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Abstract 

Objective. To evaluate the effect of antiphospholipid antibodies (aPL) on renal allograft 

outcome after kidney transplantation. Methods. A systematic search of EMBASE and 

PubMed databases from inception to July 2018 was run according to PRISMA guidelines; 

Peto’s odds ratio (OR) for rare events was used for the meta-analysis. Results. Our 

inclusion/exclusion criteria were met by 22 cohort studies having different outcomes: 

allograft thrombosis (n=9) and thromboprophylaxis (n=3), allograft loss from any cause 

(n=9), allograft malfunction (n=3), duration (n=2), glomerular filtration rate at 1 year (n=3) 

and allograft rejection (n=5). The pooled prevalence of allograft thrombosis and of 

thrombotic microangiopathy was greater in aPL+ve than negative recipients (10.4% vs 1.7%, 
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p<0.0001 and 10.2% vs 0%, p=0.005 respectively). The pooled prevalence of allograft 

thrombosis was 75% in patients not taking anticoagulation whereas none of the 

anticoagulated recipients developed thrombosis (p<0.0001). The pooled prevalence of 

allograft loss was greater in aPL+ve recipients (28% vs 18% respectively, p<0.0001); the 

pooled prevalence of aPL was greater in allograft loss recipients compared to those who did 

not lose it (51% vs 33%, p<0.0001). The pooled prevalence of allograft malfunction and 

rejection was similar in aPL-ve and aPL+ve recipients (32.2% vs 40.3% and 14.9% vs 14.4% 

respectively) but graft duration was shorter in aPL+ve than aPL-ve recipients (p=0.001) and 

glomerular filtration rate at 1 year was lower in aPL+ve than aPL-ve recipients (p<0.0001). 

Conclusion: APL relate strongly to allograft thrombosis, loss and duration but not to allograft 

malfunction and rejection. Oral antivitamin K anticoagulants effectively prevent allograft 

thrombosis in aPL recipients. The debate on the role of aPL in renal transplant is limited by 

the expression of data as percentage of recipients positive for aPL rather than aPL titres in 

many studies.   

Key words: antiphospholipid antibodies, renal transplantation 

 

Introduction  

The presence and persistence of antiphospholipid antibodies (aPL) detected via immune or 

clotting assays in association with vascular occlusions in either arterial or venous districts 

characterises the antiphospholipid syndrome (APS): in isolation it is defined primary APS, in 

association to other autoimmune disease including systemic lupus erythematosus it is defined 

as secondary (1). While renal artery stenosis and thrombosis, renal infarction, renal vein 

thrombosis and chronic nephropathy are recognised features of kidney involvement in the 

APS (2), the role of aPL in kidney transplantation is less clear given the varying types of 
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studies performed, the different aPL measured and the different endpoints employed (3). We 

performed this systematic review to evaluate the outcome of renal allograft post kidney 

transplantation in recipients positive for aPL pre and/or post allograft; in particular the 

systematic review will try to answer two major questions: whether aPL influence the outcome 

of the renal allograft and whether anticoagulation affects allograft survival.    

 

Methods 

 

Search strategy and selection criteria 

A systematic review according to the PRISMA guidelines [4] was carried out by searching 

the electronic databases MEDLINE and EMBASE from January 1985 to March 2018.; for the 

search strategy we used the terms [‘renal ‘OR ‘kidney transplant ’] and [‘anticardiolipin’ OR 

‘anti-beta 2-glycoprotein-I’ OR ‘antiphospholipid syndrome,’ OR ‘lupus anticoagulant’ OR 

‘lupus inhibitor’]. The same terms were used screen two data bases for grey literature, Open 

Grey and OAIster. The first search yielded 392 records plus another 3 found amongst the 

references screened for inclusion in the systematic review and the grey literature search 

yielded 7 references. Altogether the 412 were processed according to Figure 1.   

PRJA is the guarantor. MM and JDA developed the search strategy. All authors contributed 

to the development of the selection and data extraction criteria; PRJA, JDA and FG screened 

the articles; PRJA an MM extracted the data; PRJA and JDA drafted the manuscript. PRJA 

provided statistical expertise. FG provided expertise on immunology issues; all authors read, 

discussed and approved the final manuscript.  

Criteria for selecting articles 

Three investigators (PRJA, JDA and FG) screened all the retrieved papers for relevancy. 

Inclusion criteria were: 1) observational studies (cross-sectional, case-control and/or cohort) 
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investigating: a) the difference in the prevalence of failed renal allografts, allograft 

thrombosis, allograft malfunction  between kidney transplant recipients positive and negative 

for aPL, b) the difference in the prevalence of aPL positivity (and aPL) between renal 

transplant recipients with failed, malfunctioning and/or thrombosed allografts compared to 

recipients  without these complications c) the difference in the prevalence of non renal 

thrombosis between renal allograft recipients positive and negative for aPL; 2) aPL measured 

by immune or clotting assays; 3) articles written in English, French and Spanish. If more than 

two studies investigated the same population, the latest or highest-quality study was chosen. 

Exclusion criteria were: 1) prevalence studies only; 2) studies investigating systemic lupus 

erythematosus (SLE); 3) non-original research; 4) studies not reporting the relationship 

between aPL and renal transplant; 5) articles not written in the languages indicated in the 

inclusion criteria.  

Evaluation of the quality of the studies 

The quality of the studies identified was assessed by the Newcastle Ottawa Quality 

Assessment Scale (NOQAS) for case control and cohort studies specifically developed to 

assess quality of observational studies; the studies included in the meta-analysis are mostly 

cross sectional simply comparing two different groups within the renal transplant cohorts, 

with or without certain clinical manifestations or with or without aPL and therefore lack a 

real exposure to qualify as true case control [5]. The NOQAS  covers three major domains 

(selection of cases and controls, comparability of groups and ascertainment of either the 

exposure or outcome of interest) and the resulting score may range between 0 and 8, a higher 

score representing a better methodological quality. Data were independently extracted into a 

standard electronic form and averaged and any discrepancies were resolved by consensus. 
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Outcome measures 

The primary outcomes were: 1) the comparative pooled prevalence of failed renal allografts, 

allograft thrombosis, allograft malfunction in aPL+ve and aPL-ve renal transplant patients 

(with odd ratios and level of significance); 2) the comparative pooled prevalence of aPL in 

participants with and without failed, malfunctioning and thrombosed renal allografts; 3) the 

standardized mean difference of aPL titres between the groups indicated in number two; 3) 

the comparative pooled prevalence of aPL in renal allograft recipients patients with and 

without systemic thrombosis, alternatively the pooled prevalence of systemic thrombosis in 

allograft recipients with and without aPL.  

The secondary outcomes were: 1) the comparative prevalence of aPL in kidney transplant 

recipients pre-post allograft; 2) the efficacy of anticoagulation in preventing allograft 

thrombosis (or systemic thrombosis) indicated by the comparative prevalence of renal 

allograft thrombosis in aPL+ve recipients receiving anticoagulation compared to those 

recipients not receiving anticoagulation.    

Statistical analysis 

We employed random effects meta-analyses for continuous and categorical outcomes as the 

estimates did not derived from planned experiments but were the result of observational 

studies. The comparative pooled odds ratio between graft allograft outcomes in renal allograft 

recipients positive and negative for aPL was assessed by Peto’s odds ratio as it the 

appropriate statistical method for rare events [6].  Subgroup analyses were based on clinical 

judgment. Statistical heterogeneity was estimated by I
2

 statistics: an I
2

 value of 0% indicated 

no heterogeneity; values less than 25% indicate low, between 25-50% moderate and over 

50% high heterogeneity.  We did not rely on funnel plots for their known fallacy in assessing 

publication bias (7, 8). The statistical analysis was carried out using Comprehensive Meta-
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Analysis, Biostat, USA; Cohen’s kappa assessed the inter-rater scoring agreement of two 

investigators.    

 

SYSTEMATIC REVIEW RESULTS 

Number and quality of the studies 

After completion of the screening and exclusion process (Figure 1) we identified 22 cohort 

studies exploring the relationship between aPL and renal transplant (9-31)(Table 1). A score 

of ≥7 on the NOQAS arbitrarily defined a good study and only two studies had low score at 

4; the inter-rater reliability agreement of the two investigators (MM and PRJA) for NOQAS 

was 0.47 (95%CI = 0.293 to 0.654) according to Cohen’s kappa. 

Populations under study 

Although the focus of the meta-analysis was the relation of  aPL with renal transplant outside 

the setting of SLE six articles were “polluted” by the inclusion of patients with SLE: Vaidya 

et al. (14) n=4 (1.3%), Canaud et al (23) n=17 (18%), Vaidya et al (25) n=98 (6%) 

Furmanzyck et al. (26)  n=3 (8%), Serrano et al (27) n=5 (1.7%),  Morales et al (29) n=18 

(1.3%); seven articles did not it make it clear whether SLE patients were included or not (9, 

10, 11, 13, 16, 17, 24) while the remaining did not include SLE patients (12, 15, 18-20, 22, 

28, 30, 31).   

Expression of antiphospholipid antibody positivity 

Most of the studies evaluated recipients positive for aPL (9, 10, 12, 13, 16, 17, 19, 22, 24-26, 

28, 29) whereas one study specifically evaluated recipients below the 40GPL/MPL cut-off for 

positivity but still low positive (31); fewer studies evaluated recipients positive for aPL as 
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well as absolute aPL titres (11, 14, 15, 18, 20, 23, 27). Where indicated and where possible 

we have shown cut-offs, average or median serum of aPL titres in Table 1B. Because the 

articles included in the meta-analysis expressed aPL in ways that made it difficult to extract 

or utilise data separately, we arbitrarily combined all aPL together, regardless of isotype and 

specificity, unless indicated in the relevant result section.      

CLINICAL DEFINITIONS 

Allograft thrombosis  

The diagnosis of allograft thrombosis was consistently biopsy proven (11, 14, 15, 23, 25-31) 

and occasionally supported by renal ultrasound or radionuclide scanning before biopsy (18).  

Non allograft thrombosis  

Two specific studies defined non allograft thrombosis as de novo coronary artery disease, 

cerebrovascular disease, peripheral vascular disease post renal allograft transplant (17, 22)  

Allograft loss from all causes   

The definition of allograft loss varied amongst studies: one study defined it as intra-renal 

thrombosis, rejection, haemorrhage (13), another study as resumption of chronic 

haemodialysis after transplant (19, 30) and a third as sudden death, vessel thrombosis, biopsy 

proven acute rejection, primary non-function (28, 29)  

Allograft rejection    

Two studies defined/diagnosed acute (humoral and cellular) and delayed allograft rejection 

by renal biopsy (19, 30, 31).  

Allograft malfunction  
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Allograft malfunction was variably defined as transplant duration (10), worsening renal 

function (creatinine, proteinuria, eGFR) (9, 12, 26, 23) and requirement for transient 

haemodialysis sessions post allograft transplant (19, 29). These were combined together in 

our result section dealing with malfunction.   

 

META-ANALYSIS RESULTS 

Allograft thrombosis  

Nine articles evaluated the relationship between different aPL and allograft thrombosis.  They 

comprised 2106  aPL-ve and 1019 aPL+ve recipients for the effect size of this outcome [11, 

14, 15, 23, 26, 28-31]; the pooled prevalence of allograft thrombosis was significantly greater 

in aPL+ve than negative recipients (10.4% vs 1.7%) with wide heterogeneity (I
2
 = 89.5%, 

p<0.0001) (Figure 2A). Subgroup analysis after removal of three studies dealing with 

primary APS [10, 13, 30] still yielded a significant result (p<0.0001) with decreased 

heterogeneity (I
2
=71%, p<0.004, graph not shown).  

Thrombotic microangiopathy 

Three articles evaluated the relationship between different aPL and thrombotic 

microangiopathy (TMA). The included 338 aPL-ve and 136 aPL+ve recipients for the effect 

size of this outcome [11, 14, 23]; the pooled prevalence of TMA was 10.2% in aPL+ve 

recipients whereas TMA did not occur in aPL-ve recipients with wide heterogeneity (I
2
 = 

85%, p<0.001) (Figure 2B).  
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Non-allograft thrombosis  

Six articles evaluated the relationship between different aPL and non-allograft thrombosis. 

They included 1690 aPL-ve and 885 aPL+ve recipients for the effect size of this outcome [10, 

22, 23, 29, 30, 31]; the pooled prevalence of non-allograft thrombosis was twice as greater in 

aPL+ve than–ve patients (8.8% vs 4.3%) with no heterogeneity (Figure 2C). We then 

checked whether non-allograft thrombosis was more common in definite APS than in aPL+ve 

patients who never clotted; thee articles comprising 41APS recipients and 134 aPL+ve 

recipients were available for this effect size (14, 23, 31); the pooled prevalence of non-

allograft occlusion was 4 fold greater in APS than aPL+ve (19.5% vs 4.4%) with no 

heterogeneity)(Figure 2D)  

Anticoagulant prevention of allograft thrombosis 

Five articles evaluated the efficacy of anticoagulation to prevent allograft thrombosis (13, 14, 

19, 21, 25). Of these, three evaluated the effect of oral anti vitamin K (AVK) anticoagulation 

compared to no anticoagulation (14, 19, 25): they comprised 40 aPL+ve patients, 16 

receiving AVK and 24 not receiving AVK for the effect size of this outcome. The pooled 

prevalence of allograft thrombosis in non AVK recipients was 75% whereas none of the 

recipients on AVK developed thrombosis (no heterogeneity) (Figure 2E). Two studies (21, 

25) compared the effect of AVK with that of low molecular heparin in 27 aPL+ve recipients, 

14 of them receiving AVK and 13 receiving low molecular weight heparin for the effect size 

of this outcome. The pooled prevalence of allograft thrombosis in AVK recipients was lower 

than that of low molecular heparin recipients (14.2% vs 30.7%) (Figure 2F). One study 

compared the prophylactic effect of low molecular heparin on allograft thrombosis in aPL+ve 

and aPL-ve recipients (1/1 vs 0/9) but could not be considered for evaluation (14).    
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Allograft loss  

Nine studies evaluated (11, 13, 14, 15, 25, 26, 28, 29, 30) the relationship between different 

aPL and allograft loss. Seven studies (11, 14, 15, 25, 26, 28, 30) comprised 2083 aPL-ve and 

547 aPL+ve recipients for the effect size of this outcome: the pooled prevalence of allograft 

loss was greater in aPL+ve recipients (18% vs 28% respectively) with elevated heterogeneity 

(I
2
 = 93%, p<0.0001) ( (Figure 3A). Three studies (13, 26, 30) comprised 855 recipients who 

did not lose their graft and 157 recipients who lost their graft for the effect size of this 

outcome: the pooled prevalence of aPL was significantly greater in recipients who lost their 

allograft compared to those who did not lose it (51% vs 33%) with no heterogeneity (Figure 

3B).    

Allograft rejection  

Five studies evaluated the relationship between different aPL and allograft rejection: these 

include 2028 aPL-ve and 940 aPL+ve recipients for the effect size of this outcome [19, 28-

31]; the pooled prevalence of allograft rejection was relatively similar between the aPL+ve 

and negative groups (14.9% vs 14.4%) (Figure 3C).  

Delayed graft function  

Four studies assessed the relationship between aPL and allograft rejection. These included 

1882 aPL-ve and 839 aPL+ve recipients for the effect size of this outcome [19, 28-30). The 

pooled prevalence of allograft rejection greater was in the aPL+ve than negative recipients 

(35.2% vs 22.4%) (Figure 3D) with moderate heterogeneity (I
2
=60%, p=0.05).  

Allograft malfunction and duration  

Three articles evaluated the relationship between different aPL and allograft malfunction. 

They comprised 152 aPL-ve and 57 aPL+ve recipients for the effect size of this outcome 
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[9,12, 16]; the pooled prevalence of allograft malfunction was not dissimilar in aPL-ve and 

positive recipients (32.2% vs 40.3%) (Figure 3E). Two articles from the same group 

evaluated the relationship between different aPL and allograft duration: these include 137 

aPL negative and 128 positive recipients for the effect size of this outcome [19, 29]; graft 

duration was much shorter in aPL+ve than aPL-ve recipients (p=0.001)(Figure 3F). 

Estimated glomerular filtration rate at 1 year from allograft 

Three studies evaluated the glomerular filtration rate (GFR) at 1 year from allograft 

comprising 232 aPL negative and 148 aPL positive recipients for the effect size of this 

outcome [23, 26, 31]; the GFR was lower in aPL+ve than negative recipients (p<0.0001) 

(Figure 3G) with wide heterogeneity (I
2
 71%, p=0.03).  

Comparison of antiphospholipid antibody pre and post allograft 

Five articles evaluated the effect of renal transplant on aPL (17, 18, 20, 22, 24); in particular 

four investigated the de novo appearance of aPL or LA after renal transplant (17, 20, 22, 24), 

two studies both aPL and LA ( 22, 24) and three investigated the disappearance of aPL (18) 

and aPL and LA ( 22, 24) after renal transplant. The four studies evaluating a de-novo 

appearance of post-transplant aPL comprised 464 recipients; the pooled prevalence of aPL 

increased from 19% pre-transplant to 39% post-allograft (p<0.04) with wide heterogeneity 

though all studies favoured an increase (Figure 4A). Likewise the pooled prevalence of lupus 

anticoagulant increased from 5% pre-transplant to 38% post-allograft (p<0.0001) with low 

heterogeneity (Figure 4B).   

The three studies evaluating the disappearance of pre-transplant aPL comprised 322 

recipients in whom the pooled prevalence of aPL positivity dropped from 9.9% to nil 

(p=0.0001) with no heterogeneity (Figure 4C).  The two studies evaluating the disappearance 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

12 
 

of pre-transplant lupus anticoagulant comprised 150 recipients in whom the pooled 

prevalence of positivity dropped from 6% to nil (p=0.002) with no heterogeneity (Figure 4D). 

 

DISCUSSION 

To gather a meaningful picture of the relation between aPL and renal allograft the studies 

included in the systematic review were grouped according to outcomes that for their nature 

dealt with the loss of the grafted kidney however defined: thrombosis, allograft loss proper, 

allograft rejection, allograft malfunction and duration with some information on vascular 

occlusion other than graft thrombosis.  

 Amongst the outcomes, the meta-analysis shows that aPL strongly associated with 

allograft thrombosis, association that remained such after a sub-group analysis that excluded 

the studies dealing with definite APS (11, 14), corroborating the fact that a single aPL 

positivity in the peri-transplant period may bear intra-renal thrombogenic potential. This is an 

interesting point as the articles dealing with APS studies (11,14, 23) included recipients with 

aPL higher than the thrombogenic IgG aCL 40GPL threshold (32); indeed, one study showed 

that with an aCL cut-off at 15 GPL/MPL, aPL titre did not predict poor outcomes, though 

increasing the aCL cut-off at 50 GPL/MPL a small proportion of allograft recipients (n=2/5) 

not on oral anticoagulation underwent intra-renal thrombosis within the first month from 

transplant (19). Moreover a recent article present in our meta-analysis performed a study 

including recipients below the 40GPL/MPL cut-off: indeed the authors did not report any 

intra or extra graft thrombosis, rather declining graft function at one 1 year from transplant 

that on biopsy proved to be mostly tubular atrophy, still an ischemic complication (31). With 

this in mind we investigated whether extra-renal thrombosis was more common in APS 

groups than in isolated aPL and we found that non-allograft occlusion was four times more 

common in APS. Unfortunately we lack information on thrombogenic thresholds for IgG and 
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IgA aβ2GPI and most of the remaining studies expressed their aPL in percent of positive 

patients with variable cut offs, a fact that limits our understanding not only on the role of aPL 

in renal allograft thrombosis, but also on the development of vascular occlusions in districts 

other than the kidney, as the meta-analysis revealed.  

 Nevertheless, during renal transplant, the combination of surgical stress (33) and 

ischaemia-reperfusion injury (34, 35) leads to oxidative stress (36); this promotes intra-graft 

endothelial Toll-like receptor-4 activation and apoptosis (34, 35) that ultimately plays a major 

role in the development of intra-renal thrombosis; given that oxidative stress and Toll-like 

receptor-4 are involved in APS thrombogenesis (37, 38) the presence of aPL in allograft 

recipients may add to the risk of intra-renal thrombosis. Despite being a detrimental 

complication of kidney transplant, aPL mediated allograft thrombosis seems also preventable: 

in fact, post-transplant initiation of AVK protected the allograft from the thrombogenic 

potential of aPL though this encouraging data came from three studies only (11, 14, 25).    

 With regards to allograft loss from any cause, there was a significant relation with 

aPL and despite the wide heterogeneity all studies bar one favoured the relationship; this was 

supported by pooled data from three studies showing a greater prevalence of aPL in recipients 

who lost their allograft. On the other hand the pooled data on allograft rejection are against an 

involvement of aPL in this complication that is supported by different cellular and humoral 

immunity pathways (39). Likewise the pooled data on allograft malfunction did not favour a 

link with aPL, though aPL positive recipients displayed a shorter graft duration, and although 

the authors of these studies were investigating atherosclerotic related event in their allograft 

recipients, they did not pursue kidney biopsies to ascertain the causes of reduced allograft 

survival (17).    
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 One behaviour of aPL in the renal transplant setting is intriguing: in some studies pre-

allograft aPL disappeared post-allograft, while de novo aPL appeared post-allograft and the 

pooled data were significant both ways.  It is possible that removal of the damaged kidney 

eliminates a chronic auto-antigenic stimulus with a likely fall in autoantibody production 

including aPL. Similarly the decrease of IgA aβ2GPI post-transplant (27) may reflect the 

removal of an active intra-renal site of IgA production such as mesangial cells (40) though 

there is no evidence for such synthesis hence a drop for IgG and/or IgM.  

 With regards to the de novo appearance of aPL post allograft, sometimes for a short 

period (20), a surge in oxidative stress induced by the new kidney (36) over a given 

background (41) may represent an added stimulus to the rapid generation of auto-antibodies 

against oxidated lipids from (42)  by auto-reactive memory B cells harbouring also aPL in 

their repertoire; among these, the IgM isotype represents a natural auto-antibodies with a 

protective role still able to behave as lupus anticoagulant (20) that may disappear, while 

others, clonally selected, may persist for a longer time (43).  

 The FcRn (neonatal Fc receptor) is a class I MHC molecule expressed amongst others 

in podocytes, renal proximal tubule cells and vascular endothelium of the kidney that acts as 

a specific and saturable receptor for IgGs, regulating their transport and recycling, protecting 

them from catabolism (44). In kidney cell lines IgG show a bidirectional transport across 

primary human renal proximal tubular epithelium (45). Excess IgG filtered through the basal 

glomerular membrane is either reabsorbed by podocyte FcRn that prevent thus the deposition 

of immune complexes leading to glomerular disease (44) either reabsorbed downstream by 

the FcRn in the proximal tubules (46). However, upon kidney transplantation from FcRn wild 

type to FcRn-deficient mice, albumin was salvaged from urinary loss, but IgG secretion was 

rather promoted by FcRn restoration (47). That renal allografts in aPL recipients were 

followed either by the abrogation or by an increase of aPL titers is in line with the 
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complexities concerning the net balance of the compound IgG fluxes mediated by FcRn in 

renal vascular endothelium, podocytes and proximal tubular epithelial cells. It is likely that, 

in patients receiving renal allografts, the equilibrium between IgG clearance and reabsorption 

might be influenced by: a) the degree of compromise of the FcRn-mediated IgG salvage 

pathway in the removed kidneys; b) the degree of restoration by the allografts; c) the 

presence and intensity of a rejection responses towards FcRn (which is fundamentally a class 

I MHC molecule) in transplanted kidneys. Although the meta-analysis refuted the 

participation of aPL in allograft rejection, one study reported the de novo appearance of PL in 

coincidence with rejection (22), an occurrence that does not exclude the arguments cited 

above.  

 Limitations of the meta-analysis are: 1) limited number of studies within individual 

meta-analysis; indeed the largest analysis (Figure 2A) was carried out on only nine studies 

that precluded a proper estimation of publication bias as at least ten are required for the 

proper performance of a funnel plot (8) though we tried to redress the balance by running also 

a grey literature search that was poorly informative; 2) variability in study sizes; 3) different 

endpoints and different subtypes of aPL measured, hence the need to pool together IgG and 

IgM isotypes; 4) expression of  data as frequency of aPL positive recipients rather than 

average antibody titres in many papers; 5) minor “pollution” by the inclusion of SLE 

recipients in few studies though the numbers are small and unlikely to affect the significance 

of the meta-analysis; 6) use of anti-platetet and anti-vitamin K agents in the peri-transplant 

periods that could not be accounted for in some studies because the data was not extractable. 

A perceived limitation of the meta-analysis might be the use of additional treatment 

modalities such as plasma exchange, intravenous immunoglobulins or anti-CD20 that may 

affect aPL related outcomes, but these were not employed by any of the included studies.      
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Conclusion 

There is a strong link between aPL and different renal allograft outcomes including intra and 

extra-renal thrombosis, allograft loss proper and allograft duration but not with allograft 

rejection. AVK anticoagulants are effective in preventing allograft thrombosis though this 

could be offset by an increased risk of bleeding in the perioperative period. The limited 

numbers of papers reporting data on LA and the expression of data as percentage of 

recipients positive for aPL rather than aPL titres in many studies precludes a wider debate on 

the role of aPL in renal transplant.       
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Legend to Figures 

 

Figure 1. Summary of the literature search according to the Prisma flow-chart. The box 

provides a detail of the full text excluded. 

 

 

Figure 2. Forest plots of the effect size of: A) allograft thrombosis; B) thrombotic 

microangiopathy; C) non-allograft thrombosis; D) non allograft thrombosis between aPL and 

APS; E) oral anticoagulation in allograft thrombosis; F) oral anticoagulation versus low 

molecular heparin in allograft thrombosis, after renal allograft. Abbreviations. aPL: 

antiphospholipid antibodies; -ve: negative; +ve positive; APS: primary antiphopsholid 

syndrome.  

 

Figure 3. Forest plots of the effect size of: A) allograft loss, B) aPL in allograft loss; C) 

allograft ejection; D) delayed graft function; E) allograft malfunction; F) graft duration; G) 

estimated glomerular filtration rate, after renal allograft. Abbreviations. aPL: 

antiphospholipid antibodies; -ve: negative; +ve positive.   

 

 

Figure 4. Forest plots of the effect size of: A) increase in aPL; B) increase in lupus 

anticoagulant; C) decrease in lupus anticoagulant after renal allograft.  
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Figure 2A 

 

 

Figure 2B 

 

 

 

 

 

Figure 2C 

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Vaidya 1999 1091188.228 48897.055 24350991.202 8.775 0.000
Vaidya 2000 27.198 5.971 123.877 4.270 0.000
Friedman 2001 22026.466 32.034 15145488.879 3.000 0.003
Canaud 2010 4.995 1.568 15.910 2.721 0.007
Furmanczyk 2013 28.032 0.389 2018.935 1.528 0.127
Morales 2015 22.277 5.009 99.076 4.076 0.000
Morales 2016 6.647 3.971 11.127 7.207 0.000
Morales 2018 9.497 3.981 22.657 5.074 0.000
Gauthier 2018 0.866 0.207 3.617 -0.198 0.843

30.286 7.303 125.598 4.700 0.000
0.01 0.1 1 10 100

aPL-ve aPL+ve

Allograft thrombosis post renal transplant

Overall: I squared 89.5%, p<0.0001

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Vaidya 1999 524947.025 2796.041 98556986.642 4.931 0.000
Vaidya 2000 26.011 3.092 218.792 2.999 0.003
Canaud 2010 16.461 3.750 72.264 3.711 0.000

219.525 4.953 9730.578 2.787 0.005
0.01 0.1 1 10 100

aPL-ve aPL+ve

Thrombotic microangiopathy after renal transplant

Overall: I squared 85%, p=0.001

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Ducloux 2003 4.211 1.483 11.955 2.700 0.007
Fernandez 2008 1.719 0.202 14.612 0.496 0.620
Canaud 2010 2.139 0.842 5.430 1.599 0.110
Morales 2016 3.841 1.552 9.510 2.910 0.004
Morales 2018 1.513 0.849 2.695 1.404 0.160
Gauthier 2018 0.871 0.397 1.912 -0.344 0.731

1.972 1.192 3.262 2.645 0.008
0.01 0.1 1 10 100

aPL-ve aPL+ve

Non allograft thrombosis post renal transplant

Overall: I squared 44%, p=0.1
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Figure 2D 

 

 

 

Figure 2E 

 

Figure 2F 

 

 

 

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Vaidya 2000 13.581 0.241 765.017 1.268 0.205
Canaud 2010 4.331 1.045 17.957 2.020 0.043

4.915 1.285 18.793 2.327 0.020
0.01 0.1 1 10 100

aPL+ve APS

Non allograft thrombosis in APS and aPL+ve  post renal transplant

Overall: I squared 0%

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Vaidya 2000 0.020 0.002 0.225 -3.162 0.002
Forman 2004 0.128 0.006 2.521 -1.352 0.176
Vaidya 2012 0.056 0.010 0.324 -3.219 0.001

0.049 0.014 0.176 -4.608 0.000
0.01 0.1 1 10 100

OA-ve OA+ve

Allograft thrombosis and oral anticoagulation

Overall: I squared 0%

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Rubenwolf 2007 0.329 0.018 6.114 -0.745 0.456
Vaidya 2012 0.428 0.039 4.664 -0.696 0.486

0.385 0.061 2.448 -1.011 0.312
0.01 0.1 1 10 100

LMWH OA

Allograft thrombosis, low molecular weight heparin  and oral anticoagulation

Overall: I squared 0%
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Figure 3A 

 

 

 

Figure 3B 

 

 

 

Figure 3C 

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Vaidya 1999 1091188.228 48897.055 24350991.202 8.775 0.000
Vaidya 2000 26.893 5.332 135.630 3.987 0.000
Friedman 2001 22026.466 32.034 15145488.879 3.000 0.003
Vaidya 2012 1.326 0.742 2.369 0.954 0.340
Furmanczyk 2013 28.032 0.389 2018.935 1.528 0.127
Morales 2015 7.948 2.437 25.920 3.437 0.001
Morales 2018 2.190 1.585 3.026 4.748 0.000

2.551 1.949 3.339 6.819 0.000
0.01 0.1 1 10 100

aPL-ve aPL+ve

Allfograft loss after renal transplant

Overall: I squared 93%, p<0.0001

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Wagenknecht 2000 2.399 1.137 5.059 2.298 0.022
Fernandez 2008 3.455 1.325 9.007 2.535 0.011
Morales 2018 3.334 1.899 5.855 4.192 0.000

3.043 2.025 4.571 5.360 0.000
0.01 0.1 1 10 100

Non loss Loss

Antiphospholipid antibodies in allograft loss after renal transplant

Overall: I squared 0%

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Forman 2004 1.245 0.676 2.290 0.703 0.482
Morales 2015 1.519 0.671 3.441 1.003 0.316
Morales 2016 1.144 0.863 1.515 0.935 0.350
Morales 2018 7.871 1.887 32.825 2.832 0.005
Gauthier 2018 2.234 0.370 13.480 0.876 0.381

1.505 0.956 2.369 1.767 0.077
0.01 0.1 1 10 100

aPL-ve aPL+ve

Allograft rejection after renal transplant

Overall: I squared 85%, p=0.001
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Figure 3D 

 

 

Figure 3E 

 

 

 

Figure 3F 

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Forman 2004 0.708 0.311 1.610 -0.824 0.410
Morales 2015 2.423 1.269 4.625 2.681 0.007
Morales 2016 1.800 1.401 2.313 4.602 0.000
Morales 2018 2.306 1.646 3.229 4.860 0.000

1.820 1.281 2.586 3.344 0.001
0.01 0.1 1 10 100

aPL-ve aPL+ve

Delayed graft function after renal transplant

Overall: I squared 60%, p=0.05

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Grandtnerova 1999 11.793 1.811 76.801 2.581 0.010
McIntyre 2003 11.793 1.811 76.801 2.581 0.010
Ramirez 2009 0.800 0.369 1.737 -0.564 0.573

4.171 0.519 33.509 1.343 0.179
0.01 0.1 1 10 100

aPL-ve aPL+ve

Allograft malfunction after renal transplant

Overall: I squared 83%, p=0.003

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Docloux 1997 0.465 0.195 0.038 0.083 0.846 2.385 0.017
Docloux 2003 0.404 0.172 0.030 0.066 0.742 2.344 0.019

0.431 0.129 0.017 0.178 0.684 3.336 0.001
-2.00 -1.00 0.00 1.00 2.00

aPL-ve aPL+ve

Graft duration after  renal transplant

Overall: I squared 0%
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Figure 3G 

 

 

Figure 4A 

 

Figure 4B 

 

 

 

 

 

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Gauthier 2018 -0.279 0.130 0.017 -0.534 -0.024 -2.145 0.032
Furmanzyck 2013 -0.348 0.372 0.139 -1.078 0.381 -0.936 0.349
Canaud 2010 -0.955 0.221 0.049 -1.388 -0.522 -4.327 0.000

-0.529 0.244 0.059 -1.007 -0.052 -2.173 0.030
-2.00 -1.00 0.00 1.00 2.00

aPL+ve aPL-ve

Estimated GFR at 1 year from renal transplant

Overall: I squared 71%, p=0.03

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Ducloux 2003 214.067 12.852 3565.502 3.739 0.000
Fernandez 2008 1.000 0.575 1.739 0.000 1.000
Ghisdal 2011 A 4.276 2.455 7.448 5.131 0.000
Nybo 2006A 3.113 0.121 79.872 0.686 0.493

4.526 1.047 19.573 2.021 0.043
0.01 0.1 1 10 100

Decrease Increase

Increase in antiphospholipid antibodies post renal allograft

Overall: I squared 87%, p<0.0001

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Nybo 2006B 51.207 2.836 924.571 2.666 0.008
Ghisdal 2011 B 9.393 5.028 17.548 7.024 0.000

11.886 3.766 37.510 4.221 0.000
0.01 0.1 1 10 100

Decrease Increase

Increase in lupus antiicoagulant post renal allograft

Overall: I squared 20%, p=0.2
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Figure 4C 

 

Figure 4D 

 

  

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Fernandez 2008 0.119 0.050 0.281 -4.843 0.000
Ghisdal 2011 A 0.129 0.032 0.525 -2.862 0.004

0.121 0.058 0.253 -5.624 0.000
0.01 0.1 1 10 100

Decrease Increase

Decrease in antiphospholipid antibodies post renal allograft

Overall: I squared 0%

Study name Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper 
odds ratio limit limit Z-Value p-Value

Nampoori 2003 0.109 0.014 0.859 -2.104 0.035
Ghisdal 2011 B 0.131 0.022 0.768 -2.253 0.024

0.121 0.032 0.465 -3.080 0.002
0.01 0.1 1 10 100

Decrease Increase

Decrease in lupus anticoagulant post renal allograft

Overall: I squared 0%
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                               Table 1. Demographics of the studies included in the meta-analysis 

 
aPL+ve aPL-ve  

 
   ALLOGRAFT  OUTCOMES 

 
 

 
ALLOGRAFT  OUTCOMES 

N
OS 

Cohort 
Studies 

N
o 

M/
F Age 

T
H
R 

NAT
HR 

LO
SS 

D
GF 

A
R 

M
FN No M/F Age 

T
H
R 

NAT
HR 

LO
SS 

D
GF 

A
R 

M
FN 

 

 
   

     
 

 
 

    
  

 

 

Ducloux 
1997 

4
1  48 

     
 79  47 

   
  

 

7 

Vaidya 1999 6   6 
 

6 
  

 72  
 

0 
 

0   
 

6 

Grandtnero
va 1999 

1
1  43 

     
6 9  

47.
5 

   
  0 

5 

Wagenknec
ht 2000 

3
2   

  
56 

  
 19  

   
54   

 

5 

Vaidya 2000 
9
3   7 

 
7 

  
 

20
7  

 
0 

 
0   

 

5 

Friedman 
2001 1   1 

 
1 

  
 9  

 
0 

 
0   

 

4 

Ducloux 
2003 

3
7   

 
13 

   
 47  

  
5 

 
  

 

7 

Nampoori 
2003 4  

36±
15 

     
 0  

    
  

 

7 

McIntyre 
2003 

1
1   

     
6 9  

    
  0 

5 

Forman 
2004 

6
1 

36/
25 

44±
15 

   
6 

2
0  

27
6 

169/
107 

45±
13 

   
38 

7
8 0 

8 

Nybo 2006 
1
4  

43±
17 

     
 0  

    
  

 

5 

Fernandez 
2008  

2
1  

45±
11 

 
3 

   
46 12  

  
1 

 
  

 

6 

Ramirez 
2009 

3
5  

55±
11 

     
11 

13
4  

    
  49 

4 

Canaud 
2010 

3
7  

55±
12 10 22 

   
 59  

54±
11 4 12 

 
8  

 

8 

Ghisdal 
2011 

1
4
4   

     
 

11
2  

    
  

 

6 

Vaidya 2012 
6
7   

  
19 

  
 

11
56  

   

26
9 

26
9  

 

6 

Furmanczyk 
2013 3   1 

 
1 

  
 7  

 
0 

 
0   

 

6 

Serrano 
2014 

2
8
8   

     
 

28
8  

    
  

 

6 

Morales 
2015 

8
9   8 

 
10 25 

1
2  

18
0  

 
0 

 
3 26 

1
7 

 

5 

Morales 
2016 

4
0
1   49 13 

 

16
2 

9
4  

97
4  

 
25 10 

 

27
0 

2
0
6 

 

6 

Morales 
2018 

2
8
8   20 25 

11
4 

10
3 7  

45
2  

 
2 27 

10
5 89 1 

 

7 

Gauthier 
2018 

1
0
1 

65/
36 

54±
13 3 11 

  
3  

14
6  

 
5 18 

 
 2 

 

6 

 Abbreviations: aPL: antiphospholipid; NOS, Newcastle-Ottawa Score; M/F: male/female; THR: 

thrombosis; NATHR: non allograft thrombosis; DGF delayed graft function;  

 AR: acute rejection; MFN: malfunction.  

 

 

 
 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

28 
 

Table 1.  Cut-offs and mean levels of antiphospholipid antibodies reported by the studies included in 

the meta-analysis  

  aCL aβ
2
GPI  

 
 IgG GPL IgM MPL IgA APL IgG u/ml IgM u/ml IgA u/ml L

A 

 

 aPL+
ve 

aPL
-ve 

aPL+
ve 

aPL-
ve 

aPL+
ve 

aP
L-
ve 

aPL+v
e 

aPL
-ve 

aPL+
ve 

aPL
-ve 

aPL+
ve 

aPL-
ve 

 

Ducloux 
1997 

Cut-off  23            

Vaidya 
1999 

Cut-off  >10  >15  >7        

 
Mean+
SD 

82±3  46±2           

Grandtn
erova 
1999 

Cut-off  5S
D 

 5SD          

Wagenk
necht 
2000 

Cut-off  +  +  +        

Vaidya 
2000 

Cut-off  >10  >15  >7        

 
Mean+
SD 

39±2
2 

 48±2
5 

          

Friedma
n 2001 

Mean+
SD 

 +  +  +        

Ducloux 
2003 

Cut-off  23  23         Y
* 

 
Mean+
SD 

30±7 9±4           Y
@ 

Nampoo
ri 2003 

Cut-off  23  23          

 
Mean+
SD 

6.9±
4.5 

4.8
±4 

1.6±
1.9 

2.4±
2.4 

         

McIntyre 
2003 

Mean+
SD 

 +  +  +        

Forman 
2004 

Cut-off  15  15          

Nybo 
2006 

Cut-off  10 
u/
ml 

 10 
u/ml 

    10    Y
@ 

Fernand
ez 2008  

Cut-off  >35
U 

 >35
U 

    3SD     

Ramirez 
2009 

Cut-off        >20  >20  >20  

Canaud 
2010 

Cut-off  >10  >10    >0.
12 

 >0.
12 

  y 

 
Mean+
SD 

46±2
5 

 19±6    102±
120 

     y 

Ghisdal 
2011 

Cut-off             y 

Vaidya 
2012 

Cut-off  <10  <15         y 

Furmanc Cut-off  >20  >20    >10  >10   y 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T
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zyk 2013 

Serrano 
2014 

Cut-off            >20  

 
Mean+
SD 

          22±
2.5 

5.1±
0.4 

 

Morales 
2015 

Cut-off  >20  >20  >2
0 

 >20  >20  >20  

 
Mean+
SEM 

          22±
9.4 

  

Morales 
2016 

Cut-off  >20  >20  >2
0 

 >20  >20  >20  

Morales 
2018 

Cut-off  >18  >18        >20  

Gauthier 
2018 

Cut-off <40 10 <40 10          

Abbreviations: aCL: anticardiolipin; aPL: antiphospholipid; aβ2GPI: antibeta2 glycoprtein-I; 

LA: lupus anticoagulant; + indicates that the authors only reported positivity with neither 

mean nor cut-offs.  * not evaluable; @ evaluable as pre/post comparison;  data not 

extractable 
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