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BACKGROUND: Transcatheter aortic valve implantation (TAVI) has
been recognized as a valid alternative to surgery for severe aortic
valve stenosis (AS) in high-risk surgical patients.
OBJECTIVE: Determine first-year clinical outcomes for TAVI at
Madinah Cardiac Center (MMC) in Saudi Arabia.
DESIGN: Retrospective, analytical cross-sectional.
SETTING: Tertiary cardiac care center.
PATIENTS AND METHODS: All patients who underwent TAVI for severe AS between February 2013 and December 2016 were included.
Clinical, imaging, and laboratory information at baseline and at one
year follow-up were analyzed.
MAIN OUTCOME MEASURES: Clinical and echocardiography outcomes at discharge, at 1-month, and at end of follow-up; one-year
mortality, complications and clinical response to TAVI procedure.
SAMPLE SIZE AND CHARACTERISTICS: N=80, mean (SD) age 79.5
(10.6) years, with severe AS and high-surgical risk.
RESULTS: Fifty-five (69.2%) patients received Core valves, and 25
(30.8%) received Edward valves. Peri-procedure mortality was 3.8%
and 1-year post-operative mortality was 13.8%. Ten patients (12.5%)
had life-threatening or major bleeding. Nineteen (23.8%) patients had
vascular complications, which were mostly minor. Fourteen patients
(17.5%) developed acute kidney injury and 86% of these patients recovered. Five patients (6.25%) had pericardial effusion. Two patients
(2.5%) developed endocarditis and another 2 patients (2.5%) had
cerebrovascular accidents. Five patients (6.25%) received pacemakers.
Mean aortic valve gradient significantly reduced from a mean (SD) 47.6
(19) mm Hg to 10.7 (6.0) mm Hg (P<.001). New York Heart Association
functional class was significantly reduced (P<.001).
CONCLUSION: The TAVI experience at MCC is encouraging and comparable to international outcomes in terms of success, morbidity, and
mortality rate.
LIMITATIONS: Retrospective, relatively small sample size. Rate of minor bleeding was overestimated.
CONFLICT OF INTEREST: None.
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audi Arabia has seen a steady improvement in
socio-economic status and healthcare systems
as part of a brisk pace of modernization over the
last 4 decades.1 Consequently, life expectancy, now
above 65 years of age, has increased and the population is aging rapidly.1,2 The percentage of people aged
80 years and above in the total population, is projected
to quadruple from 2015 to 2050.3 Many chronic medical conditions, like diabetes mellitus, hypertension,
coronary artery disease, lung disease and cancer frequently coexist in the elderly population, which pose
a substantially higher perioperative risk, compared to
the younger population.4-6
Degenerative aortic valve stenosis (AS) is the most
prevalent heart valve disease in the West, affecting
2% to 7% of people above 65 years of age.7,8 Similarly
in Saudi Arabia, the incidence as well as prevalence
of AS are expected to increase, due to the increase
in life expectancy.9,10 Until recently, it was common to
turn down elderly patients with severe symptomatic AS
and comorbidities, due to significant mortality associated with surgical aortic valve replacement (SAVR).11-13
Studies have shown that TAVI leads to significant improvement in symptoms and survival rate in patients
with severe AS, who are considered poor candidates
for surgery.13,14 Furthermore, the Placement of Aortic
Transcatheter Valves (PARTNER) II trial, showed similar
survival rates between TAVI and SAVR in patients with
high-risk severe aortic valve stenosis.15 In a meta-analysis, survival rates with TAVI were similar to SAVR, in patients with low or intermediate surgical risk.15 However,
TAVI was associated with more pacemaker placements
and higher paravalvular regurgitation rates.15 PARTNER
III trial is currently underway to determine whether
TAVI is not inferior compared with SAVR in people with
severe symptomatic AS, regardless of comorbidities
and age.16
Since the early days of TAVI in 2007, cardiologists
in Saudi Arabia welcomed it as a novel therapeutic approach for patients with severe AS and at high surgical risk, and use of TAVI has spread to several cardiac
centers across the country. There was intense competition among these centers for training and experience
in the TAVI procedure. The high level of government
financial support and the firm belief of Saudi cardiologists in this procedure, in addition to quick build-up
of the supportive evidence were responsible for the
success of TAVI in Saudi Arabia. Despite the wide acceptance of the TAVI procedure in Saudi Arabia there
have been few publications on TAVI from Saudi Arabia,
except for a few abstracts.17,18 Therefore, we sought to
describe our experience in TAVI, which was launched
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in our center early in 2013. The present study aimed to
determine the short- and long-term clinical outcomes
of TAVI at Madinah Cardiac Center in Saudi Arabia.

PATIENTS AND METHODS

This single-center retrospective study included patients who underwent the TAVI procedure between
February 2013 and December 2016, at the Madinah
Cardiac Center in AlMadinah Almunawwarh in Saudi
Arabia. Patients were considered eligible for TAVI if
they had symptomatic AS and were at high surgical
risk due to comorbidities. Patients underwent TAVI
after a consensus within the institutional Cardiac Care
Team comprising a clinical cardiologist, interventional
cardiologists, a cardiac surgeon, imaging cardiologist
and cardiac anesthetist. All patients included in this
analysis provided written informed consent. Baseline
investigations included routine blood tests, cardiac
markers, chest radiography, electrocardiogram (ECG),
transthoracic echocardiography (TTE), transesophageal echocardiography (TEE), selective coronary angiography, aortography, iliofemoral angiography and
computed tomography (CT) of the aorta/aortic valve
and iliofemoral access. CT was used to evaluate the
transfemoral approach. A minimum diameter of 6 mm
was required for a CoreValve and Edwards Sapien
valves. Tortuosities, as well as the degree and extent
of calcifications were assessed to confirm suitability for
a femoral approach. CT was the standard method for
evaluation of the aortic root anatomy including aortic
annulus measurements (diameter and area), the valve
morphology (bicuspid or tricuspid), commissural fusion
and calcification distribution, sinus maximal diameters
across each sinus, sinotubular junction diameter and
coronary artery height from the hinge points. Edwards
Sapien (Edwards Lifesciences, Irvine, California, USA)
or Medtronic CoreValve or Evolute R valves (Medtronic,
Minneapolis, Minnesota, USA) were implanted using
the transfemoral approach and the standard technique
as previously reported. We used a high implantation
position (≤5 mm from the annulus) for Core valves.19,20
Patients stayed in the intensive care unit during the first
24-48 hours after the procedure and were then transferred to the cardiology ward, if there were no complications. Data on clinical history, laboratory investigations, ECG, TTE, TEE, and CT variables were obtained
at baseline and discharge. Clinical and echocardiography outcomes at discharge, at 1 month and at the last
follow up, were analyzed. Follow up was considered
complete one year after the TAVI procedure. Death,
stroke, permanent pacemaker (PPM) implantation,
endocarditis, valve-related dysfunction paravalvular
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leak, and functional status (New York Heart Association
(NYHA) classification) were assessed by at least two
co-investigators. Vascular complications, stage 1–3
acute kidney injury (AKI), peri-procedural increases in
the cardiac enzyme creatine kinase-MB, major or lifethreatening bleeding, and minor bleeding were assessed by at least two co-investigators and according
to the Valve Academic Research Consortium (VARC-2);
recommendations were made whenever applicable.21
Bleeding was considered minor if there was a decrease
in hemoglobin of 1 to 5 g/dL with no clinical or imaging evidence of overt bleeding and no hemodynamic
instability. Major bleeding was defined as overt bleeding associated with a decrease in hemoglobin level
of at least 3.0 g/dL or requiring transfusion of two or
three units of blood. Life-threatening bleeding was defined as overt bleeding associated with a decrease in
of hemoglobin ≥5g/dL or requiring ≥4 units of blood
transfusion. AKI was defined as stage 1 when serum
creatinine increased by 1.5 to 2.0 times the baseline
creatinine within 72 hours of the TAVI procedure, stage
2 when serum creatinine increased by >2 to 3 times
the baseline creatinine and stage 3 when the rise in
creatinine was >3 times the baseline. Vascular complications (dissection, stenosis, perforation, rupture or
arteriovenous fistula) were defined as minor when the
vascular injury was confined to the access site and not
associated with end organ damage, major bleeding,
unplanned percutaneous or surgical intervention and/
or death. Vascular injury was considered major if it was
associated with any of the above mentioned conditions. Death was verified through hospital records and
family contacts.
Categorical data were expressed as numbers and
percentages, and compared using the chi-squared
test or Wilcoxon signed-ranks test, as appropriate.
Continuous variables were reported as mean and standard deviation for normal distributions, or as the median with minimum and maximum values for skewed
distributions. Differences between means were tested
using the t test.

Table 1. Baseline clinical characteristics (N=80).
Clinical parameter
Age (years), mean (SD)

N (%)
79.5 (10.6)

Gender, male

54 (67.5)

Hypertension

57 (71.2)

Diabetes

46 (57.5)

Renal impairment (serum Cr
>120 mmol/L)

19 (23.5)

Coronary artery disease

44 (55)

History of cardiac surgery

9 (11.2)

Obesity (BMI >30)

36 of 78 (46.2)

NYHA functional class

RESULTS

The 80 patients included in the study had a mean age
of 79.5 (10) years, severe AS of high surgical risk, and a
mean Logistic European System for Cardiac Operative
Risk Evaluation (EuroSCORE) of 15.0 (13.9) (Table 1).
All survivors completed one year of follow up. Fiftyfour (67.5%) were males, 46 (57.5%) had diabetes, 57
(71.2%) were hypertensive, 19 (23.5%) had renal impairment, and 44 (55%) had coronary artery disease.
All patients were symptomatic: 58 (72.5%) in class III-IV
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and 22 (27.5%) were in class II NYHA functional class.
Twenty-eight of 73 (38.4%) patients (data not available
in 7) had one or more hospital admissions during the
year preceding TAVI. After TAVI only 16 (21.9%) of 73
patients (4 patients subsequently died) required admission during the one-year period post-TAVI. After TAVI
there was a significant improvement in NYHA scores,
with 50 (72.5%) of 69 survivors in class I and 19 (27.5%)
in class II during first year follow up (pre TAVI-NYHA,
2.9 (0.70); post-TAVI-NYHA, 1.3 (0.44), P<.001).
Baseline echocardiography parameters were consistent with severe aortic valve stenosis with a mean aortic valve area (AVA) of 0.73 (0.40) cm2 and mean aortic
valve gradient of 47.6 (19) mm Hg. After TAVI, both parameters significantly improved, mean aortic valve area
increased to 1.90 (0.60) cm2 and mean gradient decreased to 10.7 (6.0) mm Hg. Improvement of left ventricular function was evident by a significant improvement in left ventricular ejection fraction (LVEF) from
52.2 (16) to 58.3 (12) (P<.001) and global longitudinal
strain (GLS) from -11.9 (3.8) to -13.95 (3.3) (P<.001).
A significant reduction of pulmonary artery systolic
pressure (PASP) from 48.9 (15) pre-TAVI to 41.0 (13)
post-TAVI (P=.004) was observed. Echocardiographic
measurements were obtained according to American
Society of Echocardiography guidelines (Table 2).22,23
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II

22 (27.5)

III, IV

58 (72.5)

Atrial fibrillation

12 (15)

Signs of congestive heart
failure on CXR

41 (51.2)

Logistic Euro-score, mean
(SD)

15.0 (13.9)

Cr: creatinine, BMI: body mass index, CXR: chest X-ray.
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Table 2. Comparison between echocardiographic parameters before and after
TAVI.
Echocardiographic
parameter

Table 3. Procedural characteristics.
Procedure parameter

Measurement

Pre-TAVI

Post-TAVI

P value

Aortic valve area
(cm2)

0.73 (0.40)

1.90 (0.60)

<.001

Aortic valve mean
gradient (mm Hg)

47.6 (19.5)

10.7 (6.0)

<.001

TAVI combined with other
angioplasty procedure

26 (32.5%)

LVEF %

52.2 (16)

58.3 (12)

<.001

LV-GLS

-11.9 (3.8)

-13.95 (3.3)

<.001

Procedure duration
(minutes)

36.9 (12.6)

PASP

48.9 (15 )

41.0 (13)

.004

LVEF: Left ventricular ejection fraction, LV-GLS: Left ventricular global longitudinal strain; PASP:
Pulmonary artery systolic pressure.

Fifty-five (69.2%) patients received Core valve or
Evolut-R implantations and 25
(30.8%) received
Edward Sapien valves. All approaches were transfemoral except one, which was through the left subclavian
artery. TAVI was combined with other angioplasty procedures like coronary, aortic or peripheral arteries in 26
(32.5 %) of cases. The mean procedure time was 36.9
(12.6) minutes, fluoroscopy time 23 (9) minutes, mean
contrast volume was 135 (54) mL and median duration
of hospitalization was 9 (minimum 4, maximum 64) days
(Table 3). During the TAVI procedure 3 patients (3.75%)
died; an additional 8 (10%) died during the one-year
follow up according to VARC II definition (Table 4).21
Two patients (2.5%) had life-threatening bleeding, 8
(10%) patients had major bleeding, while most patients
64 (80%) had minor bleeding. Nineteen (23.75%) patients had vascular complications. Minor vascular complications were observed in 18 (22.5%) patients, while
a major vascular complication was documented in one
patient 1 (1.25%). Pericardial effusion was documented
in 5 patients, three of whom died during the procedure
and the effusion was related to LV laceration (two) or
annular rupture (one) while in the other two patients,
the effusion was related to pacemakers with no major
consequences. Fourteen patients (17.5%) developed
an AKI with an increment of creatinine levels >26.4
μmol/L, compared to baseline.21 In 11 patients (13.75%)
the AKI was stage 1, and in 2 (2.5%) patients were in
stage 2 and 1 patient was in stage 3 and needed transient dialysis. Most of patients with AKI (n=12, 86%)
recovered renal function. Five (6.3%) patients required
PPM implantation, of which 3 were peri-procedural and
2 during follow up. Paravalvular leak was documented
using echocardiography in 12 (15%) patients, mild in 10
(12.5%) and moderate in 2 (2.5%). None required additional procedures before the one-year follow up. Two
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Type of valve
Edward

25 (30.8%)

Core

55 (69.2%)

Contrast volume (mL)
Fluoroscopy time (minutes)
Hospital stay (days)
(median, range)

135 (54)
23 (9)
9 (4-64)

Data are mean (standard deviation) or number (percentage) unless indicated
otherwise.

patients (2.5%) developed endocarditis after 6 months
of TAVI, which fully responded to antibiotics. Two patients had cerebrovascular accidents (CVA) within two
weeks of the TAVI procedure.

DISCUSSION

Our study describes the experience of TAVI procedures
in a single Saudi cardiac center. Immediate and one year
follow-up clinical outcomes of high-risk patients with
symptomatic AS treated with transfemoral TAVI were
reported. The mean logistic EuroSCORE of our study
population was 15.0 (13.9), which indicates a lower risk
than the risk in early TAVI studies like the PARTNE-B
trial with a mean logistic EuroSCORE of 26.4%24 and
comparable to the more recent studies like CoreValve
US Pivotal High-Risk Study, which had a mean logistic
EuroSCORE of 17.6%.24-26
All our patients, except one, underwent TAVI
through the transfemoral route, which is more favorable
than the transapical and other routes since it causes less
trauma and can be performed under local anesthesia.27
On the other hand, transfemoral TAVI carries a higher
risk of vascular access complications, needs more volume of contrast and more exposure to radiation compared to transapical.27-29 However, our TAVI procedures
were carried out within an acceptable mean fluoroscopy time of 23 (9) minutes, but the mean amount of
contrast required 135 (54) mL, was more than expected.
This could be explained by the higher rate (32.6%) of
performing TAVI with other angioplasty procedures,
compared to other studies.27-29 In line with almost all
TAVI studies, our echocardiography data demonstrated
immediate and sustained relief of pressure overload

ANN SAUDI MED 2018 MAY-JUNE WWW.ANNSAUDIMED.NET

original article

OUTCOMES OF TAVI
Table 4. Complications of TAVI procedure.
Complication

Number (%)

Mortality
Periprocedural

3 (3.8)

During follow up

8 (10.0)

Total

11 (13.8)

Stroke

2 (2.5)

Bleeding
Major

8 (10.0)

Life threading

2 (2.5)

Acute kidney injury
Stage 1

11 (13.75)

Stage 2

2 (2.5)

Stage 3

1 (1.25)

Total

14 (17.5)

Vascular complication
Minor

18 (22.5)

Major

1 (1.25)

Total

19 (23.75)

Myocardial injury

a

Pacemaker (2 of 25 in Edwards
group, 8%; 3 of 55 in Core
valve group, 5.5%)
Periprocedural

3 (3.75)

During follow up

2 (2.5)

Paravalvular leak

12 (15)

Endocarditis

2 (2.5)

Peri-operative rise of CK MB >20% of baseline.

a

on the left ventricle, which translated into a significant
increase in AVA and LVEF, in addition to significant reduction in the pressure gradient across AV, as well as
improvement of PASP.13-21
The TAVI procedure has been examined thoroughly in many clinical studies and national registries from
the US and Europe. The favorable outcomes in terms
of mortality at one year and higher survival rates have
been demonstrated clearly.30-32 The PARTNER-B trial
demonstrated that inoperable patients who underwent
TAVI had a significantly lower one-year mortality rate
compared to patients who underwent standard therapy
(30.7% vs. 50.7%, respectively).30-32 In our study cohort,
the one-year mortality of 13.8% was low compared to
early TAVI studies (e.g., PARTNER-B); this could be a
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reflection of the successful progress in TAVI procedure
worldwide.13-15 In addition, the experience of the team,
adoption of the most sophisticated safe evidencebased techniques, up-to-date devices and lower-risk
patients compared to those in the early TAVI studies
could explain the lower mortality as well.13-15 The improvement in NYHA functional class and reduction in
the rate of readmission post-TAVI in our study, were
consistent with many previous studies post-TAVI.30-33
The widely variable incidence (10-30%) reported for
major vascular complications has been linked to the risk
level of patients who have undergone TAVI.13,15 Lowand intermediate-risk groups have fewer access site
complications (<10%).34 We noted a low rate (1.25%) of
major vascular complications in our cohort, as per the
definitions of VARC II; this could indicate that our patients did not belong to the very high-risk group. On
the other hand, the rate of minor vascular complication
(22.5%) was relatively high as in many early TAVI studies.13-16,34 The clinically evident stroke rate (2.5%) was
relatively low in our cohort compared to early TAVI studies, which reported a 5% stroke rate, but comparable
to recent studies with 2.5% stroke rate.28,34 Stroke was
acute (within 72 hours of TAVI), subacute (after 72 hours
and within two weeks of TAVI), or late (after 2 weeks)
and might be related to the mobilization of atherosclerotic debris from the aorta and aortic valve or from periprocedural atrial fibrillation.28 The rate of bleeding in
our study was comparable to that in previously reported
TAVI studies: 8 patients (10%) had major bleeding, and
2 patients (2.5%) had life-threatening bleeding, while
minor bleeding was common post-TAVI.34 The reported
incidence of major bleeding events ranges from 2% to
40% and severe life-threatening post-TAVI bleeding
varies from 5% to 20%.35-37 Previous studies indicated
a negative impact of bleeding complications on clinical
outcome of TAVI patients.35-37 AKI was observed in 17.3%
of our patients, which is consistent with the recently reported 12% to 28% incidence of AKI, post-TAVI.38,39 AKI
was associated with a four times higher post-procedural
mortality.38,39 As observed in our study, data from the
PARTNER trial suggest a reduced need for renal replacement therapy after TAVI, compared to medical management (1.2% vs. 1.7%) or surgical replacement of AV (3.8%
Vs 4.6%).13-15 The rate of moderate paravalvular leak in
our study was low; 2.5% patients developed moderate paravalvular leak, none developed severe leak or
needed further intervention during the follow up. In a
recent study by Mack et al,40 involving PARTNER trial
participants, found that moderate or severe paravalvular regurgitation was associated with decreased survival
rate.40 Paravalvular regurgitation was associated with
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inadequate balloon expansion, discrepancy between
aortic annular size and TAVI device, calcification of the
native valve, angle of the left ventricular outflow tract
to proximal ascending aorta, and deployment technique.41 In contrast to the previously reported higher
incidence of new PPM implantation with Core valves
(15-20%)28,34 compared to the incidence with Edwards
SAPIEN valves (3-10%),28-34 the total incidence of PPM
implantation was lower in the Core valve group (5.5%)
compared to the Edwards SAPIEN valve group (8%) in
our study. Though it needs to be confirmed by further
study with a larger sample size, this observation could
be explained by the higher position of the implantation for the Core valve adopted by our team, compared
to the reported deeper positioning of the Core valve
frame in the left ventricular outflow tract, which has an
increased risk of impingement and injury of the septal
conduction system. Avoidance of over-sizing could be
a factor in the lower rate in PPM implantation as well.2834
Consistent with previously reported studies, the incidence of endocarditis in our study was 2.5% during
one-year follow-up. Endocarditis was seen at a mean of
6 months after the TAVI procedure, with full response to
medical therapy.30-34,37-40
In conclusion, our experience with TAVI at a single

Saudi center, the Madinah Cardiac Center, is encouraging compared to international experience in terms of
clinical improvements, morbidity, and mortality. Low incidence of PPM implantations in the Core valve group
of our cohort needs further study in a larger sample size
in the future. The relatively small sample and retrospective design prevented more extensive characterization
of the cohort characterizations. In addition, some patients from our cohort were referred from elsewhere
for TAVI in our center. Those patients had insufficient
documentation of preprocedure hospital admission,
so some data is missing in our analysis. Minor bleeding was based on the decrease in hemoglobin levels
after the procedure compared to baseline despite an
absence of clinical notes explaining the blood loss in
some cases, which may have overestimated the rate of
minor bleeding in our cohort.
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