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INTRODUCTION

Surgical replacement (aortic valve replacement [AVR]) 
via sternotomy utilising extracorporeal circulation 
and cardioplegia still remains the gold standard of 
therapy for patients with symptomatic stenosis of the 
aortic valve. Excellent long‑term clinical results and 
low mortality, as well as morbidity are achieved in 
patients with a low perioperative risk.[1] The decision 
on the type of intervention is taken based on the 
patient’s age, his/ her overall clinical condition, 
severity of his/ her problems, disease progression, as 
well as his/ her social background.[2] Interventional 
cardiology and cardiosurgery units offer minimally 
invasive, catheter‑based AVR or transcatheter aortic 
valve implantation (TAVI), as an alternative to 
AVR.[3] In general, high‑risk American Society of 
Anesthesiologists’ (ASA physical status) III–IV patients 
are candidates for TAVI.[4,5] The risks and predicted 
mortality can be calculated using EURO score II, which 
is most commonly used in cardiac surgery. The score 
overestimates the calculated mortality and evaluation 

of some comorbidities appears insufficient. The success 
rate of procedures at specialised sites approaches 
100%, with perioperative mortality rates reaching 
1‑5%, and are most commonly caused by acute heart 
failure.[6] Compared with classical AVR, important 
benefits offered by the TAVI procedure include its 
mini‑invasiveness and the absence of surgical wound, 
no extracorporeal circulation, no cross‑clamping of 
the aorta, and no need for administration of blood 
products.[3] Other benefits include early mobilisation 
and discharge to the home environment.[3,7,8] TAVI 
is the method of choice in patients with a markedly 
calcified (“porcelain”) aorta.[5,9] However, TAVI is also 
associated with complications, the most common of 
which are acute left‑sided heart failure, occlusion of 
coronary arteries, bleeding due to aortic injury and 
groin bleeding. In spite of demonstrably better results of 
TAVI compared with conventional treatment in patients 
contraindicated for AVR[10] and better short‑term 
mortality in high‑risk patients after TAVI compared 
with AVR,[11] better long‑term results (3–5 years) have 
not yet been demonstrated for TAVI compared to AVR. 
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ABSTRACT

For symptomatic patients with severe calcified aortic valve stenosis, open heart surgery for 
aortic valve replacement remains the gold standard. However, elderly patients with an increased 
risk profile can be treated by using transcatheter approaches (transcatheter aortic valve 
implantation [TAVI]). The major considerations related to use of general and local anaesthesia 
for TAVI are discussed in this review.
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Based on current evidences, TAVI appears to be a safe 
and less complicated method of AVR for high‑risk 
patient groups.[7,8]

TRANSCATHETER AORTIC VALVE IMPLANTATION

In 2002, Alain Cribier performed the first catheter‑based 
AVR via the femoral vein. Access to the right atrium 
through the venous circulation and transseptal access 
to the left‑sided compartments have been replaced 
by the retrograde route via the femoral arteries, 
which is the most common route of access for TAVI 
today.[1] Transapical access is an alternative method in 
which a mini‑thoracotomy is used to “puncture“ the 
anterolateral wall of the left ventricle and an aortic valve 
is then inserted. However, this procedure is associated 
with a relatively higher number of complications 
including the rupture of the left ventricular apex 
or even aneurysm formation, injuries to the right 
ventricle, the inter‑ventricular septum and coronary 
arteries, or damage to the mitral valve. Transapical 
implantation is more suitable in patients with limited 
femoral blood flow, or other contra indications for its 
catheterisation.[5,12] Considering the reduction in the 
sizes of instruments used for transfemoral access, as 
well as the generally lower complication rates, the 
transfemoral access has become the preferred access 
today.[5,12]

ANAESTHETIC TECHNIQUES FOR TRANSCATHETER 
AORTIC VALVE IMPLANTATION

Patients undergoing TAVI procedures are high‑risk 
patients as mentioned already (ASA III–IV) and 
the decision about the anaesthesia management 
is very important. TAVI can be carried out under 
local anaesthesia, analgosedation, or general 
anaesthesia (GA). Spinal or epidural anaesthesia 
and analgosedation provide the advantage of a lower 
overall rates of complications for the patient without 
affecting cognitive functions and subsequent length 
of hospital stay.[13,14] Local anaesthesia can be used for 
TAVI when carotid artery is used as route of access.
[15] Analysis of data from 2326 patients shows that 
transfemoral TAVI performed under local anaesthesia 
is generally preferred but there is a higher incidence 
of post‑procedural aortic regurgitation.[16] We prefer 
GA for all TAVI procedures at our cardiac centre, 
including for high‑risk patients. The internal jugular 
vein (most commonly on the right) is cannulated in 
all patients the evening before the procedure. Two 
units of red blood cells are reserved in the blood 

bank. Anticoagulant therapy is continued in these 
patients. On the day of the procedure, prophylactic 
antibiotics are administered and the radial artery is 
most often cannulated on the left, (based on the results 
of Allen’s test) and a urinary catheter is inserted. The 
Catheterization laboratory is prepared to manage any 
potential complications [emergency cardiopulmonary 
bypass (extracorporeal circulation) and extracorporeal 
membrane oxygenation].[17] Under GA with tracheal 
intubation, transvenous right‑ventricular stimulation 
electrode and trans‑oesophageal echocardiography 
probe are inserted in the Catheterization laboratory. GA 
is induced using etomidate 0.2–0.3 mg/kg or propofol 
1% 1–2 mg/kg; tracheal intubation is performed with 
rocuronium 0.6 mg/kg induced relaxation and analgesia 
provided by sufentanil 0.1–0.4 µg/kg as a single shot. GA 
is continued with oxygen, air and sevoflurane (expired 
concentrations not to exceed 1.2%). Sufentanil 10–
20 μg is supplemented as necessary. At the end of 
the procedure, neuromuscular block is reversed with 
sugammadex 2 mg/kg and  patient shifted to Intensive 
coronary care unit (ICCU). GA is needed in order to 
maintain ventilation and haemodynamic stability of 
the patient throughout TAVI implantation, particularly 
during the balloon valvuloplasty procedure that 
precedes the valve implantation. In both the phases 
of TAVI where the flow through the aortic orifice is 
virtually obliterated, an external pacemaker must be 
used for some time (usually 20–45 s), to reduce the 
cardiac output by initiating ventricular tachycardia (by 
“overstimulation” to approximately 180 beats/
min). GA also allows for performing oesophageal 
echocardiographic assessment at any time during the 
procedure (to measure the annulus size, determine 
aortic pathology, determine the left ventricular function, 
evaluate mitral regurgitation, verify the position of the 
implanted valve and aortic regurgitation immediately 
after the procedure). GA is also convenient in the event 
of a protracted procedure when the patient is expected 
to be absolutely still.[18] The need for circulatory 
support using vasopressors (norepinephrine) 
or inodilators (milrinone, levosimendan) is not 
uncommon.[18] In the ICCU, trachea is extubated 
after 30–60 min. Since 2010, Medtronics CoreValve© 
(Medtronics, Minneapolis, Minnesota, U.S.A.) 
valves have been used at our unit and till the time 
of submission of this article, 112 valves have been 
inserted. Our 30‑day mortality is at the same level 
as other large European medical centres. In order to 
prevent bleeding complications from the puncture 
site, surgical haemostasis should be ensured after the 
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procedure. We have not yet encountered post‑procedure 
acute heart failure, adverse cerebrovascular events or 
coronary ischaemia; however, two patients needed 
surgical intervention for pericardial tamponade with 
successful outcomes.

ALTERNATIVE MINI‑INVASIVE APPROACHES

In an effort to avoid difficulties following transfemoral 
and transapical access and in order to make TAVI 
suitable to patients with compromised femoral and 
iliac blood flow, some other approaches have been 
used with success.[19,20] Aortic valve can also be guided 
through the ascending aorta via a right‑sided upper 
mini‑thoracotomy (second or third right intercostal 
space), in the parasternal region under direct vision.[21] 
Selective ventilation of the left lung throughout the 
procedure is necessary (performed at our centre); 
it ensures better surgeon comfort. This is done by 
inserting a double lumen endobronchial tube (insertion 
of a bronchial blocker is an alternative without the 
need of reintubating using a regular endotracheal tube 
at the end of the procedure). Selective ventilation 
of the left lung may, however, precipitate hypoxia 
in haemodynamically unstable patients with risk of 
subsequent cardiac failure. This procedure provides the 
advantage of inserting the instruments in the ascending 
aorta under visual control.[18,19] It is not suitable for 
patients with pleural adhesions as there could be 
incomplete collapse of the lung during one‑lung 
ventilation. Implantation via brachiocephalic artery is 
suitable in patients with severe atherosclerosis, if the 
diameter of femoral arteries is less, if there is sepsis in 
the region of subclavian artery access, prior intrathoracic 
surgery and in severe calcification of the aorta. It is 
usually recommended to monitor cerebral tissue oxygen 
saturation during the procedure.[20,22] Implantation via 
left carotid artery is suitable and safe in patients where 
the transfemoral, transapical or transaxial access cannot 
be used. It is advisable to monitor cerebral tissue oxygen 
saturation during this procedure also. Transient cerebral 
ischaemia is a possible complication.[20,23] Implantation 
via axillary artery is suitable for patients in whom the 
use of other modes of access is not possible. Dissection 
of the subclavian artery may be a complication.[24,25] 
Direct access from the subclavian artery is the method 
of choice and the most common access.[26]

PARTIAL UPPER STERNOTOMY

This approach provides the advantages of a smaller 
surgical wound, lower blood loss without the 

need for blood transfusion, better healing, fewer 
infectious complications, and a shorter time of overall 
hospitalisation.[27] This approach is also convenient 
for repeated surgeries and after previous intrathoracic 
procedures.[28] It is becoming more popular and even 
the technique of choice for TAVI.[29,30] A disadvantage 
of this procedure is the relatively limited orientation 
of structures and difficulty in tissue manipulation in 
the event of sudden massive surgical bleeding. Partial 
upper sternotomy has also been described as an 
urgent, life‑saving approach to handle complications 
during TAVI using transfemoral access.[31] The 
greatest advantages of upper partial sternotomy for 
TAVI include simpler handling of instruments and 
the incision of the distal part of the ascending aorta, 
which is then used to insert the instruments.[29,30] This 
approach does not require one‑lung ventilation, and 
therefore it is well tolerated in compromised patients.

SUMMARY

Surgical replacement remains the gold standard of 
therapy in patients with symptomatic stenosis of the 
aortic valve. This procedure is not suitable for certain 
groups of high‑risk patients where mini‑invasive, 
catheter‑based AVR is the method of choice. Over the 
last 12 years, a number of implantation techniques 
have been developed. The choice of anaesthesia, 
local or general, is different in different centres. Each 
technique has its own merits and demerits; we prefer 
GA in our centre.

REFERENCES

1. Raval J, Nagaraja V, Eslick GD, Denniss AR. Transcatheter 
valve‑in‑valve implantation: A systematic review of literature. 
Heart Lung Circ 2014;23:1020‑8.

2. Nishida T, Tominaga R. A look at recent improvements in 
the durability of tissue valves. Gen Thorac Cardiovasc Surg 
2013;61:182‑90.

3. El‑Mawardy M, Abdel‑Wahab M, Richardt G. Transcatheter 
aortic valve implantation: Technique, complications and 
perspectives. Expert Rev Cardiovasc Ther 2014;12:1005‑24.

4. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, 
Barón‑Esquivias G, Baumgartner H, et al. Guidelines on the 
management of valvular heart disease (version 2012): The 
Joint Task Force on the Management of Valvular Heart Disease 
of the European Society of Cardiology (ESC) and the European 
Association for Cardio‑Thoracic Surgery (EACTS). Eur J 
Cardiothorac Surg 2012;42:S1‑44.

5. Pascual I, Avanzas P, Muñoz‑García AJ, López‑Otero D, 
Jimenez‑Navarro MF, Cid‑Alvarez B, et al. Percutaneous 
implantation of the CoreValve® self‑expanding valve 
prosthesis in patients with severe aortic stenosis and porcelain 
aorta: Medium‑term follow‑up. Rev Esp Cardiol (Engl Ed) 
2013;66:775‑81.

6. Cribier A, Litzler PY, Eltchaninoff H, Godin M, Tron C, 
Bauer F, et al. Technique of transcatheter aortic valve 



Vymazal: Anaesthesia in TAVI procedures

341Indian Journal of Anaesthesia | Vol. 59 | Issue 6 | Jun 2015

implantation with the Edwards‑Sapien heart valve using the 
transfemoral approach. Herz 2009;34:347‑56.

7. Linke A, Walther T, Schuler G. The utility of trans‑catheter 
aortic valve replacement after commercialization: Does the 
European experience provide a glimpse into the future use 
of this technology in the United States? Catheter Cardiovasc 
Interv 2010;75:511‑8.

8. Cheung A, Soon JL. Transcatheter aortic valve replacement: 
Where will we be in 5 years? Curr Opin Cardiol 2011;26:106‑12.

9. Sakaguchi T. Aortic valve surgery for patients with severely 
calcified aorta. Kyobu Geka 2012;65:648‑52.

10. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, 
Svensson LG, et al. Transcatheter aortic‑valve implantation for 
aortic stenosis in patients who cannot undergo surgery. N Engl 
J Med 2010;363:1597‑607.

11. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, 
Svensson LG, et al. Transcatheter versus surgical 
aortic‑valve replacement in high‑risk patients. N Engl J Med 
2011;364:2187‑98.

12. Zierer A, Wimmer‑Greinecker G, Martens S, Moritz A, Doss M. 
The transapical approach for aortic valve implantation. 
J Thorac Cardiovasc Surg 2008;136:948‑53.

13. Maqbool S, Kumar V, Rastogi V, Seth A. Transcatheter aortic 
valve implantation under conscious sedation‑the first Indian 
experience. Indian Heart J 2014;66:208‑10.

14. Park HS, Kim KM, Joung KW, Choi IC, Sim JY. Monitored 
anesthesia care with dexmedetomidine in transfemoral 
percutaneous trans‑catheter aortic valve implantation: Two 
cases report. Korean J Anesthesiol 2014;66:317‑21.

15. Azmoun A, Amabile N, Ramadan R, Ghostine S, Caussin C, 
Fradi S, et al. Transcatheter aortic valve implantation 
through carotid artery access under local anaesthesia. Eur J 
Cardiothorac Surg 2014;46:693‑8.

16. Oguri A, Yamamoto M, Mouillet G, Gilard M, Laskar M, 
Eltchaninoff H, et al. Clinical outcomes and safety of 
transfemoral aortic valve implantation under general versus 
local anesthesia: Subanalysis of the French Aortic National 
CoreValve and Edwards 2 registry. Circ Cardiovasc Interv 
2014;7:602‑10.

17. Seco M, Forrest P, Jackson SA, Martinez G, Andvik S, 
Bannon PG, et al. Extracorporeal membrane oxygenation for 
very high‑risk transcatheter aortic valve implantation. Heart 
Lung Circ 2014;23:957‑62.

18. Billings FT 4th, Kodali SK, Shanewise JS. Transcatheter aortic 
valve implantation: Anesthetic considerations. Anesth Analg 
2009;108:1453‑62.

19. Stortecky S, Buellesfeld L, Wenaweser P, Windecker S. 
Transcatheter aortic valve implantation: The procedure. Heart 
2012;98 Suppl 4:iv44‑51.

20. Kpodonu J, Raney AA. Access platform techniques for 

transcatheter aortic valve replacement. J Card Surg 
2010;25:373‑80.

21. Bruschi G, de Marco F, Botta L, Cannata A, Oreglia J, 
Colombo P, et al. Direct aortic access for transcatheter 
self‑expanding aortic bioprosthetic valves implantation. Ann 
Thorac Surg 2012;94:497‑503.

22. Philipsen TE, Rodrigus IE, Claeys MJ, Bosmans JM. 
Alternative access in transcatheter aortic valve implantation: 
Brachiocephalic artery access. Innovations (Phila) 
2012;7:372‑5.

23. Modine T, Sudre A, Delhaye C, Fayad G, Lemesle G, 
Collet F, et al. Transcutaneous aortic valve implantation using 
the left carotid access: Feasibility and early clinical outcomes. 
Ann Thorac Surg 2012;93:1489‑94.

24. Bruschi G, De Marco F, Fratto P, Oreglia J, Colombo P, 
Botta L, et al. Alternative approaches for trans‑catheter 
self‑expanding aortic bioprosthetic valves implantation: 
Single‑center experience. Eur J Cardiothorac Surg 
2011;39:e151‑8.

25. Modine T, Sudre A, Collet F, Delhaye C, Lemesles G, 
Fayad G, et al. Transcutaneous aortic valve implantation 
using the axillary/subclavian access with patent left internal 
thoracic artery to left anterior descending artery: Feasibility 
and early clinical outcomes. J Thorac Cardiovasc Surg 
2012;144:1416‑20.

26. Bruschi G, Fratto P, De Marco F, Oreglia J, Colombo P, 
Botta L, et al. The trans‑subclavian retrograde approach 
for transcatheter aortic valve replacement: Single‑center 
experience. J Thorac Cardiovasc Surg 2010;140:911‑5, 915.e1‑2.

27. Hsiao CY, Ou‑Yang CP, Huang CH. Less invasive cardiac surgery 
via partial sternotomy. J Chin Med Assoc 2012;75:630‑4.

28. Byrne JG, Karavas AN, Adams DH, Aklog L, Aranki SF, 
Couper GS, et al. Partial upper re‑sternotomy for aortic valve 
replacement or re‑replacement after previous cardiac surgery. 
Eur J Cardiothorac Surg 2000;18:282‑6.

29. Bapat V, Khawaja MZ, Attia R, Narayana A, Wilson K, 
Macgillivray K, et al. Transaortic Transcatheter Aortic valve 
implantation using Edwards Sapien valve: A novel approach. 
Catheter Cardiovasc Interv 2012;79:733‑40.

30. Clarke A, Wiemers P, Poon KK, Aroney CN, Scalia G, 
Burstow D, et al. Early experience of transaortic TAVI – The 
future of surgical TAVI? Heart Lung Circ 2013;22:265‑9.

31. Schramm R, Mair H, Becker C, Schwarz F, Bombien R, Juchem G, 
et al. Partial inferior sternotomy and deep hypothermic 
circulatory arrest for rescue of a failed TAVI case: What does 
constitute ‘inoperable’? Thorac Cardiovasc Surg 2013;61:431‑4.

Source of Support: Nil, Conflict of Interest: None declared

ISA Announcement: Membership and Updation

The ISA Membership Application form is to be filled and submitted online. A print out of the same with signatures and 
requisite fee is to be sent by surface mail. Copies of  registration & degree / bonafide certificates are to be submitted 
online. 

Membership fee (from 1st April 2015) of Rs. 7,500/- is to be paid by Online Transfer or DD, favouring “INDIAN SOCIETY OF 
ANAESTHESIOLOGISTS”, S.B. A/c No.30641669810 (IFSC:SBIN0006715), payable at SBI, Kasaragod Branch. 

Member Updation, City / State Branch updations are also to be done online only. 

Announcement


