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Introduction

Summary

Pretransplant removal of antiblood group ABO antibodies is the cornerstone of
all current ABO-incompatible (ABOi) transplantation programmes. In our proto-
col, plasmapheresis (PP) is performed with a plasmafilter followed by immunoad-
sorption (IA) of anti-ABO antibodies. The bleeding complications of this
technique are not known. We analysed the data of all 65 consecutive ABOi kidney
transplantations between March 2006 and October 2013 and compared these with
matched 130 ABO-compatible (ABOc) kidney transplantations. Cases differed
from controls in the pre-operative regimen, which included IA-PP and rituximab,
tacrolimus, mycophenolate mofetil, prednisone and immunoglobulines. Data on
platelet count, blood loss and red blood cell (EC) transfusions during 48 h post-
operatively were collected. ABOi patients received EC transfusions more fre-
quently than controls (29% vs. 12%, P = 0.005). Intra-operative blood loss was
higher (544 vs. 355 ml, P < 0.005) and they experienced more major bleeding
(>3 EC within 24 h, 15% vs. 2%, P < 0.0005). Platelet count decreased by 28%
after the pre-operative IA. In a multivariate model, only the number of pre-opera-
tive IAs was associated with the number of ECs given (OR per IA 1.9, P < 0.05).
ABOi kidney transplant recipients have a high postoperative bleeding risk, corre-
lating with the number of pre-operative IA sessions performed.

of plasma separation by either a centrifugation technique or
by plasmafiltration using a large pore haemofilter. During

The cornerstone of ABO incompatible (ABOi) and HLA
antibody desensitization protocols is reduction of pre-
existing concentrations of antibodies against ABO blood
group or HLA antigens within the graft recipient prior to
transplantation. In particular, ABO-incompatible kidney
transplantation is now accepted as a suitable alternative
transplantation programme with excellent outcomes for
patient and graft survival. This has resulted in increasing
numbers of patients receiving an ABOI kidney graft world-
wide and a better use of the potential of living kidney
donors [1-4]. Plasmapheresis (PP) is an essential procedure
within all current desensitization protocols and may consist
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PP, the plasma is exchanged for either fresh frozen plasma
(FFP) or a human albumin solution. In the case of ABO
desensitization, the need for plasma exchange can be cir-
cumvented by the use of immunoadsorption (IA). In this
particular procedure, the separated plasma is led over an
anti-ABO adsorbing column before returning to the circula-
tion of the patient. In patients undergoing PP, an increased
risk for haemorrhage has been reported, which can in part
be attributed to the removal of coagulation factors when
plasma is exchanged for albumin solution instead of FFP.
In addition, the anticoagulants used during PP treat-
ment can cause bleeding complications and PP with the
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centrifugation technique, leads to substantial loss of plate-
lets of up to 50% [5]. In PP using the filtration technique,
an occasional case of platelet depletion was described [6],
but any association with bleeding tendency has not been
reported. Also in ABOIi kidney transplantation, there are
indications that the desensitization procedure may be asso-
ciated with a higher incidence of bleeding complications
postoperatively [7-9]. However, there has not been a sys-
tematic analysis of bleeding complications associated with
the ABOi desensitization procedure in a large group of
patients compared with ABO-compatible (ABOc) controls.
In our protocol, PP is performed with a plasmafilter fol-
lowed by IA of anti-ABO antibodies using the Glycorex
device. To study the possible bleeding complications in more
detail, we analysed intra-operative blood loss and the need for
red blood cell (EC) transfusions in 65 consecutive ABOi kid-
ney transplant recipients, compared this with 130 matched
ABOc controls and studied the causative mechanisms.

Material and methods

Patients

We analysed all consecutive recipients of a blood group
ABOI kidney transplant between March 2006 and October
2013 in the Erasmus Medical Center in Rotterdam, the
Netherlands (n = 65). Controls were recipients of an ABOc
kidney transplant matched for age of donor and recipient
in this period (n = 130). Cases differed from controls in
the pre-operative regimen as has been described in detail
before [10]. In short, the regimen included rituximab
375 mg/m”> 4 weeks before transplantation; tacrolimus
0.1 mg/kg BID, mycophenolate mofetil 1000 mg BID;
prednisone 20 mg once daily starting 2 weeks before trans-
plantation and immunoglobulines 0.5 mg/kg 1 day pre-
operatively. Furthermore, antigen-specific IA was per-
formed pre-operatively in all but three ABOI recipients. PP
was performed with a plasmaFlux PSu filter (Fresenius
Medical Care, Bad Homburg, Germany) followed by
adsorption of anti-ABO antibodies with the Glycosorb®
device, coated with synthetically derived blood group A or
blood group B antigen (Glycorex Transplantation, Lund,
Sweden). In 4 h, 1.5 1 plasma/h was led over the column,
using unfractionated heparin infusion 1000 U/h to prevent
clotting. The first 30 patients additionally received also
postoperative TA as per protocol, performed on days 3, 6
and 9 (or days 2, 5 and 8 depending on the day of surgery).
ABOi patients and ABOc received the same immunosup-
pressive regimen after transplantation: tacrolimus 0.1 mg/
kg BID, mycophenolate mofetil 1000 mg BID, prednisone
50 mg BID for 3 days and 20 mg once daily thereafter. All
kidney transplant recipients in our centre receive unfrac-
tionated heparin 12 000 IU/24 h from 4 h after renal
artery anastomosis until postoperative day 5.
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Data collection

The following data were collected from the medical files:
sex and age of donor and recipient, ABO blood group,
blood urea nitrogen (BUN), dialysis duration prior to
transplantation, platelet count before IA, pre-operatively
and during 2 weeks postoperatively; coagulation tests,
including the activated partial thromboplastin time (aPTT)
and prothrombin time-based International Normalized
Ratio (PT-INR); transfusion with EC within 48 h after sur-
gery and during two postoperative weeks. Major bleeding
was defined as >3 EC within 24 h. Intra-operative blood
loss documented in the anaesthesia files was also recorded.

Statistics

For analysis, the data obtained within the total ABOi and
ABOc patient groups were compared for the first 48 h after
surgery. After this period, the ABOi group was divided into
two groups of patients, one that had received postoperative
IA and one group that had not. Data were analysed using
GRAPHPAD PRISM version 6.0 (GraphPad Software, Inc., La
Jolla, CA, USA). Mann—Whitney U-test, Wilcoxon’s signed
rank test, paired t-test and unpaired f-test were used to
determine differences between groups. Fisher’s exact test
was performed on discrete variables. Multivariate binary
regression analysis was performed on variables known for
influencing the risk of bleeding, for example blood group O
[11,12]. For this analysis, IBM spss (IBM Corporation,
Armonk, New York, USA) Statistics 21 was used. The sta-
tistical significance level was determined as P < 0.05.

Results

Baseline characteristics

Age and sex of donor and recipients did not differ between
groups. Recipients did not differ in age (54 vs. 53 years in
controls, P > 0.1) with the majority of recipients being
male (68% vs. 67% in controls). More ABOIi recipients
were on dialysis than controls [72% vs. 55%, P < 0.05 or
months dialysis 14.1 (1.99) vs. 10.9 (1.41), P = 0.02] and
their BUN was significantly higher than of ABOc recipients,
25 vs. 21 pmol/l, P = 0.003 (Table 1). ABOi patients had
higher peak panel-reactive antibodies [peak PRA 10.9 (2.4)
vs. 8.5 (1.5), P = 0.04], but the number of HLA mis-
matches on A, B and DR loci did not differ, except for locus
A [total mismatches 3.92 (0.20) vs. 3.56 (0.15), P = 0.18
and mismatches on locus A 1.29 (0.08) vs. 1.08 (0.06),
P = 0.04]. As expected, blood group O was overrepresented
in the ABOi programme (65%), as their anti-ABO antibod-
ies against all nontype O donors limit their donor pool. In
ABOc controls, the reverse phenomenon was present: 38%
of patients were blood group O, which is less than the
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Table 1. Baseline characteristics of ABO-incompatible and ABO-compatible kidney transplant recipients.

Variables ABO incompatible ABO compatible P
Number of patients 65 130 -
Age recipient (mean, SEM) 53.6(1.7) 53.5(1.1) NS
Male sex recipient (n, %) 44 (68) 87 (67) NS
BUN day-1 (mmol/l, mean, SD) 25+ 9 21+ 7 <0.005
Dialysis dependency (n, %) 47 (72) 71 (55) <0.05
Months on dialysis (mean, SEM) 14.1(1.99) 10.9(1.41) <0.05
Recipient blood group (n, %)
On =42 (65) On =50(38) <0.005
An=11(17) An =57 (44) -
Bn=12(18) Bn=18(14) -
ABn=0 ABn=5(4) -
Number of pre-operative immunoadsorption (median, IQR) 4(2) - -
Number postoperative immunoadsorption n = 30 (median, IQR) 3(0.25) - -
aPTT (median, IQR) 30(9.5) 28 (6) NS
PT-INR (median, IQR) 1.0(0.1) 1.0(0.1) NS
peak PRA %(mean, SEM) 10.9(2.4) 8.5(1.5) <0.05
Total mismatches HLA loci A, B and DR 3.92(0.20) 3.56(0.15) NS
MM on A 1.29(0.08) 1.08 (0.06) <0.05
MM on B 1.39(0.08) 1.39(0.06) NS
MM on DR 1.25(0.08) 1.09 (0.06) NS

SEM, standard error of the mean; BUN, blood urea nitrogen; SD, standard deviation; IQR, interquartile range; aPTT, activated partial thromboplastin

time.

reported prevalence (47%) of blood group O in blood
donors in the Netherlands. A median of 4 IAs was per-
formed pre-operatively, with a range of 0 to 10 sessions
depending on the original anti-ABO titre and its decline
during treatment with IA (Table 1).

Antigen-specific inmunoadsorption substantially lowers
platelet count but does not result in changes of
coagulation tests

The platelet count before the start of the IA was 233 x 10°/
1 on average, comparable to a mean of 230 x 10°/1in ABOc
controls 1 day pre-operatively (P > 0.1). However, after
the pre-operative IAs, platelet count decreased with 28%,
leading to 169 x 10%/1 platelets on average 1 day pre-oper-
atively in ABOi patients (P < 0.0001, Fig. 1). This decline
in platelet count led to a pre-operative platelet count of
<100 x 10°/1 in 14 patients (22% of ABOi recipients),
which was different from the control group, where only
one patient (1%) had a platelet count <100 x 10°/1
(P < 0.0001). One week after transplantation, the platelet
count was comparable to pre-operative levels (mean
178 x 10°/1 day 7) and returned to pre-IA levels after
2 weeks in the patients receiving only pre-operative IA
(n = 35, mean 223 x 10°/1 day 14).

The first 30 patients received additional postoperative IA
and their platelet count remained nonsignificantly lower
within the first week compared with the group with only
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pre-operative IA (n = 21), but their platelet count was
restored to significantly higher levels 2 weeks after trans-
plantation (postoperative IA 291 vs. only pre-operative 1A
223 x 10°/; P < 0.05). The platelet count on day 14 in the
group of patients with postoperative IA exceeded even the
numbers recorded before the desensitization procedure
started (291 vs. 235 x 10%/1; P < 0.05). Platelet count in
the total ABOI1 group remained significantly lower than in
ABOc controls from the day prior to transplantation to day
10 (all P < 0.0005).

Both the aPTT and the PT-INR did not differ between
groups (aPTT median 30 s vs. 28 s in controls, P > 0.1, lab-
oratory normal range 22-32 s; PT-INR median 1.0 IU both
groups, P > 0.1, Table 1).

The number of preoperative IAs is strongly associated
with the need for red blood cell transfusion 48 h
postoperatively

The ABOi patients needed EC transfusion more frequently
than the ABOc controls within 48 h postoperatively: 29%
of ABOi patients received EC transfusion vs. 12% of con-
trols (P < 0.005, Fig. 2a-1). In the group of patients that
received EC transfusion, more ECs per patient were given
in the ABOi patients than in controls (median 2 EC vs. 1
EC, P <0.001, Fig. 2a-2). The following variables were
tested for correlation with the dichotomous dependent EC
transfusion within 48 h postoperatively: sex of recipient,
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Figure 1 Platelet count in ABO-incompatible patients and their ABO-
compatible controls. Platelet count before start of the immunoadsorp-
tion (IA) (mean 233 x 10%/1) was comparable to controls (230 x 10%1)
1 day pre-operatively (P > 0.1). Platelet count fell by 28% 1 day pre-
operatively in ABO-incompatible patients (169 x 10%, P < 0.0001).
Platelets in ABO-incompatible patients remained lower up to day 10
compared with controls (all P < 0.001). In the group of ABQOi patients
with postoperative IA (first 30 patients), platelet count was higher after
2 weeks than without postoperative 1A (292 vs. 223 x 10%/; P = 0.02).
Platelet count after postoperative IA was even higher at day 14 than
before IA (292 vs. 235 x 10%/; P = 0.02).

age of recipient, BUN, dialysis (and duration in months)
requirement prior to transplantation, platelet count before
IA, platelet count 1 day pre-operatively both linear and
dichotomous <100 x 10%/1, delta platelet count (decrease
from IA to 1 day pre-operatively), aPTT, PT-INR, ABO
blood group, the number of pre-operative IAs and intra-
operative blood loss. Only the number of pre-operative IAs
and blood group O correlated with the need for EC transfu-
sion (univariate analysis: OR 1.9, OR 7.1, all P < 0.05). In
multivariate regression analysis, only pre-operative IA pre-
dicted postoperative EC transfusion within 48 h: the risk of
transfusion increased independently with every pre-opera-
tive IA session (OR 1.9, P = 0.011, Table 2). Only two of
the 18 patients with <4 pre-operative IAs received EC trans-
fusion within the first 48 h, while 16 of the 44 patients with
four or more IAs received EC transfusion (P < 0.05), irre-
spective of platelet count (platelet >100 and IA >4: 38% vs.
platelet <100 and IA >4: 40% of patients receiving EC in
this time period, P > 0.9, Fig. 3a). The number of pre-
operative IA sessions did influence pre-operative platelet
count: the 21 patients with <4 pre-operative 1As had a
higher platelet count than the 44 patients with four or more
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IA sessions (mean 209 x 10%/1 vs. 143 x 10°/1, P = 0.001,
Fig. 3b).

ABOi blood group O recipients received EC transfusion
more frequently than nongroup O recipients during 48 h
postoperatively (40% vs. 9%, P = 0.008). Blood group O
recipients underwent more pre-operative IA sessions (med-
ian 5 vs. 2, P < 0.0001). The strong association between
blood group O and EC transfusion disappeared after cor-
rection in multivariate analysis for the number of pre-oper-
ative IAs. Of note is a nonsignificantly higher blood
transfusion rate in ABOc blood group O recipients: nine of
41 blood group O vs. seven of 73 nonblood group O
patients, 18% vs. 9%, P = 0.17. Interestingly, of these
patients, only blood group O patients received more than
one EC transfusion: five blood group O vs. none nonblood
group O patients (P = 0.007).

Major bleeding is more frequent in the ABOI patient
group, especially in women

Ten ABOI recipients experienced major bleeding within
48 h postoperatively compared with only one ABOc patient
(15% vs. 1%, P < 0.0001 Fig. 2b). Three of these ABOI
patients underwent relaparotomy, in four patients, the
anaesthesia report described massive blood loss and diffi-
cult haemostasis with intra-operative blood loss ranging
from 1200 to 2800 ml. One patient had hypotension and
acute kidney injury for which haemofiltration was initiated.
In the other two patients, the major bleeding was contrib-
uted to ‘oozing’. Women were overrepresented in major
bleeding: 70% of major bleeders were female, while only
35% of ABOi recipients were female (Fisher’s exact test
P =0.02).

Blood transfusion within 2 weeks postoperatively

A substantial part of ABOIi recipients needed EC transfu-
sion after the direct postoperative period, from 48 h up to
day 14: 40% of ABOi patients received EC transfusion vs.
15% of controls in this period (Fig. 2c, P = 0.0001).

Intra-operative blood loss

Of five ABOi and nine ABOc patients, data on intra-opera-
tive blood loss were missing, all in patients without EC
transfusion the day of surgery. ABOIi patients lost more
blood intra-operatively than controls (543 £ 65 vs.

355 &+ 34 ml, P < 0.005, Fig. 4).

Haemoglobin level

We studied whether the decision for blood transfusion was
made at comparable haemoglobin levels. The haemoglobin

© 2014 Steunstichting ESOT 28 (2015) 25-33
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Figure 2 ABO-incompatible patients received red blood cell transfusions more frequently than controls. ABO-incompatible patients received blood
transfusions more frequently than ABO-compatible controls (29% vs. 12%, P = 0.005) during 48 h postoperatively (a). In this time period, more red
blood cell (EC) transfusions were given in the ABO-incompatible patients needing transfusion than in controls (median 2 EC vs. 1 EC, P < 0.001) (b).
ABO-incompatible recipients experienced more major bleeding (three or more EC within 24 h) in 48 h postoperatively than ABO-compatible controls
(15% vs. 1%, P < 0.0001) (c). ABO-incompatible patients received blood transfusion more frequently from 48 h after transplantation up to day 14

than ABO-compatible controls (40% vs. 15%, P = 0.0001) (d).

Table 2. Multivariate analysis of need for red blood cell transfusion
48 h postoperatively.

OR*  95% Clf P
Male sex recipient 0.46 0.10-2.11 NS
Number of pre-operative IAL 1.91 1.16-3.16 0.01
Platelet count 1 day pre-operatively 1.01 1.00-1.02 NS
Blood loss surgery 1.00 1.00-1.00 NS
Blood group O 3.37 0.36-31.41 NS

*Qdds ratio.
+Confidence interval.
tImmunoadsorption.

level in patients receiving EC transfusion within 48 h
did not differ between ABOi and ABOc controls: the
median haemoglobin level the day of EC transfusion was
4.6 vs. 4.8 mmol/l, P > 0.1. Haemoglobin levels did not
differ between ABOi patients before start of IA and

© 2014 Steunstichting ESOT 28 (2015) 25-33

ABOc controls 1 day pre-operatively (7.3 £ 0.14 vs.
7.5 £ 0.08 mmol/l, respectively, P > 0.1). After pre-opera-
tive IA, however, the average haemoglobin level was lower
compared with ABOc controls 1 day pre-operatively
(6.8 £ 0.15 vs. 7.5 £ 0.08 mmol/l, P < 0.0001, Fig. 5).
The average decrease in haemoglobin concentration from
the day before surgery to day +2 postoperatively was com-
parable between ABOi patients and controls (—0.7 vs.
—0.9 mmol/l, P > 0.05), but the former received signifi-
cantly more EC transfusions. This finding is in line with the
observation that ABOi patients in general have a higher
intra-operative blood loss and have more major bleedings
postoperatively.

Discussion

ABOi kidney transplant recipients needed more blood
transfusions than their ABOc controls. In this cohort of 65
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Figure 4 Intra-operative blood loss. ABOi patients lost more blood
intra-operatively than controls (536 + 66 vs. 364 + 34 ml, mean and
SEM, P < 0.005).

ABOi patients and 130 ABOc controls, ABOi patients had
more blood intra-operative blood loss, received EC transfu-
sions more than twice as frequently as their controls in the
first 48 h postoperatively and significantly more major
bleeding was noted.

The number of IAs appeared to be strongly associated
with the need for EC transfusion. It has been known that PP
via the centrifugation technique leads to thrombocytopenia,
but little is known about thrombocytopenia as a result of PP
using a plasma filter. In this study, we show that IA by
plasma filtration also leads to a remarkable decrease in
platelet count. However, despite the marked decrease in
platelet count in our ABOi cohort, the platelet count did
not correlate with EC transfusion in uni- and multivariate
regression analysis. Only the number of pre-operative IAs
predicted postoperative EC transfusion, irrespective of the
platelet count. For instance, the higher transfusion rate in
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Figure 5 Haemoglobin level. Haemoglobin levels were comparable
between ABOc patients 1 day pre-operatively and ABOi patients before
immunoadsorption [7.54 (0.08) vs. 7.34 (0.14), P=0.12], but
decreased after pre-operative immunoadsorption [6.79 (0.15),
P < 0.0001].

patients receiving four or more IAs was not influenced by
platelet count. In other words, although frequent IA
decreases platelet count, the blood transfusion rate is largely
independent of the platelet count. The singular association
between IA and EC transfusion was further strengthened by
our analysis of the postoperative period beyond 48 h. Again
in the subgroup of patients receiving postoperative 1A, we
noticed an increased need for blood transfusion as com-
pared to the other ABOI patients, while their platelet count
was not significantly lower within this period.

Our findings are supported by anecdotal data in the
literature on a higher bleeding tendency in ABOi kidney
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transplant recipients treated with PP, performed with and
without TA [7-9,13]. The correlation between number of
IA/PP and risk of bleeding can be extrapolated from two
other studies. ABOI paediatric kidney transplant recipients
had more bleeding complications when more PP sessions
were applied [14]. Higher anti-ABO titres necessitating an
intensified PP regimen led to more bleeding complications
compared with low anti-ABO titres in a cohort of 14 Kor-
ean ABOI patients [15].

Frequent contact with the plasma filter membrane thus
seems to cause a bleeding tendency, which may be
explained by coagulation abnormalities or platelet dysfunc-
tion rather than thrombocytopenia. The plasma dialyser
membrane used in our ABOI patients is a full barrier for
platelets. However, platelet count and function are influ-
enced during a haemodialysis session using dialysers made
from similar types of synthetic membranes as during PP.
Daugirdas and Bernardo review this topic extensively,
including studies on polysulfone membranes and its inhibi-
tory effect on platelet count and function [16-18]. Platelet
count falls approximately 10% during the first 30 min of
dialysis and typically returns to predialysis values thereafter.
Both the formation of platelet aggregates and the activation
of platelets can lead to this decrease in platelet count [19].
The type of membrane (synthetic vs. cellulose), as well as
the sterilization method, influences these phenomena [20].
The increased blood shear stress or the formation of micro-
bubbles might play a role in platelet activation [21]. Acti-
vated platelets have a shortened lifespan and prolonged
bleeding times can be measured directly after haemodialysis
[22,23]. Therefore, thrombocytopenia and platelet dysfunc-
tion may follow repeated PP as a consequence of the proce-
dure and materials used, similar to haemodialysis.

Besides platelet dysfunction induced by the polysulfone
membrane, coagulation abnormalities could be an alterna-
tive hypothetical explanation for the higher transfusion
need. The normal PT-INR and aPTT argue against this pos-
sibility. This is further supported by a report on 14 ABOI
German patients in whom D-dimer, fibrinogen, plasmino-
gen, thromboelastography and antithrombine-III were
found to be similar before and after PP with IA [8].

Notably, the haemoglobin level in ABOi patients after
the pre-operative IA sessions was lower than in ABOc con-
trols before surgery, while a similar transfusion policy was
used for both groups. Bone marrow depression by myco-
phenolate mofetil could have attributed to the lower hae-
moglobin in the ABOi group. This raised the possibility
that the EC transfusion rate was increased in the ABOI
group postoperatively solely because of a lower haemoglo-
bin level before surgery. However, the higher intra-opera-
tive blood loss and the higher rate of major bleeding argue
against the lower haemoglobin level pre-operatively as a
singular explanation for the higher transfusion rate.

© 2014 Steunstichting ESOT 28 (2015) 25-33
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Two remarkable findings need to be discussed. Blood
group O recipients needed EC more frequently during 48 h
postoperatively. The association between blood group O
and EC transfusion could be explained by a higher number
of IAs performed in patients with blood group O, as a con-
sequence of higher anti-ABO titres in blood group O recipi-
ents [24]. Another explanation for the higher transfusion
rate might be a higher bleeding tendency in blood group O
subjects per se. Blood group O is also overrepresented in,
for example, women with heavy menstrual bleeding [11]
and children with post-tonsillectomy haemorrhage [12].
The reciprocal also holds true, with a higher incidence of
thrombosis in nongroup O individuals [25]. This may be
related to the 25% lower levels of von Willebrand Factor in
individuals with blood group O vs. non-O [26]. An argu-
ment for a higher bleeding tendency per se in blood group
O patients is the nonsignificant higher blood transfusion
rate in blood group O ABOc controls and the finding that
only blood group O patients received more than one blood
transfusion in controls. Another outcome was the higher
risk of major bleeding in women. Studies in anticoagulation
therapy and management of cardiovascular disease also
reveal a higher risk of bleeding among women [27]. The
reason for this bleeding tendency in women is not clear.

Our results reveal a higher transfusion rate and bleeding
tendency in patients undergoing IA. We hypothesize that
the causative mechanism is platelet dysfunction induced by
contact with the plasma filter membrane, combined with
blood loss caused by the filtration technique. We have not
excluded so far the possibility that the higher blood trans-
fusion rate was caused by the adsorption column and not
the plasma filter membrane alone. Fibrinogen levels can
indeed be significantly reduced after IA [28]. More bleeding
compared with controls, however, was also observed in
ABOi patients receiving PP without IA [7,15]. Also the nor-
mal coagulation times in our ABOi cohort argue against
loss of coagulation factors by adhesion to the column, as
hypofibrinogenemia would prolong coagulation tests,
which require the production of a fibrinogen clot as an end
point, like aPTT and PT-INR.

In conclusion, antigen-specific IA prior to ABOi kidney
transplantation exposes patients to a significantly higher
bleeding risk than ABOc controls. Blood transfusion leads to
HLA sensitisation, especially in patients with baseline panel-
reactive antibodies [29,30] such as ABOIi kidney transplant
recipients [2,7]. Therefore, further investigations are war-
ranted to clarify the precise mechanisms and to implement
anticoagulation protocols for this specific patient category.
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