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Therapeutic plasma exchange (TPE) is used as an effective treatment modality for a variety of autoimmune disor-
ders. Apart from its desired effect of removing pathological blood components, it also can remove coagulation 
factors and drugs. Currently, there is an insufficient amount of information regarding the use of direct oral antico-
agulants in this setting. In this article, we present a case report of a patient with myasthenia gravis and chronic 
anticoagulation with apixaban who underwent a series of TPE while continuing apixaban treatment. We observed 
that only 10 % of daily dose was removed by the procedure and plasma levels of apixaban corresponded with 
expected range. TPE was not associated with shortened drug plasma half-life. We did not observe any significant 
alteration of apixaban pharmacokinetics during the period of TPE therapy, as well as no thrombotic or bleeding 
events. This case report supports the use of apixaban in patients treated by TPE, nevertheless, to firmly establish 
apixaban efficacy and safety profile in this clinical setting further research is needed.

1. Introduction
Managing chronic anticoagulation in patients requiring therapeutic 
plasma exchange (TPE) might be challenging, due to the fact that 
both plasma concentrations of an anticoagulant agent and coagu-
lation factors may be influenced. Alterations in laboratory coagu-
lation parameters (anti-Xa, aPTT, INR, antithrombin) have been 
described, particularly when albumin is used as a replacement 
fluid (Shunkwiler et al. 2028; Hodulik et al. 2019; Michalićková 
et al. 2022). Predicting the combined effects of anticoagulation 
and TPE is complicated. Especially with direct oral anticoagulants 
(DOACs), data on the effect of the procedure on drug exposure is 
limited and can be estimated from their pharmacokinetic properties 
only (Table 1). So far, only two case reports describing attempts to 
remove apixaban by TPE have been published with limited infor-
mation regarding drug pharmacokinetics that do not allow drawing 
any serious conclusions (Lam et al. 2015; Francisco et al 2021). We 
present a case of a patient undergoing plasma exchange treatment 
while continuing chronic therapy with apixaban with extensive 

plasma concentration monitoring for safety/efficacy reasons. We 
also discuss our observation in the context of previously published 
case reports of DOAC treatment during TPE.

2. Case description
The 76-year-old patient (male, 171 cm, 76 kg) was admitted 
for newly developed dysphagia in a previously ocular form of 
myasthenia gravis. Due to the insufficient effect of corticotherapy 
(chronically 10 mg of prednisone per day, escalated gradually 
within nine days before admission to 30 mg per day), it was 
decided to perform TPE. In the past, the patient experienced two 
episodes of pulmonary embolism, for which he was chronically 
anticoagulated with apixaban at a dose of 5 mg twice daily. His 
concomitant medication consisted of pyridostigmine, predni-
sone, pantoprazole, ezetimibe and paracetamol (acetaminophen). 
Patient´s medical history included mild hepatic steatosis and 
chronic nephropathy with cysts of the right kidney, but at the time 

Table 1: Pharmacokinetics of DOACs (Micromedex) 

Dabigatran Apixaban Edoxaban Rivaroxaban

Bioavailability 3-7 % 50 % 63.1 % 100 % with food

Protein binding 35 % 87 % 55 % 92-95 %

T
max

2 h 3-4 h 1-2 h 2-4 h

Vd 50-70 L 21 L 107 L 50 L

Clearance
renal/non-renal

80/20 % 27/73 % 50/50 % 35/65 %

Elimination half-life 12-17 h
15-34.1 h (RI)

12 h
15.8 h (low body weight)
8.8. h (obesity)
14.6-17.6 (RI)

11.5 h 5-11.7 h
11-13 h (elderly)
8.7-9.5 (RI)

Dialysability in part, with rebound effect no no no

Abbreviations: RI – renal impairment; T
max

 – time to peak drug concentration; Vd – volume of distribution



ORIGINAL ARTICLES

Pharmazie 79 (2024)160

of admission, laboratory findings were within normal range. Five 
consecutive centrifugal TPE sessions were provided on alternate 
days. Simultaneously, prednisone dose was increased to 40 mg 
per day and on day 5, azathioprine 25 mg per day was added to 
therapy with a plan to gradual increase the dose to a target dose 
of 50 mg twice daily. Apixaban was continued in the same dosing 
during the treatment with monitoring of plasma levels and coagu-
lation parameters (incl. thrombin generation). Apixaban levels and 
timing of TPE sessions are listed in Table 2.
An apixaban level of 108 ng/mL was reported before admission 
to our hospital (day 0), approx. 15 hours after the last dose (the 
patient omitted one dose because of swallowing difficulty), the 
next two doses before the first TPE were administered via nasoga-
stric tube (crushed). During the fourth TPE (day 7) apixaban level 
in the TPE discharge was measured to be 288 ng/mL (Table 2). As 
the discharge comprised not only from discharged plasma (2769 
mL) but also from fluid used for flushing of the circuit, the final 
volume was 3508 mL and the calculated apixaban concentration 
in removed plasma before dilution was 365 ng/mL which is the 
same concentration as was in the plasma of the patient at the end 
of the TPE session. This makes the absolute amount of apixaban 
eliminated by TPE only approximately 1 mg, which is one tenth 
of daily dose and therefore is of minor clinical significance. The 
Figure depicts apixaban dosing during the hospitalization as well 
as timing of TPE sessions and apixaban plasma levels.

Thrombin generation (TG) was measured in plasma and TPE 
waste (Table 3). TG in patient´s plasma was influenced by apix-
aban exposure; and delayed thrombin peak, lower peak values and 
thrombin AUC were observed using both RCL and RCH assays 
(see Methods for details). This corresponds with values expected 
in patients anticoagulated by apixaban 5 mg twice daily. Measure-
ment of TPE waste showed no measurable thrombin levels, prob-
ably due to lack of proteins necessary for its generation (Marlu et 
al. 2021).
The patient was dismissed on day 11 completely free of dysphagia, 
but on day 14, myasthenia gravis symptoms worsened again, with 
dysphagia and neck extensor muscle weakness. He was readmitted 
to the hospital and therapy with IVIG was introduced. During TPE 
therapy and until day 14, no signs of bleeding or thrombosis appeared.

3. Methods
Upon admission to the hospital, the patient signed informed 
consent forms wherein he agreed, inter alia, that his anonymous 
data could be used for research purposes including the publication 
of the research results. An approval for publication was obtained 
by the local ethical committee under the number 200/23 S. TPE 
with centrifugation was performed (Spectra Optia version 11, 
Terumo BCT) with citrate anticoagulation, 5 % albumin was used 
as a replacement fluid. Details of each procedure are described 
in Table 4. To monitor the effect of apixaban, we used the chro-
mogenic assay of anti-FXa test with BIOPHEN® Heparin LRT 
(Hyphen Biomed, Neuville-sur-Oise, France) and anti-FXa cali-
brated assay using apixaban calibrator kit (Technoclone GmbH, 
Vienna, Austria). Monitoring of thrombin generation (TG) is 
based on monitoring the thrombin formation with a fluorogenic 
substrate using the Ceveron® Alpha analyzer (Technoclone 
GmbH, Vienna, Austria). TG in platelet-poor plasma was initiated 
using a recombinant human tissue factor (rhTF) in this assay. 
The maximum concentration of thrombin (peak thrombin in nM) 
generated and the endogenous thrombin potential (ETP; calculated 
from the area under the concentration – time curve (AUC)) were 
used for the analysis. TG analysis was performed using the assay 
kit for thrombophilia tendency testing Technothrombin® TGA RC 
Low (RCL) with a low concentration of phospholipid micelles 
containing approximately 5 pmol rhTF in Tris-Hepes-NaCl buffer 
and the anticoagulant activity assay kit Technothrombin® TGA RC 
High (RCH) with a high concentration of phospholipid micelles 
containing approximately 5 pmol rhTF in Tris-Hepes-NaCl buffer 
on an automated Ceveron® alpha analyzer with a TGA fluorometric 
module in accordance with the manufacturer’s instructions.

Table 2: Apixaban drug monitoring in the course of TPE therapy

Day TPE number Anti-Xa (IU/mL) Apixaban (ng/mL) Time from previous 
dose (h)

Calculated
T

1/2
 (h) Δ

Time from the end 
of previous TPE (h)

0 -    108 15    

1 1 1.41 138 3 13.2 right before

0.98 109 7.5 2.5

2  -          

3 2          

4  -          

5 3          

6 -  2.25 274 3 6.3 25

1.55 167 7.5 29.5

7 4 2.44 (discharge)
2.52 (blood)

288§ (discharge)
363 (blood)

3.5   right after

8  - 2.35 326 3   25

9 5          

Δ half-life was calculated according to formula T1/2 = ln(2)/[(ln(C1)-ln(C2))/Δt]
§ further recalculated to 365 ng/mL (see the text)
T

1/2
 - plasma half-life, TPE – therapeutic plasma exchange

Fig.: Apixaban doses, levels and timing of TPE. Orange crosses – doses of apix-
aban (5 mg BID); grey bars – TPE; red triangles – plasma levels of apixaban 
3-3.5 hours after administration; open circles – plasma levels drawn in differ-
ent time
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4. Discussion
This is the first case report focused on pharmacokinetics of 
repeated dosing of apixaban during TPE treatment. Due to the 
insufficient published data to guide apixaban therapy during TPE, 
several apixaban levels were measured in plasma as well as in 
the discharge. After the fourth TPE session, the concentration in 
the waste discharge fluid and plasma were similar and we quan-
tified apixaban amount eliminated via TPE to be only 1 mg. This 
observed removal of apixaban represented 10% of the drug daily 
dose during TPE (that removes around 3 L of plasma) which is of 
minor clinical significance. The eliminated amount was consistent 
with the distribution characteristics of apixaban as it has a volume 
of distribution of ~ 21 L after an i. v. bolus (Byon et al. 2019). The 
decrease in apixaban concentrations during TPE did not exceed 
the decrease observed in the non-TPE period, as shown by the 
calculated T

1/2
 values of 13.2 h vs. 6.3 h during the TPE procedure 

or outside it, respectively. When TPE was performed between 
dose administration and drug concentration measurement after 3 
h, obtained plasma concentrations were not significantly different 
from concentration after non-TPE period. In the general popula-
tion, median (5th to 95th percentile) C

max
 and C

min
 apixaban values 

obtained in clinical trials in patients with VTE are 132 (59-302) ng/
ml and 63 (22-177) ng/ml, respectively (Byon et al 2017, 2019). 
In our case, C

3h
 levels were slightly above the expected values for 

a 5 mg BID dose. The only seemingly decreased C
3h

 concentration 
(138 ng/mL) was noted on the first day, prior to the first TPE, 
which was likely due to a previously omitted dose and possibly 
also the administration of previous two doses via nasogastric 
tube, which might not deliver the full amount of crushed drug. 
Laboratory monitoring of anticoagulant activity also indicated that 
despite TPE, the patient was adequately anticoagulated throughout 
the observation period.
To our best knowledge, there are currently only two case reports 
describing the use of apixaban in patients undergoing TPE. In both 
cases, TPE was provided with an intent to accelerate elimination 
of apixaban in patients with bleeding. Lam et al. (2015) reported a 
case of an 82-year-old patient with hemorrhagic pericardial effu-
sion during apixaban treatment whose anti-Xa levels decreased 
from 0.76 to 0.22 IU/mL after TPE (calibrated for UFH) or 0.84 
to 0.35 (calibrated for LMWH). Time between measurements 
was 8 hours, a 2-hour TPE with 3 L of fresh frozen plasma was 
provided at the end of this interval. Unfortunately, no drug concen-
trations have been obtained and anti-Xa levels not calibrated to 
apixaban have been shown to be highly unreliable for apixaban 
pharmacodynamic effect. Francisco et al. (2021) described a case 
of a 63-year-old female treated with apixaban, who underwent an 

emergent surgery for bowel obstruction, followed by bleeding. 
Two TPEs with plasma as replacement fluid were provided, during 
the first procedure, apixaban level dropped from 172 to 108 ng/
mL, a day later after the second TPE, a level of 87 ng/mL was 
measured. However, such a decline in plasma concentrations 
could have been expected even without TPE and authors do not 
provide information about the apixaban level right before TPE nor 
the exact time interval between measurements which makes any 
reliable pharmacokinetic analysis impossible. Based on Lam´s 
case report or purely on theoretical assumptions some reviews on 
drug removal by TPE are suggesting effective apixaban removal 
(Mahmoud et al. 2021; Cheng et al, 2017) which is contrary to our 
findings.
Information regarding other xabans and the impact of TPE on their 
pharmacokinetics is sparse. Kumar et al. (2018) described prob-
able rivaroxaban removal by TPE, which was provided to mini-
mize risk of bleeding and allowing faster kidney transplantation to 
a 65-year-old male with ESRD, treated for atrial fibrillation with 
20 mg rivaroxaban per day with the last dose being administered 
12 hours before admission. After 90-min. TPE with replacement 
of 3 L fresh frozen plasma, anti-Xa dropped from 0.4 to 0.21 IU/
mL (calibrated for LMWH), no rivaroxaban levels were provided. 
To our knowledge, there are no described case reports regarding 
edoxaban treatment and pharmacokinetics during TPE.
Two case reports described effect of TPE on dabigatran: Kamboj 
et al. (2012) described a patient of an unspecified age and renal 
functions, chronically treated with dabigatran, aspirin and inter-
mittent NSAIDs use, who developed acute esophageal bleeding. 
After TPE, hemoglobin and hematocrit were stabilized but since 
the procedure was preceded with prothrombin complex admin-
istration and platelet transfusion and no data for either replace-
ment fluid, dabigatran levels or coagulation tests after TPE were 
provided, an impact of TPE on dabigatran pharmacokinetics 
is hard to assess. Pflug and Schellinger (2020) described a case 
of a 76-year-old man receiving TPE for Guillain-Barré-Strohl 
syndrome. Chronically used dabigatran was withdrawn before the 
series of TPE, but unmeasurably high dabigatran level (>460 ng/
mL) with bleeding and need for idarucizumab administration was 
noted after the second procedure. 24 hours after idarucizumab 
administration the rebound phenomenon occurred after the third 
TPE session (142 ng/mL) with subsequent small increase in 
dabigatran level after another 12 hours (163 ng/mL) requiring 
another dose of the antidote. Even after the second administration 
of idarucizumab followed by unmeasurable dabigatran level, labo-
ratory finding during next days still indicated partial rebound of 
the drug presence in blood (32, 47, 39 and 29 ng/mL). A possible 

Table 3: Fibrinogen and thrombin generation measurements

Day  TPE 
number 

FBG
(g/L) 

FBG 
antigen
(g/L) 

TGA RCL 
tLag
(min) 

TGA 
RCL 
tPeak
(min) 

TGA RCL 
Peak
(nM/L) 

TGA RCL AUC
(nM/L*min) 

TGA 
RCH 
tLag
(min) 

TGA 
RCH 
tPeak
(min) 

TGA 
RCH Peak
(nM/L) 

TGA RCH 
AUC 
(nM/L*min) 

time from 
previous 
apixaban 
dose (h) 

time from the 
end of previous 
TPE (h) 

6  -   1.33  1.14  3.7  17.5  38.4  925.5  4.5  12.8  68.5  986  3  25 

1.96  1.17  2.7  9.7  94.1  1436.7  3.7  8.9  139.6  1439.3  7.5  29.5 

7  4  0.66*

0.55 

0.77*

0.50 

20.4*

3.0 

23.8*

15.3 

0*

35.4 

0*

890.7 

15.1*

4.7 

26.9*

11.9 

0*

70.1 

0*

992 

3.5  right after 

* measurements in TPE discharge
AUC - thrombin area under the curve, FBG – fibrinogen, Ref. – reference range, TGA RCL - Technothrombin® TGA RC-low (RCL) (Technoclone GmbH, Vienna, Austria) with a low concentration of 
phospholipid micelles assay kit, TGA RCH – Technothrombin® TGA RC-high (RCH) (Technoclone GmbH, Vienna, Austria) with a high concentration of phospholipid micelles assay kit, tLag – thrombin 
generation time lag, tPeak – time to thrombin peak, TPE – therapeutic plasma exchange

Table 4: Characteristics of therapeutic plasma exchanges – details of individual procedures

TPE number/day of the treatment 1 / day 1 2 / day 3 3 / day 5 4 / day 7 5 / day 9

Weight (kg) 76.7 75.9 76.2 75.4 75.7

Exchange volume (ml) 2985 2990 3005 2769 2915

Duration of TPE (min) 135 136 133 165 121

Blood flow (ml/min) 40-60
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state of overdose in a non-specified renal impairment might have 
contributed to excessive dabigatran body tissue stores in the case 
described by Pflug and Schellinger. These stores might have been 
mobilized after TPE and also an effect of TPE on idarucizumab 
cannot be ruled out although time between antidote administration 
and TPE exceeded 24 hours. The small increase in the dabigatran 
levels after the first measured rebound concentration suggests slow 
fading out of the antidote effect.
As with other information regarding drug removal during TPE 
(Mahmoud et al. 2021; Cheng et al. 2017; Ibrahim et al. 2012), also 
all these previously published case reports describe a situation of 
an overdose, sometimes with the use of other supportive measures. 
It is therefore impossible to draw conclusions from these findings 
regarding the therapeutic use of DOACs during TPE for patients 
with appropriate drug levels and no impairment of elimination 
functions.

5. Conclusion
DOACs theoretically represent relatively superior anticoagulants 
for patients undergoing TPE in comparison with UFH or LMWH, 
because their mechanism of action is independent of antithrombin 
levels that may be altered after TPE sessions. They also possess 
relatively larger volumes of distribution than parenteral anticoagu-
lants which suggests a possibly smaller impact of plasma exchange 
on their anticoagulant effect. This is in line with our observations 
as we observed no alteration of apixaban pharmacokinetics 
during TPE treatment. Our findings are in contrast to the previous 
published case reports with apixaban and TPE that obviously have 
several methodological drawbacks. Since we performed thorough 
pharmacokinetic analysis of our data and we obtained plasma 
levels repeatedly to confirm our assumptions, we believe that 
our results are reliable. The treatment was effective and without 
complications which suggests that patients chronically treated 
with apixaban may continue in therapy during TPE. Nevertheless, 
more studies are needed for firm proof on efficacy-safety profile of 
DOACs in this setting.
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