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Background Direct oral anticoagulants (DOACs) are useful for stroke prevention in atrial fibrillation (AF) patients. However, the concomitant 
administration of Levetiracetam limited their use in clinical practice, although some authors raise doubts about clinical relevance of 
the interaction.

Case summary We report a case of a 54-year-old male with AF, cirrhosis, and seizures, in which the assessment of Dabigatran plasma concentra-
tion was needed due to the concomitant use of Levetiracetam. In this case, no relevant reduction of trough Dabigatran plasma 
concentration was found. An increased peak serum level of dabigatran may be obtained delaying levetiracetam administration. 
The patient was then followed in our clinic and during 32 months of follow-up no ischaemic or haemorrhagic events occurred.

Discussion The evaluation of DOACs concentration could be helpful to start a tailored therapy in frailty patients.
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Learning points
• Drug-drug interactions (DDIs) should always be evaluated in patients with multimorbidities taking multiple drugs

• The use of laboratory monitoring of direct oral anticoagulants may be helpful to manage DDIs.

• A tailored therapy may enhance the compliance of patients and reduce adverse events
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Background
The introduction of direct oral anticoagulants (DOACs) has simplified 
the management of antithrombotic therapy in atrial fibrillation (AF) pa-
tients, providing an effective and safer therapeutic option for patients 
on warfarin, especially those with low time in therapeutic range 
(TiTR).1 However, there are still some subgroups of patients in 
whom the use of DOACs is not well established or contraindicated, 

such as those with liver cirrhosis Child-Pugh C, patients with end-stage 
renal disease, and morbid obese patients.2 Furthermore, drug-drug in-
teractions (DDIs) with medications interfering with the membrane per-
meability glycoprotein (p-gp) should be considered in DOAC-treated 
patients. In particular, in 2018, the European Heart Rhythm 
Association (EHRA) Practical Guide on the use of DOACs in patients 
with AF,1 the authors advise against the concomitant use of dabigatran 
and levetiracetam, based on the supposed modulation of p-gp protein 
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by levetiracetam as substrate. However, some authors raised doubts on 
the clinical relevance of the DDI of levetiracetam with DOACs.3 This 
indication was then changed in the most recent version of the EHRA 
Guide that now indicates that despite a DDI between Dabigatran and 
Levetiracetam is expected, these may be used with caution.1 In addition, 
DDI should be put in the context of the benefit of an effective throm-
boprophylaxis strategy. Very few evidence regarding this topic do exist 
in the literature.

We hereby report a case of a patient taking dabigatran and levetira-
cetam in whom we managed the DDI through clinical management and 
blood drug concentration monitoring.4

Timeline

Case report
A 54-year-old man was admitted to our department due to the wor-
sening of clinical conditions and onset of diffuse oedema and ascites. 
A diagnosis of liver cirrhosis was made (Child-Pugh B7. MELD Na+ 9) 
during hospitalization. The patients had a history of paroxysmal AF, 
heart failure, metabolic syndrome (with severe obesity, BMI 41 Kg/m2), 
previous pancreatic cured tail carcinoma (2013), hypothyroidism, 
arterial hypertension, sleep apnoea syndrome, and epilepsy. The 
CHA2DS2-VASC score was 2 (heart failure and hypertension) and the 
HAS BLED score was 2 (liver cirrhosis and labile INR).

The patient was on therapy with levothyroxine 175 mcg/day, panto-
prazole 40 mg/day, bisoprolol 2.5 mg/day, spironolactone 300 mg/day, 
furosemide 25 mg/day, warfarin with an international normalized ratio 
(INR) target of 2.5, levetiracetam 500 mg/BID. Daily schedule of 

Figure 1 Medications’ schedule of patient at admission.
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medications at admission is shown in Figure 1. Blood values at admission 
are shown in Table 1.

After discharge, the patient was sent to our outpatient clinic for the 
management of antithrombotic therapy. Patient appeared obese, 
awake, alert, oriented, and hydrated. No acute distress. The external 
chest is normal in appearance without lifts, heaves, or thrills. Heart 
rate and rhythm are normal. No murmurs, gallops, or rubs are auscul-
tated. S1 and S2 are heard and are of normal intensity. A clear im-
provement in ascites and oedema was observed. Due to the poor 
TiTR of the patient (44%) during warfarin therapy and the scarce pos-
sibility to undergo frequent INR checks, warfarin was discontinued, 
and dabigatran 150 mg twice daily was started. However, the con-
comitant use of Levetiracetam and a high BMI (41 Kg/m2) are known 
to reduce plasma concentrations of all DOACs1 (a summon of poten-
tial interaction among DOACs and antiepileptic drug is shown in 

Table 2)1: for these reasons, we decided to measure plasmatic con-
centrations of dabigatran by evaluating anti-IIa levels. Blood samples 
were collected at dabigatran peak concentration (2 h post-intake) 
and trough (immediately before next intake), after 10 days from the 
beginning of therapy. The trough plasma concentration of dabigatran 
was in the normal range provided by the lab (61–143 ng/mL),4 while 
peak concentrations were below range (117–275 ng/mL)4 (Figure 2). 
As patient was taking Dabigatran and Levetiracetam at the same time 
in the morning and in the evening, we asked the patient to delay 
Levetiracetam intake at 12 a.m. and 12 p.m., respectively, to allow 
Dabigatran to reach a higher peak level. Indeed, dabigatran peak con-
centration increased from 88 to 101 ng/mL (Figure 2).

During 32 months of follow-up, no haemorrhagic or ischaemic 
events occurred. He experienced an improvement of liver cirrhosis 
achieving a Child-Pugh A5 class and a substantial weight loss of about 
40 kg through dietary restriction (BMI: 29 Kg/m2). Furthermore, there 
were no new episodes of seizures, without modification of levetirace-
tam posology.

Discussion
Our case report shows that clinical management may help to reduce 
DDI without discontinuing DOAC treatment. The patient of this case 
report had two thromboembolic risk factors beyond sex, thus requir-
ing long-term therapy with oral anticoagulants. According to the 
HAS-BLED score of 2 patient, he was classified at moderate risk of 
bleeding. However, a comprehensive clinical evaluation is always 
needed as these risk scores do not take into account other potential 
bleeding and thrombotic risk factors such as obesity, potential DDIs, 
and possible increased risk of falls in patients with epilepsy. In addition, 
some risk factors may increase both bleeding and thrombotic risk. For 
instance, aging, chronic kidney disease and liver cirrhosis may contrib-
ute to both these risks. Recent evidence however showed that liver 
cirrhosis may not increase per se bleeding risk, especially in the early 
stages, as INR prolongation does not reflect a true anticoagulation 
status of patients, as shown by the occurrence of thrombotic events 
in patients with elevated INR.5 In addition, bleeding seems to be main-
ly related to the presence of oesophageal varices.6 On the other side, 
in patients with AF liver fibrosis/cirrhosis is associated with an in-
creased risk of cardiovascular and thrombotic events, including is-
chaemic stroke, venous thromboembolism and portal vein 
thrombosis.7 In accordance with this evidence anticoagulant therapy 
in patients with liver cirrhosis is associated with a significant reduction 
of thrombotic complications without an increased bleeding risk.8

Indeed, liver cirrhosis should not be considered a contraindication 
to anticoagulant therapy.

Current European guidelines allow the use of DOACs in patients 
with liver cirrhosis Child-Pugh Class A and B (apart from rivaroxaban, 
approved only in patients with Child-Pugh Class A).1 Phase III clinical 
trials of DOACs excluded patients with advanced liver disease, but 
however, a recent meta-analysis of observational studies showed a 
potential benefit of DOAC compared with warfarin in patients with 
AF and advanced liver disease, also in patients with oesophageal 
varices.9

Among DOACs, we have chosen Dabigatran as it is activated by glucur-
onidation at liver site with no enzyme involvement and given its excretion 
at kidney level, making its metabolism marginally influenced by liver status.

More recently, a novel DOAC, the direct inhibitor of XIa factor, 
Asundexian, has been studied in a Phase 2 study.10 However, no data 
were available about DDIs related to P-gp and there were no data 
about advanced liver disease. Indeed, patients with known significant li-
ver disease, such as liver cirrhosis classified as Child-Pugh B or C were 
excluded from the phase II trial.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient’s blood sample values at admission in 
our clinic

Normal value

Biochemical

Fasting plasma glucose 97 60–100 mg/dL

Total cholesterol 126 160–220 mg/dL

HDL Cholesterol 41 35–70 mg/dL
LDL cholesterol 70 < 130 mg/dL

Triglycerides 76 40–170 mg/dL

Iron 53 50–180 μg/dL
Ferritin 9 22–320 ng/mL

Creatinine 1,0 0.70–1.20 mg/dL

AST 16 9–45 U/L
ALT 19 10–40 U/L

GGT 73 8–61 U/L

Total bilirubin 1.0 0.30–1.20 mg/dL
Conjugate bilirubin 0.4 < 0.20 mg/dL

Uric acid 6.6 0.20–0.43 mmol/L

Albumin 4.7 3.5–5 g/dL
TSH 0.97 0.45–4.78 μUI/mL

FT3 3.43 2.30–4.20 pg/mL

Autoimmunity

ANA Negative 1:80 Negative 1:80

AMA Negative 1:40 Negative 1:40

anti-LKM antibodies Negative 1:40 Negative 1:40
Total blood count cells and coagulation

Haemoglobin 15.51 11.0–18.0 g/dL

Platelet count 363.000 150.000–450.000/μL
Total proteins 7.3 6,4–8,3 g/dL

INR 1.35 <1.20

Virology

HBsAg Negative Negative

HBeAg Negative Negative

HBcAb Negative Negative
HBeAb Negative Negative

HCV-Ab Negative Negative

INR, international normalized ratio; aPTT, activated partial thromboplastin time; AST, 
aspartate amino-transferase; ALT, alanine amino-transferase; GGT, gamma-glutamyl- 
transferase; ANA, anti-nuclear antibody; AMA; anti-mitochondrium antibodies; LKM: 
liver-kidney microsome
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Table 2 Most common interactions among antiepileptic drugs and direct oral anticoagulants (DOACs)

Dabigatran Apixaban Edoxaban Rivaroxaban Mechanism
Pharmacokinetics

P-glycoprotein All substrates

CYP3A4 No Yes No Yes

Drug interactions
Carbamazepine Contraindicated due to 

strong interaction

Potential clinically 

relevant interaction 
expected, caution 

required

Potential clinically 

relevant interaction 
expected, caution 

required

Contraindicated due to 

strong interaction

Strong CYP3A4/P-gp 

induction; CYP3A4 
competition

Ethosuximide, 
Perampanel, 

Pregabalin, 

Lamotrigine, 
Gabapentin

No relevant interaction known/assumed —

Phenytoin Contraindicated due to 

strong interaction

Potential clinically 

relevant interaction 
expected, caution 

required

Potential clinically 

relevant interaction 
expected, caution 

required

Contraindicated due to 

strong interaction

Strong CYP3A4/P-gp 

induction; P-gp 
competition

Phenobarbital Potential clinically relevant 
interaction expected, 

caution required

Potential clinically 
relevant interaction 

expected, caution 

required

Potential clinically 
relevant interaction 

expected, caution 

required

Contraindicated due to 
strong interaction

Strong CYP3A4/ 
possible P-gp 

induction

Levetiracetam Potential clinically relevant 

interaction expected, 

caution required

Potential clinically 

relevant interaction 

expected, caution 
required

Potential clinically 

relevant interaction 

expected, caution 
required

Potential clinically relevant 

interaction expected, 

caution required

P-gp induction; P-gp 

competition

Topiramate No relevant Potential clinically 

relevant interaction 
expected, caution 

required

No relevant Potential clinically relevant 

interaction expected, 
caution required

CYP3A4 induction; 

CYP3A4 
competition

Valproic acid Contraindicated due to DOACs plasma levels reduction CYP3A4/P-gp 
induction/inhibition

Figure 2 Dabigatran peak and trough concentrations before and after levetiracetam administration delay.
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In addition to liver cirrhosis, our patient was on treatment with leve-
tiracetam for the treatment of epilepsy. Recently, a prospective study 
including 91 AF patients evaluated the incidence of ischaemic stroke 
and major bleeding in patients taking both DOACs and antiepileptic 
drugs; the study showed an increased risk of ischaemic stroke in this co-
hort of patients.11 Here, we present a case of concomitant use of da-
bigatran and levetiracetam and propose a plasma-level driven 
approach to patient management. Plasma levels of anti IIa activity 
may help clinician to check whether despite a known DDI, 
Dabigatran may reach effective peak and through levels. Thus, we found 
that in range therapeutic through plasma concentrations were achieved 
in our patient, which was reassuring given the association between 
through levels and ischaemic events.12 Conversely peak levels, which 
are associated with bleeding,13 were below the lower limit of thera-
peutic range. Since therapy with Levetiracetam was well tolerated 
and led to good seizure control, and Dabigatran was chosen based 
on the presence of comorbidities, we decided to continue both drugs.

Delaying the levetiracetam dose was a good option for this patient 
who was on the scheduled minimum dose of levetiracetam. 
Furthermore, recent studies on the ABC pathway14 have shown that 
an inappropriate dose of DOACs (the ‘A’ component) resulted in sub-
optimal anticoagulant therapy and to an increased risk of cardiovascular 
events.

In our case, the laboratory measurement of plasma levels of 
Dabigatran helped us to verify the existence of DDI. Although the rou-
tine measurement of DOAC plasma levels is not recommended for all 
patients in clinical practice,1 it may be useful in particular situations such 
as extreme bodyweights, potential and multiple expected/known DDI, 
severe kidney disfunction or, in the emergency setting, during acute 
stroke requiring thrombolysis or severe bleeding potentially candidate 
to reversal agents.1 What it should be however underlined is that the 
majority of evidence regarding DDIs come from pre-clinical/pharmaco-
logical studies and for some of them, there is no firm evidence that this 
laboratory interaction directly translates into a clinically relevant inter-
action.3 This is also due to multiple interactions that are frequently in 
patients taking many drugs at the same time.

Our results showed a minimal DDI between Levetiracetam and 
Dabigatran that may be reduced just delaying Levetiracetam administra-
tion compared with that of Dabigatran. However, this type of clinical 
management may be challenging for some fragile patients taking many 
drugs for whom it may be difficult to follow a rigorous schedule for 
drugs assumption, such as very elderly patients or those with dementia 
without social care/support.

Our case highlights some relevant aspects for patients’ management. 
First, DDIs are very often under evaluated and misdiagnosed, being re-
sponsible for a significant proportion of hospitalizations related to side 
effects of drugs. Thus, DDIs may lead to an underrecognized under or 
over concentration of some medications affecting their therapeutic ef-
fect. Second, in anticoagulated patients, the dosage of DOACs should 
be tailored based not only on clinical and biochemical characteristics 
(e.g. body weight, renal function, age) but also considering DDI. 
Finally, despite DOACs do not require routine laboratory monitoring, 
assessment of plasma levels of DOACs may be useful in specific 
situations.

In conclusion, with our clinical case, we wish to emphasize that a per-
sonalized approach to anticoagulant therapy15 may help reducing DDI 
in patients requiring specific drugs and who are unable to tolerate or 
have very low-quality warfarin therapy.
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