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BACKGROUND: Heart transplantation is an emergency surgery requiring cardio-pulmonary bypass
(CPB) and its timing is unpredictable. Patients on the transplant waiting list often have multiple
reasons for being anticoagulated. Intraoperative removal of apixaban using CytoSorb seems to be an
interesting solution for patients on DOACS requiring an emergency CPB intervention. The aim of this
short communication is to describe the perioperative effects of the use of the CytoSorb hemoadsorption
device during emergency CPB for a heart transplant patient.

METHODS: A 61-year-old male patient wait-listed for heart transplantation was admitted to our hos-
pital to benefit from a heart transplantation. This patient, has an end-stage heart failure with multiple
episodes of decompensation over the previous year. He was anticoagulated with a Vitamin K an-
tagonist (VKA) due to atrial fibrillation and was switched to apixaban. Hemoadsorption by a CytoSorb
cartridge was performed during the entire CPB duration. Anti-Factor Xa Activity (AFXaA) levels were
taken before, during and after surgery in order to monitor anticoagulation.

RESULTS: Surgery consisted of an orthotopic heart transplantation with bi-caval anastomoses. At the
time of anesthesia induction and after UFH administration, AFXaA levels were 330ng/mL and 317ng/
mL, respectively. Thereafter, AFXaA decreased to 137ng/mL during CPB and to 57ng/mL after the
end of CPB and protamine administration. After surgery, AFXaA levels stabilized over 50ng/mL over
the next 14 hours. No primary graft dysfunction was observed, and during the post-operative period of
72 hours, the patient did not have any bleeding events requiring reintervention or transfusion.
CONCLUSION: We observed that CytoSorb could be a potential solution to remove apixaban in-
traoperatively. If this efficacy is confirmed in larger trials, it would allow transplant candidates to be
treated with DOACs without requiring a switch to VKAs.
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Background

Heart transplantation is an emergency surgery requiring
cardio-pulmonary bypass (CPB) and its timing depends on
the availability of a compatible graft. Patients on the
transplant waiting list often have multiple reasons for being
anticoagulated. Direct oral anticoagulants (DOACsS) such as
apixaban are very popular due to their well-known ad-
vantages, including fixed dosing, fewer drug and dietary
interactions and no monitoring requirement. However, be-
cause of the graft’s preservation time (usually limited to
4 hours in standard cold storage), and the half-life of
apixaban (12 hours), this suggests that its clearance is not
compatible with the transplantation time limit. Several
strategies can be considered to manage anticoagulation.
Prothrombin complex concentrate is commonly used as an
effective alternative to reverse the effects of DOACs due to
its rapid action on coagulation factors. Recently, a modified
recombinant inactive form of human factor Xa
(Andexanet alpha) developed for reversal of factor Xa in-
hibitors. Although, its potential interaction with un-
fractionated heparin (UFH) and widely its effects in cardiac
surgery remains unknown, besides the fact that its high cost
is a notable concern. Also, hemoadsorption devices can be
an option to remove Apixaban from the bloodstream in
cases of severe overdose or unexpected bleeding. Finally, in
certain complex situations, a combination of these ap-
proaches may be warranted to optimize clinical manage-
ment. Hemoadsorption using CytoSorb (CytoSorbents Inc.,
Princeton, NJ, USA) is a biocompatible sorbent bead-filled
hemoperfusion cartridge, enabling the absorption of drugs,
especially DOACs, which can easily be integrated into the
CPB circuit. Therefore, intraoperative removal of apixaban
seems to be an interesting solution for patients on antith-
rombotics requiring an emergency CPB intervention.

In this case report we describe the perioperative effects
of the use of the CytoSorb hemoadsorption device during
emergency CPB for a heart transplant patient.

Case presentation

A 61-year-old male patient (75 kg/173 cm) wait-listed for
heart transplantation was admitted to our hospital (Pitié-
Salpétriere Hospital, Sorbonne University, Paris, France) to
benefit from a heart transplantation. His co-morbidities in-
cluded systemic lupus erythematous with stage 3 chronic
renal failure, hypertension, dyslipidemia, arteriopathy, and
ischemic heart disease since 1997 with heart failure and
multiple episodes of decompensation over the previous
year. The patient was anticoagulated with a Vitamin K
antagonist (VKA) due to atrial fibrillation and was switched
to apixaban (5 mg twice daily) 9 days before surgery based
on poor clotting control. The last dose of apixaban was
taken 8 hours before surgery.

Transthoracic echocardiography showed a left ven-
tricular ejection fraction of 15% with severe global

hypokinesia, mitral regurgitation grade 3, tricuspid regur-
gitation grade 2, a non-dilated but hypokinetic right ven-
tricle and a dilated non-compliant inferior vena cava. The
risk for surgery as calculated by the EuroSCORE-II
was 46.67%.

The CPB circuit was connected according to the stan-
dard protocol. A NaCl 0.9% primed CytoSorb cartridge was
inserted between the oxygenator and the hard-shell re-
servoir. Hemoadsorption was performed during the entire
CPB duration (Figure 1).

Anti-Factor Xa Activity (AFXaA) levels were taken at
multiple time points before, during and after surgery in
order to monitor anticoagulation.

Results

Preoperatively, the patient’s laboratory data showed mod-
erate anemia (hemoglobin - Hb 11.4g/dl and hematocrit
33%), no thrombocytopenia (platelet count 209.10%/liter)
and known chronic renal failure (serum creatinine
181 mmol/liter, glomerular filtration rate 35 ml/min/
1.73m2). Activated Clotting Time (ACT) was 146 seconds.

The ACT reached 545 seconds after administration of
25,000 TU of UFH. Surgery consisted of an orthotopic
heart transplantation with bi-caval anastomoses. CPB
duration was 133 minutes with 83 minutes of aortic cross
clamping. Total graft ischemic time was 249 minutes. After
de-clamping, surgical hemostasis was completed by
2,000 IU of prothrombin complex concentrate, 2 packs of
fresh frozen plasma, 1 pooled platelet concentrate, 4 packed
red blood cells, 1.4 liter cell-saver and 2 g calcium gluco-
nate, according to institutional policy to correct post—
cardiopulmonary  bypass coagulopathy guided by
QUANTRA testing.

The perioperative evolution of plasma AFXaA levels are
represented in Figure 2. At the time of anesthesia induction
(T1) and after UFH administration (T2), AFXaA levels
were 330 ng/ml and 317 ng/ml, respectively. Thereafter,
AFXaA decreased to 137 ng/ml during CPB (T3) and to
57 ng/ml after the end of CPB and 250 mg (=25,000 IU) of
protamine administration (T4).

After surgery, AFXaA levels stabilized over 50 ng/ml
over the next 14 hours. Postoperative thromboprophylaxis
was introduced 6 hours after surgery using UFH.

No primary graft dysfunction (PGD) was observed, and
during the post-operative period of 72 hours, the patient did
not have any bleeding events requiring reintervention or
transfusion.

Discussion

Patients on apixaban requiring non-deferrable on-pump
cardiac surgery are at high risk of perioperative bleeding. In
such emergent cases, especially in transplantation, the
guidelines recommended DOAC-washout period of
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48 hours is not possible. Many therapeutic options may be
considered to mitigate the perioperative bleeding risk.'

Current guidelines” regarding the perioperative man-
agement of DOACsS, and specifically apixaban, suggest that
in the case of emergent surgery, AFXaA should guide
management: a concentration below the hemostatic safety
threshold (30 ng/ml), no specific treatment is required.
Beyond this threshold, the risk of bleeding increases, and if
it exceeds 400 ng/ml, the bleeding risk is major. Specific
(Andexanet alfa) or non-specific (prothrombin complex
concentrates) reversal agents may therefore be adminis-
tered.

The process of drug removal via an adsorption device
may also be considered. Such cartridges can be easily
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Installation of CytoSorb hemoadsorber on a cardiopulmonary bypass (CBP) circuit.

integrated into various extracorporeal hemoperfusion
circuits inlcuding cardiopulmonary bypass, extra-
corporeal membrane oxygenation (ECMO), continuous
renal replacement therapy/continuous veno-venous he-
mofiltration, or simple hemoperfusion. CytoSorb is a CE-
mark approved device, which consists of a cartridge filled
with biocompatible divinylbenzene-coated sorbents, de-
signed to remove ticagrelor and rivaroxaban during car-
diopulmonary bypass assisted surgery. This proprietary
technology uses size-selectivity to eliminate small hy-
drophobic molecules from blood, with removal efficiency
being concentration-dependent. Each bead, ranging from
300 to 800 um in size, possesses pores and channels,
resulting in an effective surface area exceeding
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40,000 m* capable of binding hydrophobic small and
medium-sized molecules.

This technique has already proven its effectiveness in re-
ducing inflammatory cytokines and clearing other drugs.”~ In
the present case, intraoperative removal of apixaban, using the
CytoSorb cartridge was analyzed by sequential measurements
of AFXaA during heart transplantation. In another case report,
Mendes et al.” described similar results in a patient with
apixaban admitted for emergent mitral valve replacement.
Although the underlying indication in their experience was
different, these 2 cases both used intraoperative hemoadsorp-
tion using Cytosorb for removal of apixaban. We observed a
fast, effective and continuous removal of apixaban as mea-
sured by AFXaA.

At the end of CPB, the AFXaA was 50 ng/ml, compared
to normal values of 30 ng/ml in patients without antic-
oagulant effects. Considering the quite high preoperative
levels of AFXaA of 317 ng/ml, continuation of drug re-
moval during the postoperative period should be discussed.
Since the patient required neither ECMO or renal-dialysis
and presented with no bleeding at the end of the procedure,
we decided not to continue hemoadsorption post-opera-
tively e.g. with a stand-alone hemoperfusion device.

Moreover, since AFXaA is a laboratory indicator these
values are just a surrogate marker for perioperative bleeding
events. Hassan et al’ investigated perioperative bleeding
complications in patients on apixaban undergoing non-de-
ferrable on-pump cardiac surgery, with or without in-
traoperative hemoadsorption. Hassan et al. have, to date, the
largest evaluation of hemoadsorption for intraoperative apix-
aban removal and, compared to patients operated on without
hemoadsorption, the bleeding complications were significantly
lower in the CytoSorb group, which encourages us to hope
that AFXaA provides a good estimate of this risk.

Currently, the STAR-D sham-controlled trial
(NCT05093504) ongoing in the United States aims to
evaluate the efficacy of DOAC removal during cardio-
pulmonary bypass for patients undergoing on-pump cardi-
othoracic surgery within 48 hours of last DOAC intake. The
focus is on clinical endpoints like postoperative bleeding so
these trial results are eagerly awaited, as they will help us to
determine the effectiveness of antithrombotic reversal/re-
moval strategies in patients undergoing non-deferrable
surgery.

The potential impact of CytoSorb on the pharmacoki-
netic of concomitantly administered drugs must be con-
sidered, especially in anesthetic settings. To date, there is
only 1 published report describing increased fentanyl re-
quirements in COVID-19 patients on ECMO drugs in as-
sociation with CytoSorb, whereas midazolam dosing
appeared to be unaffected.” Thus, real-time assessment of
anesthetic drugs effect such as the use of relaxometry and
bispectral index should be considered.

Of note, our patient presented with multiple comorbid-
ities and received an organ that had undergone almost
4 hours of cold ischemia. It is interesting to note the ab-
sence of PGD, raising the question of a potential protective
effect of hemoadsorption by CytoSorb, in line with the
recent publication by Nemeth et al.” Indeed, hemadsorption

may reduce PGD by removing inflammatory mediators,
such as interleukin-6 and tumor necrosis factor-alpha,
which contribute to graft inflammation and dysfunction.
Additionally, this technique could help eliminate toxins
produced during ischemia-reperfusion injury, which could
otherwise damage the graft. However, more extensive re-
search is needed to confirm the efficacy of hemadsorption in
reducing PGD and to optimize its clinical application.

In relation to our discussion on anticoagulation man-
agement in patients on Apixaban, the recent Direct Oral
anticoagulant Therapy with the HeartMate 3 Study'’ pro-
vides valuable insights. This study examined 8 Left Ven-
tricular  Assist Device patients bridged to heart
transplantation while receiving Apixaban, using a protocol
that included prothrombin complex concentrate and a cy-
tokine adsorption cartridge. The results demonstrated suc-
cessful discharge with preserved allograft function.
However, increased use of blood products, temporary me-
chanical circulatory support, renal-replacement therapy, and
longer hospital stays were observed, suggesting that caution
is needed when using Apixaban as a bridging antic-
oagulation strategy. While a combined approach, including
hemadsorption, may help control bleeding risks and im-
prove outcomes, the long-term effects of this complex
perioperative course on both patient and allograft outcomes
remain uncertain and warrant further investigation.

Informed consent

Informed consent was obtained from the patient for the
publication of this case report and the use of anonymized
clinical data.

Conclusion

In conclusion, we observed that CytoSorb could be a potential
solution to remove apixaban intraoperatively, although there is
no certainty about its clinical efficacy with perioperative he-
mostasis management. If this efficacy is confirmed in larger
trials, it would allow transplant candidates to be treated with
DOAC:s without requiring a switch to VKAs.
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Glossary

ACT: Activated Clotting Time

AFXaA: Anti-Factor Xa Activity

CPB: Cardio-Pulmonary Bypass

DOACs: Direct Oral Anticoagulants

ECMO: Extracorporeal Membrane Oxygenation
LVEF: Left Ventricular Ejection Fraction
PGD: Primary Graft Dysfunction

UFH: Unfractionated Heparin

VKA: Vitamin K antagonist
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