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ABO-incompatible kidney transplantation

Pre-emptive living kidney transplantation is the best 
choice of therapy to treat patients with advanced renal 
insufficiency. Unfortunately in up to one third of all 
cases kidney donation was refused due to blood group 
incompatibility. Limitations in donor availability for 
kidney transplantation therefore require that ABO-in-
compatible transplantation is safely established. Solid 
organ transplantation between donors and recipients 
with incompatible blood groups, however, was con-
traindicated because of the high risk of hyperacute re-
jection.

Now the group of Georg Böhmig at the Medical Uni-
versity in Vienna describes their experience with ABO-
incompatible kidney transplantation and adds further 
evidence on the role ABO-incompatible organ trans-
plantation might play in the near future [1].

Historically, ABO-incompatible kidney transplan-
tations have only been performed after several preop-
erative sessions of plasmapheresis to remove existing 
anti-A or anti-B antibodies. This was followed by sple-
nectomy and a conventional triple-drug immunosup-
pressive protocol, reinforced with anti-lymphocyte 
globulin and B-cell–specific drugs, such as cyclophos-
phamide or deoxyspergualin, to prevent rebound of an-
tibodies. However, because splenectomy, a reinforced 
immunosuppressive protocol, and multiple plasma-
pheresis sessions have been associated with significant 
morbidity as risk of infections and loss of physiological 
plasma components that include coagulation factors, 
hormones, and antiviral and antibacterial immuno-
globulin G (IgG) and immunoglobulin M (IgM) and has 
been associated even with high mortality, most centers 
have refused to perform ABO-incompatible organ trans-
plantations [2]. This has changed when a new protocol 
was introduced in Stockholm, Sweden, in 2001. Almost 
200 ABO-incompatible transplantations have since 
been performed in more than 20 centers with this pro-
tocol in Europe [3]. Now the group of Georg Boehmig 
adds further evidence that this technique currently 
used is safe and can be offered to our patients [1].

As AB blood group antigens are expressed not only 
on red blood cells, but also on endothelial cells of arter-
ies, glomerular/ peritubular capillaries and veins and 
also on distal tubular epithelium of the donor organ 
anti-A/B antibody induce (hyper-) acute humoral graft 
rejection [4]. Therefore, circulating anti-A/B antibodies 

need to be reduced in the recipient’s serum prior to 
transplantation in order to overcome anti-A/B antibody-
mediated rejection and early graft loss in ABO-incom-
patible kidney transplantation. The most widely used 
techniques to reduce the amount of pre-existing anti-A 
or anti-B antibodies have been the plasmapheresis and 
double-filtration plasmapheresis most often used in Ja-
pan [5, 6]. In theory, this technique should be able to 
remove both IgG and IgM molecules while allowing al-
bumin to pass through. Attempts have been made to 
invent even more specific immunoadsorbing systems 
that adsorb only the IgG and IgM antibodies or, ideally, 
only the subclasses of IgG and IgM antibodies that are 
targeted, namely anti- A/B antibodies. Two such immu-
noadsorption columns are available at the moment: the 
protein A adsorption column (Immunosorba®) that ad-
sorbs immunoglobulins, and the ABO antigen-specific 
column (Glycosorb®) that adsorbs the more specific an-
ti-A or anti-B antibodies regardless of immunoglobulin 
class or subclass. The protein A column (Immunosor-
ba®) contains protein A as a ligand, covalently immobi-
lized to a sepharose matrix. The columns are used to 
remove antibodies and immune complexes from the 
patient’s plasma and other proteins bound to immuno-
globulins. Plasma is separated from whole blood by fil-
tration or centrifugation and returned to the patient 
after being processed through the column. Because 
only the immunoglobulin antibodies are adsorbed, no 
volume replacement is necessary [7, 8]. The Glycosorb 
ABO immunoadsorption columns have been developed 
by the Swedish biotech company Glycorex Transplanta-
tion AB and contains synthetic terminal trisaccharides 
from A or B ABO blood group antigen covalently bound 
to Sepharose particles. The Glycosorb-A column is used 
to deplete anti-A whereas the Glycosorb-B column is 
used to deplete anti-B. Plasma is separated from the 
whole blood and then processed through the column 
before being reinfused. The columns effectively deplete 
anti-A or anti-B antibodies. Because the antigen-specif-
ic immunoadsorption specifically depletes only anti-A 
or anti-B antibodies, side effects usually associated with 
therapeutic plasma exchange are absent. Thus, with 
these two columns there are no coagulation disorders, 
no nonspecific protein adsorption, no activation of co-
agulation factors, and no effect on the antibody titers 
against previously encountered antigens such as virus-
es and vaccinations. Until now more than 2000 immune 
adsorption procedures with these two techniques were 
performed worldwide in different centres without seri-
ous side effects.

Exact measurement of anti-blood groups A and B 
antibody titers is critical for successful ABO-incompati-
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ble living kidney transplantation. However, no standard 
method for quantitative determination has yet been es-
tablished. In most institutions performing ABO-incom-
patible transplantations, the indirect antiglobulin test 
is used to determine the initial IgG anti-A or anti-B titer 
against donor erythrocytes. However, there seem to be 
many detailed technical differences and large interin-
stitutional variations in the titration of anti-ABO anti-
bodies. When four different techniques were compared, 
the Tube Technique, BioVue Column Agglutination 
Technology, DiaMed-ID Micro Typing System, and flow 
cytometry (FCM), only the FCM technique yielded a 
very consistent outcome in repeated measurements [9, 
10]. The titer level at which a renal transplantation can 
safely be performed has not unequivocally been estab-
lished not at least due to methodical problems as men-
tioned above. Most authors, however, aim at titer levels 
of < 16 in “major” (A1 and B) incompatible cases. Ac-
cording to preoperative titers immunoadsorptions are 
performed on days –6, –5, –2, and –1 and two plasma 
volumes are processed at each session. Posttransplan-
tation, one plasma volume was processed pre-emptively 
on days +2, +5, and +8, however the necessity of the pre-
emptive adsorption procedures after transplantation 
has been questioned recently. Some patients needed 
more immunoadsorptions to reach a titer of 1:8 or less 
before transplantation.

Having significantly lowered the AB-antibodies the 
kidney transplantation protocol in most centers utilizes 
a standard tacrolimus/ mycophenolate mofetil/ predni-
solone-based immunosuppressive protocol and the 
monoclonal humanized anti-CD20 antibody rituximab 
is used as induction therapy given once 4 weeks before 
transplantation [1, 3].

After transplantation acute antibody-mediated re-
jection (AAMR) is known to be the primary cause of 
early graft loss in ABO-incompatible kidney transplan-
tation, some studies reported that AAMR still occurred 
in up to 30%, however, most studies did not examine the 
role of additional anti-HLA antibodies in these patients. 
Early protocol kidney biopsies in these patients are 
therefore necessary to demonstrate humoral rejection 
[11, 12]. In biopsies of initially HLA-incompatible renal 
allografts a strong association between proximal tubu-
lar cell C4d staining and neutrophil margination has 
previously been described [13, 14]. By contrast, in proto-
col biopsies of ABO-incompatible allografts with stable 
function proximal tubular cell C4d staining was posi-
tive in 80%, as also shown by Boehmig et al in the pres-
ent paper [1]. These findings therefore suggest that in 
biopsies of ABO-incompatible grafts that are performed 
for early dysfunction, proximal tubular cell C4d may be 
associated with antibody mediated acute rejection and 
graft injury, whereas in stably functioning grafts, proxi-
mal tubular cell C4d staining is frequently not associ-
ated with antibody mediated rejection and may reflect 
graft accommodation [15]. In contrast, in HLA antibody 
incompatible transplantation, C4d deposition was 
highly associated with other histologic abnormalities 
characteristic of acute humoral rejection such as throm-
botic microangiopathy and peritubular capillary neu-

trophil margination. Thus, although peritubular capil-
lary C4d deposition is considered to be an important 
histologic indicator of antibody–endothelial cell inter-
action, and is a key finding in the diagnosis of acute 
humoral rejection, the detection of C4d deposition in 
ABO-incompatible kidney transplants with stable kid-
ney function should not be considered to indicate active 
acute humoral rejection [15, 16].

Graft function is comparable with that of ABO-
compatible kidney transplantation also in a longer-term 
perspective up to five years after transplantation [17]. 
The overall event-free time, defined as time free of 
death, graft loss, or rejection, was also equivalent to 
ABO-compatible kidney transplantation. Nor could any 
significant difference in the incidence of acute rejection 
complications be observed. Infectious complications 
have been reported after the use of rituximab for other 
indications, but have not been well studied in the solid 
organ transplant population. The data available up to 
now suggest that there is a non significant trend toward 
an increased rate of infectious complications with ritux-
imab therapy in ABO-incompatible kidney transplant 
recipients. Thus overall ABO-incompatible kidney 
transplantation using immunoadsorption procedures 
and rituximab in combination with triple immunosup-
pressive therapy is equivalent to standard ABO-com-
patible living donor kidney transplantation. ABO-in-
compatible kidney transplantation using the current 
protocol is also cost saving when compared with con-
tinuing dialysis for wait listed transplantation candi-
dates [18, 19].

Although ABO-incompatible kidney transplanta-
tion is safely established in different transplantation 
centers in Europe as also demonstrated by the Vienna 
experience published in this issue of WKW there are 
many issues which need to be addressed in the near fu-
ture. What we definitely need is long term follow up of 
those patients which have already been transplanted 
with the new protocols when compared with ABO-com-
patible kidney transplantation candidates. What we 
also urgently need is standardization of the blood group 
antibody titer determination protocols currently used. 
This will help to further define the specificity of the im-
munoadsorption columns used and redefine the rou-
tine use of immunoglobuline before transplantation as 
currently performed in most centers. We also need short 
and long term follow up protocol biopsies in these pa-
tients to better understand the factors important for in-
duction of accommodation, a state that may support 
longterm survival of vascularized organs, versus hu-
moral rejection. This will help to further define the mo-
dality of rituximab application in these patients. What 
protocol and doses of rituximab should we use; is count-
ing of peripheral B-cells specific enough or do we need 
more widespread use of B-cell counting in the kidney or 
even lymph node biopsies? New monoclonal B-cell anti-
bodies will further help to define the functional role B-
cells play in ABO-compatible and –incompatible kidney 
transplantation [20–22]. Also HLA-antibodies have to be 
thoroughly determined in the follow up of these pa-
tients as an increasing number of the ABO-incompatible 
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kidney transplantations are performed in patients 
which have had an ABO-compatible organ transplanta-
tion before. We also need to define rules which patients 
should be offered an ABO-incompatible kidney trans-
plantation or which patients should be better included 
in a living donor list exchange program, which is not 
available in all European countries.

In conclusion, ABO-incompatible living kidney 
transplantation can be offered to our patients with ad-
vanced kidney disease as a safe procedure. The group of 
Georg Boehmig at the University Hospital in Vienna 
now adds further evidence to the procedure currently 
used in ABO-incompatible kidney transplantation. To 
get more insight into the role ABO-incompatible organ 
transplantation might play in the near future trans-
plantation centers currently involved in these processes 
should share their data to answer the unresolved issues 
we are concerning.

Friedrich Thaiss
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