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BACKGROUND: Patients on heart transplant waiting lists are often on antithrombotic (AT) drugs. 

Emergency orthotopic heart transplantation (OHT) when performed on such patients without optimal 

washout periods increases the risk of severe perioperative bleeding. Intraoperative AT removal by 

hemoadsorption may mitigate excess bleeding risks.

METHODS: The international Safe and Timely Antithrombotic Removal (STAR) registry captures real- 

world outcomes (ClinicalTrials.gov# NCT05077124). Included patients were on ticagrelor or direct- 

acting oral anticoagulants (DOACs) undergoing emergent OHT. Hemoadsorption was integrated into 

the cardiopulmonary bypass (CPB) circuit. Bleeding was assessed with the universal definition of 

perioperative bleeding (UDPB) and volume of chest tube drainage (CTD).
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RESULTS: Seven patients were included (3 ticagrelor, 2 apixaban, 2 dabigatran; mean age 

39.1  ±  11.1 years; 4 females). Mean time from the last AT dose to surgery was 29.4  ±  13.4 hours. 

Mean CPB duration was 206.0  ±  56.9 minutes with a mean device flow of 340  ±  126 ml. There were 

no massive bleeding events (UDPB 4), surgical revisions to control bleeding, or deaths within 30 days. 

Severe bleeding (UDPB 3) occurred in 1/7 (14.3%). Mean 12-hour and 24-hour CTD were 

385.7  ±  263.4 m and 586.1  ±  315.0 ml, respectively. No device-related adverse events were reported.

CONCLUSIONS: This case series from the ongoing STAR registry shows that intraoperative AT re-

moval is simple and potentially effective in minimizing serious perioperative bleeding in patients on 

ticagrelor or DOACs undergoing OHT. Prospective, controlled studies in larger cohorts are needed to 

validate these promising observations.
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Background

The timing of orthotopic heart transplantation (OHT) is 

unpredictable based on organ availability. Patients on the 

waiting list are often on antithrombotic drugs (AT) and 

when a heart becomes available, they proceed to emergent 

surgery without the option of washing out.1 Published re-

ports have shown high rates of severe perioperative 

bleeding in patients on AT who undergo emergent cardiac 

surgery.2

A hemoadsorption device filled with biocompatible 

polymer beads has been shown to effectively remove some 

of the most prescribed AT drugs from blood and has re-

ceived CE mark approval for intraoperative on cardio-

pulmonary bypass (CPB) use in patients on ticagrelor or 

rivaroxaban undergoing cardiac surgery with the goal of 

reducing perioperative bleeding complications.3-5

The international Safe and Timely Antithrombotic 

Removal (STAR) registry collects patient-level data on real- 

world use patterns and outcomes with the use of this he-

moadsorption device for antithrombotic removal 

(ClinicalTrials.gov identifier: NCT05077124). Here, we report 

bleeding outcomes in a case series of patients on ticagrelor or 

direct-acting oral anticoagulants (DOACs) undergoing emer-

gent OHT with intraoperative use of the device.

Methods

Registry design

STAR is an international registry collecting real-world 

data on patients treated with the hemoadsorption device 

for antithrombotic drug removal as part of their routine 

clinical care (only inclusion criterion). Exclusion criteria 

included baseline severe thrombocytopenia < 50.000 µl, 

disseminated intravascular coagulation, heparin-induced 

thrombocytopenia, and device use for indications other than 

antithrombotic removal. Retrospective or prospective cases 

are eligible, the latter requiring informed consent. Clinical 

outcomes are collected for 30 days after the index proce-

dure with a primary focus on perioperative bleeding. Safety 

is assessed by the collection of investigator-reported de-

vice-related adverse events.

Device use

Priming requires 2 liters of normal saline and can be 

completed in less than 5 minutes. The device can then be 

integrated as a shunt circuit in a standard CPB setup with a 

target flow rate of 100 to 700 ml/min (Figure 1).

Outcome measures

Bleeding events were classified according to the universal 

definition of perioperative bleeding (UDPB) criteria. 

Additional outcomes included 24-hour chest tube drainage 

(CTD), blood product transfusions, reoperations for 

bleeding, and 30-day mortality. Serious bleeding compli-

cations were the primary focus of the analysis. The safety of 

the device was assessed by investigator-reported adverse 

events, including severity and related classifications.

Statistics

Data were analyzed using SAS version 9.4 software (SAS 

Institute, Cary, NC). Continuous variables were expressed 

as mean with standard deviation (SD) or median with in-

terquartile range, respectively. Categorical data were ex-

pressed as number of patients and frequencies.

Ethical statement

This registry complies with the Declaration of Helsinki. 

National, central, or local approvals of respective ethics 

committees were granted for the STAR registry according 

to local regulations. Written consent was obtained from 

prospective patients and waived for retrospective patients.
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Results

Baseline and operative characteristics

A total of 7 patients on ticagrelor or DOAC underwent 

emergent OHT with a mean time since last dose (TLD) of 

29.4  ±  13.4 hours. Specifically, 3 patients were on tica-

grelor with a mean TLD of 39.8  ±  9.5 hours (1 as mono-

therapy, 1 as DAPT with aspirin and 1 with warfarin), and 4 

were on DOAC with a mean TLD of 21.6  ±  10.4 hours (2 

on apixaban and 2 on dabigatran). Baseline characteristics 

are shown in Table 1. Mean age was 39.1  ±  11.1 years and 

4 patients were female. Renal insufficiency was present in 4 

patients, 2 of whom were on dialysis. Prior sternotomy had 

been performed in 4 patients (57.1%). The mean Euro-

SCORE-II was 7.6%  ±  4.6%. All patients presented with 

poor or very poor left-ventricular ejection fraction. The 

preoperative coagulation and hematological profile is pre-

sented in Table 2.

The overall procedure time (skin-to-skin) was 

6.9  ±  2.2 hours. The CPB and aortic cross clamping dura-

tions for the overall cohort were 206.0  ±  56.9 minutes and 

100.1  ±  34.0 minutes, respectively. The mean he-

moadsorption duration was 191.4  ±  52.3 minutes with a 

mean flow of 340  ±  126 ml through the hemoadsorption 

device.

Clinical outcomes

No fatal or massive bleeding events (UDPB 4) occurred. 

One severe bleeding event occurred (UDPB 3) as a result of 

delayed sternal closure (which was not bleeding related). 

There were no reoperations required for bleeding control. 

Mean 12-hour and 24-hour CTD were 385.7  ±  263.4 ml 

and 586.1  ±  315.0 ml, respectively, with no patient ex-

periencing > 2,000 ml of CTD. None of the included pa-

tients received recombinant factor VIIa (rFVIIa, 

NovoSeven) and none of the patients with preoperative 

warfarin treatment received prothrombin complex con-

centrate. Perioperative transfusions are summarized in 

Table 3. Moreover, none of the patients received a reversal 

agent.

Two patients with preoperative dialysis-dependent 

chronic renal failure underwent kidney transplantation the 

day after OHT. Survival at 30 days was 100%. No device- 

related adverse events were reported, and no primary graft 

dysfunction was observed.

Figure 1 Integration of the adsorber into the heart-lung-machine. 
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Discussion

Patients on ticagrelor or DOAC undergoing cardiac surgery 

before completing the recommended washout experience 

high rates of severe perioperative bleeding complications.2,6

In the case of OHT, where surgery is universally emergent, 

washout of such drugs is not an option, and therefore a real 

unmet clinical need exists for strategies to reduce the high 

risk of severe perioperative bleeding.7,8

The current report from the ongoing international STAR 

registry reports bleeding outcomes in patients on ticagrelor 

or DOAC undergoing emergent OHT with the in-

traoperative use of a device capable of removing these 

drugs from circulation. The main observation of this case 

series of 7 such patients is that this novel strategy em-

ploying intraoperative drug removal was associated with 

low perioperative bleeding rates, no reoperations, and fa-

vorable overall outcomes. Interestingly, 24-hour CTD vo-

lumes in our analysis of patients on ticagrelor or DOAC 

undergoing OHT compared favorably to published reports. 

Specifically, Kedziora et al9 reported a mean 24-hour CTD 

volume of 695 ml in patients undergoing OHT who were 

not on antithrombotics, which is slightly higher than in the 

current report. In fact, 2 patients who were dialysis-de-

pendent preoperatively did so well during OHT that they 

also received a kidney transplant on the first postoperative 

day. Reassuringly, there were no device-related adverse 

events reported in any of these patients.

The number of patients on the heart transplant waiting list 

taking blood thinners is not insignificant.10 Of note, reversal 

agents have been proposed in this setting, and at least 1 case 

report discussed dabigatran reversal with idarucizumab for 

OHT.11 However, in regard to andexandet alpha, the European 

Medicines Agency advises against use before heparinization 

since it causes unresponsiveness to the anticoagulant effects of 

heparin, a very serious limitation in the setting of CPB.

The availability of a device that can easily be integrated 

into the CPB circuit and efficiently remove certain antith-

rombotic drugs from the circulation is an attractive option 

to mitigate the high risk of severe bleeding with OHT in 

these patients. The current report suggests low bleeding 

rates after OHT on patients on ticagrelor or DOAC with the 

use of the device. The hypothesis of whether ticagrelor 

removal can reduce serious perioperative bleeding in pa-

tients undergoing urgent cardiac surgery is currently for-

mally tested in the pivotal, double-blind, randomized Safe 

and Timely Antithrombotic Removal-Ticagrelor trial 

(ClinicalTrials.gov Identifier: NCT04976530).12

The current results will require confirmation by larger 

datasets in OHT patients but already suggest that ticagrelor 

and DOAC may be more attractive compared to alternative 

agents for patients requiring antithrombotic treatment while 

awaiting OHT.

Limitations

The present report is limited by the small sample size and 

the lack of a control group; however, it establishes the 
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feasibility of this approach and provides early encouraging 

outcomes. A second limitation is that platelet function or 

anti-FXa activity was not measured to quantitate the extent 

and effect of intraoperative drug removal or to determine 

the impact of the residual oral antithrombotics following 

heart transplantation. Future larger trials should analyze the 

current findings in a randomized or propensity-score-mat-

ched fashion.

Conclusion

The present analysis is, to our knowledge, the first case series 

in patients on AT undergoing OHT with intraoperative AT 

removal. These preliminary results suggest that this novel 

intervention is feasible and could be an effective way of 

reducing complications from perioperative bleeding. 

However, larger-scale studies are needed to confirm this.
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