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Abstract

Introduction: Breakthrough acute ischemic stroke (AIS) in patients with known, nonvalvular Atrial Fibrillation (AF), on Direct
Oral Anticoagulants (DOAC), is an ongoing clinical conundrum. Switching anticoagulants was shown to be ineffective in
preventing recurrent AIS. Systematic, patient-level chart review of so-called “DOAC failures” may offer insight into this
phenomenon. Methods: We conducted an IRB-approved, 6-year, retrospective study of AIS admissions, already prescribed
DOAC for known AF. We sought plausible, alternative reasons for the AIS using a novel classification schema, CLAMP: C for
Compliance concerns, L for Lacunes (small-vessel disease), A for Arteriopathy (atherosclerosis, web, or vasculitis), M for
Malignancy, and P for Patent Foramen Ovale (PFO). These categories were labeled as DOAC “Pseudo-failures.” Conversely,
absence of CLAMP variables were labeled as DOAC “Crypto-failures” conceivably from AF itself (“atriopathy”) or
pharmacokinetic/pharmacogenomic dysfunction (ie, altered DOAC absorption, clearance, metabolism, or genetic polymor-
phisms). Forward logistic regression analysis was performed on prespecified DOAC subgroups. Results: Of 4890 AIS ad-
missions, 606 had AF, and 87 were previously prescribed DOAC (14.4% overall DOAC failure rate, 2.4% annualized over 6
years). Pseudo-failures comprised 77%: Compliance concerns (48.9%), Lacunes (5.7%), Arteriopathy (17.0%), Malignancy
(26.1%), and PFO (2.3%). Crypto-failures comprised 23%, had lower CHADSVASc scores (AOR = .65, P = .013), and occurred
more with rivaroxaban (41%) than apixaban (16%) or dabigatran (5.6%). Conclusion: In AIS patients with known AF, DOAC
Pseudo-failures, with identified alternate etiologies, are 3 times more likely than DOAC Crypto-failures. The CLAMP schema
represents a novel approach to diagnostic classification and therapeutic adjustments in patients already prescribed DOAC for
AF.
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Introduction

Acute ischemic stroke (AIS) in patients with known, non-
valvular Atrial Fibrillation (AF), already prescribed Direct
Oral Anticoagulants (DOAC), is a real-world clinical co-
nundrum. Colloquially known as “DOAC failure,” break-
through stroke was observed in 4 landmark AF trials1-4 at an
annual rate of: 1.1% (dabigatran), 1.7% (rivaroxaban), 1.3%
(apixaban), and 1.2% (edoxaban). In 7 subsequent pro-
spective cohort studies, the DOAC failure rate was reported
as 4.4% annually.5 Because minimal data or guidance exists
on how best to manage these patients, we aimed to conduct a
patient-level, case-by-case, retrospective study of AIS ad-
missions with known AF, previously prescribed DOAC. Our
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hypothesis was that a novel classification system could
parsimoniously subdivide this cohort into distinct causes of
“DOAC failure” both quantitatively and qualitatively. Ulti-
mately, alternate diagnostic and therapeutic patterns would
emerge as opportunities for adjustments in clinical care and
hypotheses for future research.

Previously, a pooled analysis revealed 22.5% of AF pa-
tients with AIS or transient ischemic attack (TIA) were al-
ready prescribed anticoagulation.6 Prescribing a different
anticoagulant, hoping for a different result (so-called “anti-
coagulant-switching”) was shown to be ineffective in preventing
recurrent AIS.6,7 One study found that adding anti-platelet
therapy was linked to worse outcomes.8 This argues
against any widespread biochemical “failure” of the
DOAC class, and instead suggests that DOACs may “fail”
because of other, more practical explanations, such as non-
compliance, or non-AF mechanisms of stroke: carotid ath-
erosclerosis, small-vessel disease, vasculitis, and other cau-
ses. DOACs cannot revascularize stenoses, reduce
hypertension, or alleviate inflammation. Because these eti-
ologies, like non-compliance, are unrelated to DOAC bio-
chemistry, we labeled them DOAC “Pseudo-failures.”

On the other hand, etiologies of a new AIS, in DOAC-
adherent patients with known AF but without alternate
etiologies, remains a topic of considerable interest. It is
postulated that severe atrial disease “atriopathy” and/or high
AF burden could result in AIS despite anticoagulation.6-8

Pharmacogenomic explanations also exist, including: (1).
abnormal DOAC metabolism (inability to enzymatically
convert DOAC pro-drugs, due to genetic polymorphisms);
(2). altered clearance (renally-mediated pharmacokinetic
differences in DOAC elimination); and/or (3). DOAC mal-
absorption (intestinal P-gp efflux pump system interactions
with other medicines/herbal remedies).9,10 Because these
etiologies rarely are confirmed biochemically, and their true
incidence is unknown, we labeled these challenging cases as
DOAC “Crypto-failures.”

Theoretically, a novel classification system would mitigate
“anchoring bias” (fixating upon AF as the sole etiology)11 and
“premature closure” (omitting tests such as trans-esophageal
echocardiogram, conventional cerebral angiogram, or hy-
percoagulable labs).11 Reflexive pre-determination that an
AF patient’s AIS must be “DOAC failure” can result in
“nihilistic decision-making”11 and repetitive cycles of futile
“anticoagulant-switching”.6

Methods

Study Population

We conducted a 6-year retrospective study of patients with
known AF who presented with AIS or TIA to Tampa General
Hospital between January 1, 2012 and December 31, 2017.
Inclusion criteria were: age ≥18 years, admission diagnosis of

TIA or AIS, and prior DOAC prescription (apixaban, dabi-
gatran, rivaroxaban, or edoxaban) for AF. Exclusion criteria
were: age <18 years, valvular AF, hemorrhagic stroke,
warfarin prescription, or DOAC prescription for non-AF
indication, such as venous thromboembolism (VTE).

Data Availability Statement, Case Identification and
Data Abstraction

Data collection was performed using our hospital’s Get With
The Guidelines-Stroke (GWTG-S) database. Approval was
obtained from our Institutional Review Board (IRB). The
GWTG-S inventory of all AIS/TIA patients over 6 years was
cross-matched with a co-diagnosis of AF, thus providing a
manageable number of subjects to abstract and review in-
dividually with our electronic medical record (EMR) to
identify prior DOAC prescription, dose, and frequency.
Demographic information collected included age, sex,
NIHSS, CHADSVASc, and comorbidities such as dyslipi-
demia, diabetes, smoking, hypertension, and prior stroke.

Data Dictionary

To separate Pseudo-failures from Crypto-failures, we com-
posed a novel classification schema called CLAMP: C for
Compliance concerns; L for Lacunar small-vessel lip-
ohyalinosis; A for Arterial pathology (intra- or extra-cranial
atherosclerosis, vasculitis, or web); M for Malignancy (active
cancer or newly detected); and P for Patent Foramen Ovale
(PFO). These items were selected because alternate, rea-
sonable treatment options exist other than “anticoagulant-
switching.” 4 co-authors (AB, XY, JYC, and DZR) reviewed
each case/imaging for non-AF mechanisms with the CLAMP
schema to determine the presence of Pseudo-failures. The
proposed categorization for each case was discussed and
consensus reached by 3 co-authors (AB, XY and DZR) with
the senior author making any tie-breaking decision. Subjects
without CLAMP variables were deemed Crypto-failure by
default. Then finally, the categorization of the entire patient
sample was independently reviewed by a fourth co-author
(JYC) to re-confirm classification.

Subdivisions of Pseudo-failures

Review of neuroimages and written documentation in the
EMR progress notes enabled categorization as a DOAC
“Pseudo-failure” if we identified ≥1 CLAMP component as
follows:

Compliance Concerns

Compliance included any error in medication management
regardless of the person or process that led to the error;
examples include: DOAC held/stopped for a procedure/
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surgery and not restarted; patient non-adherence or refusal to
take DOAC for any reason; or incorrect/inappropriate DOAC
frequency (ie, once daily instead of twice-daily for dabigatran
or apixaban) or dosage based on known criteria from package
inserts (ie, prescriber non-compliance with appropriate dose:
reduced-dose rather than full-dose as per weight, kidney
function and age).12 Socio-economic factors and/or dispar-
ities in care, previously studied specifically in AF patients
with AIS,13 were also included (i.e., inability to pay for
medication or reduced access to care).

Lacunar Small-Vessel Disease

This category required confirmation by neuroimaging
showing 1 small AIS, defined as ≤1.5 cm on axial Diffusion
Weighted Imaging (DWI) sequence of brain MRI, in the
brainstem, cerebellum, or subcortex, along with documented
elevated blood pressure (systolic ≥180 mmHg and/or
diastolic ≥110 mmHg). Lacunar ischemic pathogenicity as-
sociates mostly with arterial hypertension),14 however other
small-vessel disease risk factors such as uncontrolled diabetes
(HbA1c > 9%) and/or uncontrolled hyperlipidemia (LDL >160)
also contribute15 and hence were also included a priori. Well-
controlled (or mostly/partially-controlled) pre-existing hyper-
tension, diabetes, or lipidemia were not deemed Pseudo-failure –
nor were tiny, multifocal strokes in several ischemic distributions
(especially cortical) because these were less likely to be lacunar
and hence more likely to be of cardioembolic origin, and hence
were deemed Crypto-failures. Approximately 9-16% of lacunes
may actually be AF-related anyway.14,15

Arterial Pathology

AF patients on DOAC with ipsilateral, high-grade, intra-
cranial atherosclerosis were considered Pseudo-failure be-
cause treatment is antiplatelet(s) and high-dose statin, not
“anticoagulant-switching.” Intra- or extra-cranial stenosis,
carotid web, or vasculitis, needed to be confirmed by
Computed Tomography Angiogram, Magnetic Resonance
Angiogram, and/or Digital Subtraction Angiography; spe-
cifically 70-99% stenosis for intra-cranial atherosclerosis,
based on anticoagulation increasing adverse events without
improved efficacy in WASID,16 and SAMMPRIS17 utilizing
dual antiplatelet therapy (+/- stent), not anticoagulation. Ip-
silateral, symptomatic, extra-cranial carotid stenosis 50-99%
was also deemed Pseudo-failure: treatment is revasculari-
zation (stroke or death reduced by 29% in NASCET18), not
“anticoagulant-switching.” Of note, bilateral AIS with only 1
stenotic artery, or those with mild/moderate stenosis, were not
deemed Pseudo-failures.

Malignancy

Low-molecular-weight heparin (enoxaparin) is preferred for
cancer-associated VTE; research of DOAC efficacy in

various cancer types is ongoing.19 Patients with a history of
cancer, smoking, or unexplained weight loss/night sweats,
were screened with “pan-CT” (chest/abdomen/pelvis), sim-
ilar to protocols for cryptogenic stroke or Embolic Stroke of
Undetermined Source (ESUS).20 If a suspicious mass was
uncovered in an AF patient with new stroke on DOAC, then
they were deemed Pseudo-failure because switching from
DOAC to enoxaparin may be more appropriate than from
DOAC to DOAC.

PFO

A stroke was deemed “attributable” (likely PFO-related) if
RoPE score>6 and echocardiogram bubble study revealed
a substantial size/grade shunt based on the consensus
cutoff of ≥10 observed bubbles in the left atrium ≤3 cardiac
cycles after right atrial opacification during trans-
esophageal study.21

Statistical Analysis

Descriptive statistics for demographics and clinical infor-
mation are presented by mean (SD) for continuous variables
and frequency (percent) for categorical variables. Student t-
tests were used to compare mean values of continuous var-
iables between the Pseudo-failure and Crypto-failure groups;
Chi-square analysis or Fisher’s exact test was used to
compare categorical variables, as applicable. Comparison of
Crypto-failure among 3 observed DOACs (apixaban, dabi-
gatran, or rivaroxaban; none were prescribed edoxaban) and
post-hoc comparisons were performed by chi-square analysis
with Bonferroni correction applied for post-hoc comparisons.
Forward stepwise logistic regression modeling was con-
ducted to identify factors independently associated with
Crypto-failure vs Pseudo-failure. Adjusted odds ratios (AOR)
and 95% confidence interval were calculated. Except for post-
hoc comparisons (P-value <.017), statistical significance was
defined as a P-value ≤.05. All analyses were conducted with
the SPSS (Version 26.0, IBM Corp., Armonk, NY) and SAS
(Version 9.4, SAS Institute Inc., Cary, NC).

Results

In 6 years, 5753 stroke-diagnosed patients (mean 959 an-
nually) were admitted to our hospital. Excluding 863 hem-
orrhagic strokes (mean 144 annually), identified 4890 with
AIS/TIA (mean 815 annually). Of these, 606 had AF and 87
had already been prescribed DOACs, representing an overall
DOAC failure rate of 14.4% (87/606) over 6 years, or 2.4%
annualized. The 519 remaining patients were either newly
diagnosed AF, or known AF prescribed warfarin, antiplatelet,
or neither. The CLAMP classification schema identified ≥1
DOAC “Pseudo-failure” in 77% (67/87). The remaining 23%
(20/87) without any CLAMP item were classified as DOAC
“Crypto-failures” (Figure 1).
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Baseline characteristics between the 2 groups were similar
(P > .05), including age, sex, NIHSS, stroke location/
distribution, and underlying comorbidities of diabetes,
prior stroke, and smoking (Table 1). Cancer history was
significantly more likely with Pseudo-failure than Crypto-
failure (31.8% vs .0%, P = .002).

Listed by each CLAMP component (Table 2, Figure 2),
Compliance concerns represented 48.9% of all occurrences, 7
(25%) of these were taking an inappropriate dose, 6 (21%) an
inappropriate frequency and therefore 13 (46%) had an error with
either dosing or frequency of the DOAC; Lacunar small-vessel
disease represented 5.7%;Arterial pathology 17.0%;Malignancy
26.1%; and PFO 2.3%. Some Pseudo-failure patients had
multiple, simultaneous variables (either 2 or 3), most commonly
Compliance with Malignancy. Of malignancies, most were
prostate, lung, or gastrointestinal (24% each), breast/endometrial
represented 12%, bone 8%, and 8% had rarer cancers.

DOAC prescriptions overall were: 20.1% dabigatran,
42.5% apixaban, 36.8% rivaroxaban, and none used edox-
aban. Pseudo-failures had been mostly prescribed apixaban
(46.3%), then rivaroxaban (28.4%) and lastly dabigatran
(25.4%). Crypto-failures had been mostly prescribed rivar-
oxaban (65.0%) much more than apixaban (30.0%) or

dabigatran (5.0%). These differences were statistically sig-
nificant (P = .008, Table 1).

Rivaroxaban was statistically associated more with
Crypto-failure than Pseudo-failure (65.0% vs 28.4%),
whereas dabigatran statistically more with Pseudo-failure
than Crypto-failure (25.4% vs 5.0%). Crypto-failure rates
differed significantly (P = .008 < .05) by anticoagulant
(Table 3, Figure 3): rivaroxaban was significantly higher than
dabigatran (40.6% vs 5.6%, P = .008 < .017) and numerically
higher than apixaban (when using a corrected type I error rate
for multiple comparisons, this was not statistically significant:
40.6% vs 16.2%, P = .024 > .017). The Crypto-failure rate of
dabigatran vs apixaban was relatively similar (5.6% vs
16.2%, P = .406). Using forward stepwise logistic regression
modeling (Table 4), dabigatran had statistically significantly
lower odds of Crypto-failure than rivaroxaban (AOR = .07,
P = .015). Apixaban also had lower odds of Crypto-failure
(AOR = .31, P = .054) than rivaroxaban, but this did not reach
statistical significance.

CHADSVASc scores were significantly higher in Pseudo-
failures (4.9 +/- 1.6) vs Crypto-failures (3.8 +/- 1.9, P = .010)
and multivariate analysis (Table 4) revealed an Adjusted
Odds Ratio of .65 (.46-.91, P = .013).

As for timing from stroke symptom onset, Crypto-failures
more often presented to the hospital within 4.5 hours (60.0%
vs 37.3%), although this trend was nonsignificant (P = .072).

As for timing of anticoagulant use, all (100%) of the
evaluable Crypto-failure patients consumed their last anti-
coagulant pill less than 24 hours (within the day) prior to their
AIS/TIA, compared to less than half (44.6%) of Pseudo-
failures (P < .001).

Discussion

Rates of “DOAC failure” – a colloquial catch-phrase for
breakthrough AIS/TIA in AF patients prescribed DOAC – in
4 landmark randomized trials1-4 varied between 1.1 and
1.7%, while in 7 prospective cohort studies, was 4.4%.5 Our
retrospective review identified a 2.4% annual DOAC failure
rate, precisely within range of these trials and studies, sup-
porting its external validity.

Presently, there are no effective solutions for “DOAC
failure” – a pooled analysis revealed that “anticoagulant-
switching” did not reduce future stroke risk5. To evaluate this
vexing clinical dilemma, our novel classification schema,
CLAMP, systematically identified rates of alternate etiologies
for patients’ new event despite having already been pre-
scribed DOAC. Our EMR-based, retrospective review was
ideal for a methodical, case-by-case, detailed analysis of
individual patient records, with a manageable 87 total
“DOAC failures” at our institution over 6 years. Such detail
was infeasible in larger trials, meta-analyses, and cohorts. For
all 87 charts, we meticulously read notes of discussions with
patients/families about use/misuse of DOACs (dose/
frequency), insurance coverage lapses, reasons for

Figure 1. Flow chart of 6-year retrospective review identifying
DOAC failures among patients with AIS/TIA and AF already
prescribed DOAC therapy.
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nonadherence, and reviewed all inpatient stroke workup,
neuroimages, tests and vitals to see which (if any) CLAMP
category resulted in their AIS/TIA. What we found was
congruent with anecdotal clinical practice: most “DOAC
failures” arise from either noncompliance (socioeconomic
obstacles, prescription errors, or disparities in stroke care) or
alternate stroke etiologies14 – indeed 77% were Pseudo-
failures with ≥1 CLAMP variable. Only 23% were Crypto-
failures without any CLAMP variable: presumably these
were truly AF-related “atriopathy” or genetic polymorphism/
DOAC pharmacokinetic failure. Therefore, for three-fourths
of “DOAC failures”, the actual cause is identifiable and
unrelated to the DOAC itself. Essentially, Pseudo-failures
were 3 times more likely than Crypto-failures – for every 4
AIS/TIA patients prescribed DOAC for AF, CLAMP iden-
tified 3 who had a plausible, alternate etiology; only 1 out of 4
were unexplainable.

Compliance (C in CLAMP) was the most common
(48.9%) Pseudo-failure: this incidence is similar to an in-
surance database of DOAC users22 with medication adher-
ence of only 47.5% after 1 year. Elderly patients with
dementia may mistime, forget, or accidentally double their
DOAC pills; cerebral amyloid angiopathy patients with ce-
rebral microbleeds may forgo anticoagulation fearing brain
hemorrhage.23 DOACs are held for procedures/surgeries,
acute/active bleeding, and abnormal laboratory values

(thrombocytopenia) but sometimes inadvertently suspended
indefinitely – a byproduct of a siloed healthcare system. Some
highest-risk AF patients take only antiplatelet (or nothing) as
per the PINNACLE Registry.24 Provider non-prescription/
cessation or non-compliance with dosing recommendations
(25% in our study, 35% in another study25) is distinct from
patient non-compliance, but regardless of who stopped/
changed the DOAC, it ultimately resulted in a new stroke.
Research on solutions into these “C” subcategories is sorely
needed – multiple charts had documented inadequate access
to care/prescription coverage; underserved populations are
vulnerable to loopholes in the healthcare system, gaping
societal inequalities, race-ethnicity and sex disparities, and
misunderstanding of DOAC dosing.12,13

Lacunar small-vessel disease, the L in the CLAMP schema,
was observed in 5.7% of Pseudo-failures not far off from the
10.4% small-vessel disease detected in a case-control study25 of
unmatched AF patients with stroke on anticoagulation. Lacunar
small-vessel disease risk factors did not exclude Crypto-failure:
75% had pre-existing hypertension (Table 1). Likewise, hy-
pertensive emergency, while sufficient, was not necessary for
categorization as “lacunar/small-vessel” – uncontrolled diabetes
and/or lipidemia also sufficed.25,26 This data reinforces the
notion that AF patients with lacunar-type stroke, and uncon-
trolled risk-factors, need to adjust antihypertensives, lipid-
lowering agents, and diabetic medications, reduce

Table 1. Patient Demographics among DOAC Pseudo-failures and Crypto-failures.

Demographic Pseudo-Failures Crypto-Failures P-Value

Age, mean (sd) 73.9 (12.5) 73.6 (13.3) 0.922
Sex, male, n (%) 35 (52.2%) 12 (60.0%) 0.541
Diabetes, n (%) 20 (29.9%) 6 (30.0%) 0.990
Dyslipidemia, n (%) 39 (58.2%) 7 (35.0%) 0.068
Prior stroke, n (%) 39 (58.2%) 9 (45.0%) 0.297
Smoking, n (%) 12 (18.8%) 2 (10.0%) 0.502
Hypertension, n (%) 60 (89.6%) 15 (75.0%) 0.136
Coronary artery disease, n (%) 24 (35.8%) 6 (30.0%) 0.631
Cancer History, n (%) 21 (31.8%) 0 (0.0%) 0.002
DOAC prescribed, n (%) 0.008
Dabigatran 17 (25.4%) 1 (5.0%)
Apixaban 31 (46.3%) 6 (30.0%)
rivaroxaban 19 (28.4%) 13 (65.0%)

CHADSVASc, mean (sd) 4.9 +/- 1.6 3.8 +/- 1.9 0.010
Arrived within 4.5 hours, n (%) 25 (37.3%) 12 (60.0%) 0.072
Admission NIHSS, mean (sd) 8.4 (8.7) 8.8 (8.8) 0.872
Last time DOAC taken, n (%) <0.001
<=24 h 25 (44.6%) 19 (100%)
>24 h 31 (55.4%) 0 (0.0%)

Neuroradiographic territory, n (%) 0.296
No infarct seen (TIA) 7 (10.6%) 0 (0.0%)
Left MCA stroke 12 (18.2%) 3 (15.0%)
Multifocal strokes 21 (31.8%) 10 (50.0%)
Other territory distributions 26 (39.4%) 7 (35.0%)
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psychosocial stress, exercise and enjoy a low-salt/fat diet,26 not
succumb to “anticoagulant-switching.”Objectively, while much
progress has been made over the past few decades, primary care
risk-factor control still has room for improvement.25,26

Arterial pathology (“A”) represented 17% of all Pseudo-
failures; all were moderate-to-severely atherosclerotic, none
had web or vasculitis, but these etiologies were included a
priori because carotid web stenting/surgery results in less
stroke recurrence than medical therapy alone,27 and cerebral
vasculitis treatment is steroids/immunosuppressants, not
“anticoagulant-switching.” Likewise, extra-cranial/carotid
disease requires surgery/stenting, not changing DOACs.
For intra-cranial atherosclerosis, further research on antith-
rombotic cocktails is warranted (ie, antiplatelet plus low-dose
DOAC as per COMPASS criteria28).

Malignancy occurred in one-quarter of Pseudo-failures;
most were prostate, lung, or gastrointestinal. Prior cancer
diagnosis was significantly more frequent in Pseudo-failures
(31.8%) than Crypto-failures (.0%). This data supports the

use of pan-CT screening – similar to cryptogenic stroke/
ESUS protocols/workup20 – especially for those with un-
explained weight loss, night sweats, cancer history, or
smokers; after discovery of any suspicious mass, these
unfortunate patients need hematology-oncology referral,
radiation, chemotherapy, and/or surgery,19 not DOAC-
switching.

PFO as a Pseudo-failure only comprised 2.3% of cases. As per
the 2020AANpractice advisory update,29 given the high (∼25%)
incidence of PFO in adults, if an alternative mechanism of stroke
is identified, PFO is often “an innocent bystander.” However, the
PFOmay not be incidental in patientswith a highRoPE score plus
evidence-based criteria (age <60, atrial septal aneurysm, large
interatrial shunt).21,29 Indeed, these specific patients may qualify
for percutaneous closure of an “attributable” PFO; ameta-analysis
of randomized controlled trials comparing PFO closure, anti-
coagulation, and antiplatelet therapy found that closure may be
superior for stroke recurrence.30

Ultimately, Crypto-failures (without any CLAMP vari-
able) may warrant “anticoagulant-switching” because equi-
poise exists (this subgroup does not have any identified,
competing etiologies) and because DOAC biochemical
dysfunction/pharmacogenetic polymorphisms also exist: non-
functioning variants of enzymes carboxylesterase 1 or 2 may
not metabolize dabigatran into its pro-drug.31,32 Activation
is affected by the genetic polymorphism G143E
(rs71647871), which confers loss-of-function mutation in
carboxylesterase.32 In this example, “anticoagulant-switch-
ing” from dabigatran to another DOAC is reasonable. Our
conceptualization of DOAC “Crypto-failures” may encour-
age genetically-individualized, DOAC-tailored research.
Warfarin itself is susceptible to “failure” in patients with
variability of genes CYP2C9 and VKORC1, which play a role
in efficacy of warfarin to prevent recurrent stroke.6

Interestingly, all Crypto-failures were fully adherent to
their DOAC: 100% swallowed it within hours of their AIS/
TIA.Whymore Crypto-failures occurred on rivaroxaban than
apixaban or dabigatran needs further exploration. Perhaps
this is related to rivaroxaban noninferiority to warfarin in
ROCKET-AF,2 and its once-a-day high-peak, low-trough
pharmacokinetics whereas dabigatran and apixaban were
both superior to warfarin in RE-LY and ARISTOTLE,1,3

respectively, and are administered twice-a-day. Conversely,
dabigatran’s association with more Pseudo-failure may be
related to self-discontinuation/noncompliance from its side-
effect profile (i.e., dyspepsia).

Lastly, Crypto-failures were more likely to present
within 4.5 hours of symptom onset. This data may en-
courage use of DOAC-reversal agents before thrombolysis
in AIS – such as idarucizumab neutralizing dabigatran prior
to alteplase.33

Limitations of our study include: (1). its single-center, retro-
spective nature (DOAC prescribing patterns vary regionally); (2).
verification of DOAC timing, dose, frequency, and reason for
nonadherence were based on EMR search (potentially incomplete/

Table 2. Pseudo-failure rates listed by occurrences (top, n = 88)
with any CLAMP variable; by patients (middle, n = 67) with each
CLAMP variable exclusively (only Compliance, only Hypertension,
only Arteriopathy, only Malignancy, or only PFO), only 2 variables
and only 3 variables; and by multi-factorial CLAMP variables
simultaneously (bottom, n =19).

CLAMP Listed by Pseudo-Failure Occurrence n (%)

Compliance (any) 43 (48.9%)
Lacunar Stroke (any) 5 (5.7%)
Arteriopathy (any) 15 (17.0%)
Malignancy (any) 23 (26.1%)
PFO (any) 2 (2.3%)
Total Pseudo-failure occurrences 88 (100%)

CLAMP Listed by Pseudo-Failure Patients n (%)

Compliance (exclusively) 28 (41.8%)
Lacunar Stroke (exclusively) 1 (1.49%)
Arteriopathy (exclusively) 6 (8.96%)
Malignancy (exclusively) 13 (19.4%)
PFO (exclusively) 0 (0.0%)
Patients with 2 variables 17 (25.4%)
Patients with 3 variables 2 (2.99%)
Total Pseudo-failure patients 67 (100%)

CLAMP Multi-Factorial Pseudo-Failures n (%)

2 variables: Compliance + Hypertension 1 (5.26%)
2 variables: Compliance + Arteriopathy 5 (26.3%)
2 variables: Compliance + Malignancy 7 (36.8%)
2 variables: Lacunar Stroke + Arteriopathy 2 (10.5%)
2 variables: Lacunar Stroke + PFO 1 (5.26%)
2 variables: Arteriopathy + Malignancy 1 (5.26%)
3 variables: Compliance + Arteriopathy + Malignancy 1 (5.26%)
3 variables: Compliance + Malignancy + PFO 1 (5.26%)
Total multi-factorial Pseudo-failures 19 (100%)
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missed data, or possible incorrect documentation of DOAC
compliance); (3). DOACs, antiplatelets, antihypertensives, and
statins were reconciled, however unrecorded/unknown drugs/
herbal remedy interactions may overestimate Crypto-failures;
(4). CLAMP is not exhaustive, and other etiologies exist, such
as infective endocarditis, “triple-positive” antiphospholipid anti-
body syndrome, ventricular thrombus, Paroxysmal Nocturnal
Hemoglobinuria and Behcet’s disease9,20,33 – select cases may
require screening; (5). definitions of DOAC “Crypto-
failures” and “Pseudo-failures” may require further
refinement/research in a multi-center, prospective study;
(6). Crypto-failures were not tested/confirmed for genetic
polymorphisms, such as loss-of-function mutations, because
this was beyond the scope of our project; and (7). we did not
include left atrial appendage occlusion (LAAO) in the study,
and a large trial of AF patients who, after surgery, received
LAAO, had statistically fewer strokes than non-LAAO, de-
spite about 75% anticoagulation use in both arms.34 Hence,
our study provides a specific substrate of patients (Crypto-

failures) for further LAAO research; a prior study7 included
very few patients (1%) with LAAO in this setting.

In summary, the unwieldy `term “DOAC failures” describes
heterogeneous events and assumes DOAC biochemical dys-
function. Lumping all “DOAC failures” together results in
“anticoagulant-switching” which is ineffective at preventing
recurrent events.6 Although imperfect, our study is hypothesis-
generating and challenges current diagnostic dogma by en-
couraging a systematic workup of psychosocial, economic, and
medical variables. Although nearly half of Pseudo-failures were
from noncompliance, future research into socially transmitted
health behaviors and the influence of social networks upon
medications in general (and uponDOACs specifically) can focus
on underserved communities with race-ethnicity and sex dis-
parities12 and detect modifiable targets for intervention.35 Vul-
nerable populations have increased risk of both ischemic and
bleeding events, and are currently underrepresented in stroke
studies.36 Our novel classification schema CLAMPmay address
this unmet need; identifying reasons for noncompliance, plus

Figure 2. Occurrence of each CLAMP. variable out of all Pseudo-failure occurrences (n = 88, left) and in all Pseudo-failure patients (n = 67,
right) with only 1one CLAMP. variable, and multiple variables (2 causes and 3 causes). The bar represents standard error.

Table 3. DOAC Crypto-failure rate by DOAC comparisons.

Dabigatran Apixaban rivaroxaban p-Value

DOAC Crypto-failure rate
dabigatran vsvs. apixaban vsvs. rivaroxaban 5.6% 16.2% 40.6% 0.008
dabigatran vsvs. apixaban 5.6% 16.2% 0.406a

dabigatran vsvs. rivaroxaban 5.6% 40.6% 0.008a

apixaban vsvs. rivaroxaban 16.2% 40.6% 0.024a

Note: P-values with superscript.
acompare with type I error 0.05/3 = 0.017.
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unearthing non-AF etiologies, may improve long-term
outcomes.

Conclusion

AIS in patients with known AF, already prescribed DOAC
(so-called “DOAC failures”), is an ongoing clinical co-
nundrum. Our novel classification schema, CLAMP
(Compliance concerns, Lacunar small-vessel disease,
Arterial pathology, Malignancy, and PFO), found that these
“Pseudo-failures” were 3 times more likely than “Crypto-
failures” without clear alternate cause, aside from AF/
“atriopathy” or pharmacogenomic dysfunction of DOAC
absorption, metabolism or clearance. More nuanced
evaluation of “DOAC failures” may discourage indis-
criminate, ineffective “anticoagulant-switching” and needs
further study.
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