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Severe aortic valvular stenosis is among the most common
forms of valvular heart disease, with disabling symptoms
and a poor prognosis if left untreated (1). Parallel to the
ageing of the general population and the rise of overall
life expectancy, an increasing prevalence of the disease can
be observed, and a growing need to treat patients who are
deemed unsuitable for traditional valve replacement owing
to high calculated surgical risk or general frailty.

Transcatheter aortic valve replacement (TAVR), first
introduced in human medicine in 2002 (2) with the aim to treat
this surgically inoperable or extremely high risk patient group,
proved to have promising early and mid-term results when
compared to surgical aortic valve replacement (SAVR) (3,4)
or medical therapy alone (5). On this basis, there is a
growing enthusiasm for extending the indications of TAVR
towards the intermediate risk profile patient groups (6).

Despite its undisputed attractiveness, some important
issues regarding TAVR such as post-procedural aortic
regurgitation (ppAR), stroke, vascular complications,
and the still unknown long-term durability are yet to be
addressed.

Among those, ppAR, which has been observed at a
relatively high incidence (7,8) and has a demonstrated
correlation with increased early mortality following TAVR
(8-10), is of particular importance. As ppAR is termed,
by some, as the potential “Achilles heel” of TAVR (11),
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it should be noted that there is an extensive effort in the
development of newer generation prostheses to eliminate
this issue, with a reported ppAR of 2.7% with the SAPIEN
3 at1year (12).

As outlined previously, significant (more-than-mild)
pPAR has a negative effect on outcome, thus it should be
detected and dealt with early in the operating room—
although the evaluation of ppAR even with transesophageal
echocardiography (TEE) is not always straightforward.

Von Willebrand factor (vWF), required to promote
adhesion of platelets to the site of vessel injury has a
major role in hemostasis. Acquired von Willebrand
disease (AVWD) is a bleeding disorder characterized by
rapid removal but normal or excessive synthesis of vWF
compared to the inherited form, and could be observed
under various hematologic, immunologic and cardiovascular
conditions, with different underlying mechanisms (13).

In AVWD associated with cardiovascular diseases, the
high blood shear stress induced unfolding, consequential
proteolysis and loss of high molecular weight vWF (HMW)
multimers plays the key role.

The role of AVWD has been investigated in relation to
bleeding events associated with continuous flow mechanical
circulatory assist devices (14), in some congenital cardiac
defects (15), aortic stenosis (16,17), mitral regurgitation (18)
and even in some cases of aortic regurgitation.
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The reasons for this growing interest lies not only in the
potentially deleterious consequences of an AVWD related
bleeding event—not every AVWD patient bleeds, and
the bleeding is not always proportional to the severity of
the defect—but also in the hypothesis, that as the loss and
recovery of HMW multimers rapidly follows the changes in
blood shear stress, its measurement can serve as a biological
sensor of pathological blood flow in various clinical
scenarios (19), such as ppAR following TAVR.

As direct vWF multimeric analysis is cumbersome,
time consuming and is therefore of limited use in an acute
clinical setting, in their study, Van Belle and colleagues (20)
investigated the feasibility of utilizing a widely available
and rapid point-of-care testing method to observe the
hemostatic alterations influenced by elimination or
presence of high shear stress flows related to pre-procedural
aortic stenosis or ppAR during TAVR. Closure-time
with adenosine diphosphate (CT-ADP) analysis with the
platelet function analyzer (PFA)-100, the test used for von
Willebrand disease screening, was chosen for this purpose.

In their primary cohort, all 183 patients received the
SAPIEN XT valve through femoral arterial access under
general anesthesia with intraprocedural TEE monitoring.
Severity of ppAR was evaluated by TEE and graded
according to the VARC-2 criteria. If more than mild ppAR
was noted after initial valve deployment [46], a corrective
attempt was made either by post-dilation [46] or by the
implantation of a second valve [2]. During the procedure,
values of PFA-100 CT-ADP and HMW multimer ratio
were measured alongside repeated TEE examinations at
three time points: after initial valve implantation (T'1), after
additional dilation or second valve implantation (12), and
finally 15 minutes after the conclusion of the procedure (T3).
Three subgroups were then identified based on the degree
of ppAR at T3-no-regurgitation group [137], corrected
regurgitation [20] and a persistent regurgitation group [26].
The values of HMW multimer ratio and CT-ADP were
measured in each group at the three time points, and the
sequence of time related changes were noted. Based on that,
receiver-operating characteristic curves were generated for
CT-ADP and HMW multimer ratio detecting more-than-
mild ppAR as measured by TEE, AUCs calculated, and the
optimal thresholds for detecting ppAR were determined on
the basis of the Youden index. This threshold of CT-ADP
was tested in a validation cohort of 201 patients undergoing
TAVR with the same method.

Based on their findings, it has been demonstrated that
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parallel to decreased HMW multimer ratio, elongation
of CT-ADP could be observed not only in aortic stenosis,
but also in ppAR, and the values of HMW multimer ratio
and CT-ADP were significantly different between the no-
or corrected regurgitation and the persistent regurgitation
group. The time-related changes of HMW multimer
ratio and CT-ADP also quickly followed the altered
hemodynamics. With both methods, thresholds determined
based on ROC analysis, showed remarkably good specificity,
sensitivity, and negative predictive value for detecting
more-than-mild ppAR, as confirmed by TEE. The optimal
threshold value for CT-ADP identified in the primary
cohort was tested in their validation cohort with regard of
the presence of ppAR as observed by TEE, with the same
good results. Furthermore, the presence of ppAR indicated
by the altered haemostatic parameters showed correlation
with 1 year mortality.

Based on these results can we state that we can use
CT-ADP as a reliable, point-of-care biological sensor for
detecting ppAR? Their findings are promising, however
there are several questions to be answered first, before we
could make this statement.

Firstly, can we state that virtually all patients with
significant aortic stenosis (or regurgitation) have a
detectable hemostatic defect? Data obtained from previous
studies (16,17) seem to support the presence of a strong, but
not a universal correlation.

Secondly, originally CT-ADP is a non-specific screening
test of hemostasis. As outlined by the authors, there
are several other factors, drugs and conditions capable
to influence CT-ADP. Among others included in the
multivariable analysis, anemia and thrombocytopenia have
also been reported to affect PFA-100 results (21), and could
be expected in patients with aortic stenosis. Their role has
not been investigated in this study, but if taken into account,
potentially could have some influence on the results.

A further concern is, that the patients in the primary and
the in validation cohort share the same characteristics in
terms of good left ventricular ejection fraction [LVEF (%),
54.5£11.5 and 52.0£12.3] and relatively normal-sized
aortic annulus (22.7+1.9 and 22.8+2.5 mm) as measured by
pre-procedural TTE, and close-to-normal BMI (27.6+5.8 and
27.2+6.1). The peri-procedural sequence of changes in
CT-ADP might be different or less pronounced in patients
with different flow characteristics, such as in cases of
relatively small aortic annulus (persistent high shear stress
due to a smaller prosthesis) or with low-flow low-gradient
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aortic stenosis (less or no pre-procedural high shear stress).

Nevertheless, there is an explicit need towards further
improving the diagnostic acuity in relation to ppAR (22).
This attractive point-of-care testing method as suggested by
the authors should be further investigated and evaluated on
larger patient groups with different characteristics. It could
potentially evolve into a useful additional tool in detecting
significant ppAR following TAVR.
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