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Transcatheter aortic valve implantation (TAVI) 
for severe aortic stenosis (AS) has expanded 

exponentially since it was first described 12 
years ago, with around 100,000 procedures 
performed worldwide.1,2 Randomised controlled 
trials have established TAVI as the treatment of 
choice for severe AS in patients of prohibitive 
surgical risk and as a viable alternative to 
surgical aortic valve replacement (SAVR) in 
high-risk candidates.3–5 The feasibility and safety 
of TAVI is further supported by a large body of 
‘real-world’ data from multi-centre registries 
with 93% 30-day and 79% one-year survival 
in the UK.6 Moreover, with growing operator 
experience and evolving valve technology, TAVI 
continues to expand beyond those populations 
originally studied, to include those with severe 
left ventricular dysfunction and those with failing 
surgical homografts (so called ‘valve-in-valve’ 
TAVI), for example.7,8

Detailed preoperative work-up and careful patient 
selection with input from multi-disciplinary 
‘heart teams’ (cardiac surgeons, interventional 
cardiologists, anaesthetists, nursing staff) are 
integral to good practice and to minimising 
the risk of what remains a complex and often 
challenging procedure. Serious complications 
(e.g. severe aortic regurgitation, major bleeding, 
device embolisation, coronary occlusion, and 
aortic dissection) are uncommon (<5%), but 
may precipitate sudden haemodynamic collapse 
necessitating cardiopulmonary bypass (CPB) or 
other mechanical support. Current guidelines, 
therefore, mandate ‘full haemodynamic 
capability’ during TAVI;9 data on how these 
translate to clinical practice and the precise 
impact of such provisions on outcomes remain 
relatively limited.

In a single-centre series, 12 (4%) of 313 patients 
undergoing TAVI with Sapien® valves (Edwards 
Lifesciences) required emergency CPB following 
complications resulting in haemodynamic 
collapse.10 A disproportionate number (9, 75%) 
were via a transapical approach. In three patients 
a period of resuscitation with CPB was sufficient 

for recovery, whilst nine required complication-
specific procedures (e.g. valve-in-valve TAVI, 
conversion to open procedure and SAVR). Seven 
patients required additional circulatory support 
– five via intra-aortic balloon pump (IABP), and 
two via veno-arterial extracorporeal membrane 
oxygenation [VA-ECMO]). Thirty-day mortality 
was 16% (two patients) with only 45% survival 
at 12 months; far lower than in TAVI patients not 
requiring emergency CPB. Of note, all procedures 
were performed in a hybrid operating suite with 
cardiac surgeons, an anaesthetist, a perfusionist 
and a prepared CPB machine on standby. The 
authors’ attribute ‘expeditious’ achievement of 
CPB to these facilities and preoperative ‘rescue-
planning’ including the routine discussion of 
bypass cannulation strategy.

Elective CPB in high-risk 
cases
Elective CPB was trialled in 35 TAVI patients 
(32 with Sapien® valves, three with CoreValve® 
[Medtronic]) of very high risk (logistic EuroScore 
59%, STS 35%). The procedure was carried out 
principally because rapid ventricular pacing in 
patients with known poor left ventricular function 
can lead to an irretrievable decline in cardiac 
output.11 Overall technical success (94%) and 
periprocedural complications (e.g. postprocedure 
permanent pacemaker) were comparable to 
the standard TAVI cohort, suggesting planned 
CPB may be a feasible adjunct in high-risk 
cases that may otherwise have been declined 
TAVI. In another centre, 18 of 256 patients 
underwent TAVI with VA-ECMO support as either 
a prophylactic (initiated preprocedure due to 
poor left ventricular function, n=9) or emergency 
measure (secondary to complications including 
ventricular perforation and refractory cardiogenic 
shock, n=9).12 Whilst the VA-ECMO cohort 
were significantly higher risk (median logistic 
EuroScore 26% vs. 15%), outcomes in the 
prophylactic group remained comparable with 
conventional TAVI patients, whereas requirement 
for emergency VA-ECMO was associated with 
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significantly lower procedural success (44% 
vs. 97%) and higher 30-day mortality (44% 
vs. 7%).

From the available data it would appear that 
the ability to provide surgical mechanical 
support, such as CPB or VA-ECMO, is 
important for any centre providing TAVI. To 
this end, in this issue (see pages 113–14), 
Spiro and colleagues highlight some interesting 
variations in CPB and surgical provision 
amongst the 33 UK TAVI centres.13 The 
authors’ survey revealed CPB equipment was 
immediately available in the catheter lab in 22 
(67%) centres, with only 20 centres (52%) 
routinely employing a full surgical team and 
holding a cardiac theatre in reserve. The 
chief driver of heterogeneity was the valve 
system deployed, since 17/18 (94%) were 
centres exclusively using Sapien® valves and 
routinely had CPB equipment in the catheter 
lab – 16/18 (89%) with full surgical provision, 
compared to 3/10 (30%) centres using 
CoreValve® with CPB equipment and 2/10 

(20%) with surgical back-up (p=0.0003 and 
p=0.008, respectively).  

Challenges ahead
Whilst the study was not designed to assess 
the impact of these variations on outcomes, 
the results clearly reflect a key challenge 
for future UK TAVI practice. Where should 
TAVI be performed and with what facilities? 
Given the potential for uncommon yet 
serious complications, it can be reasonably 
argued that the safest environment is a 
hybrid theatre with immediate full surgical 
provision. The economic realities of UK 
healthcare mean this scenario is currently 
far from commonplace, whilst the resource 
implications of maintaining a free, fully-
staffed cardiothoracic theatre routinely 
must not be underestimated. Moreover, 
the low event-rate of serious complications 
and inconsistencies in reporting in what 
are mainly observational data at present 
preclude meaningful conclusions on the 

precise influence of such preparations on 
outcomes.14 

Evolution in valve design and delivery systems 
(e.g. smaller profile devices, more flexibility, 
repositionability) may in the near future reduce 
the risk of TAVI further, but cardiologists and 
cardiothoracic surgeons will simultaneously be 
asked to perform TAVI on increasingly complex, 
high-risk patients. Clearly, the minimisation of 
serious complications remains a principal aim of 
this rapidly evolving technique, thus as predictors 
of higher risk patients continue to emerge,15 
and with the potential benefits of ‘prophylactic’ 
mechanical support described above, randomised 
studies into the influence of sophisticated 
stratification of CPB and surgical provision on 
outcomes are likely to be needed •
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Editors’ note
See also the article by Jon Spiro et al. on pages 113–14 of 
this issue.

References
1. Cribier A, Eltchaninoff H, Bash 
A, et al. Percutaneous transcatheter 
implantation of an aortic valve 
prosthesis for calcific aortic stenosis: 
first human case description. 
Circulation 2002;106:3006–8. 
http://dx.doi.org/10.1161/01.
CIR.0000047200.36165.B8

2. Genereux P, Head SJ, Wood DA, 
et al. Transcatheter aortic valve 
implantation 10-year anniversary: 
review of current evidence and 
clinical implications. Eur Heart J 
2012;33:2388–98. http://dx.doi.
org/10.1093/eurheartj/ehs220

3. Leon MB, Smith CR, Mack M, et al. 
Transcatheter aortic-valve implantation 
for aortic stenosis in patients who 
cannot undergo surgery. N Engl J Med 
2010;363:1597–607. http://dx.doi.
org/10.1056/NEJMoa1008232

4. Smith CR, Leon MB, Mack MJ, et 
al. Transcatheter versus surgical aortic-
valve replacement in high-risk patients. 
N Engl J Med 2011;364:2187–98. 
http://dx.doi.org/10.1056/
NEJMoa1103510

5. Adams DH, Popma JJ, Reardon 
MJ, et al. Transcatheter aortic-

valve replacement with a self-
expanding prosthesis. N Engl J Med 
2014;370:1790–8. http://dx.doi.
org/10.1056/NEJMoa1400590

6. Moat NE, Ludman P, de Belder 
MA, et al. Long-term outcomes 
after transcatheter aortic valve 
implantation in high-risk patients 
with severe aortic stenosis: the UK 
TAVI (United Kingdom Transcatheter 
Aortic Valve Implantation) Registry. 
J Am Coll Cardiol 2011;58:2130–8. 
http://dx.doi.org/10.1016/j.
jacc.2011.08.050

7. Elhmidi Y, Bleiziffer S, Deutsch 
MA, et al. Transcatheter aortic valve 
implantation in patients with LV 
dysfunction: impact on mortality and 
predictors of LV function recovery. J 
Invas Cardiol 2014;26:132–8.

8. Dvir D, Webb J, Brecker S, 
et al. Transcatheter aortic valve 
replacement for degenerative 
bioprosthetic surgical valves: results 
from the global valve-in-valve registry. 
Circulation 2012;126:2335–44. 
http://dx.doi.org/10.1161/
CIRCULATIONAHA.112.104505

9. Holmes DR, Jr., Mack MJ, Kaul 
S, et al. 2012 ACCF/AATS/SCAI/
STS expert consensus document on 

transcatheter aortic valve replacement: 
developed in collaboration with the 
American Heart Association, American 
Society of Echocardiography, European 
Association for Cardio-Thoracic 
Surgery, Heart Failure Society of 
America, Mended Hearts, Society 
of Cardiovascular Anesthesiologists, 
Society of Cardiovascular Computed 
Tomography, and Society for 
Cardiovascular Magnetic Resonance. 
Catheteriz Cardiovasc Intervent 
2012;79:1023–82. http://dx.doi.
org/10.1002/ccd.24351

10. Roselli EE, Idrees J, Mick S, et al. 
Emergency use of cardiopulmonary 
bypass in complicated transcatheter 
aortic valve replacement: importance 
of a heart team approach. J Thorac 
Cardiovasc Surg 2014:Epub ahead 
of print. 15 Jan 2014. http://dx.doi.
org/10.1016/j.jtcvs.2013.12.052

11. Drews T, Pasic M, Buz S, 
et al. Elective femoro-femoral 
cardiopulmonary bypass during 
transcatheter aortic valve implantation: 
a useful tool. J Thorac Cardiovasc 
Surg 2013;145:757–63. http://dx.doi.
org/10.1016/j.jtcvs.2012.02.012

12. Husser O, Holzamer A, Philipp 
A, et al. Emergency and prophylactic 

use of miniaturized veno-arterial 
extracorporeal membrane oxygenation 
in transcatheter aortic valve 
implantation. Catheteriz Cardiovasc 
Intervent 2013;82:E542–51. http://
dx.doi.org/10.1002/ccd.24806

13. Spiro JR, Venugopal V, Ludman 
PF, Townend JN, Doshi SN, on behalf 
of the UK TAVI Steering Group. 
Provision of cardiopulmonary bypass 
and surgical backup during TAVI: 
impact on surgical services. Br J 
Cardiol 2014:21:113–14. http://dx.doi.
org/10.5837/bjc.2014.027

14. Eggebrecht H, Schmermund 
A, Kahlert P, Erbel R, Voigtlander 
T, Mehta RH. Emergent cardiac 
surgery during transcatheter aortic 
valve implantation (TAVI): a weighted 
meta-analysis of 9,251 patients 
from 46 studies. EuroIntervention 
2013;8:1072–80. http://dx.doi.
org/10.4244/EIJV8I9A164

15. Blackman DJ, Baxter PD, 
Gale CP, et al. Do outcomes from 
transcatheter aortic valve implantation 
vary according to access route and 
valve type? The UK TAVI Registry. J 
Intervent Cardiol 2014;27:86–95. 
http://dx.doi.org/10.1111/joic.12084


