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Abstract
Background and Purpose Although point-of-care tests are used extensively to test platelet function before endovascular
aneurysm treatment, their use and validity are still debated. We compared the results of two point-of-care tests (VerifyNow®

and Multiplate®) for assessing patients treated with stents and flow diverters and determined their relation to periprocedural
complications.
Methods All patients undergoing treatment of intracranial aneurysms were tested using both methods and were retrospec-
tively evaluated. Patients with acute subarachnoid hemorrhage and those who had to be maintained on anticoagulants for
unrelated diseases were excluded. An acceptable level of platelet inhibition was required on both tests to commence with
treatment, otherwise antiplatelet medication was adjusted to reach this level.
Results Mean PRU (platelet reactivity units) and ADP AUC (adenosine diphosphate area under the aggregation curve)
were 68± 66 and 23± 15, respectively, in 295 patients. Both tests showed a good correlation (r= 0.45). Both tests were able
to predict hemorrhagic events but not ischemic events. When patients with very low reactivity (PRU <60) were compared
to the rest of the group, there were more hemorrhagic events in the first group but the overall rate of complications were
similar (p= 0.27).
Conclusion In this largest study comparing two widely used commercial platelet function tests, the correlation between
the tests were less than ideal; however, the very low platelet reactivity attained by the help of dual platelet testing did not
result in an increased overall complication rate.
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Introduction

In the endovascular treatment of intracranial wide-necked
or nonsaccular aneurysms, stents and flow diverters are fre-
quently used, especially when coiling with or without bal-
loon assistance would be a challenging procedure [1]. Due
to the bare metal components of stents, intraoperative, pre-
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operative and postoperative antiaggregation is essential [2,
3]. On the other hand, antiaggregation may result in hem-
orrhagic complications, including intracranial hemorrhage
[4]. Acetylsalicylic acid (ASA) and clopidogrel dual ther-
apy is the standard treatment method for antiaggregation
when intra-arterial scaffolds are used. The response to the
more potent of these medications, clopidogrel, is highly
variable between individuals [5]. Therefore, platelet func-
tion tests are used both preoperatively and in postopera-
tive follow-up to assess the on-treatment platelet reactivity
[6]. There are contradictory opinions regarding the neces-
sity and sufficiency of platelet function tests [7, 8]. The
aim of this retrospective study was to compare the rela-
tion of the results of two point-of-care tests (VerifyNow®,
ITC, Edison, NJ, USA; and Multiplate®, Roche Diagnos-
tics, Mannheim, Germany) for assessing patients undergo-
ing intracranial aneurysm treatment with stents and flow
diverters and determining their relation to periprocedural
complications.
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Material andMethods

Study Population

Patients who had elective endovascular treatment of unrup-
tured or remotely ruptured (more than 8 weeks after rupture)
intracranial aneurysms using intracranial stents or flow-di-
verters were retrieved from the hospital information system.
After a review of the data, patients taking only ASA and
clopidogrel/prasugrel preoperatively were included; those
who were already on anticoagulants or those who were
started on anticoagulants after the procedure were excluded.

Properties of Point-Of-Care Platelet Function Tests
Used and Blood Sampling Protocol

VerifyNow® is a point-of-care (POC) test that relies on the
ability of activated platelets to bind to fibrinogen. This test
has two parameters: BASE represents the specific aggrega-
tion to PAR1 and PAR4 thrombin receptors and corresponds
to the state before starting antiaggregation therapy. Platelet
reaction unit (PRU) values reflect the on-treatment platelet
reactivity. By using adenosine diphosphate (ADP) as an ag-
onist and PGE1 as a suppressor, the nonspecific effect of
P2Y1 is eliminated, thus rendering VerifyNow® more spe-
cific. Blood samples were collected in a 3.2% citrate tube.

Multiplate® also has two parameters, resembling the for-
mer test. Thrombin receptor activating peptide (TRAP) re-
lates to the basal state (as in BASE) and ADP is the second
parameter and indicates the on-treatment platelet reactivity.
Parameters are quantified by area under aggregation curve
(AUC) and arbitrary aggregation units (AU). The AUC is
expressed in units (1U corresponds with 10 AU*min) [9].
Inhibition of PGE1 is not used in the calculation of the last
parameter, and blood is collected into a hirudinized tube.

After the patients had fasted overnight, venous blood was
collected using a Vacutainer (Becton Dickinson, Franklin
Lakes, NJ, USA) in the following order: a citrated tube for
VerifyNow, a hirudinized tube for Multiplate, another cit-
rated tube for activated partial thromboplastin time (aPTT)
and prothrombin time (PT), and an EDTA-containing tube
for complete blood count. Blood sampling was performed
within 24h before the treatment, and no additional an-
tiplatelet therapy was administered after blood sampling.

General Description of Endovascular Procedures

Before the procedures, informed written consent was ob-
tained from all patients. Patients were started on 75mg
clopidogrel and 300mg ASA at least 5 days before the
procedure. In cases of high on-treatment platelet reactivity
(HPR), the procedure was postponed, antiaggregation ther-
apy was changed to 10mg/day prasugrel and the same dose

of aspirin for 5 more days, and measurements were repeated
before the procedure. For these patients, only the second
measurements were included in the study. The level of on-
treatment platelet reactivity was assessed by VerifyNow®

(ITC) and Multiplate® (Roche Diagnostics) from the same
blood specimen. Using a coaxial system consisting of a 6F
introducer sheath and a distal access/intermediate catheter,
stents and flow diverters were installed. In stent-assisted
coiling cases, a second microcatheter was introduced into
the aneurysm and was jailed by the stent. All patients were
anticoagulated with IV heparin during the procedure, start-
ing with a 70–100IU/kg IV bolus dose just after insertion
of the introducer sheath, followed by infusions to achieve
an activated clotting time approximately twice that of the
baseline. In cases of an impending or definite thromboem-
bolic event during the procedure, patients were started on
IV tirofiban. Hemostasis at the arterial puncture side was
achieved by deployment of an AngioSeal VIP vascular clo-
sure device (Terumo Medical Corporation, Tokyo, Japan).

Definition of HPR, LPR and VLPR

We defined the platelet reactivity groups in our study based
on the PRU levels as per the previous work of Delgado Al-
mandoz et al. [6] in the following manner: PRU >240: high
on-treatment platelet reactivity (HPR), 240≥PRU≥60: low
on-treatment platelet reactivity (LPR), PRU<60: very low
on-treatment platelet reactivity (VLPR).

Additionally, the cut-off value for area under aggregation
curve (AUC) for ADP was set at 40 as previously described
by Flechtenmacher et al. [10] (ADP AUC >40: HPR, ADP
AUC ≤40: LPR).

Data Collection and Processing

Preoperative and perioperative data, including 30-day out-
comes, were collected. Clinical data (sex, age, body weight,
history of smoking, malignancy, hyperlipidemia, hyperten-
sion, diabetes mellitus, thrombophilia) and laboratory data,
e.g. PRU, BASE, TRAP, ADP, MPV (mean platelet vol-
ume), hematocrit and platelet count were collected. Intraop-
erative and perioperative hemorrhagic or thrombotic com-
plications and the use of intraoperative tirofiban were also
noted. The following were included as hemorrhagic com-
plications: arterial puncture site hemorrhage causing hemo-
dynamic instability or necessitating further medical inter-
vention and any other extracranial hematoma and peripro-
cedural subarachnoid or intraparenchymal hemorrhage. The
following events were classified as periprocedural (30 days)
ischemic complications: thrombus formation in the stent,
parent artery or side branch thrombotic occlusion or distal
emboli and acute myocardial infarction. In some patients
treated with flow diversion, temporary self-limited flow-re-
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lated nonopacification of a jailed side branch (the so-called
Coanda effect) occurred. Additionally, the side branch was
intentionally sacrificed in some patients with communicat-
ing artery or carotid tip aneurysms by encroaching onto
the side branch origin with coils, provided that there was
previously documented good collateral flow via the commu-
nicating arteries. These latter two conditions were asymp-
tomatic in all cases and were not included as thrombotic
complications.

Statistics

All values are displayed as the mean± standard deviation
and percentages. The Mann–Whitney U-test, Student’s t-
test, χ2-test and Fisher’s exact tests, and ANOVA with post
hoc Tukey’s test were used as appropriate. Receiver op-
erating characteristic (ROC) curves were generated to de-
termine the concordance of two tests and determine their
thresholds. Areas under the curve (AUC) and their 95%
confidence intervals (95% CI) were reported. The corre-
lation between two tests was determined with the concor-
dance correlation test and Band-Altman graphical plotting.
A p value lower than 0.05 was set as the level of statistical
significance. The SPSS® 22.0 (IBM, Armonk, New York,
USA) statistical package program was used for statistical
analysis.

Results

Study Population

A total of 321 adult patients (mean age: 51± 13 years,
body weight: 72± 12kg, 201 female) were included. Of
these, 295 had simultaneous preprocedural VerifyNow and
Multiplate determination of on-treatment platelet reactivity
within 24h of the start of the procedure. All aneurysms
were either unruptured or beyond the acute phase of sub-
arachnoid hemorrhage. The mean PRU was 68± 66 (range:
0–240) and the mean ADP AUC was 23± 15 (range: 1–86).
Of the patients 130 had VLPR, 165 patients had LPR and
none of the patients had HPR according to PRU and 37 pa-
tients had HPR according to ADP AUC. Of the patients
16 had the antiplatelet therapy changed to prasugrel (mean
PRU: 4.5± 9 and mean ADP AUC: 15± 9). For the whole
cohort, the mean platelet count was 242± 69 103/ml, the
mean platelet volume (MPV) was 8.1± 1.3 and the mean
hematocrit was 38.7± 6.6. In five patients, the Multiplate
assay suggested marginally high platelet reactivity. Since
these five patients had low platelet reactivity according to
the VerifyNow assay, they were treated endovascularly on
the same day at the discretion of the operator and subse-
quently included in this study.

At least 1 procedural adverse event was noted in 31
(9.6%) patients. Hemorrhagic complications were seen in 8
(2.5%) procedures, which resulted in 1 mortality. Ischemic
complications were noted in 20 (6.2%) patients, which re-
sulted in 4 permanent morbidities (Supplementary table 1).
Out of the 16 patients whose therapy was changed to pra-
sugrel 1 had a hemorrhagic complication. Three events
(significant exacerbation of aneurysm mass effect in two
patients and parent artery occlusion due to postprocedu-
ral “watermelon seeding” of a flow diverter in one patient)
could not be classified as either hemorrhagic or ischemic,
as they did not have a direct relation to antiplatelet therapy.
These events resulted in one mortality and one morbid-
ity, and the parent artery occlusion was not symptomatic.
The overall rate of mortality and permanent morbidity was
2.7%. No difference was noted in terms of demographic
variables, risk factors or hematological profiles in these
complicated (either ischemic or hemorrhagic) procedures
compared to uneventful procedures. Of the patients who
were included in the ischemic complication group 13 were
administered intraoperative tirofiban due to thrombus for-
mation in the stent after proper placement. Further hemor-
rhagic adverse events were not noted in these 13 patients.

Correlation Between Two Tests

The PRU and ADP AUC measurements showed a good
correlation (correlation coefficient, r= 0.45, 95% CI:
0.52–0.39, p<0.0001, Fig. 1a). The Bland-Altman plot
(Fig. 1b) showed that the vast majority of values did not
exceed the maximum allowed difference (±1.96 SD) be-
tween methods, indicating a reasonable level of agreement.

Ischemic Complications

Since a meticulous preprocedural adjustment of LPR or
VLPR had been attained, ROC analysis could not identify
the risk threshold of ischemic complications for both meth-
ods. The area under curve (AUC) was 0.57 (95% confidence
interval: 0.511–0.627, p= 0.308 vs. area= 0.5) for ADP
AUC and 0.615 (95% confidence interval: 0.553–0.675,
p= 0.08 vs. area= 0.5) for PRU. PRU and ADP AUC val-
ues were not significantly different among patients with
uneventful procedures (ADP AUC; 23± 15 vs. 25± 17,
p= 0.323) (PRU; 68± 67 vs. 84± 55, p= 0.09) (Supplemen-
tary table 2).

Hemorrhagic Complications

Unlike ischemic complications ROC analysis could identify
the risk threshold for hemorrhagic complications. The AUC
was 0.692 (95% confidence interval: 0.636–0.744, p= 0.04
vs. area= 0.5) for ADP AUC and 0.66 (95% confidence in-
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Sample size: 295

Correla�on
coefficient r 0.45

Significance level P<0.0001

95% Confidence
interval for r 0.52 to 0.39

Regression Equa�on
ADP AUC = 15.487 +  0.101 PRU
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Fig. 1 a Scatter plot showing the concordance correlation between ADP AUC and PRU. X axis: PRU, Y axis ADP AUC. Patients with ischemic
complications are denoted by green triangles, those with hemorrhagic complications are marked as red squares. Blue dots represent complications
that cannot be classified as strictly ischemic or hemorrhagic. Red circles are patients without any complications. bBland-Altman plot for agreement
between PRU and ADP levels. Patients with ischemic complications are denoted by green triangles, those with hemorrhagic complications are
marked as red squares. Blue dots represent complications that cannot be classified as strictly ischemic or hemorrhagic. Red circles are patients
without any complications. ADP AUC adenosine diphosphate area under the aggregation curve, PRU platelet reactivity units

terval: 0.61–0.71, p= 0.035 vs. area= 0.5) for VerifyNow.
Interestingly PRU was not able to identify a risk thresh-
old for hemorrhagic complications (AUC= 0.63 [95% con-
fidence interval: 0.561–0.682], p= 0.15 vs. area= 0.5).

The optimal threshold value for ADP AUC was 17,
with a sensitivity of 75% (95% confidence interval:
46.9–90.8%) and specificity of 58% (95% confidence
interval: 58.3–69.7%). In addition, the sensitivity of ADP
AUC reached 100% (95% confidence interval: 64–100%,
specificity: 25.3% 95% confidence interval: 19.5–29.7%)
for a threshold of 29, denoting that bleeding occurs under
this value.

The optimum bleeding threshold for VerifyNow was
found to be 63% with a sensitivity of 100% (95% con-
fidence interval: 64–100) and specificity of 36.2% (95%
confidence interval: 31–42); exceeding this cut-off would
increase bleeding risk.

ADP AUC was significantly lower and percentage Ver-
ifyNow was significantly higher in patients with hemor-
rhagic complications when compared to those without com-
plications (ADP AUC: 13± 9 vs. 23± 15, p= 0.027) (Ver-
ifyNow: 86± 14% vs 72± 26%, p= 0.026). PRU was nu-
merically lower in patients with hemorrhagic complications
but not statistically significant (37± 40 vs. 68± 67, p= 0.06)
(Supplementary table 2).

Complications in High Versus Low Versus Very Low
Platelet Reactivity Groups

Accepting ADP AUC as a classifier, there was no statisti-
cally significant difference between ischemic, hemorrhagic
and total complication rates between LPR and HPR co-
horts; however, when PRU was used as a classifier, the
ischemic complication rate was significantly lower in the
VLPR group as compared to the LPR group (3% vs. 9.6%,
p= 0.004) and the hemorrhagic complication rate was nu-
merically higher in the VLPR group (but not statistically
significant, 3.8% vs. 1.8%, p= 0.38). The overall complica-
tion rate was not significantly different between the VLPR
and LPR groups (8.4% vs. 12%, p= 0.27, Supplementary
table 3).

Discussion

To our knowledge, this is the largest study exclusive to in-
tracranial aneurysm treatment procedures. In contrast to the
prior studies, all treatments were performed by the same op-
erator, enabling a homogeneous operational technique and
elimination of procedural variables that may affect hemor-
rhagic and occlusive complication rates. In addition, both
antiplatelet function tests were performed simultaneously
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from the same blood specimen, eliminating the potential
effects of blood withdrawal technique.

Our results show that the correlation between the widely
adopted point-of-care tests is not ideal and that neither
can predict the occurrence of thrombotic complications in
a LPR patient population. This is not a surprising result
since it has been demonstrated that VerifyNow results are
not obstinate; our results suggest that this likely holds true
for Multiplate as well. Inconsistencies in VerifyNow mea-
surements were reported in a study by Bender et al. [11],
who showed that 24% of patients had fluctuations in the
VerifyNow results during repeated same day tests. The same
group of authors also found that the procedural complexity
of flow diversion rather than platelet reactivity as measured
by point-of-care testing can predict thrombotic complica-
tions [12].

Therefore, dual testing using both VerifyNow and Multi-
plate may help in identifying the risk of hemorrhagic com-
plications better than a single test. The VerifyNow and
Multiplate tests can be used interchangeably in most pa-
tients to detect the antiplatelet activity of thienopyridines,
such as clopidogrel and prasugrel; however, the correlation
between the two tests is not ideal, and the results may dif-
fer in a certain proportion of patients. Unfortunately, the
basic characteristics of the patients, such as age, gender,
weight, atherosclerosis risk factor status and hematological
basic parameters, were not helpful in predicting the vari-
ance between the two tests. At the first glance, these results
may suggest that dual testing may be futile; however, in
real life practice, when an interventionist is faced with an
unacceptably low or high platelet reactivity prior to an en-
dovascular procedure, dual testing enables proceeding with
minimal alteration of the antiplatelet therapy, provided that
at least one of the point of care tests indicates acceptable
platelet inhibition. Thus, alteration of the APT or, alterna-
tively, referral to perform a more complex test such as light
transmission aggregometry (LTA) will be necessary only
for those patients who have unacceptably low or high an-
tiplatelet inhibition levels on both tests performed on the
same blood specimen. This is also a convenient method for
the patient as it saves time, effort, and costs and limits the
number of blood withdrawals.

Another difference between our study and previous stud-
ies is that the on-treatment platelet reactivity is lower in our
study compared to the findings of Goh et al. [4] (median
30%, range 0–99%, 72% is accepted as clopidogrel hyper-
response). Kashiwazaki et al. [13] also suggested that the
best results are obtained in patients with 26–74% inhibi-
tion based on VerifyNow. In our study, the mean inhibition
percentage assessed by VerifyNow was 72± 24%. Further-
more, the mean PRU value (68± 66) in our study mostly
overlapped with those of the hyperresponder groups of the
previous studies [6, 10, 14, 15]. This is because we in-

tentionally erred on the side of an LPR. The underlying
reason for this preference is that hemorrhagic events are
less frequently observed than thrombotic events in indepen-
dently adjudicated trials with flow diverters. For example,
in the pipeline for uncoilable or failed aneurysms (PUFS)
[16] trial, which included clopidogrel and aspirin dual an-
tiplatelet therapy without the use of a platelet function test,
13 of the 108 patients (12%) suffered serious thrombotic
adverse effects, such as carotid occlusion, ischemic stroke,
and carotid occlusion, whereas only 5 patients (4%) suf-
fered from intracranial hemorrhage, 1 of which was actu-
ally posttraumatic. Similarly, the first of a series of random-
ized trials, the flow diversion in the treatment of intracranial
aneurysm trial (FIAT) [17], reported a similar rate of throm-
botic events versus hemorrhagic events in the flow diversion
group. The second randomized study, the parent artery re-
construction for large or giant cerebral aneurysms using the
Tubridge flow diverter (PARAT) trial [18], reported a total
of 7 (4.8%) hemorrhagic events versus 14 (9.7%) ischemic
complications. First year outcomes of the recent and inde-
pendently adjudicated SCENT trial [19] showed a 10.6%
rate of new or worsening stroke versus a 2.2% hemorrhagic
risk.

Dual testing and consequent selection of patients or mod-
ification of antiplatelet therapy allowed us to achieve uni-
formly low platelet reactivity, which is one of the lowest
reported in the literature if not the lowest. Hence, we were
able to examine the results of a subset of patients with
VLPR, similar to those patients who are primarily premed-
icated by new and more potent antiplatelet agents such as
prasugrel or ticagrelor [20, 21]. This subset of patients are
generally excluded in other studies as very low reactivity is
considered by some to be a contraindication for endovas-
cular treatment. When patients with VLPR were compared
to the remaining patients, we found that treatment under
VLPR was not necessarily linked to a higher overall com-
plication rate, despite a somewhat higher rate of hemor-
rhagic complications. This suggests that modification of
antiplatelet therapy may not be absolutely necessary when
VLPR levels are encountered. Besides being less common
than thrombotic complications, hemorrhagic complications
may be caused by various technical factors, which are not
necessarily in direct relevance with the level of platelet in-
hibition (e.g. wire perforation or hyperperfusion are not di-
rectly related to low platelet reactivity but these complica-
tions may result in worse prognosis in patients with highly
inhibited platelets). In addition, with the advent and more
liberal use of more delicate and softer yet more metallic
devices, such as intravascular and intrasaccular flow divert-
ers, it may be expected that the risk of hemorrhagic com-
plications will decrease but thrombotic complications will
increase over time. This potentially necessitates lower lev-
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els of on-treatment platelet reactivity, which can be attained
via the use of dual antiplatelet testing.

Our study has several limitations. First, aspirin respon-
siveness was not evaluated. Second, other platelet func-
tion tests, such as LTA (the gold standard test for platelet
function) [22] and thromboelastography [23], were not in-
cluded in our study. Among these two tests, LTA was shown
to better correlated with thromboembolic complications in
cerebrovascular procedures in a critical study by Flecthen-
macher et al., who mainly evaluated patients with carotid
bifurcation/intracranial stenting (93 patients) rather than in-
tracranial aneurysm embolization (only 10 patients as op-
posed to 295 patients in our study) [10]; however, these
two tests are more complex, requiring lengthy and semiau-
tomated processing in comparison to fully automated, user-
friendly point-of-care tests included in our study [24]. Fi-
nally, the ischemic and hemorrhagic complication rates in
our study and in the current literature are not high. Due to
the limited number of index events, a large population size
is needed to avoid neglecting differences related to on-treat-
ment platelet reactivity within the limited number of events.
For this reason and for practical purposes, large-scale mul-
ticenter registries about the effects of platelet reactivity test-
ing on the results of endovascular aneurysm treatment need
to be started.

Conclusion

There is no consensus on the level of on-treatment platelet
reactivity as determined by point of care assays in inter-
ventional neuroradiology practice. VerifyNow and Multi-
plate, two widely used point-of-care assays, show a merely
reasonable correlation; however, when these tests are used
simultaneously, a state of very low platelet reactivity, sim-
ilar to the state obtained by the newer antiplatelet agents
(e.g. prasugrel and ticagrelor) can be attained. Endovas-
cular aneurysm treatment under such lower on-treatment
platelet reactivity appears to be feasible, yet a definite risk
of bleeding should be acknowledged.
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