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Valve-In-Valve-In-Valve Replacement describes successful short-term clinical result for 

challenging future problem.  Nationally, bioprostheses are increasingly used over mechanical valves in 

surgical aortic valve replacements (SAVR), particularly in younger population, due to patient preference 

and transcatheter aortic valve replacement (TAVR) with idea of future valve-in-valve (VIV) 

implantation(1).  Since younger age at initial surgery carries greater likelihood of valve degeneration, 

structural valve deterioration (SVD) will become more prevalent(2).  While reoperative SAVR carries 

low mortality (4.6%), in patients from Society of Thoracic Surgeons database (average 66 years) (3), VIV 

has been used in older patients (average 78 years) with acceptable 30-day mortality, 7.6%(4), but can lead 

to suboptimal results from elevated gradients.  The first challenge in determining appropriateness of VIV 

is whether elevated gradients are due to patient-prosthesis mismatch (PPM) or SVD.  PPM cannot be 

corrected but may be worsened by VIV(5); and is best treated with reoperation if possible.  The second 

challenge is whether SVD due to stenosis, is related to subclinical leaflet thrombosis recently reported for 

TAVR (6).  Reduced leaflet motion was demonstrated by computed tomography without short-term 

consequences by echocardiography; however, such thrombosis may eventually lead to leaflet stiffening 

and elevated gradients with clinical SVD.  Anticoagulation reduced thrombus formation.  VIV may be at 

greater risk for thrombosis than either TAVR or SAVR, since stasis predisposes to clotting.  VIV 

displaces bioprosthetic leaflets to their stent, creating cylindrical wall within which TAVR sits.  TAVR 

itself has stent base covered with dacron, and leaflets enclosed within circumferential stent.  Sinus blood 

flow cannot immediately wash over TAVR leaflets.  Instead, blood flow must traverse past wall of 

surgical bioprosthetic leaflets, through open stent TAVR cells to reach the leaflets; meanwhile TAVR 

base enclosed by Dacron without interstices prevents blood egress.  As such, stasis is likely more with 

VIV and VIV should be considered for anticoagulation to prevent future thrombosis, restricted leaflet 

motion, and potential early SVD.  In this patient, whether initiating trial of anticoagulation late when 

SVD was diagnosed, could improve leaflet mobility is unknown, but worthwhile debating.  The third 

challenge relates to surgical bioprosthesis size, where smaller size leads to greater likelihood of 

developing VIV PPM(7).  We previously demonstrated the inadequacy of gradient reduction in small-



sized surgical bioprostheses(8) and the potential to improve gradients with either smaller 20mm TAVR(9) 

or supravalvular VIV placement(10).  In this case report, use of 20mm SapienXT or supraannular 23mm 

CoreValve for initial VIV may potentially have prevented second VIV requirement.  Nonetheless, 

successful clinical result was achieved with valve-in-valve-in-valve by high CoreValve implantation 

supravalvularly, to maximize inflow within surgical bioprosthesis and VIVs, and situate TAVR leaflets 

above prior implants(5, 10).  While short-term results were acceptable, longer-term follow-up is necessary 

to determine whether Russian Doll VIV will maintain acceptable, though not ideal, gradients.  In 

summary, VIV implantation can effectively treat high-risk and inoperable patients with failed surgical 

bioprostheses, but requires close attention to appropriate diagnosis, concern for reduced leaflet motion 

with potential for early SVD, surgical bioprosthesis size to avoid PPM, and depth of VIV to optimize 

hemodynamics.  

  



References 

1. Isaacs AJ, Shuhaiber J, Salemi A, Isom OW, Sedrakyan A. National trends in utilization and in-
hospital outcomes of mechanical versus bioprosthetic aortic valve replacements. The Journal of thoracic 
and cardiovascular surgery 2015 May;149(5):1262-9 e3. 
2. Rahimtoola SH. Choice of prosthetic heart valve in adults an update. Journal of the American 
College of Cardiology 2010 Jun 1;55(22):2413-26. 
3. Kaneko T, Vassileva CM, Englum B, Kim S, Yammine M, Brennan M, et al. Contemporary 
Outcomes of Repeat Aortic Valve Replacement: A Benchmark for Transcatheter Valve-in-Valve 
Procedures. The Annals of thoracic surgery 2015 Oct;100(4):1298-304; discussion 304. 
4. Dvir D, Webb JG, Bleiziffer S, Pasic M, Waksman R, Kodali S, et al. Transcatheter aortic valve 
implantation in failed bioprosthetic surgical valves. Jama 2014 Jul;312(2):162-70. 
5. Dvir D. Treatment of Small Surgical Valves: Clinical Considerations for Achieving Optimal Results 
in Valve-in-Valve Procedures. JACC Cardiovascular interventions 2015 Dec 28;8(15):2034-6. 
6. Makkar RR, Fontana G, Jilaihawi H, Chakravarty T, Kofoed KF, de Backer O, et al. Possible 
Subclinical Leaflet Thrombosis in Bioprosthetic Aortic Valves. The New England journal of medicine 2015 
Nov 19;373(21):2015-24. 
7. Azadani AN, Jaussaud N, Matthews PB, Chuter TAM, Ge L, Guy TS, et al. Aortic Valve-in-Valve 
Implantation: Impact of Transcatheter- Bioprosthesis Size Mismatch. J Heart Valve Disease 
2009;18(4):367-73. 
8. Azadani AN, Jaussaud N, Matthews PB, Ge L, Chuter TA, Tseng EE. Transcatheter aortic valves 
inadequately relieve stenosis in small degenerated bioprostheses. Interactive cardiovascular and 
thoracic surgery 2010 Jul;11(1):70-7. 
9. Azadani AN, Jaussaud N, Ge L, Chitsaz S, Chuter TA, Tseng EE. Valve-in-Valve Hemodynamics of 
20-mm Transcatheter Aortic Valves in Small Bioprostheses. The Annals of thoracic surgery 2011 Jun 23. 
10. Azadani AN, Jaussaud N, Matthews PB, Ge L, Guy TS, Chuter TA, et al. Valve-in-valve 
implantation using a novel supravalvular transcatheter aortic valve: proof of concept. The Annals of 
thoracic surgery 2009 Dec;88(6):1864-9. 
 

 




