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Background and Purpose Standard operating procedures (SOP) incorporating plasma levels of rivaroxaban 
might be helpful in selecting patients with acute ischemic stroke taking rivaroxaban suitable for IV-
thrombolysis (IVT) or endovascular treatment (EVT). 
Methods This was a single-center explorative analysis using data from the Novel-Oral-Anticoagulants-in-
Stroke-Patients-registry (clinicaltrials.gov:NCT02353585) including acute stroke patients taking rivaroxaban 
(September 2012 to November 2016). The SOP included recommendation, consideration, and avoidance of IVT 
if rivaroxaban plasma levels were <20 ng/mL, 20‒100 ng/mL, and >100 ng/mL, respectively, measured with a 
calibrated anti-factor Xa assay. Patients with intracranial artery occlusion were recommended IVT+EVT or EVT 
alone if plasma levels were ≤100 ng/mL or >100 ng/mL, respectively. We evaluated the frequency of IVT/EVT, 
door-to-needle-time (DNT), and symptomatic intracranial or major extracranial hemorrhage. 
Results Among 114 acute stroke patients taking rivaroxaban, 68 were otherwise eligible for IVT/EVT of whom 63 
had plasma levels measured (median age 81 years, median baseline National Institutes of Health Stroke Scale 6). 
Median rivaroxaban plasma level was 96 ng/mL (inter quartile range [IQR] 18‒259 ng/mL) and time since last 
intake 11 hours (IQR 4.5‒18.5 hours). Twenty-two patients (35%) received IVT/EVT (IVT n=15, IVT+EVT n=3, EVT 
n=4) based on SOP. Median DNT was 37 (IQR 30‒60) minutes. None of the 31 patients with plasma levels >100 
ng/mL received IVT. Among 14 patients with plasma levels ≤100 ng/mL, the main reason to withhold IVT was 
minor stroke (n=10). No symptomatic intracranial or major extracranial bleeding occurred after treatment. 
Conclusions Determination of rivaroxaban plasma levels enabled IVT or EVT in one-third of patients 
taking rivaroxaban who would otherwise be ineligible for acute treatment. The absence of major 
bleeding in our pilot series justifies future studies of this approach.
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Introduction

Intravenous thrombolysis (IVT) with alteplase is an effective 
clot-eliminating treatment that improves outcome after acute 
ischemic stroke.1-3 IVT carries a risk of symptomatic intracranial 
hemorrhage (sICH) ranging from 1.7% to up to 7.3% in the 
relevant trials1,4 according to different definitions (please see 
methods section). Rivaroxaban is a direct factor Xa-inhibitor 
used for systemic oral anticoagulation in patients with atrial 
fibrillation5 and other thrombo-embolic diseases. Patients re-
ceiving prior treatment with anticoagulants were excluded 
from all randomized controlled trials studying IVT and the deci-
sion to use IVT in patients on oral anticoagulation represents a 
major challenge for clinicians.6 

Observational studies showed that in patients taking vitamin 
K antagonists (VKA), using the international normalized ratio 
(INR) to select patients for IVT is safe.7,8 Patients presenting 
with therapeutic INR values should not be considered for IVT, 
but may instead safely receive endovascular treatment (EVT).9,10 
Measuring the anticoagulant effect of rivaroxaban using stan-
dard coagulation parameters like the INR is not recommended 
due to the lack of linear correlation.11-13 Using commercially 
available calibrated anti-factor Xa assays, rapid measurement 
of drug specific plasma levels of rivaroxaban (RivLev) is feasi-
ble14 and represents the intensity of the systemic anticoagula-
tion effect.13 IVT has been used in selected patients on rivarox-
aban based on RivLev.15

Upon the introduction of rivaroxaban for atrial fibrillation in 
Switzerland in April 2012, we established an institutional in-
terdisciplinary standard operating procedure (SOP) at our 
stroke center to guide decision for the use of IVT in patients 
with ischemic stroke taking rivaroxaban based on RivLev. After 
4 years of experience, we evaluated this SOP using data from 
our prospective novel oral anticoagulants in stroke patients 
(NOACISP) registry. In detail, we evaluated 1) the frequency of 
IVT/EVT used in clinical practice, 2) the door-to-needle-time 
(DNT), in particular, whether a DNT <60 minutes as per Euro-
pean Stroke Organisation (ESO) recommendations16 was met, 
3) reasons for avoiding IVT/EVT, and 4) post-treatment rate of 
symptomatic intracranial or major extracranial hemorrhage, 
good outcome, and death.

Methods

Study design, period, and population
We performed a single-center explorative analysis using data 
from the prospective, ongoing NOACISP registry (clinicaltrials.
gov:NCT02353585).14,17 As defined in the NOACISP registry 

protocol, we prospectively collected data on all patients treated 
with acute ischemic or hemorrhagic stroke and prior treatment 
with oral anticoagulants. Data were collected at baseline and 
after 3 months by trained and certified stroke physicians using 
predefined variables and an electronical case report form as 
outlined in prior publications.14,17 All data used for the present 
analysis were collected prospectively.

For the present analysis, we selected all patients with acute 
ischemic stroke presenting under rivaroxaban (defined as last 
intake <48 hours prior to stroke onset or intake >48 hours and 
elevated RivLev) treated in the Stroke Center of the University 
Hospital Basel from September 2012 until November 2016. 
This time window has been chosen as current guidelines allow 
the use of IVT and EVT in patients taking non-vitamin K antag-
onist oral anticoagulants (NOACs) with a prior intake of >48 
hours and normal renal function without prior coagulation 
testing.18,19 From those individuals we then selected all patients 
admitted within <270 minutes after symptom onset who were 
formally eligible for IVT/EVT apart from taking rivaroxaban.

Baseline and follow-up data
From the registry, the following baseline variables were used: 
age, sex, indication for the use of rivaroxaban, stroke severity 
as assessed by the National Institutes of Health Stroke Scale 
(NIHSS)20 on admission, presence or absence of occlusion of 
proximal intracranial artery confirmed by computed tomogra-
phy angiography or magnetic resonance angiography, INR, glo-
merular filtration rate applying the Chronic Kidney Disease Epi-
demiology Collaboration21 equation as done in prior IVT-re-
search,22 the risk factors of atrial fibrillation, history of stroke, 
hypertension, diabetes mellitus, hypercholesterolemia with cri-
teria used previously,17,22-24 concomitant use (vs. non-use) of 
antiplatelets, antihypertensive drugs, and statins; dosage and 
time of last intake of rivaroxaban, time of symptom onset, and 
time of hospital admission with RivLev measurement.

Furthermore, we used prospectively ascertained data about 
use (or non-use) of acute recanalization treatment in the fol-
lowing categories: 1) IVT, 2) IVT+EVT combined, and 3) EVT 
alone. In patients receiving IVT (either alone or prior to EVT), 
the DNT was calculated.

Outcome measures include the rate of 1) any ICH seen on 
follow-up imaging using the radiological ECASS-225 categori-
zation (hemorrhagic infarction 1 and 2, parenchymal hemor-
rhage 1 and 2); 2) sICH based on the criteria of the ECASS-II1 
(sICHECASS) and the NINDS26 (sICHNINDS); 3) major extracranial 
hemorrhage defined as in the “Rivaroxaban Once Daily Oral Di-
rect Factor Xa Inhibition Compared with Vitamin K Antagonism 
for Prevention of Stroke and Embolism Trial in Atrial Fibrillation 
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(ROCKET AF)” trial5 leading to the approval of rivaroxaban for 
atrial fibrillation; 4) death and good (defined as modified 
Rankin Scale [mRS] 0−2) 3-month functional outcome as-
sessed by structured interview at outpatient visit or telephone 
calls.27

Measurement of drug specific RivLev
Venous blood samples of stroke patients were drawn at presen-
tation to the emergency department as part of routine assess-
ment in our stroke center and analyzed in our central lab.14 We 
used a commercially available automated anti-factor Xa-based 
chromogenic assay with specific rivaroxaban calibrators to de-
termine RivLev (Rivaroxaban-Screen; Hyphen-Biomed, Neu-
ville-sur-Oise, France). The test is 24 hours and 7 days/week 
available in our institution and results are rapidly available be-
fore the start of IVT/EVT.14 These results guided clinical decision. 
All results were later-on confirmed with a second rivaroxaban-
calibrated specific test (DiXal; Hyphen-Biomed).

Intravenous thrombolysis, endovascular treatment, 
and standard operating procedure
At our institution, IVT is used according to current guidelines19 
except that prior intake of rivaroxaban is not an absolute ex-
clusion criterion but use is possible depending on rivaroxaban 

plasma levels, as defined in a SOP (Supplementary Figure 1). All 
patients eligible for IVT with proximal intracranial vessel occlu-
sion are considered for EVT with mechanical stent retriever.28 
Pure EVT might be considered based on individual decisions in 
patients not eligible for IVT for example due to therapeutic an-
ticoagulation.28 All patients or next-of-kin are informed in the 
emergency situation about risk and benefits of IVT/EVT and can 
refuse treatment.

In 2012, our multidisciplinary stroke center steering group, 
advised by a diagnostic hemostasiologist, had agreed upon a 
SOP for the use of IVT in patients with acute ischemic stroke 
taking rivaroxaban. RivLev was a key selection criterion, in  
patients otherwise eligible to IVT. We defined thresholds of 
RivLev retrieved from literature29 and based on theoretical con-
siderations (Figure 1).30 

To summarize, IVT was recommended in patients with RivLev 
<20 ng/mL (RivLevlow); this level is the lowest trough level of ri-
varoxaban measured in patients receiving prophylactic antico-
agulation (24 hours after intake of 10 mg) and was considered 
to be clinically safe. Patients with RivLev of 20−100 ng/mL (Riv-
Levintermediate) should be considered for IVT after balancing indi-
vidual benefits and risk. In patients with RivLev >100 ng/mL 
(RivLevhigh), IVT should be avoided because this level represents 
an efficient systemic anticoagulation effect; these patients 

Figure 1. Distribution of rivaroxaban plasma level and international normalized ratio (INR).
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should be considered for pure EVT if otherwise eligible (i.e., 
have proximal vessel occlusion). The SOP was made available 
to all members of the stroke team involved in the selection of 
patients for IVT or EVT.

By review of patients’ charts and record an experienced rater 
(D.S.) evaluated reasons for non-adherence to the SOP, in par-
ticular, the reasons for non-use of IVT although this treatment 
has been recommended or considered. Criteria for the latter in-
clude mild, non-disabling stroke (NIHSS≤4), severe comorbidi-
ties, advanced age, and refusal of patients or relatives.

Statistics
We performed explorative statistics analyzing the correlation 
of RivLev with the INR and RivLev with time since last intake 
of rivaroxaban using Spearman test. All tests were 2-tailed, 
and statistical significance was determined at α-level of 0.05. 
Statistical analyses were performed using SPSS version 23.0 for 
Windows (IBM Corp., Armonk, NY, USA).

Ethics
NOACISP was approved by the local ethics committee (“Ethik-
komission Nordwest- und Zentralschweiz,” EKNZ 2014-027).

Results

Study population
During the study period of 50 months, 114 patients with acute 
ischemic stroke taking rivaroxaban were admitted to our stroke 
center. The number increased numerically over the years: 2 pa-
tients (1.8%) in 2012, 7 (6.1%) in 2013, 21 (18.4%) in 2014, 41 
(36%) in 2015, and 43 (37.7%) in 2016. Out of these patients, 
68 (59.6%) 1) arrived within 270 minutes after symptom onset 
and 2) were otherwise eligible for IVT. 

In 5/68 patients, RivLev was not measured yielding a study 
population of 63 patients. The median age was 81 years (inter 
quartile range [IQR] 76‒86), 51% (n=32) were female, and the 
median NIHSS on admission was 6 (IQR 2‒16). Last-intake of 
rivaroxaban took place a median of 11 hours (IQR 4.5–18.5 
hours) before admission. The daily dosage of rivaroxaban was 
10 mg in 9 patients (14.3%), 15 mg in 18 (26.8%) patients, 20 
mg in 32 (50.8%) patients, and 30 mg in 4 (6.3%). The majority 
of 75 patients (65%) took rivaroxaban for stroke prevention in 
atrial fibrillation. Other reasons for rivaroxaban intake were 
treatment of deep vein thrombosis in 10 patients (9%), pulmo-
nary embolism in 13 patients (11%), prevention of thrombosis 
after surgery in 6 patients (5%), and others/not known in 10 
patients (9%).

RivLev
Among the 63 patients included in the analysis, median RivLev 
was 96 ng/mL (IQR 18−259). Applying the RivLev-categories of 
the SOP, we observed: RivLevlow, (n=17; 27%), RivLevintermediate 
(n=15; 22.1%) and RivLevhigh (n=31; 45.6%). Correlation be-
tween RivLev and INR was statistical significant with a Spear-
man rank correlation coefficient of 0.711 (P<0.01, see Figure 1).

Distribution of time since last intake of rivaroxaban and 
measured RivLev in patients treated with IVT and those not 
treated with IVT is displayed in Figure 2. We could not find any 
statistically significant correlation between time since last in-
take and RivLev (Spearman rank correlation coefficient -0.123, 
P=0.25). In addition, 11 of 63 patients took the last dosage of 
rivaroxaban >24 hours before admission and 4 of these 11 
(36%) patients had RivLevhigh.

Intravenous thrombolysis 
It is noted that 18 of 63 (28.6%) patients received IVT either 
alone (n=15) or followed by EVT (n=3). The median DNT was 37 
minutes (IQR 30‒60 minutes). All patients receiving IVT had 
RivLevlow (n=12) or RivLevintermediate (n=6). No patient on Riv-
Levhigh (n=31) received IVT. 

Fourteen patients with 1) RivLevlow or RivLevintermediate, and 2) 
absence of intracranial artery occlusions were neither treated 
with IVT nor with EVT. The reason for withholding IVT was mild, 
non-disabling stroke (NIHSS≤4) in 10 (71.4%) and severe co-
morbidities combined with advanced age in 4 of 14 patients 
(28.6%). The baseline characteristics and outcome of patients 
treated with IVT (alone or followed by EVT), with EVT only and 
those not treated with recanalization therapies are displayed in 
Table 1. 

Endovascular treatment
Seven of 63 patients (11.1%) received EVT either combined 
with IVT (n=3, all RivLevlow or RivLevintermediate) or as pure EVT 
(n=4, all RivLevhigh; 12.9% of all 31 patients with RivLevhigh). 
Among the 27 patients with RivLevhigh not treated with EVT, 21 
patients (77.8%) did not have proximal vessel occlusion eligible 
for EVT. Among the remaining patients, reasons not to use EVT 
were mild, non-disabling stroke (n=3, 9.7%, NIHSS 0, 1, and 6, 
respectively) and high age (n=2, 6.5%, age 88 and 92). None of 
the patients or next-of-kin refused treatment after being of-
fered IVT or EVT according to SOP. 

Bleeding complications, 3-month outcome, and 
mortality
Asymptomatic hemorrhagic transformation seen on follow-up 
imaging occurred in 2 patients receiving IVT (11%) and 3 pa-
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tients not treated with IVT or EVT (7%). No patient treated 
with IVT or EVT suffered sICH or major extracranial bleeding 
complications. Functional outcome measured using the mRS at 
3 months and proportion of patients achieving good outcome 
and mortality is displayed in Table 1.

Discussion

This observational study yielded the following key findings: 
adding RivLev for selection of patients for IVT with acute isch-
emic stroke on rivaroxaban 1) enabled to use IVT in 28% of 

Table 1. Baseline characteristics of patients on rivaroxaban treated with IVT (including IVT followed by EVT), EVT only and those receiving no recanalization 
therapy

Any intravenous 

thrombolysis*,† (n=18)

Endovascular 

treatment only† (n=4)

No recanalization 

therapy (n=41)

Age (years) 77 (74–82) 75 (70–81) 82 (76–87)

Female 11 (61) 0 24 (58)

Prior antiplatelets 3 (167) 0 9 (22)

Prior statins 9 (50) 2 (50) 17 (41)

Prior antihypertensives 16 (89) 4 (100) 35 (85)

NIHSS on admission 13 (7–19) 18 (12–27) 3 (1–6)

Time since last intake of rivaroxaban in hours 12 (6–22) 14 (7–20) 10 (4–12)

Risk factors

Atrial fibrillation 14 (78) 2 (50) 27 (66)

Diabetes mellitus 3 (17) 1 (25) 10 (24)

Arterial hypertension 17 (94) 4 (100) 34 (83)

Hypercholesterinemia 10 (56) 2 (50) 12 (29)

Smoking 0 0 4 (9.8)

History of stroke/TIA 5 (28) 0 13 (32)

Coagulation and renal function

Rivaroxaban plasma levels (ng/mL) 15 (10–22) 125 (102–218) 204 (75–313)

INR 1.2 (1.0–1.3) 1.2 (1.1–1.4) 1.5 (1.2–2.1)

Creatinin clearance 63 (48–85) 65 (61–93) 58 (42–70)

RivLevlow 12 (67) 0 5 (10)

RivLevintermediate 8 (33) 0 9 (18)

RivLevhigh 0 4 (100) 27 (66)

Outcome

Any ICH 2 (11) 0 3 (7)

Hemorhagic transformation type 1 or 2 2 (11) 0 3 (7)

Parenchymal hemorrhage type 1 or 2 0 0 0

sICHNINDS 0 0 0

sICHECASS 0 0 0

mRS at 3 months 3 (2–4) 3 (2–4) 3 (1–4)

Good outcome‡ at 3 months 8 (44) 1 (25) 16 (39)

Death at 3 months 3 (17) 0 3 (7)

Values are presented as median, IQR or n (%).
IVT, IV-thrombolysis; EVT, endovascular treatment; NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack; INR, international normal-
ized ratio; RivLev, plasma levels of rivaroxaban; ICH, intracranial hemorrhage; sICH, symptomatic intracerebral hemorrhage; mRS, modified Rankin Scale; IQR, 
inter quartile range.
*Includes 3 patients receiving IVT+EVT; †Some patient data from a previously published study17 was included to allow all available data to contribute to this 
analysis; ‡Defined as mRS 0–2.
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patients otherwise not eligible based on current guidelines;19 2) 
patients with elevated RivLev could be triaged for pure EVT re-
sulting in an overall rate of acute recanalization therapies in 
over 1/3 of patients; 3) allowed for rapid administration of IVT 
in a median DNT of 37 minutes and thus within the recom-
mended delay of <60 minutes for ESO stroke centers;16 and 4) 
did not yield major safety concerns.

Interestingly although the proportion of good outcome in 
IVT/EVT was numerically higher than in no recanalization ther-
apy, the poor outcome or death in IVT/EVT was also numerically 
higher than in no IVT/EVT. We cannot provide a convincing ex-
planation for this unexpected observation. One might specu-
late, that the latter group represented patients with particular-
ly poor prognosis due to factors like poor collateral, which were 
not assessed in our study.

Our analysis has the following strengths: 1) all data were 
collected prospectively and irrespective of the current analysis. 
2) We report on a long-standing, 4-year, and real-world expe-
rience from a stroke center. This implicates that our approach 
can be transferred to other experienced stroke centers.

Our study has the following limitations: 1) we report on a 
single-center experience limiting the generalizability of our 
findings. 2) Although we report the longest and largest single-
center study of patients on rivaroxaban receiving IVT, the over-
all numbers are small and our study was not powered to prove 
that this approach is ultimately safe and effective. Neverthe-
less, our data did not raise any major safety concerns and jus-
tify the use of this approach in larger samples. 3) We did not 
perform detailed analysis of baseline images like the ASPECTS31 
score which can modify the bleeding risk in patients treated 
with IVT. 4) We could not find a significant correlation of mea-
sured RivLev with time since last intake in our study population 
of acute stroke patients although this has been reported previ-
ously.29,32 There might be by other modifying factors in patients 
with stroke that should be analyzed in larger samples of acute 
stroke patients. Interestingly, we found that about one-third of 
patients reporting last intake of rivaroxaban >24 hours before 
admission had plasma levels of >100 ng/mL excluding IVT. 
Nevertheless, this finding underlines the importance to mea-
sure RivLev in order to assess the anticoagulant activity in in-
dividual patients.

Treatment of patients with a prior intake of oral anticoagu-
lants has always been challenging. Overall, the off-label use of 
IVT in selected patients with contraindications according to the 
license of alteplase was not associated with poor outcome in 
experienced stroke centers.33 In patients taking vitamin K an-
tagonists and based on theoretical considerations, a subthera-
peutic INR threshold of <1.7 was used to select patients for IVT 
but only recent large scale observational data showed this ap-
proach seems to be safe.7,8 In analogy, the use of drug specific 
RivLev has been proposed to be used to select patients on riva-
roxaban for IVT.15,30,34 The used RivLev thresholds of <20 and 
<100 ng/mL in our SOP are based on theoretical consider-
ations30 and supported by data from pharmacokinetic studies.29

First pilot data showed that IVT in patients taking NOAC in-
cluding rivaroxaban was not associated with an increased risk 
for bleeding complications compared to patients on subthera-
peutic VKA or patients without anticoagulation.17 However, the 
appropriate selection criteria remain unclear and drug – spe-
cific coagulation assays in this study were only measured in 
31% of patients indicating low or subtherapeutic NOAC plasma 
levels. In addition, a recently published study using data from a 
large US registry with 251 patients on NOAC treated with IVT,35 
no increased bleeding risk was found neither. Unfortunately, 
this study did not report on drug specific NOAC plasma levels.

The aim of the current study was not to show whether IVT or 
EVT in patients on NOAC is safe and effective but using drug-
specific plasma levels for patients’ selection is feasible. This ap-

Figure 2. Distribution of time since last intake of rivaroxaban and mea-
sured rivaroxaban plasma levels in patients treated with intravenous 
thrombolysis (IVT) (•) and those not treated with IVT ( ). The rivaroxaban 
plasma level thresholds for IVT recommended (brocken line) and IVT to-be-
consedered (continuous line) are indicated.
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proach offers the advantage to base the selection on drug spe-
cific plasma levels rather than on non-specific coagulation 
tests prone to underestimate the anticoagulant effect of 
NOAC.12

The use of standard coagulation parameters like INR or acti-
vated partial thromboplastin time to evaluate the anticoagu-
lant effect of rivaroxaban is not recommended.11 Currently, no 
point-of-care (POC) device exists to reliably measure RivLev. 
Although, POC to measure INR has been used in patients on 
NOAC36 and approaches using the INR to guide the decision for 
IVT in patients on rivaroxaban have been proposed,34 the corre-
lation between INR and RivLev in patients with acute ischemic 
stroke is currently unclear and risk of false-negative results has 
been reported.12

Our approach differs by using a more specific coagulation 
test. For patients on rivaroxaban who have an ischemic stroke, 
approaches taking into account RivLev in the decision process 
about the use of IVT/EVT will likely increase the rate of such 
patients receiving acute recanalization therapies. In particular, 
as recent research showed that RivLev are available within 34 
minutes (median) after stroke patient entered the hospital;14 
thus early enough to guide descusion whether to use IVT or 
EVT.

 

Conclusions

Our study shows that using RivLev to select patients with 
acute ischemic stroke taking rivaroxaban for IVT/EVT can offer 
recanalization therapies to about one-third of those patients, 
who were not eligible for this treatment based on current 
guidelines. The absence of major safety concerns justifies using 
this approach in larger studies. Such future studies could also 
analyze factors influencing RivLev in patients with acute 
stroke.
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Supplementary Figure 1. Standard operating procedure (SOP) Stroke 
Center University Hospital Basel for selection of patients with acute isch-
emic stroke taking Rivoraxoaban for treatment with intravenous thrombol-
ysis (IVT) and endovascular treatment (EVT) based on rivaroxaban plasma 
levels. *Consider no IVT if mild stroke NIHSS≤4 or comorbidities; †Consider 
EVT if proximal vessel occlusion is present. NIHSS, National Institutes of 
Health Stroke Scale.
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