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We are grateful for the interest of Deutsch et al in our paper 
“Bioprosthetic aortic valve leaflet thrombosis detected by multi-
detector computed tomography is associated with adverse cerebro-
vascular events: a meta-analysis of observational studies”1.

There remain ongoing concerns regarding the clinical sequelae 
of developing leaflet thrombosis (LT) following transcatheter aor-
tic valve replacement (TAVR). Observational studies and pooled 
evidence suggest a significant association between the presence 
of LT and risk of a cerebrovascular event (CVE)1,2. Furthermore, 
reduced leaflet motion appeared to have a stronger association 
with CVE when compared to hypoattenuated leaflet thickening, 
suggesting CVE might be proportionate to leaflet thrombotic bur-
den. The potential adverse impact of LT on prosthesis longevity 
is also concerning3, particularly with TAVR being expanded to 
increasingly younger patient cohorts at lower surgical risk.

Despite these concerns, our knowledge surrounding the 
pathophysiology of LT following TAVR remains limited. Currently, 
the development of LT is thought to be multifactorial including, but 
not limited to, altered fluid haemodynamics, prothrombotic factors 
and leaflet micro-damage. Prosthesis design may also play a role 
in the development of LT, with previous evidence demonstrating 
higher incidence of LT in intra- or sub-annular valves4 and specific 
valve types5. Paravalvular leak (PVL) has been strongly associated 
with mortality post TAVR6, and it is possible that there may be 
a relationship between PVL and risk of LT. PVL leads to higher 
shear stresses around the prosthesis from regurgitant flow, pro-
moting platelet and coagulation cascade activation7. Malexpanded 
prostheses may also cause significant PVL8, leading to substantial 

leaflet stress and micro-filamentous damage9, exacerbating platelet 
activation10,11. Even so, PVL could be a confounding factor rather 
than the primary mechanism for LT. Residual PVL immediately 
post deployment leads to aggressive post-dilatation, precipitating 
disruption of leaflet material and exposing the thrombogenic col-
lagen fibres12. Moreover, PVL is more likely to occur in heavily 
calcified annuli13, which is believed to be a prothrombotic envi-
ronment with low levels of activated factor XI, tissue factor and 
thrombin generation14,15. Regardless of these considerations, mini-
mising PVL following TAVR remains crucial from a haemody-
namic perspective and remains an important marker of procedural 
success.

Moving forwards, a thorough understanding of the mechanisms 
that activate the coagulation cascade will be key to understanding 
the pathophysiology behind LT. Interestingly, a recent study dem-
onstrated that von Willebrand factor levels and closure time with 
adenosine diphosphate may accurately predict both PVL and mor-
tality post TAVR16, although the study did not specifically assess 
for the presence of LT. This raises the possibility that the occur-
rence of LT could be anticipated through periprocedural monitor-
ing of coagulation biomarkers. Alternatively, it is possible that the 
presence of LT could be safely excluded if the negative predictive 
value of coagulation markers were found to be high, similar to 
the role of D-dimer for the exclusion of deep vein thrombosis17. 
Further prospective trials are now warranted to assess the role of 
coagulation biomarkers and LT, which will hopefully provide use-
ful screening tools as well as insight into the pathophysiology of 
this concerning condition.



719

EuroIntervention 2
0
1
8

;14
:718

-719

PVL in leaflet thrombosis following TAVR

Funding
A. Brown is supported by a School of Clinical Sciences at Monash 
Health, Monash University Early Career Practitioner Fellowship award.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Rashid HN, Gooley RP, Nerlekar N, Ihdayhid AR, 
McCormick LM, Nasis A, Cameron JD, Brown AJ. Bioprosthetic 
aortic valve leaflet thrombosis detected by multidetector computed 
tomography is associated with adverse cerebrovascular events: 
a meta-analysis of observational studies. EuroIntervention. 
2018;13:e1748-55.
 2. Chakravarty T, Søndergaard L, Friedman J, De Backer O, 
Berman D, Kofoed KF, Jilaihawi H, Shiota T, Abramowitz Y, 
Jørgensen TH, Rami T, Israr S, Fontana G, de Knegt M, Fuchs A, 
Lyden P, Trento A, Bhatt DL, Leon MB, Makkar RR; RESOLVE; 
SAVORY Investigators. Subclinical leaflet thrombosis in surgical 
and transcatheter bioprosthetic aortic valves: an observational 
study. Lancet. 2017;389:2383-92.
 3. Jose J, Sulimov DS, El-Mawardy M, Sato T, Allali A, 
Holy EW, Becker B, Landt M, Kebernik J, Schwarz B, Richardt G, 
Abdel-Wahab M. Clinical Bioprosthetic Heart Valve Thrombosis 
After Transcatheter Aortic Valve Replacement: Incidence, 
Characteristics, and Treatment Outcomes. JACC Cardiovasc Interv. 
2017;10:686-97.
 4. Midha PA, Raghav V, Sharma R, Condado JF, Okafor IU, 
Rami T, Kumar G, Thourani VH, Jilaihawi H, Babaliaros V, 
Makkar RR, Yoganathan AP. The Fluid Mechanics of Transcatheter 
Heart Valve Leaflet Thrombosis in the Neosinus. Circulation. 
2017;136:1598-609.
 5. Makkar RR, Fontana G, Jilaihawi H, Chakravarty T, 
Kofoed KF, De Backer O, Asch FM, Ruiz CE, Olsen NT, Trento A, 
Friedman J, Berman D, Cheng W, Kashif M, Jelnin V, Kliger CA, 
Guo H, Pichard AD, Weissman NJ, Kapadia S, Manasse E, 
Bhatt DL, Leon MB, Søndergaard L. Possible Subclinical Leaflet 
Thrombosis in Bioprosthetic Aortic Valves. N Engl J Med. 
2015;373:2015-24.
 6. Patsalis PC, Konorza TF, Al-Rashid F, Plicht B, Riebisch M, 
Wendt D, Thielmann M, Jakob H, Eggebrecht H, Heusch G, 
Erbel R, Kahlert P. Incidence, outcome and correlates of residual 
paravalvular aortic regurgitation after transcatheter aortic valve 
implantation and importance of haemodynamic assessment. 
EuroIntervention. 2013;8:1398-406.
 7. Consolo F, Sheriff J, Gorla S, Magri N, Bluestein D, 
Pappalardo F, Slepian MJ, Fiore GB, Redaelli A. High Frequency 
Components of Hemodynamic Shear Stress Profiles are a Major 
Determinant of Shear-Mediated Platelet Activation in Therapeutic 
Blood Recirculating Devices. Sci Rep. 2017;7:4994.
 8. Gunning PS, Saikrishnan N, Yoganathan AP, McNamara LM. 
Total ellipse of the heart valve: the impact of eccentric stent 

distortion on the regional dynamic deformation of pericardial tissue 
leaflets of a transcatheter aortic valve replacement. J R Soc 
Interface. 2015;12:20150737.
 9. Gunning PS, Vaughan TJ, McNamara LM. Simulation of self 
expanding transcatheter aortic valve in a realistic aortic root: impli-
cations of deployment geometry on leaflet deformation. Ann 
Biomed Eng. 2014;42:1989-2001.
 10. Rashid HN, Brown AJ, McCormick LM, Amiruddin AS, 
Be KK, Cameron JD, Nasis A, Gooley RP. Subclinical Leaflet 
Thrombosis in Transcatheter Aortic Valve Replacement Detected 
by Multidetector Computed Tomography - A Review of Current 
Evidence. Circ J. 2018;82:1735-42.
 11. Bourget JM, Zegdi R, Lin J, Wawryko P, Merhi Y, Convelbo C, 
Mao J, Fu Y, Xu T, Merkel NO, Wang L, Germain L, Zhang Z, 
Guidoin R. Correlation between structural changes and acute 
thrombogenicity in transcatheter pericardium valves after crimping 
and balloon deployment. Morphologie. 2017;101:19-32.
 12. Khoffi F, Heim F, Chakfe N, Lee JT. Transcatheter fiber heart 
valve: Effect of crimping on material performances. J Biomed 
Mater Res B Appl Biomater. 2015;103:1488-97.
 13. Feuchtner G, Plank F, Bartel T, Mueller S, Leipsic J, 
Schachner T, Müller L, Friedrich G, Klauser A, Grimm M, 
Bonaros N. Prediction of paravalvular regurgitation after trans-
catheter aortic valve implantation by computed tomography: value 
of aortic valve and annular calcification. Ann Thorac Surg. 
2013;96:1574-80.
 14. Luszczak J, Undas A, Gissel M, Olszowska M, Butenas S. 
Activated factor XI and tissue factor in aortic stenosis: links 
with thrombin generation. Blood Coagul Fibrinolysis. 2011;22: 
473-9.
 15. Breyne J, Juthier F, Corseaux D, Marechaux S, Zawadzki C, 
Jeanpierre E, Ung A, Ennezat PV, Susen S, Van Belle E, Le 
Marec H, Vincentelli A, Le Tourneau T, Jude B. Atherosclerotic-
like process in aortic stenosis: activation of the tissue factor-throm-
bin pathway and potential role through osteopontin alteration. 
Atherosclerosis. 2010;213:369-76.
 16. Van Belle E, Rauch A, Vincent F, Robin E, Kibler M, 
Labreuche J, Jeanpierre E, Levade M, Hurt C, Rousse N, Dally JB, 
Debry N, Dallongeville J, Vincentelli A, Delhaye C, Auffray JL, 
Juthier F, Schurtz G, Lemesle G, Caspar T, Morel O, Dumonteil N, 
Duhamel A, Paris C, Dupont-Prado A, Legendre P, Mouquet F, 
Marchant B, Hermoire S, Corseaux D, Moussa K, Manchuelle A, 
Bauchart JJ, Loobuyck V, Caron C, Zawadzki C, Leroy F, Bodart JC, 
Staels B, Goudemand J, Lenting PJ, Susen S. Von Willebrand 
Factor Multimers during Transcatheter Aortic-Valve Replacement. 
N Engl J Med. 2016;375:335-44.
 17. Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, 
Stevenson MD, Kearon C, Schunemann HJ, Crowther M, 
Pauker SG, Makdissi R, Guyatt GH. Diagnosis of DVT: 
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines. Chest. 2012;141:e351S-418S.


