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A B S T R A C T

Background: Surgical Aortic Valve Replacement (SAVR) is the gold standard method 
for treatment of symptomatic severe senile Aortic Valve Stenosis (AS). For inoperable 
patients, due to severe co-morbidities, Transcatheter Aortic Valve Implantation (TAVI) 
has been suggested as a new and safe alternative with significant follow up superiority 
to medical treatment; recently, it was suggested for patients at intermediate risk, as well. 
Since its introduction in 2002, TAVI has well developed in more than 40 countries.
Objectives: We made an attempt to transfer this technology to Tehran University for 
the first time and then evaluated the feasibility and safety of this new technique with 
midterm closed clinical and echocardiographic follow up.
Patients and Methods: Eight patients (5 males), with a mean age of 77 ± 6.7 years old 
underwent transfemoral TAVI from 2010,  as the first sequential patients in Tehran 
University, by Balloon expandable bioprosthetic Edwards SAPIEN  transcatheter heart 
valve, under general anesthesia in hybrid operation room.
Results: There were 7 tricuspid valves and one bicuspid aortic valve (AV). All the 
patients had symptomatic severe senile valvular AS with severe co-morbidities so that 
the surgeons did not agree with open SAVR. Closed preprocedural, procedural, in 
hospital, one and 6 months clinical and echocardiographic assessments and follow up 
were done. Results: Procedural success rate was 100% with good implantation of the 
valve. A decrease in the AV mean gradient (MG) from preprocedural mean AVMG 52.2 
± 19.7 mm Hg to 9.8 ± 3.7 mm Hg was observed in the 6 month follow up.  One patient 
had procedural papillary muscle damage and moderate mitral regurgitation (MR), 
which needed hemodynamic support. No in hospital mortality or major complications 
were seen. In the follow up period, one patient had unexplained sudden death in sleep 
3 weeks after the discharge. The other 7 patients had good 6 months of follow up with 
improvement of Functional Class (FC) and Left Ventricle Ejection Fraction (LVEF) from 
mean 43 ± 13.5 % preprocedural to 50.7 ± 7.8% within 6 months.
Conclusions: Inoperable symptomatic senile valvular AS could be treated safely with 
TAVI. In- hospital results of the first sequential experience of TAVI in Tehran University 
of Medical Sciences were successful. TAVI in bicuspid AS and concomitant MR patients 
needs more caution in the procedure and follow up.
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1. Background
The most common type of Aortic stenosis (AS) in 

senile patients is degenerative valvular AS (1). The gold 

standard treatment for these patients is surgical Aortic valve 
replacement (AVR), but, due to usual senile co-morbidities, 
more than one third of them were not operable (2, 3). Balloon 
Aortic valvuloplasty (BAV) alone for Aortic Stenosis yields 
no good results because of low and temporary increase of 
aortic valve area and high complications (2, 4).

Initial Experiences of Transcatheter Aortic Valve Implantation (TAVI) 
in Iran with Midterm Follow up
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Now based on the reliable studies, the standard treatment 
for symptomatic severe senile valvular AS with severe co-
morbidities, making them unsuitable for open surgical 
AVR, is TAVI (5, 6).

First, TAVI was done on man in 2002 by pioneer Alian 
Cribier, MD, and then rapidly developed worldwide to 
thousands of cases (7). Now, two different types of TAVI 
Bioprosthetic valve are widely used: Self-Expanding valve 
and Balloon-Expanding valve.

The Balloon-Expandable Edwards SAPIEN Transcatheter 
Heart Valve (Edwards Life sciences, Irvine, CA, USA) (8) 
had FDA premarket approval in the USA (Figure 1). We did 
our initial TAVI in IRAN with this type of valve in January 
2010 in hybrid operation room under general anesthesia and 
transfemoral access with guidance of pioneer Alian Cribier, 
MD (7, 9); then, we did 7 cases in other months. Here, our 
acute results and six month clinical and echocardiographic 
follow up findings are reported.

The study population included patients with severe 
symptomatic senile AS who were treated in hybrid 
operation room under general anesthesia and full standby 
open surgical support. The study was approved by local 
review board of Tehran Heart Center, a tertiary high-
volume cardiac center, affiliated to Tehran University of 
Medical sciences. The patients also signed the written 
consent form before the procedure. TAVI was done with 
retrograde transfemoral approach for all patients, 7 from 
the right femoral arteriotomy and one from the left. In 
the contralateral leg, venous and arterial 6 Fr sheath was 
inserted for temporary pacemaker lead implantation on RV 
Apex and arterial pigtail catheter for aortography during 
delivery of the prosthetic valve.

After good femoral arteriotomy and special 22 Fr sheath 
insertion, testing of RV rapid pacing was done until we 
were sure that the arterial pressure was decreased under 
50 mmHg with a rate of 180 - 200 bpm. Aortography 
with pigtail was done to choose the good position for 
prosthetic aortic valve delivery. In a better position, we 
could see the three cusps of the aorta in one line and the 
good distance between the left main and annulus. After 
double checking, balloon aortic valvuloplasty was done 

under rapid pacing and simultaneous aortography for the 
opening of the aortic valve, observing the left main flow 
and presence of AI, and ensuring the aortic annulus size. 
Transesophageal echocardiography (TEE) controlled these 
findings simultaneously with cine angiography.

Then Edwards sapine Balloon Expandable Bioprosthetic 
aortic valve that was prepared on the other table over the 
special delivery system and balloon was inserted on the 22 
Frsheath over the 0.035 super stiff long Gide wire that was 
previously inserted in LV. The valve was crossed from the 
aortic arch and the native aortic valve slowly. Then, the 
position was rechecked with some aortography and TEE 
control; finally, under rapid RV pacing (180 - 200 bpm) 
and aortography the prosthetic valve was implanted in the 
aortic annulus with rapid inflation of the prepared inflator. 
The serial ordering of pacing, injecting for aortography 
and inflating in some seconds is very important and must 
be ordered by the main interventionist.

Based on the previous TEE sizing, we used 23 mm 
prosthetic valve (that had Aorta Annulus 20 mm) for two 
patients, and for the other 6 patients with an annulus size 
of more than 21 mm, the 26 mm Edwards valve was used. 
The size of the Balloon for pre-dilation of the native aortic 
valve, for 23 mm Bioprosthetic valve, was 20 mm balloon 
and for 26 mm Bioprosthetic valve it was 23 mm balloon.  
After the procedure, by final aortography the function of 
the prosthetic valve for AI and the left main flow and other 
complications like aortic dissection were evaluated. Also, 
TEE controlled the prosthetic valve position and function, 
especially the valve gradient, AI, MR and EF. The success 
rate for primary implantation of the valve was 100%. Two 
patients, had mild paravalvular AI with Aortography, and 
TEE revealed faint trivial AI in the other 3 patients. All 
patients were transferred to open heart ICU with closed 
monitoring and 7 patients were extubated successfully on 
the same day.

For all patients, clinical evaluation, electrocardiogram, 
chest radiography, transthoracic (TTE) and transesophageal 
echocardiography, coronary angiography, aortography and 
CT angiography for the aortic arch and ilio femoral access 
size were performed.

Figure 1. The Balloon-Expandable Edwards SAPIEN Transcatheter Heart Valve (Edwards Life sciences, Irvine, CA, USA)
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TEE evaluated the LVEF and LV hypertrophy, aortic valve 
for evaluation of tricuspid or bicuspid type, calcification 
volume, severity of AS (PG, MG), aortic valve area (AVA), 
aortic annulus size, aortic insufficiency (AI), ascending 
aorta size, other valves function, pulmonary artery pressure 
(PAP) and other important characteristics. In angiography, 
coronary problems, distance of the left main origin from the 
aortic annulus, thoracic aorta and arch shape and diameter, 
carotid and renal arteries and ilio- femoral diameter and 
tortuosity or calcification were evaluated. If we did not 
have any data from the aorta and peripheral arteries in 
the previous routine coronary angiography, the thoracic 
aorta and ilio femoral arteries were evaluated using CT 
angiography.

2. Objectives
Here, our acute results and six month clinical and 

echocardiographic follow up findings are reported.

3. Patients and Methods
The study population included patients with severe 

symptomatic senile AS who were treated in hybrid 
operation room under general anesthesia and full standby 
open surgical support. The study was approved by local 
review board of Tehran Heart Center, a tertiary high-
volume cardiac center, affiliated to Tehran University of 
Medical sciences. The patients also signed the written 
consent form before the procedure. TAVI was done with 
retrograde transfemoral approach for all patients, 7 from 
the right femoral arteriotomy and one from the left. In 
the contralateral leg, venous and arterial 6 Fr sheath was 
inserted for temporary pacemaker lead implantation on RV 
Apex and arterial pigtail catheter for aortography during 
delivery of the prosthetic valve.

After good femoral arteriotomy and special 22 Fr sheath 
insertion, testing of RV rapid pacing was done until we 
were sure that the arterial pressure was decreased under 
50 mmHg with a rate of 180 - 200 bpm. Aortography 
with pigtail was done to choose the good position for 
prosthetic aortic valve delivery. In a better position, we 
could see the three cusps of the aorta in one line and the 
good distance between the left main and annulus. After 
double checking, balloon aortic valvuloplasty was done 
under rapid pacing and simultaneous aortography for the 
opening of the aortic valve, observing the left main flow 
and presence of AI, and ensuring the aortic annulus size. 
Transesophageal echocardiography (TEE) controlled these 
findings simultaneously with cine angiography.

Then Edwards sapine Balloon Expandable Bioprosthetic 
aortic valve that was prepared on the other table over the 
special delivery system and balloon was inserted on the 22 
Frsheath over the 0.035 super stiff long Gide wire that was 
previously inserted in LV. The valve was crossed from the 
aortic arch and the native aortic valve slowly. Then, the 
position was rechecked with some aortography and TEE 
control; finally, under rapid RV pacing (180 - 200 bpm) 
and aortography the prosthetic valve was implanted in the 
aortic annulus with rapid inflation of the prepared inflator. 
The serial ordering of pacing, injecting for aortography 
and inflating in some seconds is very important and must 

be ordered by the main interventionist.
Based on the previous TEE sizing, we used 23 mm 

prosthetic valve (that had Aorta Annulus 20 mm) for two 
patients, and for the other 6 patients with an annulus size 
of more than 21 mm, the 26 mm Edwards valve was used. 
The size of the Balloon for pre-dilation of the native aortic 
valve, for 23 mm Bioprosthetic valve, was 20 mm balloon 
and for 26 mm Bioprosthetic valve it was 23 mm balloon. 
After the procedure, by final aortography the function of 
the prosthetic valve for AI and the left main flow and other 
complications like aortic dissection were evaluated. Also, 
TEE controlled the prosthetic valve position and function, 
especially the valve gradient, AI, MR and EF. The success 
rate for primary implantation of the valve was 100%. Two 
patients, had mild paravalvular AI with Aortography, and 
TEE revealed faint trivial AI in the other 3 patients. All 
patients were transferred to open heart ICU with closed 
monitoring and 7 patients were extubated successfully on 
the same day.

For all patients, clinical evaluation, electrocardiogram, 
chest radiography, transthoracic (TTE) and transesophageal 
echocardiography, coronary angiography, aortography and 
CT angiography for the aortic arch and ilio femoral access 
size were performed.

TEE evaluated the LVEF and LV hypertrophy, aortic 
valve for evaluation of tricuspid or bicuspid type, 
calcification volume, severity of AS (PG, MG), aortic valve 
area (AVA), aortic annulus size, aortic insufficiency (AI), 
ascending aorta size, other valves function, pulmonary 
artery pressure (PAP) and other important characteristics. 
In angiography, coronary problems, distance of the left 
main origin from the aortic annulus, thoracic aorta and 
arch shape and diameter, carotid and renal arteries and 
ilio- femoral diameter and tortuosity or calcification were 
evaluated. If we did not have any data from the aorta 
and peripheral arteries in the previous routine coronary 
angiography, the thoracic aorta and ilio femoral arteries 
were evaluated using CT angiography.

4. Results
4.1. Patients Characteristics

There were 8 patients (5 male) with a mean age of 77 ± 6.7 
years old and severe symptomatic senile AS with Dyspnea 
FC II to IV (6 with FC III, one FC II and one FC IV) that 
usually had the history of admission with unstable angina 
or pulmonary edema presentation. They had a mean logistic 
Euro score of 25.8 for morbidity and mortality for open 
surgical operation (Table 1).

Three patients had diabetes mellitus and 7 were 
hypertensive. The mean serum creatinine was 1.14 mg/
dL. All of the patients had some obstructive or restrictive 
lung disease (4 severe, 2 moderate, 2 mild). 4 patients had 
a history of MI, and one patient had a history of subdural 
hematoma surgery. In 5 patients, previous coronary 
revascularization was done (one CABG 18 years ago, one 
CABG + MVR 6 years ago, 3 had PCI from 4 months to 
10 years ago) (Table 2).

In our patients, the mean LVEF was 43.7% ± 13.5, mean 
AVA 0.65 ± 0.21, cm2, mean AVMG gradient 52.2 ± 19.7 
mmHg, mean annulus size 21.6 ± 1.15mm. 7 patients had 
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tricuspid aortic valve, but one patient had bicuspid aortic 
valve and his clinical situation did not allow us perform 
open SAVR. Four patients had moderate to severe aortic 
insufficiency (AI) before TAVI and three had moderate MR. 
7 patients had mild to moderate LVH (Table 3).

4.2. Procedural, in Hospital Results and Complications
There were no death, MI or stroke in the admission 

period for our patients. One patient on the second day had 
tamponade due to RV perforation from the pacemaker lead, 
so emergency thoracotomy and RV repair was done for 
him. One patient had transient sinus node (SA) arrest on 
the third day of admission that needed external pacing for 
some hours; it was stabilized with medical treatment.

In two patients during rapid pacing in the procedure, 
ventricular fibrillation (VF) occurred which then converted 
with DC shock. One patient (Bicuspid aortic valve patient) 
after Balloon  pre-dilating valvuloplasty showed some 
degree of papillary muscle damage and MR and prosthetic 

aortic valve implantation was done rapidly and IABP 
was inserted, but in ICU the patient needed inotrope 
medication for increased BP and blood transfusion. After 
one day, his condition was stable. There was one access 
side complication and femoral artery was repaired by limb 
venous graft.

All patients were admitted for 7 days for complete recovery 
and evaluation. On discharge, the mean serum creatinine 
was 1.1 ± 0.5 mg/dL and the mean Hb concentration was 10.9 
± 1 mg/dL. All patients were discharged with good condition 
without any major complications. Clopidogrel 75 mg and 
ASA 80 mg daily for one month was prescribed. One patient 
used ASA 325 mg because of recent PCI, two patients had 
previous MVR and AF rhythm and used warfarin too; thus, 
before the procedure, Warfarin changed to heparin and the 
day after the procedure warfarin was started.

Pre-discharge echocardiography revealed a mean LVEF of 
46.8% ± 11.6 with good function of the Bioprostethic aortic 
valve with a mean of PG 21.7 ± 6.5 mmHg and mean MG 

Table 1. Patients’ Characteristics Based on Risk of Operation Score
No Age Sex Height (cm) Weight (kg) Logistic Euro Score

(Mortality+Morbidity) * FC
1 78 M 162 71 37.8 III
2 62 M 173 68 20.5 III
3 81 M 185 98 21.4 IV
4 77 F 150 73 20.4 II→III
5 83 M 175 90 16.5 II
6 75 M 165 68 19.4 III→IV
7 83 F 154 85 23.4 III
8 77 F 144 52 47.5 III→IV
Abbreviations: FC, Functional Capacity
* Logistic Euro Score System for Cardiac Operative Risk Evaluation for both Morbidity and Mortality

Table 2. Patients’ Comorbidities
No DM HLP HTN Smoking HX of MI HX of CVA Creatinine (mg/dL) Lung Disease CAD EKG Block
1 + + + + + - 2.0 Mild 3VD CABG- -
2 + + + + + - 0.7 Sever -
3 - + + - - - 1.2 Sever MVR 3VD MobitZI
4 - - + - - - 1.1 Moderate Normal LBBB
5 - + + - - - 0.8 Mild PCI LBBB
6 - - - - + - 1.2 Moderate PCI -
7 - + + - - 0.8 Sever PCI -
8 + + + - + - 1.3 Sever CABG LBBB
Abbreviations: DM, Diabetes Mellitus; HLP, Hyperlipidemia; HTN, Hypertension; HX of MI, History of Myocardial Infarction; 
CAD, Coronary Artery Disease

Table 3. Echocardiographic (TEE) Findings of the Patients before TAVI
No LV EF AVA (mm2) MG (mm/Hg) PG (mm/Hg) MR AI Aorta Annulus 

(mm)
Septal Hypertrophy 
(mm)

1 25% 0.4 36 50 Mild Mild 20 18
2 50% 0.7 43 66 Mild to Moderate Mild to Moderate 22 12
3 60% 0.7 61 85 Mild Mild 21 15
4 55% 1 44 75 Moderate Mild 22 13
5 50% 0.5 75 111 Moderate Moderate 22.8 14
6 25% 0.9 21 34 Mild to Moderate Moderate 23 7
7 50% 0.64 64 84 Moderate Moderate to Severe 22 14
8 35% 0.4 74 114 Moderate Mild 20 15
Abbreviations: TEE, Transesophagial Echocardiography; LVEF, Left Ventricle Ejection Fraction; AVA, Aortic Valve Area; MG, 
Mean Gradient; PG, Peak Gradient; MR, Mitral Regurgitation; AI; Aortic Insufficiency
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of 11.3 ± 4.1 mmHg. Paravalvular AI in pre-discharge TTE 
was seen in 6 patients, in one of them it was mild and in 
the other 5 it was trivial. In patients with papillary muscle 
problem due to the procedure, moderate MR was seen.

4.3. Mid Term Follow-up Results
In the first month, clinical and echo follow-up, one patient 

died because of sudden death during sleep and he was the 
bicuspid aortic valve patient who developed new MR during 
the procedure His family said that he had not had any new 
problem after discharge for 3 weeks and had sudden death 
in sleeping. The other seven patients had improved FC, and 
there were no patients with FC over II.

During the 6 month follow-up, all 7 patients were alive 
and there were FC I to II in them. In Echocardiography, the 
EF was raised and there were a mean LVEF of 50.7% ± 7.8 
with a mean AVPG of 18 ± 4.8 mmHg and mean AVMG of 
9.8 ± 3.7 mmHg. Para-valvular AI was seen in 5 patients, 
two mild and three trivial.

Comparison of the clinical and echo findings in patients, 
from pre-procedure situation to 6 months of follow-up 
revealed that the LVEF was increased and the mean AVPG 
and AVMG were decreased.

5. Discussion
The most common type of AS seen in the elderly is 

senile degenerative valvular AS (1), but more than one 
third of these patients were not good candidates for open 
surgical AVR because of severe co-morbidities (3, 10). 
Balloon Aortic valvuloplasty alone for Aortic Stenosis had 
no good results because of low and temporary increase 
of the aortic valve area and high complications, (Stroke, 
Aortic Insufficiency), mortality (10 - 20% in hospital), and 
high restenosis rate in the first year (2, 4). There were no 
difference between this procedure and medical treatment 
in long term and BAV had only palliative role, as a bridge 
to surgery or TAVI, for very ill patients (11).

TAVI had some superiority over medical treatment in one 
year mortality, days of hospital admission, and improvement 
of function class (12, 13). Even in comparison to open SAVR 
in severe symptomatic AS with co-morbidities, TAVI had 
better effect on increasing the LVEF (14, 15). TAVI had 
95 - 97% primary success rate, but in multiple studies some 
complications were seen that must be reduced with new 
generation of the valves and increasing of interventionist 
skills for complications like myocardial infarction, stroke, 
silent ischemia of the brain, heart block, aortic dissection, 
acute coronary occlusion, tamponade, and vascular access 
complications (16-18).

After beginning of TAVI in 2002 with balloon-expandable 
SAPIEN valve (7), and increasing the number of successful 
patients (13, 18, 19), this less invasive transcatheter 
technique improved in two directions:

Firstly, a new approach for challenging cases such as 
transapical, trans-auxiliary and transthoracic approach via 
minimally invasive surgery and designing and secondly, 
making the new valves like self-expanding corevalve, 
direct flow, Lutos, etc. (20-23).

Other countries have tried to begin this alternative 
management for their inoperable patients and it has reached 

over 40 countries now (24, 25). In the Middle East and 
nearby areas, firstly Turkey began this technique. Thus, we 
decided to transmit this medical technology to our country, 
IRAN. Therefore, after passing a good learning curve in 
Roen city with Alean crebia and their working group, the 
first patient was done in IRAN in 2010 with proctoring of 
professor Alian Crebia.

The beginning of new and expensive methods of 
management in underdeveloped countries had some 
difficulties that restricted case selection. We had similar 
experiences in the beginning of Endovascular Treatment 
of Aorta Disease (26-28). The most important problem was 
the price of the valve, and then the resistance of surgeons 
about the better outcome of TAVI than open AVR in high 
risk patients. Saudi Arabia began this technique at the 
same time, but now they report more cases than us in local 
congresses. Philippe Genereux et al. in a review paper 
at European Heart Journal (June 2012) (29) presented a 
10 year anniversary of the current evidence and clinical 
implications of TAVI from over 40 countries and this is an 
opportunity for us that IRAN is now one of the countries 
that routinely performs TAVI. Nowadays, multiple high 
volume registry and trials are designed  about TAVI, like the 
PARTNER trial, the world’s first prospective, randomized, 
and controlled trial (12, 30), but we think the primary 
results of countries that have recently begun this procedure 
must be compared with the first world feasibility studies, 
like the 1-REVIVER, the first feasibility French experience 
of TAVI on 36 patients with 85% procedural success and 
16.7% one month mortality (31), or the Siegburg’s first-
in-man study on 86 patients with 74% procedural success 
and 11.6% one month mortality (32), or the United States 
REVIVAL trial on 40 patients with 100% procedural 
success and 12.5% one month mortality (33).

One of the largest results about Edwards valve has been 
reported in the SOURCE (SAPINE aortic Bioprosthesis 
European outcome) registry (8), to which 32 European centers 
contributed. Their procedural success for transfemoral TAVI 
was 95.2% and 30 day mortality was 6.3%. In our first 
Iranian feasibility study, the procedural success rate was 
100% and 30 day all-cause mortality was 12.5%.

The Journal of medical Economics in 2013 published an 
Editorial (34) about the cost- effectiveness of TAVI in the 
non-surgical population based on the results of large scale 
studies, like PARTNER trial and explained that TAVI has 
remained a field still in the early stages of development and 
important current uncertainties related to health economics 
including the relative benefits and costs of TAVI and AVR 
in intermediate risk surgical candidates.

Evaluation of the association of TAVI availability and 
hospital AVR volume and mortality in the United States 
revealed that, since the introduction of TAVI, the total 
volume of AVR has significantly increased (34).

With progression of TAVI success in the world, the 
PARTNER 2 trial evaluated the possibility of the usefulness 
of this procedure for intermediate- risk patients for surgery 
(35), and 2032 patients at 57 centers in USA and Canada 
from 2011 to 2013 underwent TAVI with second generation 
valve system and compared with conventional surgical 
AVR. They concluded that in intermediate-risk patients 
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TAVI and SAVR had similar outcomes with respect to 
the primary endpoint of death or stroke at 2 years and 
lessening of cardiac symptoms. The lancet Journal 
Recently published a paper based on a propensity score 
analysis  from PARTNER 2 trial results and suggested 
that TAVI might be the preferred  treatment alternative in 
intermediate- risk patients (36).

5.1. Conclusion
TAVI is an acceptable procedure in symptomatic severe 

senile AS patients with severe co-morbidities that were not 
suitable for open surgical AVR. Our initial TAVI experiences 
in Tehran University of Medical Sciences in IRAN were 
successful with good feasibility and safety, without any 
procedural and in hospital death or major complications, and 
acceptable midterm follow up results in patients who were 
alive. Good learning curve is very important for the first 
TAVI experiences. TAVI in bicuspid AS and concomitant 
MR patients needs more caution in the procedure and follow 
up. The main problem for developing of TAVI in more 
candidates is the price of the prosthetic valve.
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