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Abstract
Introduction: Immunoadsorption (IA) of isohemagglutinins 
is an often-crucial procedure in preparation of major ABO 
blood group-incompatible living donor kidney transplanta-
tion (ABOi LDKT). Standard citrate-based anticoagulation 
during the procedure has potential disadvantages for dis-
tinct patient groups. In this study, we report our experience 
with an alternative anticoagulation scheme using heparin 
during IA for selected patients. Methods: We conducted a 
retrospective analysis of all patients who underwent IA with 
heparin anticoagulation between February 2013 and De-
cember 2019 at our institution with focus on the safety and 
efficacy of the adapted procedure. For further validation, we 
compared graft function, graft survival, and overall survival 
with those of all recipients of living donor kidney transplants 
with or without pretransplant desensitizing apheresis for 
ABO antibodies at our institution during the same period. 
Results: In thirteen consecutive patients prepared for ABOi 
LDKT with IA with heparin anticoagulation, no major bleed-
ing or other significant complications were observed. All pa-

tients achieved sufficient isohemagglutinin titer reduction 
to proceed to transplant surgery. Graft function, graft sur-
vival, and overall survival did not significantly differ from pa-
tients treated with standard anticoagulation for IA or ABO 
compatible recipients of living donor kidneys. Conclusion: 
IA with heparin in preparation of ABOi LDKT is safe and fea-
sible for selected patients after internal validation.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Since the first successful kidney transplantation in 
1954, many patients have benefited from this procedure, 
living longer and with a better quality of life at less health-
care costs [1–4]. However, the number of patients quali-
fying for a kidney transplant still exceeds the number of 
available organs by far, resulting in increased morbidity 
and mortality for patients on a waiting list [5]. The main 
obstacle for living donor transplantation is the additional 
immunohematological barrier caused by the ABO-blood 
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group system [6], hindering a regular transplant because 
of potential immediate humoral rejection in case of major 
ABO incompatibility [7, 8]. ABO-blood group antigens 
are highly expressed on the endothelium in renal arteries, 
glomerular and peritubular capillaries, and veins [9]. The 
chance that a willing living donor has a mismatched ABO 
blood group is about 30% [10]. For many patients with 
end-stage renal failure, ABO-incompatible living donor 
kidney transplantation (ABOi LDKT) remains the only 
available option to avoid renal replacement therapy.

In the past decades, progress in pretransplant ABO an-
tibody (i.e., isohemagglutinins) removal and immuno-
suppression has markedly improved outcomes after 
ABOi LDKT and therefore has become a standard proce-
dure in many centers [11, 12]. Essential for a successful 
ABOi LDKT is the sufficient lowering of isohemaggluti-
nin titers at the time of transplantation and ideally during 
the few following weeks until tolerance is established [13]. 
Immunosuppression alone may be sufficient in patients 
with low initial ABO antibody titers, and the pheresis 
procedure may be omitted [14].

Immunoadsorption (IA) is a standard procedure for 
antibody removal before ABOi LDKT [15]. Due to the 
specificity of the columns for a single or few antibodies, 
other plasma proteins including coagulation factors are 
largely unaffected, and exogenous replacement fluids are 
not needed. Compared to plasma exchange (PEX), larger 
plasma volumes can be processed with IA maintaining 
coagulation factors [16]. In therapeutic apheresis, effec-
tive anticoagulation to prevent clotting of extracorporeal 
blood is mandatory [17]. For most therapeutic apheresis 
procedures, acid-citrate-dextrose solution A (ACD-A) is 
the standard anticoagulation. ACD-A is effective at low 
costs, generally well-tolerated, and rapidly metabolized if 
hepatic and renal functions are adequate [17, 18]. One 
main disadvantage of ACD-A is the common side effect 
of hypocalcemia with its risk for dysesthesias, tetany, sei-
zures, cardiac arrhythmias, or metabolic alkalosis [17–
19]. Hence, in many centers, calcium infusions, which 
have shown to be superior to oral administration [20], are 
given during the procedure to minimize side effects. This 
measure can be disadvantageous, especially in patients 
with end-stage renal disease at risk of volume overload. 
Moreover, in renal disease, reduced capacity to excrete 
bicarbonate also hampers clearance of byproducts of ci-
trate metabolism and may further increase the risk of 
metabolic alkalosis. Therefore, it remains unclear wheth-
er ACD-A is the best option for anticoagulation during 
IA. For some apheresis procedures, for example, extra-
corporeal photopheresis, heparin anticoagulation is es-
tablished as an alternative to ACD-A [17]. With heparin 
anticoagulation, smaller volumes and electrolyte shifts 
occur during apheresis compared to apheresis with ACD-
A anticoagulation and calcium infusion. This represents 

a potential advantage for patients at risk of clinically rel-
evant volume overload. Thus, additional hemodialysis for 
volume adjustment may be avoided in the days immedi-
ately preceding transplantation surgery. Heparin clear-
ance is reduced in severe kidney disease, especially at 
higher doses, but can be safely used in these patients [21]. 
Anticoagulation effects are completely reversible with 
protamine [22]. The most severe adverse effects of hepa-
rin are bleeding [23] and the less common but equally 
feared heparin-induced thrombocytopenia (HIT) [24]. 
The prevalence of HIT due to procedural heparin antico-
agulation during apheresis is not known, and data are 
limited to case reports [25]. Following this, an alternative 
strategy for large-volume IA with heparin anticoagula-
tion in selected patients was developed and established at 
our center in 2013.

In this retrospective case series, we aim to describe the 
feasibility and safety of heparin anticoagulation as an al-
ternative to ACD-A anticoagulation for preoperative IA 
in patients scheduled for ABOi LDKT. Further, we com-
pare the main outcomes of patients after living donor kid-
ney transplant with or without IA with both ACD-A and 
heparin anticoagulation.

Material and Methods

Study Design and Population
A protocol for IA with heparin anticoagulation was introduced 

at our institution in February 2013 with continuous prospective 
and standardized documentation of procedural measures includ-
ing coagulation assays and safety outcomes. All adult patients un-
dergoing ABOi LDKT were evaluated for the eligibility of IA with 
heparin by the treating nephrologist. Selection was based on the 
risk of volume overload. Patients already on hemodialysis or with 
a daily urine output of less than 1,000 mL qualified for heparin IA. 
The definite allocation to the heparin anticoagulation was a joint 
decision between the treating nephrologist and the responsible 
physician of the apheresis unit.

For this retrospective, single-center study, we included all pa-
tients who underwent IA with heparin anticoagulation since the 
introduction of the procedure in February 2013 until December 
2019. The main goal was to assess the safety, feasibility, and effi-
ciency of the newly introduced anticoagulation scheme during 
apheresis. Recorded safety events included major bleeding > WHO 
grade 2 and coagulation assays out of target range; feasibility was 
assessed with clotting in the filter system of the apheresis machine. 
Efficiency of IA was assessed by the reduction of isohemagglutinin 
titer to a defined threshold to allow transplantation. In addition to 
the procedural documentation, patient, donor, and transplant 
characteristics were collected by chart review and through the elec-
tronic database of our institution. Besides this, we analyzed the 
total number of procedures for achieving target isohemagglutinin 
titers as indicated below, the need for early posttransplant inter-
ventions in case of rebound of isohemagglutinins, or the need for 
treating immediate rejection.

All patients undergoing a kidney transplant are routinely fol-
lowed up monthly for the first 6 months and then every 3 months 
for the first year followed by yearly follow-up in the nephrology 



Junker et al.Transfus Med Hemother 2023;50:76–8778
DOI: 10.1159/000528261

outpatient clinic. All complications were prospectively recorded at 
each clinical visit.

For further intrainstitutional validation of the newly intro-
duced procedural anticoagulation scheme, short-term and long-
term outcomes were compared to all 222 remaining recipients of 
LDKT at our institution during the study period divided into two 
groups. The first comparison group consists of all ABOi LDKT 
recipients who were not treated with IA with heparin anticoagula-
tion (ABOi nonheparin) because they either received ACD-A an-
ticoagulation during apheresis (n = 26) or did not need any apher-
esis procedure due to low isohemagglutinin titers (n = 12). The 
second group consists of all LDKT recipients with matched ABO 
blood group (ABOc) (n = 184). Review of baseline characteristics 
was done as for our main cohort (ABOi heparin). For further anal-
yses, we assessed graft function by creatinine and eGFR at 1 month, 
1 year, 3 years, and 5 years after transplantation as well as graft 
survival and overall survival. Follow-up was current as of January 
2022. The study was performed according to the Declaration of 
Helsinki and approved by the Local Ethics Committee (EKNZ: 
2016-01967).

Patient Preparation and Desensitization Protocol
All patients undergoing major ABOi LDKT were prepared and 

desensitized as previously described [26]. In short, basic immuno-
suppressive therapy including tacrolimus, mycophenolate mofetil, 
and prednisone was started 2 weeks before transplantation. A sin-
gle intravenous infusion of rituximab (375 mg/m2) was given 4 
weeks before transplantation in an outpatient setting. The trans-
plantation was carried out after achieving the target isohemagglu-
tinin titer (see below). Additional 20 mg of intravenous (IV) basi-
liximab was administered on days 0 and 4.

Immunoadsorption
IA was performed on a cell separator (Spectra Optia; Terumo 

BCT, Lakewood, CO, USA) using a low-molecular carbohydrate 
column containing A and/or B blood group antigens linked to a 

Sepharose matrix (Glycosorb; Glycorex Transplantation, Lund, 
Sweden). The number of planned procedures was depending on 
initial isohemagglutinin titers and adjusted according to isohem-
agglutinin titer reduction, based on the estimation that one IA 
session was able to lower isohemagglutinins by one titer level. For 
logistical reasons, transplant surgery was scheduled on Mondays 
(hospital admission of the living donor on Sundays) with the aim 
to reach the target isohemagglutinin titer by Friday, continuing 
daily IA during the weekend. For example, if the initial isohemag-
glutinin titer is 1:128, five titer reductions are necessary to reach 
the target titer level of 8 by Friday. Hence, seven IA sessions are 
planned before surgery on Monday. With each IA session, at least 
two plasma volumes (calculated with the formula of Nadler [27]) 
were processed. This was increased up to four plasma volumes per 
treatment if the titer reduction was insufficient. IA was performed 
daily until the isohemagglutinin titers for both IgG and IgM were 
1:8 or less at the beginning of the last intended IA. If IgG or IgM 
remained higher than 1:8, IA was continued until the target titer 
was achieved. Priming of the cell separator was done with 500 mL 
ACD-A and 10,000 IU heparin. Then 10,000 IU heparin diluted 
in 500 mL normal saline (NaCl 0.9%) was given as a perfusion of 
40 IU/min with the aim to maintain thrombin time 1 and 2 (TT1 
and TT2) >120 s, and anti-factor X activity (Anti-FXa) between 
1.0 and 2.0 IU/mL. The filter system was regularly controlled visu-
ally by the apheresis nurse for clots. Isohemagglutinins were mea-
sured before and after each IA procedure in patient’s blood sam-
ples. The efficacy of the Glycosorb column was monitored daily, 
measuring isohemagglutinin titers in a plasma probe taken from 
the apheresis system after the passage of the patient’s plasma in 
the Glycosorb ABO column 10 min prior to the end of the proce-
dure.

Laboratory Measurements
Accuracy of anticoagulation was monitored by activated partial 

TT (aPTT), TT1 (i.e., time to thrombus formation after adding 6 
units of thrombin per milliliter to citrated plasma), TT2 (i.e., ad-

Fig. 1. Proportions of all 235 living donor kidney transplant re-
cipients between 2013 and 2019 at the University Hospital Basel. 
184 major ABO blood group compatible transplantations were 
performed. From the 51 ABOi transplantations, 26 patients re-
ceived apheresis procedures with standard ACD-A anticoagula-

tion and 13 patients received the newly introduced heparin anti-
coagulation during IA. Eight patients who received an ABOi kid-
ney did not receive any apheresis procedure due to low 
isohemagglutinin titers.
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dition of 20 U/mL thrombin), and Anti-FXa. These assays were 
performed before each procedure, after the heparin bolus, and ev-
ery 30–60 min during the procedure.

Isohemagglutinin titers were measured with the conventional 
tube method until June 1, 2017 and the validation of the ID gel 
system (Bio-Rad, Hercules, CA, USA) which showed reproducible 
results. Thereafter, the gel system was used. For the tube method, 
recipient serum was serially diluted and incubated with aliquots of 
a 5% suspension of red blood cells of the kidney donor in a test tube 
for approximately 15 min at room temperature. After centrifuga-
tion, macroscopic agglutinations of red blood cells were evaluated 
for anti-A or anti-B IgM antibodies or both. For IgG detection, 

IgM in patient serum was inactivated (Neutr-AB II, Medion Gri-
fols Diagnostics Ag) before testing for agglutination. Titers were 
determined as the highest dilution that still produced macroscop-
ic agglutination. With the gel system, IgM inactivation was not 
needed. The agglutination on the ID card was checked manually. 
After transplantation, IgM and IgG titers against the donor blood 
group were measured daily in the first week, weekly until day 28, 
and then at 3, 6, and 12 months.

Outcomes
Main outcomes as clotting in the filter system or any other pro-

cedural problems as well as patient-reported symptoms and ob-

Table 1. Baseline characteristics of LDKT recipients

Characteristics, n [percentage] ABOi heparin (n = 13) ABOi nonheparin (n = 38) ABOc (n = 184)

Male sex 10 [77] 24 [63] 109 [59]
Female sex 3 [23] 14 [37] 75 [41]
Recipient age, years, median (range) 54 [23–69] 57 [21–79] 51.5 [13–77]
Donor age, years, median (range) 53 [38–73] 54.5 [33–78] 57.5 [27–79]
Underlying disease

Glomerulonephritis/glomerulopathy 6 [46] 10 [26] 66 [36]
Diabetic nephropathy 2 [15] 2 [5] 14 [8]
ADPKD 1 [8] 13 [34] 37 [20]
Interstitial nephritis 1 [8] 0 5 [3]
Other 1 [8] 5 [13] 33 [18]
Unknown 2 [15] 4 [11] 18 [10]

Vascular/arterial hypertension 0 4 [11] 11 [6]
Second or third transplant, n (%) 0 6 [16] 15 [8]
HLA identical, n (%) 0 4 [11] 13 [7]
Preemptive kidney transplant 2 [15] 25 [66] 82 [45]
Donor category, n (%)

Partner 7 [54] 17 [45] 70 [38]
Friend 3 [23] 1 [3] 11 [6]
Parent 1 [8] 5 [13] 45 [25]
Child 0 1 [3] 0
Sibling 0 12 [32] 44 [24]
Other relative 2 [15] 2 [5] 14 [8]
Other risk factor 1 [8] 4 [11] 37 [20]
Husband to wife 1 [8] 1 [3] 8 [4]

Donor-specific antibody (DSA) 0 3 [8] 25 [14]
Other risk factor 0 0 4 [2]
ABO blood group recipient, n (%)

O 11 [85] 20 [53] n/a
A 2 [15] 7 [18] n/a
B 0 11 [29] n/a

ABO blood group donor/recipient, n (%)
A/O 8 [62] 14 [37] n/a
AB/O 2 [15] 0 n/a
B/O 1 [8] 6 [16] n/a
B/A 1 [8] 2 [5] n/a
AB/A 1 [8] 5 [13] n/a
A/B 0 8 [21] n/a
AB/B 0 3 [8] n/a

Baseline characteristics of all patients undergoing LDKT between 2013 und 2019 divided in three groups. The 
first group (ABOi heparin) consists of all 13 patients who underwent IA with heparin anticoagulation. Group two 
(ABOi nonheparin) consists of the remainder of all ABOi recipients who underwent either IA or PEX without heparin 
(i.e., ACD-A) or no apheresis. The third group includes all ABOc LDKT recipients. ABOi, major ABO blood group 
incompatible; ABOc, major ABO blood group compatible; ADPKD, autosomal dominant polycystic kidney disease; 
HLA, human leukocyte antigen.
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served clinical signs including bleeding events were routinely doc-
umented during each procedure. Other outcomes as graft survival 
and overall survival were compared to patients who underwent 
living donor kidney transplantation (ABO-compatible or ABO-
incompatible with nonheparin or no apheresis procedure) during 
the same observation period at the University Hospital Basel, Swit-
zerland.

Statistics
Descriptive statistics were performed for baseline characteris-

tics reporting frequencies and proportions. The main cohort in-
cluded assessments of 13 patients undergoing kidney transplanta-
tion and treated with heparin for procedural anticoagulation dur-
ing preparative IA. The focus was on the safety endpoint of 
clinically significant bleeding (i.e., >WHO grade 2); feasibility end-
points of clumping events in the filter system; and coagulation as-
says TT1, TT2, and Anti-FXa during different time points of the 
procedure. Efficiency was assessed with isohemagglutinin titer re-
duction. Further outcome measures included eGFR and creatinine 
at different treatment times. Differences in creatinine and eGFR 
values among the three treatment groups were assessed using non-
parametric Kruskal-Wallis test. Moreover, we estimated unadjust-
ed Kaplan-Meier survival functions for overall survival and graft 
survival. Furthermore, we performed a competing risk analysis 
with death as a competing risk for graft failure. Patients entered 
the analysis from date of transplant to date of graft failure, cen-
sored for patient death with a functioning allograft or at the date 
of last known function on their last clinical follow-up. Statistical 
significance was established at p < 0.05.

Results

During the study period, a total of 235 living donor 
kidney transplantations were performed at our institu-
tion. Fifty-one patients (21.7%) had an ABO blood group 
incompatibility and were treated with the described de-
sensitization protocol. Twelve patients (23.5% of all ABOi 
LDKT) did not need IA due to low baseline isohemagglu-
tinin titers after immunosuppressive therapy alone. Thir-
ty-nine patients (76.5% of ABOi LDKT) needed an apher-
esis procedure to lower isohemagglutinin titers before 
transplantation. Of these 39 patients, twenty-six (66.7%) 
received IA or PEX with standard anticoagulation and 13 
(33.3%) received IA with heparin anticoagulation (Fig. 1).

Patient Characteristics
The median age of the 13 patients treated with IA and 

heparin anticoagulation in preparation for major ABOi 
LDKT was 54 years (range from 23 to 69 years), and re-
cipients were predominantly male (77%). The underlying 
disease categories varied; most patients had a glomeru-
lopathy. Eleven (84.6%) patients were on a regular dialy-
sis program before kidney transplantation, while the oth-
er two were scheduled for a preemptive kidney trans-
plant. Four (31%) of the patients received aspirin 100 mg 

Table 2. Immunoadsorption treatment plan

Patient 
number

Baseline titer IA sessions 
planned

IA sessions 
performed

Mean PV treated 
per IA session

Titer at transplantation

IgG IgM IgG IgM

1 128 32 6 6 2.5 2 2
2 32 32 5 5 2.2** neg 4
3 32 32 5 5 2.5 4 4
4 16 16 5 5 2.5 neg 2
5 32 32 5 5 2.5 neg 2
6 256 16 7 5 2.5 2 1
7 32 8 5 5 2.4 neg 1
8* 16 2 4 6 3.3 2 1
9 4 16 4 4 3 neg 4
10* 256 16 6 10 3.4 8 1
11 256 32 6 6 3.3 4 neg
12* 128 16 6 3*** 4 4 1
13 64 16 6 4**** 2.5 4 neg

Isohemagglutinin titers for IgG and IgM at baseline were considered to plan the number of IA sessions based on 
the estimation that one IA session was able to lower isohemagglutinins by one titer level. For logistical reasons, a 
margin was used at the discretion of the treating nephrologist. Generally, 2.5 patient’s plasma volumes (PV) were 
processed per IA session. This was increased up to 4 plasma volumes per session if the titer reduction was insufficient. 
IA, immunoadsorption; PV, plasma volumes (calculated with the formula of Nadler). * In 3 patients, in response to 
insufficient titer lowering the processed PV per IA session was increased and the transplant postponed. ** Last IA 
was interrupted because of clumping in the filter. *** Because of low blood pressure during IA and hemodialysis, 
anticoagulation was switched from ACD-A to heparin after 7 IA sessions to facilitate higher flow rates. Sessions with 
citrate anticoagulation are not included in the analysis. **** Two plasma exchange sessions (not included in the 
analysis) were performed before switching to IA heparin for logistical reasons as the Glycosorb column was not 
available on time.



Immunoadsorption with Heparin 
Anticoagulation

81Transfus Med Hemother 2023;50:76–87
DOI: 10.1159/000528261

at least once during the 7 days prior to the first procedure. 
Further patient and disease characteristics are described 
in Table 1.

Procedures
Between 3 and 10 IA sessions with heparin were con-

ducted per patient before transplant surgery (median 5). 
A median of 2.5 times the calculated plasma volume was 
processed per procedure with a maximum of 4 plasma 
volumes in one procedure. This correlated to a median 
amount of 13.9 L and a maximum amount of 22.7 L pro-
cessed in a single procedure. Further details of the IA 
treatment plan are indicated in Table 2. In the ABOi non-
heparin group, 3–16 procedures were performed per pa-
tient (median 4). The number of procedures was similar 
between heparin and ACD-A anticoagulation groups. In 
the heparin group, 4 patients had IA and/or PEX after 
kidney transplantation. Two of the 13 patients (15.4%) 

had increased isohemagglutinin titers (highest titer 1:64) 
and early biopsy proven humoral rejection. Both were 
treated successfully in a multimodal approach with ste-
roids, anti-thymoglobulin (ATG), and apheresis. In an-
other patient, thrombotic microangiopathy (TMA) was 
found but no increase in isohemagglutinin. A last patient 
had TMA and possible humoral rejection on biopsy with-
out increase of isohemagglutinin titer above 1:8. Of the 26 
patients desensitized by apheresis in the nonheparin 
group, 3 patients (11.5%) were treated for humoral rejec-
tion with elevated isohemagglutinins including an apher-
esis procedure. One patient received additional two IA 
sessions, as isohemagglutinin titer reduction against B 
antigen was borderline at 1:8. No humoral rejection was 
observed. Two patients who did not qualify for pretrans-
plant apheresis received PEX for TMA post-LDKT.

a

c

b

d

Fig. 2. Cumulative isohemagglutinin course (IgG and IgM) before (a/b) and after (c/d) IA with heparin antico-
agulation in the sequence of procedures. The number of procedures varied between 3 and 10 per patient. The red 
line marks the target cut off (1:8) for continuation to transplant surgery. The red dot represents the mean. With-
in the violin plot, a boxplot showing the 25th and 75th percentile is included.



Junker et al.Transfus Med Hemother 2023;50:76–8782
DOI: 10.1159/000528261

Safety and Feasibility
Clumping in the filter system was observed during 3 

(4%) out of the overall 69 IA procedures with heparin. In 
the first instance, the procedure was terminated early af-
ter processing one plasma volume. In the other two in-
stances, a heparin bolus (2,000 IU i.v.) was given, and the 
procedure could be completed as planned. In the 3 in-

volved patients, TT1 and TT2 were in the expected range 
in all measurements during the whole procedures in 
which the clumping in the filter was observed. In these 3 
patients, TTs were in the range of 95.2% of a total of 63 
TT1 and 56 TT2 measurements during all procedures. 
Anticoagulation assays were not routinely done before 
surgery. On the day of transplant surgery, all measured 

a

b

Fig. 3. a, b Cumulative creatinine and glomerular filtration rate values of the 13 patients treated with heparin 
during IA are shown 15 days before and after the kidney transplantation (during the hospital stays). The point 
cloud is centered to the day of transplantation (= day 0). A nonparametric adjustment curve (lowess smoother) 
shows the mean values.
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TT1 (n = 9) were <120 s and Anti-FXa ≤0.1 IU/mL (n = 
2). No bleeding was observed in the patients during hep-
arin anticoagulation for IA and until the first day after 
transplantation. No other significant adverse events were 
reported. All 13 patients had sufficient isohemagglutinin 
titer lowering to proceed to surgery (Fig. 2), 9 (69.2%) had 
negative IgG titer, and 6 (46%) had negative IgM after the 
last procedure. Cumulative creatinine measurements 
during hospital stay for kidney transplantation before 
and after surgery as first proof of graft function is shown 
in Figure 3.

Anticoagulation
The number of TT measurements per procedure was 

between 1 and 9 per patient. Overall, 351 measurements 
of TT 1 and 340 of thrombin 2 were performed. 98% of 
TT1 measurements were >120 s as were 81.8% of TT2 
(mean and IQR >120 s)

Of a total of 407 Anti-FXa measurements, 274 (67.3%) 
were in the range of >1 IU/mL and ≤ 2 IU/mL. Ninety-
three (22.9%) of measurements were below the target 
range; 40 (9.8%) measurements were above the target (>2 
IU/mL). Average Anti-FXa and TT2 during IA over the 
course of procedures are shown in Figure 4. As described 
previously, no correlation between clumping within the 
filter system was observed even when coagulation assays 
indicated suboptimal anticoagulation.

Graft Function and Graft Survival
Overall, 235 patients were included in the analysis and 

were 116.6 years at risk of graft failure. Among all pa-
tients, twelve grafts were lost (Fig. 5). Graft survival was 
not significantly different between treatment groups (log-
rank test p = 0.938). Competing risk analysis with death 
as a competing risk yielded a similar result with no sig-
nificant difference between the three groups (Pepe and 
Mori test p = 0.616, p = 0.568, p = 0.909 for ACD vs. hep-
arin, no IA vs. heparin, and no IA vs. ACD, respectively). 
Among the 13 patients treated with heparin anticoagula-
tion, one graft was lost on the day of transplantation due 
to biopsy-confirmed TMA unrelated to humoral rejec-
tion or the heparin anticoagulation. The cause of the 
TMA remained unclear upon extensive investigation. In 
the other 12 patients, no delayed graft function was ob-
served (Fig. 5). Follow-up was between 1 and 9 years (me-
dian 4 years). As described in Figure 6, mean creatinine 
values after 1 month were 133.5 ± 35.4 μmol/L in the 
ABOi heparin group and 140.4 ± 73.5 μmol/L and 128.7 
± 39.2 μmol/L in the ABOi nonheparin and ABOc groups, 
respectively. The corresponding eGFRs did not differ sig-
nificantly between defined groups. Likewise, after 1, 3, 
and 5 years, the creatinine values and eGFR were compa-
rable (Fig. 6).

In the ABOi nonheparin group, two graft failures due 
to therapy resistant humoral rejection were observed. The 
cause of the rejection was persisting blood group antibod-
ies. An insufficient accommodation of the donated organ 

a

b

Fig. 4. Cumulative Anti-FXa levels (a) and TT 2 (b) during IA sessions on days −10 to −1 of the 13 patients treat-
ed with heparin during IA are shown. A nonparametric adjustment curve (lowess smoother) shows the mean 
values.
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from the elderly mother was suspected. In the ABOc 
group, graft loss happened in 9 patients (4.9%).

Overall Survival
Overall, 235 patients were included in the analysis and 

were 116.9 years at risk. Among all patients, 13 patients 
died (Fig. 4). Overall survival was not significantly differ-
ent between treatment groups (log-rank test p = 0.548). 

After a median follow-up of 4 years (range: 0–9), 1 patient 
died in the ABOi heparin group. Death occurred 3.5 years 
after kidney transplantation due to heart failure with an 
intact graft function. In the ABOi nonheparin group, 1 
patient died later due to intracranial hemorrhage and 3 
patients due to secondary malignancies. In the ABOc 
group, eight deaths were reported in the same studied pe-
riod.

a b

Fig. 5. Patient overall survival (a), death-censored graft survival 
(b) after living donor kidney transplantation for the three groups 
(heparin, nonheparin, no IA). During the study period, 13 patients 
died (235 patients with 1,017 patient years at risk). The mortality 
did not significantly differ between the three treatment groups 

(log-rank test p = 0.5479; Wilcoxon test p = 0.4450). Twelve pa-
tients had a graft failure (235 patients with 1,016 patient years at 
risk). Graft failure did not significantly differ between the treat-
ment groups (log-rank test p = 0.938; Wilcoxon test p = 0.667).
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Conclusion

Using IA for desensitization in ABOi LDKT has helped 
to improve outcomes [11, 12, 28]. ACD-A is the almost 
exclusively used anticoagulant in this setting. Heparin is 
an established alternative to ACD-A during therapeutic 
apheresis and allows faster flow rates in plasmapheresis 
[28]. It is unknown if for patients in need of IA and at risk 
of volume overload heparin may be advantageous or non-
inferior to ACD-A. To the best of our knowledge, experi-

a

b

ences of heparin anticoagulation during IA in this setting 
have not been reported so far.

In this retrospective single-center study, we described 
feasibility and safety of heparin anticoagulation during 
IA in preparation of ABOi LDKT in thirteen consecutive 
selected cases.

The adapted procedural anticoagulation scheme was 
safe and efficient. No major complication, especially no 
relevant bleeding occurred. Monitoring of anticoagula-
tion was performed continuously and allowed to antici-

Fig. 6. a, b Mean creatinine values and glomerular filtration rate 
(mL/min/1.73 m2) (CKD-EPI) during follow-up after LDKT at 1 
month, 1 year, 3 years, and five years for ABOi recipients treated 
with heparin, ABOi recipients not treated with heparin, and ABOc 

recipients of kidney transplants. Dots represent mean values; whis-
kers represent mean +/− 2 standard deviations. a Creatinine over 
time. b eGFR over time. All Kruskal-Wallis tests for differences 
between treatment regimens had p > 0.1.
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pate procedural complications before their occurrence. 
Moreover, our experience showed the importance of rig-
orously checking the filter system for clumping by the 
operator, allowing immediate intervention (e.g., intrave-
nous heparin bolus) independent of turnaround times for 
coagulation assays. The applied target for Anti-FXa of 
1.0–2.0 IU/mL was in line with recommendations by the 
Association for the Advancement of Blood & Biothera-
pies (AABB) [29]. As we did not observe any clotting 
events in patients with Anti-FXa below the target level, 
lower Anti-FXa may be sufficient to prevent clotting and 
may be validated in future patients.

Second, the adapted scheme allowed efficient lowering 
of A and B antibody titers to enable successful transplant 
surgery in all cases. During the study period, 1 patient lost 
his graft on the day of transplantation due to a throm-
botic microangiopathy. No association with the IA pro-
cedure was found. All other 12 patients had well-func-
tioning grafts, one of them until his death due to an un-
related cardiac cause. The titer threshold of 1:8 was used 
in line with most centers [12, 30] and is a reasonable basis 
to define the number of planned procedures [31]. More-
over, patients with isohemagglutinin titers smaller than 
1:16 have comparable outcome if pheresis is omitted al-
together [14]. Number of procedures per patient pre and 
post ABOi LDKT were comparable to other centers [32]. 
This is relevant as postoperative bleeding seems to in-
crease with the number of IA procedures [33]. In addition 
to our main findings, the outcome of the new heparin 
protocol was comparable to standard ACD-A protocol in 
ABOi transplant recipients as well as in recipients of 
ABOc LDKT with no need for IA at our institution in 
terms of overall survival, overall graft survival, and kidney 
function at 1,3, and 5 years.

The study overlooks almost 7 years during which 
ABOi LDKT numbers were relatively stable. During this 
period, about 1 third of the patients in need of a therapeu-
tic apheresis procedure were treated with the newly intro-
duced scheme.

The retrospective design of the study and small num-
ber of patients limit the generalizability of the observed 
results. Some adaptations made were tailored to our in-
stitution and should be internally validated at each center 
before introduction. It should be noted that ACD-A is 
recommended by the manufacturers as preferred antico-
agulation option and is not questioned as a standard.

Furthermore, there was no prospective data collection 
of quality of life to show improvement in the patient’s ex-
perience. Also, the number of hemodialysis sessions be-
fore surgery was not assessed.

In summary, the use of heparin as for anticoagulation 
in IA could be successfully established at our center and 
proved to be a valid, safe, and equally efficient procedure 
for selected patients in our experience. Validation of our 

single-center experience is needed, but our data may offer 
other centers an alternative option for anticoagulation 
during IA in the setting of ABOi LDKT.
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