
over traditional surgical approaches. Future studies with
larger sample sizes, longer follow-up periods, and control
groups are needed to validate these findings further and to
assess the long-term outcomes associated with RAVR.
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