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ABSTRACT
In the current immunosuppressive therapy era, vessel thrombosis is the most common cause of early graft
loss after renal transplantation. The prevalence of IgA anti–b2-glycoprotein I antibodies (IgA-aB2GPI-ab) in
patients on dialysis is elevated (.30%), and these antibodies correlate with mortality and cardiovascular
morbidity. To evaluate the effect of IgA-aB2GPI-ab in patients with transplants, we followed all patients
transplanted from 2000 to 2002 in the Hospital 12 deOctubre prospectively for 10 years. Presence of IgA-
aB2GPI-ab in pretransplant serum was examined retrospectively. Of 269 patients, 89 patients were pos-
itive for IgA-aB2GPI-ab (33%; group 1), and the remaining patientswere negative (67%; group 2).Graft loss
at 6months post-transplant was significantly higher in group 1 (10 of 89 versus 3 of 180 patients in group 2;
P=0.002). Themost frequent cause of graft loss was thrombosis of the vessels, which was observed only in
group 1 (8 of 10 versus 0 of 3 patients in group 2; P=0.04). Multivariate analysis showed that the presence
of IgA-aB2GPI-ab was an independent risk factor for early graft loss (P=0.04) and delayed graft function
(P=0.04). There were no significant differences regarding patient survival between the two groups. Graft
survival was similar in both groups after 6 months. In conclusion, patients with pretransplant IgA-aB2GPI-
ab have a high risk of early graft loss caused by thrombosis and a high risk of delayed graft function.
Therefore, pretransplant IgA-aB2GPI-ab may have a detrimental effect on early clinical outcomes after
renal transplantation.

J Am Soc Nephrol 26: 735–745, 2015. doi: 10.1681/ASN.2014030228

Renal transplantation outcomes have improved in
themodernera,particularly in thefirstpost-transplant
year, because of several factors. These factors include
more awareness and better testing for donor-specific
anti-HLA antibody, better detection of positive cross-
matches, and better immunosuppression.1 Therefore,
the establishment of a calcineurin inhibitor-based
protocol, most frequently tacrolimus (TAC),mycophe-
nolate mofetil (MMF), and steroids with or without
induction, has successfully reduced acute rejection
(AR) rates.2 Although late graft failures are now the
main problem after transplantation, it is important to
consider that 5%–8% of grafts are lost in the first
months.3 These losses are partially caused by postoper-
ative complications, AR, and especially, thrombotic

events.4 In a series of 2600 patients, we have shown
that venous and/or arterial thrombosis is the first cause
of graft loss in the early post-transplant period.3,5

For .30 years, it has been known that the pres-
ence of antibodies against HLA antigens before
transplantation is associated with early rejection
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of kidney grafts.6 However, other antibodies against minor
histocompatibility antigens, endothelial cells, or autoantigens
have also been recognized as harmful for renal allograft out-
comes.7–9

Antiphospholipid (aPL) antibodies are a group of autoanti-
bodies against phospholipids, phospholipids binding proteins,
or both that are localized on membranes of endothelial and
other cells involved in the coagulation cascade.10,11 Antibodies
against phospholipids per se are associated with infectious dis-
eases, whereas autoantibodies associated with vascular pathol-
ogy are directed against b2-glycoprotein I (B2GPI),12 a serum
protein that is synthesized in the liver, bowel, and kidney.13

B2GPI is also localized in platelets, endothelial cells,14 and
kidney15 tubular epithelial16 membranes.

aPL syndrome (APS) is defined by the persistent presence
of aPLs associated with thrombosis and/or pregnancy mor-
bidity.17 International consensus by APS diagnosis considers
diagnostic aPL as the presence of lupus anticoagulant, anticar-
diolipin (aCL), and anti-B2GPI (aB2GPI) antibodies. Only IgG
or IgM isotypes are included in the international consensus.

Over the past few years, much attention has been focused on
the diagnostic value of IgA isotype aPL antibodies. Isolated IgA
aB2GPIantibodieshavebeenassociatedwithAPSinpatientswith
SLE.18 In a recent work, these antibodies were considered to be
the most prevalent aPLs in patients with well defined clinical
criteria of APS (C-APS). Only 14% of patients with C-APS were
positive for any consensus antibody, whereas the presence of
isolated IgA aB2GPI antibodies was found in 22% of patients
with C-APS.19 Although most of the works highlighted the value
of IgA aB2GPI antibodies in the diagnosis of APS, the meaning of
the presence of aB2GPI IgA antibodies is still under debate in the
literature, because the available diagnostic tools have not been
sufficiently standardized and the diagnostic assays used in some
works with negative results were not optimal.20

aPL antibodies of isotypes IgGand IgMaremore frequent in
patients with CKD than the general population.21–23 Our
group has recently described an increased prevalence of IgA
aB2GPI in patients on hemodialysis (33%) and their associa-
tion with thrombotic events and mortality.24 This finding was
subsequently confirmed by another study.25 However, the in-
fluence of these autoantibodies after renal transplantation is
unknown, particularly in the first postoperative period when
thrombotic events are more frequent. Our study has aimed to
investigate the possible influence of preformed IgA aB2GPI
antibodies on early and late renal graft outcomes.

RESULTS

aPL Antibodies
The average pretransplant levels of aCL antibodies were IgMof
10.061.1 units/ml (mean6SEM), IgG of 6.060.4 units/ml,
and IgA of 10.061.1 units/ml. aB2GPI antibodies were IgM of
7.461.3 units/ml. IgGs were 6.860.7 units/ml, and IgAs were
23.3633.0 units/ml (Supplemental Figure 1). Patients whose

antibody levels exceeded the cutoff were considered positive.
Prevalence of patients positive for aCLwas 4.5% for IgM, 1.5%
for IgG, and 0.5% for IgA. Prevalence of aB2GPI antibodies in
patients was 1.1% for IgM and 2.6% for IgG.

Patients with IgA aB2GPI Antibodies
Eighty-ninepatients(33%)werepositiveforIgAaB2GPIantibodies
(group1); 180patientswerenegative (group2).Demographicdata
of both groups are described in Table 1, algorithm is shown in
Figure 1. Donor and recipient ages were higher in group 1
(P,0.001), and most of the patients with previous transplants
were in group 2 (P=0.001) (Figure 1).

Clinical Events and Course in the Early Post-Transplant
Period (6 Months)
Thirteen patients (4.8%) lost their graft during the first 6
months (early graft loss).

Differences between patients with early graft loss and the
remaining patients were age (60.462.7 versus 50.160.9 years;
P,0.01), presence of delayed graft function (DGF; 53.8% ver-
sus 17.2%; P=0.003), and positivity for IgA aB2GPI antibodies
(76.9% versus 30.8%; P=0.002) (Supplemental Table 2).

Graft loss was significantly higher in group 1 than group 2
(11.2% versus 1.7%; P=0.002) (Table 2). Kaplan–Meier sur-
vival analysis revealed significantly lower graft survival rates at
6 months in group 1 than in group 2 (P,0.001) (Figure 2A).
The most striking finding was that arterial and/or venous
thrombosis was the most frequent cause of graft loss and
that it was only present in group 1 (8 of 10 versus 0 of 3 patients;
P=0.04). DGF was also significantly higher in group 1 (28.1%
versus 14.4%; P=0.01). There were no differences regarding AR.
Mortality was low and similar in both groups (Table 2).

Table 3 provides a detailed clinical description of the char-
acteristics of 13 patients who lost their graft (11) or died (2).
No significant associations were observed between patholo-
gies or conditions listed on Tables 1 and 2 and other aPL anti-
bodies (aCL any isotype or aB2GPI IgG and IgM isotypes; data
not shown).

IgA aB2GPI Antibodies Are an Independent Risk Factor
for Early Graft Loss
Early graft loss factors that were significant in the univariate
analysis (Supplemental Table 2) were included in the Cox
multivariate analysis (Table 4). Donor age and treatment with
cyclosporin A (CsA) variables present high correlation with
receptor age. The policy with older donors was to transplant
these kidneys into older recipients (old-for-old transplan-
tation), and donor age was similar to recipient age (Pearson
correlation coefficient=0.743; P,0.001). Older patients were
treated with CsA (Spearman rank correlation coefficient=0.641;
P,0.001). Of three variables, only recipient age was included
in the Cox multivariable analysis. Hazard ratio (HR) of IgA
aB2GPI antibodies for graft loss without adjusting for other
risk factors was 7.09 (95% confidence interval, 1.97 to 25.61;
P=0.003). It stands out that the HR continued to be clearly
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significant (HR, 4.07; 95% confidence interval, 1.06 to 15.58;
P=0.04) in the Cox regression model.

IgA aB2GPI Antibodies Are an Independent Risk Factor
for DGF
DGFwasmore frequent inpatientswith IgAaB2GPIantibodies
(odds ratio [OR], 2.31; 95% CI, 1.24 to 4.31; P,0.01). In a
multivariate analysis with other well known DGF risk fac-
tors,26 such as donor age, previous transplants, and prolonged
cold ischemia time, IgA aB2GPI antibodies were identified as
independent risk factors for DGF (OR, 1.97; 95% CI, 1.02 to
3.81; P=0.04) (Table 5).

Late Post-Transplant Period (from 7 Months to 10
Years)
There were no significant differences between both groups
regarding graft survival from 7months to 10 years (Figure 2B).
Morbidity and causes of graft loss and mortality in this period
were similar in both groups (Supplemental Table 3).

Complete Follow-Up (0–120 Months)
Considering all of the patients, noncensored graft survival and
death-censored graft survival (DCGS) at 120 months were

Table 1. Clinical characteristics of patients in groups 1 and 2 before transplantation

Condition
Group 1 (n=89; IgA aB2GPI-Positive) Group 2 (n=180; IgA aB2GPI-Negative)

P Value
N or Mean SEM or Percent N or Mean SEM or Percent

Sex (women) 42 47.2% 82 45.6% 0.90
Weight (kg) 67.2 61.5 66.8 61.0 0.81
Height (cm) 163.5 61.0 165.4 60.7 0.16
Age (yr) 55.9 61.3 47.9 61.0 ,0.001
Donor age (yr)a 53.1 62.0 43.5 61.4 ,0.001
Time on dialysis (mo) 27.7 63.1 37.1 63.7 0.10
Peritoneal dialysis 14 15.7% 24 13.3% 0.73
Causes of CKD
Chronic GN 18 20.2% 51 28.3% 0.20
Interstitial kidney disease 20 22.5% 33 18.3% 0.52
Nephroangiosclerosis 5 5.6% 21 11.7% 0.17
Polycystic kidney disease 15 16.9% 29 16.1% 0.98
Diabetes 11 12.4% 13 7.2% 0.25
Unknown 11 12.4% 14 7.8% 0.32
Other 9 10.1% 19 10.6% 0.92

Pretransplant
Severe thrombosis before transplantb 10 11.2% 7 3.9% 0.04
Stroke 3 3.4% 1 0.6% 0.12
Peritoneal dialysis 14 15.7% 24 13.3% 0.73
Dyslipidemia 23 25.8% 62 34.4% 0.20
Diabetes mellitus 14 15.7% 17 9.4% 0.19
Previous transplant 3 3.4% 34 18.9% 0.001
Double renal transplant 9 10.1% 13 7.2% 0.56
PRA.50% (at time of transplant) 3 3.4% 6 3.3% 0.73
Historical PRA.50% 9 10.1% 28 15.6% 0.30
Cold ischemia (h) 20.7 60.6 19.8 60.4 0.18
Warm ischemia in recipient (min) 31.0 60.7 31.1 60.5 0.91

aDonor age is a recipient age-dependent variable.
bExcluding vascular access.

Figure 1. The majority of patients with early graft loss were positive
for IgA aB2GPI antibodies. Algorithm of disposition and outcomes.
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70.3%and 82.9%, respectively.Noncensored graft survivalwas
significantly lower in group 1: 61.8% versus 74.4% (P=0.02).
However, these differences were more significant when ana-
lyzed for DCGS: 72% versus 88.4% (P=0.003) (Figure 3A).
Pretransplant levels of IgA aB2GPI antibodies were higher in
those who had lost their graft or developed DGF versus those
who had not (Figure 3B).

Patient survival, AR, malignancies, and cardiovascular
disease were similar between the two groups. Immunosup-
pression was different according initial CsA-based immuno-
suppression in older patients (Table 6).

The most striking difference between both groups was
observed in the first months after transplantation when
thrombotic episodes occurred. On the basis of the analysis
of the temporal distributionofoverall anddeath-censoredgraft
losses, it stands out that the majority of the group 1 graft losses
is concentrated in the first quarter after transplantation,
particularly in the first 1 month.

DISCUSSION

We have found that the presence of pretransplant IgA aB2GPI
antibodies is an independent risk factor for graft loss, especially
because of thrombosis, in the first period after transplantation.
Consequently, graft survival at 6 months was significantly
lower in IgA aB2GPI-positive recipients than patients without
these antibodies. To the best of our knowledge, this study is the
first time that IgA aB2GPI antibodies have been directly and
independently linked to early graft loss and DGF in patients
after renal transplant.

More efficient immunosuppression has dramatically re-
duced AR incidence and improved graft survival (90%–95% 1
year after transplantation). However, early graft loss still

Table 2. Clinical episodes early post-transplant (before 6 months)

Condition
Group 1 (n=89; IgA aB2GPI-Positive) Group 2 (n=180; IgA aB2GPI-Negative)

P Value
N Percent N Percent

AR episodes 7 7.9 9 5.0 0.51
DGF 25 28.1 26 14.4 0.01
Patients with cardiovascular eventsa 1 1.1 2 1.1 .0.99
Graft loss 10 11.2 3 1.7 0.002
Causes of graft loss
Sudden death 0 2 66 .0.99
Vessel thrombosis 8 80 0 0.04
Histologically confirmed AR 0 1 33 0.23
Clinically suspected AR 1 10 0 .0.99
Primary nonfunction 1 10 0 .0.99

Mortality 3 3.4 2 1.1 0.34
Causes of death
Shock 2 66 0 0.40
Nephrectomy complications 1 33 0 .0.99
Sudden death 0 2 100 0.10

aNongraft loss or mortality-related.

Figure 2. Survival curves at 120 months in patients positive and
negative for IgA aB2GPI antibodies. (A) Graft survival during the
first 6 months was significantly lower in patients positive for IgA
aB2GPI antibodies (group 1) than patients negative for IgA
aB2GPI antibodies (group 2). (B) Graft survival from the seventh
month to the end of follow-up (not DCGS). No significant dif-
ferences between groups for graft survival were observed.
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remains a major cause of concern.27 Al-
though AR is associated with a 1.43-fold in-
crease in graft loss (1.6-fold in DCGS),28 at
present, AR is not the most frequent cause
of early graft loss.29 In a series of 2381 con-
secutive deceased donor transplants, 4.6%
of allografts (109) failed within 30 days of
transplantation. Vessel thrombosis was the
most commoncause of early graft loss (44%
of total early failures).27 The findings in the
Spanish cohort study that included 2600
patients transplanted in the 2000–2002 pe-
riod were similar to the findings of our
study. The former study found that renal
vessel thrombosis, particularly venous
thrombosis, was the most frequent cause
of graft loss in the first year.5

The graft loss described in this work
(4.8%) is similar to other previously
reported graft loss.27,29 It is important
to note that graft loss was significantly
higher in patients with IgA aB2GPI anti-
bodies and that thrombotic events were
the primary cause of graft loss. Interest-
ingly, the thrombotic complications (diag-
nosed using Sidney criteria) were only
observed in the group 1 patients. Two pa-
tients in group 2 died fromsudden death of
an unknown cause. The absence of imag-
ing techniques or a necropsy studymakes it
difficult to establish whether a thrombotic
event, according to Sidney criteria, ulti-
mately caused these deaths.

Time to the thrombotic event is an
important factor. Five patients developed
arterial and/or vein thrombosiswithin the
first 9 days after deceased donor renal
transplantation. Although all of them had
IgA aB2GPI antibodies, these phenomena
might be surgery-related. It is well known
that surgery can be a risk factor for throm-
bosis, mainly in uremic patients with severe
atherosclerosis, and post-transplant vessel
thrombosis is related to surgeon experience
andtechnique.However, transplants inboth
groups of patients were performed by the
same team of senior surgeons with homo-
geneous expertise during the 2000–2002pe-
riod analyzed in the study. Furthermore,
surgery may also be a second trigger for
thrombosis (see below) in patients with
aPL.30

In old-for-old transplantation,31 prev-
alence of thrombotic events is higher
than in standard deceased donor renalTa
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transplantation.32 Among patients who lost grafts, three were
older than 60 years and had received kidneys from older than
60 years deceased donors.

An interest finding is that four of eight thrombosis patients
had DGF. It is well known that allograft thrombosis is more
frequent inpatientswithDGF.However, threepatientsdeveloped
thrombosis at 24, 72, and 95 post-transplantation days without
any predisposing condition, such as perirenal fluid collections,
trauma, late postoperative complications, or coagulation prob-
lems.Thesepatientswerealsopositive for IgAaB2GPIantibodies.
Although the presence of arterial/venous thrombosis could be
explained by several well known factors, IgA aB2GPI antibodies
were invariably present in all patients with vascular events. We
could not identify pretransplant IgA aB2GPI antibodies as an
independent risk factor for thrombosis in amultivariate analysis,
because the number of patients was small (only eight). However,
these results strongly suggest that these autoantibodies could
trigger episodes of early post-transplant thrombosis.

Ten-year graft survival was significantly lower in group 1
patients, and graft losses in this groupmainly occurred within
the first post-transplantation months. Therefore, graft survival
from the 6-month to 10-year post-transplantation period was
not significantly different between the two groups. These data
strongly suggest that the negative effect of pretransplant IgA
aB2GPIantibodiesafter renal transplantationis relatedto thefirst
period after transplantation.

Although the main immune response to transplanted kidney
is MHC-mediated alloimmunity, autoreactivity directed against
non-MHC antigens also contributes to post-transplant graft
injury.33,34 Autoantibodies that have been associated with rejec-
tion in animal models may be important in allograft loss. How-
ever, their real role in humans is still insufficiently known.35,36

Dinavahi et al.33 searched for autoantibodies (IgG isotype)
against graft-expressed, non-HLA antigens, including B2GPI,
and did not find aB2GPI antibodies. No IgA antibodies were
included in their analysis.

Table 4. Cox multivariate analysis (P,0.001) of risk factors associated with early graft loss statistically significant in univariate
analysis

Covariate Univariate HR 95% CI P Value Multivariate HR 95% CI P Value

IgA aB2GPI-positive 7.09 1.97 to 25.61 0.003 4.07 1.06 to 15.58 0.04
Receptor age (yr) 1.06 1.01 to 1.11 0.01 1.04 0.98 to 1.10 0.19
DGF 5.29 1.79 to 15.64 0.003 3.58 1.18 to 10.81 0.03
Cold ischemia 1.15 1.01 to 1.31 0.04 1.07 0.94 to 1.21 0.30

95% CI, 95% confidence interval.

Figure 3. Death-censored graft survival curve in 10-years follow-
up, and pretransplant levels of IgA aB2GPI antibodies in patients
with allograft failure. (A) Graft survival (DCGS) in the follow-up was
significantly lower in patients in group 1. (B) Pretransplant mean
levels of IgA aB2GPI in patients who had early allograft failure
(graft loss or DGF) were higher than in patients without these
events.

Table 5. Logistic regression multivariate analysis (P=0.01) of risk factors associated with DGF

Covariate Univariate OR 95% CI P Value Multivariate OR 95% CI P Value

IgA aB2GPI-positive 2.31 1.24 to 4.31 0.008 1.97 1.02 to 3.81 0.04
Donor age (yr) 1.03 1.01 to 1.04 0.004 1.02 1.00 to 1.04 0.02
Cold ischemia.24 h 1.04 0.98 to 1.11 0.24 0.98 0.44 to 2.16 0.96
Previous transplant 0.68 0.25 to 1.85 0.45 1.21 0.41 to 3.55 0.73

95% CI, 95% confidence interval.
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Pretransplant antiendothelial cell antibodies have been
associated with endothelial injury that can be manifested as
early rejection episodes that usually lead to graft loss.37–40

B2GPI could act as an antiendothelial cell antibody-related
antigen. It is localized on the endothelial cell surfaces associ-
ated with lipids or membrane proteins as receptors.41 aB2GPI
antibodies can activate endothelial cells,42 modulating the ex-
pression of adhesion molecules and cytokine production.43

Cell activation seems to be a major pathogenic cause in the
pathogenesis of APS.44

The prevalence of pretransplant IgA aB2GPI antibodies is
found in one third of transplanted patients, which is a number
similar to that previously reported in patients on hemodial-
ysis.24,25 This finding raises the question of why only a few
patients positive for IgA aB2GPI antibodies developed this
thrombotic complication in the first weeks after renal trans-
plantation. This situation is well known in patients with aPL,
in whom the presence of antibodies is not sufficient to induce
thrombosis formation. These patients need a trigger factor to
develop thrombotic episodes, usually infection, inflammation, or

surgery.45 Several possible trigger factors, mainly surgical, are
present in the context of renal transplantation. However, the
potential role of infectious agents, inflammatory state, con-
ditioning immunosuppressive treatments, and other un-
known factors needs additional investisgation.46 Antibodies
of IgA isotype directed against B2GPI have been previously
associated with a higher risk for vascular disease, including
peripheral vascular disease, cerebral ischemia, stroke, and
myocardial infarction.47,48

The exactmechanism of aB2GPI antibodies causing throm-
bosis and vascular disease remains unknown; however, in-
hibitionofB2GPI anticoagulant activityhas been suggested as a
pathogenic mechanism.45 Furthermore, it is unknown how
the immune response of IgA antibodies against B2GPI is gen-
erated. Some infections have been considered to trigger an
immune response, with a bias toward the production of anti-
bodies by molecular mimicry between pathogens and B2GPI
epitopes.48,49 Proposed models of hapten carriers complexes
generated by B2GPI interaction with dialysis membranes24

could be discarded, because the prevalence of IgA aB2GPI

Table 6. Episodes in complete follow-up in both groups

Condition
Group 1 (n=89; IgA aB2GPI-Positive) Group 2 (n=180; IgA aB2GPI-Negative)

P Value
N Percent N Percent

DGF 25 28.1 26 14.4 0.01
Episodes of AR 12 13.5 17 9.4 0.43
Graft loss 34 38.2 46 25.6 0.05
Causes of graft loss
AR 2 5.9 1 2.2 0.57
Uropathy 0 0 1 2.2 .0.99
Death 13 38.2 28 60.9 0.08
Chronic allograft nephropathy 8 23.5 12 26.1 .0.99
Graft thrombosis 8 23.5 0 0 ,0.001
Recurrence of disease. 1 2.9 2 4.3 .0.99
Others 1 2.9 1 2.2 .0.99

Death 17 19.1 30 16.7 0.75
Causes of death
Stroke 2 11.8 4 13.3 .0.99
Heart failure 1 5.9 0 0 0.36
Other cardiovascular disease 2 11.8 2 6.7 0.61
Infection 4 23.5 6 20.0 .0.99
Cancer 1 5.9 4 13.3 0.64
Sudden death 1 5.9 3 10.0 .0.99
Others 6 35.3 9 30.0 0.75
Unknown 0 0 2 6.7 0.53

Other complications
Patients with cancer 12 13.5 22 12.2 0.92
Patients with cardiovascular events 14 15.7 28 15.6 0.89

Immunosuppressant treatment
Calcineurin inhibitors 87 97.8 178 98.8 0.85
CsAa 40 44.9 39 21.7 ,0.001
TAC 47 52.8 139 77.2 ,0.001

MMF 84 94.4 166 92.2 0.69
Corticosteroids 87 97.8 179 99.4 0.53
Sirolimus 4 4.5 15 8.3 0.37

aTreatment with CsA is a recipient age-dependent variable.
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antibodies in patients with CKD undergoing peritoneal dial-
ysis or not dialyzed is similar to the observed prevalence in
patients on hemodialysis.50 Other hypotheses, such as the pro-
duction of misfolded B2GPI in the diseased kidney associated
with molecular mimicry in the context of mucosal infections,
should be studied.50

The association between DGF and the presence of IgA
aB2GPI antibodies is another point of interest. A higher
incidence of primary graft nonfunction in patients with
pretransplant IgG aCL antibodies has been previously de-
scribed,51 although subsequent studies on the basis of detec-
tion of aB2GPI and aCL antibodies of IgG and IgM isotypes
were unable to confirm this association.52,53 In the multivar-
iate analysis, the presence of IgA aB2GPI was an independent
risk factor for DGF. We can hypothesize that some patients
with DGF may have a less severe form of post-transplant vas-
cular involvement that is also related to IgA aB2GPI antibodies.
This situation could be equivalent to reversible mild thrombotic
microangiopathy.54 In this regard, future research needs to be
carried out.

It is noteworthy that most of the patients who received a
retransplant were in group 2 (34, 92%). We have found that
patients with pretransplant antibodies become negative im-
mediately after transplant and that most patients remain
negative, even if the graft is lost and they return to dialysis.50

This observation is concomitant with the fact that most of the
patients positive for IgA aB2GPI are first transplants.

The most important limitation of our study is the small
number of patients included; also, their enrolment was limited
to a single center. Therefore, the resulting number of post-
transplant thrombosis is small (this is the real situation in every
center), and therefore, it was not possible to perform a
multivariate analysis for this complication. Also, by the nature
of this study, we did not routinely perform a pretransplant
studyof hypercoagulability including prothrombinmutations,
activated protein C resistance testing, antithrombin activity
testing, andproteinCandproteinSactivity testing.Despite this
result, for the first time, we have shown that the presence of
pretransplant IgA aB2GPI antibodies is an independent risk
factor for early graft loss, mainly caused by thrombosis, and
DGF after renal transplantation. Identification of risk factors
for graft thrombosis may reduce early renal graft loss.55 If our
findings are corroborated, anticoagulation early after trans-
plantation might be recommended in patients positive for
IgA aB2GPI antibodies. Prospective and multicenter studies
with more patients to show the usefulness of IgA aB2GPI anti-
bodies as an early transplant failure biomarker are mandatory.

CONCISE METHODS

Study Design
We performed a historical cohort study that included all patients who

had received a kidney transplant in a 3-year period (from January 1,

2000, to December 31, 2002) in the Hospital 12 de Octubre Hospital

(Madrid, Spain) with a 10-year prospective follow-up. These patients

were also included in the Spanish Forum Renal Group cohort with 2600

patients transplanted in 14 hospitals in Spain.3,5 In 2013, IgA aB2GPI anti-

bodies were retrospectively examined in pretransplant serum samples.

The first aim was to investigate the possible influence of IgA

aB2GPI antibodies on early outcomes after renal transplantation

(6 months). Main end points were graft loss, causes of graft loss, and

graft survival at 6 months.

The secondary aimwas to investigate the long-termclinical outcomes

in patients positive versus negative for IgA aB2GPI antibodies

(7–120months). Secondary end points were graft and patient survival

at 10 years, causes of graft loss, and death.

The study was approved by the Hospital 12 de Octubre In-

stitutional Review Board.

Patients
All of the 329 patients who received a kidney transplant from January

1, 2000 to December 31, 2002 were recruited for the study. All donors

were heart-beating (brain death). Sixty patients were excluded. Forty-

one patients were excluded, because pretransplant serum samples (1–15

days before transplantation) were unavailable; 19 patients were ex-

cluded, because they had also received a second organ (combined

liver–kidney, pancreas–kidney, or heart–kidney). All patients were neg-

ative for Factor V Leiden (disposition algorithm and outcomes) (Figure

1). There were no significant differences between the clinical character-

istics of 60 excluded patients and 269 patients whowere finally analyzed

(Supplemental Table 1). Of note is that no patient was diagnosed with

hemolytic uremic syndrome as an original disease.Demographic data of

269 patients studied were 266 Caucasian, 1 Asiatic, and 2 East African.

All of the 269 patients included were prospectively followed up for a

period of up to 10 years or until graft failure or death.

Database
The donor and recipient characteristics in our database include age,

original disease, time on dialysis, serology, immunologic data, and

pretransplant cardiovascular condition. In this way, body mass index,

arterial hypertension, hyperlipidemia, diabetes, smoking, and pre-

transplant cardiovascular disease were specifically recorded. Immu-

nosuppressive treatment at the time of transplantation was also

recorded.

The following data were recorded after surgery: incidence of

thrombotic and cardiovascular events, neoplasia, ARs, and DGF.

Patient and graft survival and causes of graft loss and mortality were

also recorded.

Immunosuppressive Treatment
The most frequently used immunosuppressive protocol was on the

basis of TAC associated with steroids and MMF with or without

induction. In patients older than 60 years who received kidneys from

older than 60 years donors, immunosuppression regimen was on the

basis of CsA, steroids, and MMF with or without induction.3,5,32

Induction Treatment
In hyperimmunized patients, Thymoglobulin, (rabbit antithymocyte

globulin, 1.5 mg/kg for 4–7 days), steroids, TAC (0.2 mg/kg per day),
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and MMF (1 g/d) were used. In elderly people (over 60 years of age),

Basiliximab (mAbs anti–IL-2R, 20 mg days 0 and 4) with steroids,

CsA (10 mg/kg per day), and MMF (2 g/d) were administered.

Definitions
Thrombotic events are defined as venous thrombosis, arterial

thrombosis, graft thrombosis, acute stroke, transient ischemic attack,

pulmonary thromboembolism, deep venous thrombosis, or acute

arterial thrombotic episodes in lower limbs diagnosed by images

techniques or histologic study.17

Primary nonfunction is considered to be a graft having good

perfusion that never functioned in which a biopsy was performed to

exclude other causes, such as rejection.

DGF isdefinedas initial graft nonfunction that requireshemodialysis

during the first 1 week after surgery after accelerated or hyper-AR,

vascular complications, and urinary tract obstruction were ruled out.

Cardiovascular event is considered as existing if at least one of the

following events was present: myocardial infarction, angina, coronary

revascularization, stroke, heart failure, or peripheral bypass.

AR is defined as acute deterioration in allograft function associated

with specific histopathologic changes in the graft. Clinically suspected

AR was applied to patients with clinical criteria that suggested AR but

without histologic data that confirmed AR.

Laboratory Determinations
aCLandaB2GPIantibodiesweremeasured in thepretransplant serum

used for crossmatch or a serum sample obtained up to 15 days before

transplantation.

Autoantibodies were quantified by ELISAs. The QUANTA Lite Kit

(INOVA Diagnostics Inc., San Diego, CA) was used to determine IgG

aCL, IgM aCL, IgA aCL, IgG aB2GPI, IgM aB2GPI, and IgA aB2GPI

antibodies. Using the manufacturer’s guidelines, antibody levels.20

units/ml were considered positive. The manufacturer’s cutoff was

perfectly comparable with that observed in the Spanish population.19

Crossmatchingbetween recipient (serum)anddonor (lymphocyte

suspension) was performed by cytolysis mediated by a specific anti-

body in the presence of complement.56 Patients were transplanted

only if the crossmatch was negative.

Panel reactive antibody (PRA) score represents the proportion of

the population to which the person being tested will react through

preexisting antibodies. PRAwas performedwith a pooled lymphocyte

panel prepared from at least 35 unrelated, nonselected genotypes and

studiedbycomplement-dependent cytotoxicity. IndividualswithPRA

value$50% were considered as sensitized.

Statistical Methods
Results are expressed as mean6SEM or absolute frequency and per-

centage. Association between qualitative variables was determined

with Pearson chi-squared test or Fisher exact test when appropriate.

Comparisons were performed using the t test in scaled variables with

two categories.

Survival was calculated using the Kaplan–Meier method, and dif-

ferences between the distributions of survival were assessed with the

log-rank test. Graft loss risk was also estimated by multivariate anal-

ysis using the Cox regression model. HRs with probabilities ,0.05

were considered significant. Multivariate analysis of dichotomous

outcome was performed using logistic regression model. ORs with

probabilities ,0.05 were considered significant.

Data were processed and analyzed using the STATA 11 statistical

program (StataCorp., College Station, TX) and MedCalc for Win-

dows, version 13.1 (MedCalc Software, Ostend, Belgium).
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