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Abbreviations: 

AMR antibody-mediated rejection 

BKV BK-virus 

CMV cytomegalovirus 

CNI calcineurin inhibitor 

DGF delayed graft function 

DSA donor-specific antibodies 

ESRD end-stage renal disease 

GNF glomerulonephritis 

HLA human leucocyte antigen 

IF/TA interstitial fibrosis / tubular atrophy 

IRI ischemia/reperfusion injury 

NODAT new onset diabetes after transplantation 

PVAN polyomavirus-associated nephropathy 

TCMR T-cell mediated rejection 
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Abstract 

Kidney allograft failure is a serious condition as it implies the need for re-initiation of dialysis 

with associated morbidity and mortality, reduced quality of life and higher economic cost. 

Despite improvements in short-term survival of kidney allografts, this progress was not 

matched in long-term graft survival. In this viewpoint paper, we summarize the available 

literature on the causes of kidney allograft failure, both early and late, both nonimmune and 

allo-immune,  to gain better insight in the causes of graft failure. Such insight is necessary to 

better target therapies or take preventative measures, that improve long-term outcome after 

kidney transplantation. 
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Introduction  

Kidney allograft failure is a serious condition as it implies the need for re-initiation of dialysis 

with associated morbidity and mortality, reduced quality of life and higher economic cost. Data 

from the United States and Europe demonstrate that only 48% of patients are relisted for a 

repeat transplantation, with 61% of them being sensitized with HLA antibodies. The remaining 

majority of patients is not relisted and stays dialysis-dependent until death.1 In addition, the 

success of repeat transplantation is hampered by the risk of HLA antibody sensitization after 

graft failure, the associated longer waiting time for a repeat transplantation, the increased risk 

of antibody-mediated rejection in sensitized patients and other complications after repeat 

transplantation.2 

Despite improvements in short-term survival of kidney allografts, this progress was not 

matched in long-term graft survival.3,4 Both United States and European registry data show 

relatively stable graft failure rates beyond the first year post transplantation since the late 

1980s.3-5 Also short-term improvements in death-censored graft survival have now decelerated, 

even when taking the increasing comorbidities of donor and recipients into account4. The rate 

of improvement of late graft failure has remained stable and modest over the past decades. 

Overall graft failure (including death with a functioning transplant) remains high at a rate of 

approximately 5% per year after the first year.3 

Novel initiatives to improve long-term kidney allograft survival are therefore needed. However, 

in order to target late graft failure, this problem should be clearly defined and its causes 

elucidated. Recent data on the causes of kidney allograft failure show that graft failure due to 

acute rejection has become very rare in the first year after transplantation, occurring in only 

0,4% of transplant recipients, as a result of the improvements in immunosuppressive regimens.5 

Acute rejection is only the fifth frequent cause of early graft failure after venous thrombosis, 
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death due to cardiovascular complications, primary nonfunction and death due to infectious 

complications.5 

Here, we summarize the available literature on the causes of kidney allograft failure, both early 

and late, and suggest angles for further research aimed at improving graft survival. Given the 

extensiveness of contributors to graft loss and literature, this viewpoint can only touch 

superficially upon the most relevant topics. 

Death with a functioning graft vs. loss of graft function 

Premature death with a functioning graft is the most important reason for kidney allograft 

failure.6,7 With the increasing acceptance of older recipients for kidney transplantation, age is 

indisputably one of, if not, the most important nonmodifiable risk factor for recipient death. 

However, recipient death with a functioning graft, when not premature, could be considered as 

the ultimate success of kidney transplantation and mortality rates are lower than when 

remaining on dialysis, even for older recipients.8 Other pretransplant risk factors include 

diabetes mellitus, cardiovascular disease, patient functional status and the extent of dialysis 

exposure.9,10  The causes of death vary by recipient age group11 but the main causes of death 

are cardiovascular disease, malignancies and infections, all of which are also influenced by 

posttransplant variables, such as the use of immunosuppressive agents. The increased 

cardiovascular risk is influenced both by immunosuppressants with side effects like diabetes, 

hypertension, dyslipidemia and by the direct impact of impaired kidney function.12-17 Both 

incidence and prevalence of cardiovascular disease are estimated to be 4 to 6 times higher than 

in the general population.18,19 To improve patient survival after kidney transplantation, the 

search for less toxic drug regimens, improved prevention and timely diagnosis of cardiovascular 

disease, infections and malignancies, and better targeted therapies, are crucial. For most 

interventions in this context, no specific evidence is available in transplant recipients. Although 

the underlying risk profile and pathophysiology of the risk factors for death after transplantation 
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differ importantly from the general population, the lack of specific evidence necessitates 

extrapolation of data for the general populations to transplant recipients. The important progress 

made in these fields for the general population will hopefully also lead to significant 

improvements in patient survival after kidney transplantation.  

Not only death with a functioning graft is ill-studied, even the causes of loss of kidney function, 

defined as return to dialysis or repeat kidney transplantation, and their relative contribution, 

have been evaluated only scarcely, from different perspectives and with different conclusions20-

23 (Table 1, Figure 1). The different inclusion criteria of these studies (including all graft losses 

versus only including patients with a biopsy proximal to graft loss) impede comparison and 

generalizability of the conclusions. Also, there are apparent differences between perceived 

causes of graft loss from indication versus protocol biopsies.24 Many studies have determined 

risk factors for graft failure, but data on retrospective patient chart analysis of the patient-

specific causes of graft failure are very limited. Using the Banff criteria for assessment of renal 

allograft histology, 2 cohort studies have given some insights in the causes of kidney transplant 

failure and suggest this is primarily explained by allo-immune processes (35% to 64%).20,21  

Focusing on the Banff diagnostic criteria or histology as explanation of graft failure is however 

problematic for several reasons. First, late indication biopsies are not always performed prior 

to late graft failure. Only relying on early histological lesions as explanation for late graft failure 

could thus be misleading. Second, in early graft losses due to mechanical complications of 

primary-nonfunction, often no biopsy is performed. Third, in centers that systematically 

perform late protocol biopsies, the interpretation is influenced by survivor bias.25,26 

In addition, exclusive focus on the available histological information rather than the less visible 

contributors to graft failure like aging, cardiovascular and metabolic disturbances, infections, 

pre- and postrenal causes etc. could lead to biased views, as these are all well-known risk factors 

of end-stage kidney disease (ESRD). These known causes of, and contributors to, ESRD remain 
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underreported in kidney transplant literature, although these factors are highly prevalent in the 

transplant population (Table 2). 

Finally, we need to be cautious about singling out 1 possible explanation as the sole cause of 

loss of allograft function. Especially in late allograft failure many pathologic processes can be 

present simultaneously, which makes late graft failure a multifactorial process. Multivariate 

models that illustrate that different factors are independent predictors of graft outcome support 

the multifactorial nature of graft failure. Several histological processes change over time and 

active and chronic cumulative injuries coincide and accumulate, which makes the interpretation 

of late biopsies very challenging.27 

Causes of loss of graft function 

Nonallo-immune injury mechanisms  

Irrespective of the underlying cause, the development and extent of chronic tubulo-interstitial 

damage (IF/TA) seems to be a very important prognostic factor.22 Tubular atrophy, interstitial 

fibrosis and glomerulosclerosis are the hallmarks of nephron loss, which is a multifactorial 

process of both immunological and nonimmunological mechanisms. Interstitial fibrosis and 

tubular atrophy (IF/TA) is a nonspecific pathological finding in kidney biopsies, reflecting a 

final common pathway of different injury processes. Nephron damage leads to compensatory 

hyperfiltration and glomerular hypertension in the remaining functioning nephrons, initiating 

apoptosis, inflammation, and fibrosis that gradually increase, not only in glomeruli but also in 

tubules and interstitium. This leads to a vicious circle of further renal functional 

deterioration.28,29 (Figure 2) 

For a long time, calcineurin nephrotoxicity was considered an important nonimmunological 

cause of progressive fibrosis after transplantation.30-32 Studies testing this hypothesis, by 

minimizing or avoiding calcineurin inhibitors, showed conflicting results with better renal 

function in some studies but increased rejection and donor-specific antibodies in others.33,34 
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These findings and more insights in other pathophysiological processes (allo-immune, see 

below) cast doubts on the role of calcineurin inhibitor nephrotoxicity as the major cause of late 

kidney allograft failure. Nevertheless, and although it remains difficult to quantify its relative 

contribution, it is likely that the almost universal use of calcineurin inhibitors in kidney 

transplantation contributes to graft functional decline and ultimately graft failure.30 However, 

it is important to realize that these contributions to graft damage are considerably outweighed 

by the advantage they offer, as was illustrated by the historical improvement in short-term 

survival rates after the introduction of these powerful immunosuppressive drugs.3,35 

Glomerulonephritis in the transplant kidney, either recurring or de novo, represents a second 

category of nonallo-immune causes of graft failure.36,37 Up to 20 to 50% of kidney transplant 

recipients have glomerulonephritis as the primary kidney disease.38,39 Recurrence of native 

kidney disease in the transplanted organ is a well-recognized cause of graft failure, although 

reported recurrence rates vary widely (2.6%-50%), depending also on the initial disease, and 

recurrence increases with time after transplantation38-44. Another important aspect to consider 

in the varying recurrence rates is that only a fraction of failing native kidneys were biopsied for 

confirmation of the cause of failure. Similarly, rates of graft loss attributed to 

glomerulonephritis vary widely (1.1 to 55%). 37,39,40,43,45-48 

Viral diseases represent another class of nonallo-immune causes of graft failure, especially the 

human polyomavirus BK (BKV), which causes polyomavirus-associated nephropathy (PVAN) 

in up to 10% of renal transplant recipients.49,50 In literature, PVAN is deemed as the cause of 

graft failure in 5-15% of graft losses.20,22,51 PVAN damages the allograft by direct tubular injury 

with tubulo-interstitial inflammation, which can lead to development of IF/TA in >60% of 

cases.51-53 PVAN is managed by reducing immunosuppression, however this reduction might 

paradoxically enhance rejection episodes and development of de novo donor-specific 

antibodies.54 
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Pretransplant diabetes and new onset diabetes after transplantation (NODAT) are prevalent in 

the transplant population (6-17% for pretransplant diabetes and up to 53% for NODAT).55-57 A 

recent study of our group demonstrated rapid occurrence of mesangial matrix expansion in 

insulin-dependent pretransplant diabetes patients, already within the first 5 years after 

transplantation.55 This might even be an underestimation, as a recent study from Denic et al. 

illustrated that using manual morphometry, mesangial matrix expansion predicted graft failure 

that was not predicted when these lesions were scored by Banff.58 As many centers don’t 

perform late protocol biopsies, the lesions of diabetic nephropathy are systematically missed. 

Diabetes nephropathy after kidney transplantation is therefore potentially underestimated as 

contributor to late graft failure.  

Next to diabetes, other recipient-related cardiovascular risk factors likely play an important role 

in kidney allograft failure (Figure 2). Risk factors associated with cardiovascular complications 

after transplantation are, amongst others, male sex, age, arterial hypertension before 

transplantation, longer pretransplant dialysis, cardiovascular events before transplantation, 

posttransplant diabetes mellitus, increased pulse pressure after transplantation and intake of 

corticosteroids.59 The pathophysiology of cardiovascular disease in renal transplant recipients 

is complex and involves endothelial dysfunction, arterial stiffness as well as diastolic and 

systolic heart failure, developed during the progression of chronic kidney disease. Kidney 

transplantation results only in a partial recovery of these mechanisms resulting in a persistently 

high cardiovascular risk, possibly due to ongoing exposure to chronic kidney disease-related 

risk factors (in case of impaired transplant function) or transplantation-specific risk factors 

(immunosuppressive therapy). Observational data suggest that the degree of microvascular 

endothelial dysfunction 3 months after transplantation predicts long-term allograft survival.60 

Whereas endothelial dysfunction reflects damage of the intimal layer of the vessel wall 

(atherosclerosis), an altered structure of the medial layer (arteriosclerosis) will result in arterial 

A
C
C
E
P
T
E
D

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



10 

 

stiffness. Whether persisting higher arterial stiffness after transplantation is independently 

associated with worse allograft outcome needs to be elucidated in large prospective trials.61,62 

Kidney transplantation improves both cardiac structure and systolic function.63,64 However, 

patients with persistent left ventricular hypertrophy in the fifth year posttransplantation, exhibit 

a higher risk of graft failure than those with left ventricular hypertrophy regression or no 

pretransplant left ventricular hypertrophy.65 In elderly transplant recipients, a positive history 

of heart failure at the time of transplantation predicts not only survival but also graft failure.66 

Also, kidney allograft failure in the context of the cardio-renal syndrome is a well-defined cause 

of graft loss, especially related to diastolic dysfunction rather than systolic dysfunction,67 but 

remains largely understudied. As there seems to be a high prevalence of diastolic dysfunction 

in renal transplant recipients (up to 53%),63,68,69 this topic merits further investigation. A causal 

relationship is plausible from a mechanistic viewpoint, but observational data should be 

interpreted with caution due to considerable confounding and bias.  

The kidney allograft vasculature in se is also prone to deterioration, further contributing to 

allograft loss. Arteriolar hyalinosis lesions are considered to be the hallmark of calcineurin 

inhibitor nephrotoxicity, however these lesions are not specific and occur independent of 

calcineurin inhibitor use.70 As these lesions increase over time, they might reflect a component 

of general accelerated aging. This impact of aging or replicative senescence, associated with 

telomere shortening, was also suggested in the progression of renovascular disease in native 

kidneys.71 In early allograft biopsies, these lesions most likely represent preexisting donor-

derived factors.70 

Other nonimmune events that are not infrequently the cause of graft loss include intercurrent 

medical and surgical illnesses, unrelated to the allograft.20,21 Finally, not all nonallo-immune 

graft injury observed after transplantation is the consequence of posttransplant events. Both 

donor-related (cause of death, donor age, donor kidney size and quality) and transplant 
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procedure-related (poor organ management, ischemia-reperfusion injury, surgical 

complications) factors can lead to nephron loss and chronic injury.72-75 A maladaptive injury 

repair of the early transplant-related kidney injury can also initiate later allo-immune responses 

like a late B lymphocyte response relating to renal dysfunction and fibrosis, as was recently 

shown by Cippa et al.76 With the recent evolution towards better preservation techniques and 

prevention of delayed graft function, it is important to realize that these factors, despite their 

significant associations with outcome, are presumably more contributors rather than single 

causes of graft failure. It remains impossible to exactly quantify the contribution of these graft 

quality-related factors to long-term graft failure in the individual patients, and to attribute these 

as cofactors in graft failure. 

Allo-immune injury mechanisms  

The seminal analyses by Nankivell et al. on protocol biopsy histology over time after 

transplantation reported on the rapid decline in rejection, and a steep increase in chronic injury 

over time after transplantation.25 From this, rejection became less often recognized as cause of 

graft failure, and calcineurin inhibitor nephrotoxicity gained attention as contributor to graft 

failure (see above). Until 1993, interstitial fibrosis and tubular atrophy was called “chronic 

rejection” according to Banff consensus, suggesting an underlying allo-immune cause. 

Nevertheless, as chronic injury cannot be attributed exclusively to rejection and nonimmune 

phenomena play an important role,  this term was first changed into “chronic allograft 

nephropathy” and since 2005 “interstitial fibrosis/tubular atrophy” (IF/TA) was implemented 

as a more descriptive term in the Banff classification.77 The contribution of allo-immune 

phenomena to IF/TA has long been overshadowed by the perceived importance of calcineurin 

inhibitor nephrotoxicity. In recent years however, increasing evidence suggests the impact of 

continuous allo-immune responses on late IF/TA and late kidney allograft failure.  
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Two major subtypes of rejection are currently identified. The last 2 decades, acute cellular (T-

cell mediated) rejection (TCMR) is reported only rarely as a direct cause of graft failure.21 

Chronic TCMR was suggested more recently and remains ill defined, making it difficult to 

capture its prevalence and contribution to graft failure.78 Acute and chronic antibody-mediated 

rejection (AMR), which are better defined than TCMR with a more specific histological 

presentation, are more recognized as causes of graft failure, both on the short and long term.  

T-cell mediated rejection (TCMR) as cause of graft failure 

Acute TCMR is present in up to 24% of indication biopsies in the first months after 

transplantation but its prevalence progressively decreases over time.21,25 Acute TCMR is rare 

at 10 years posttransplantation.21,26,79 By successfully preventing most episodes of acute TCMR 

with the use of potent immunosuppressive therapy and effective antirejection treatment with 

corticosteroids and ATG, the importance of acute TCMR for rapid graft failure has decreased 

in the last two decades. Still, the importance of acute TCMR should not be underestimated, 

since we know the associations with graft failure from more historical studies80-82 and also 

recently it was shown that even less severe T cell inflammation in surveillance biopsies 

associates with increased scarring and graft functional decline.83 Another recent study found 

that posttransplant DSA are associated with increased TCMR episodes, and patients who had 

both DSA and TCMR had increased graft loss on 4-year follow-up.84 Moreover, TCMR could 

be a potentiating event for development of de novo antibodies and chronic injury.85-89 

The latest update of the Banff classification introduced “chronic active TCMR.”78 The impact 

of inflammation in atrophic areas (i-IFTA) on graft outcome was illustrated in several 

studies.21,85,86,90,91 I-IFTA is related to under-immunosuppression and is typically preceded by 

episodes of acute TCMR.86 Persisting i-IFTA after treatment of acute TCMR associates with 

progressive IFTA and decreased allograft survival.85,86 Although the suggestion that chronic 

active TCMR is related to graft failure, the infirm definition, the nonvalidated diagnostic 
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thresholds, and the notion that many, also nonimmune, renal pathologies are accompanied by 

inflammation, make chronic active TCMR a challenging entity, both in terms of its allo-immune 

nature and its association with outcome. Moreover, the response of chronic active TCMR to 

increased immunosuppression has not yet been studied. From this, the relative contribution of 

allo-immune phenomena to the phenotype of chronic active TCMR, and of chronic active 

TCMR as cause of kidney allograft failure, and the benefits and harms of targeting it as an allo-

immune phenomenon remain to be elucidated.  

Borderline changes as cause of graft failure 

Borderline changes represents a separate category in the Banff classification and is defined by 

foci of tubulitis with limited interstitial inflammation, or interstitial inflammation with no or 

only mild tubulitis and represent a more prevalent category than TCMR.92,93 Over the years, the 

diagnostic threshold of borderline rejection was lowered. The incorporation of i0 in the criteria 

for borderline changes was introduced in the 2005 meeting report,77 but is currently contested. 

In an international survey, the majority of responding pathologists required at least minor 

interstitial infiltration (i1) for diagnosis of borderline changes,94 Recent evidence confirms 

isolated tubulitis (t1i0, t2i0 and t3i0) to be a distinct entity compared to inflamed borderline 

TCMR, with benign subsequent histology, not affecting outcome and heterogeneous etiology.95 

Data from the same group in a recent single-center study indicated the clinical significance of 

inflamed borderline rejection (with exclusion of isolated tubulitis) with associations with renal 

dysfunction, subsequent fibrosis, subsequent rejection, allograft failure and even patient 

mortality.93 Very likely, future updates of the Banff classification will again incorporate both 

tubulitis and interstitial inflammation (below the thresholds for acute TCMR) in the diagnostic 

criteria for borderline changes. The relative contribution of borderline changes to graft failure 

remains unclear.  
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Antibody-mediated rejection (AMR) as cause of graft failure 

Since its recognition as a distinct diagnostic entity in 1997, important progress has been made 

in the diagnosis of AMR. The 3 initial diagnostic features of AMR included morphologic 

evidence of acute tissue injury, presence of donor specific antibodies (DSA) and positive C4d 

staining in peritubular capillaries as a marker for complement involvement. These features were 

refined in the following Banff meeting reports with more sensitivity and stratification of graft 

loss risk by the more recent criteria.96 Generally, AMR is initiated by DSA, either to HLA 

antigens or less commonly, but also less easily detectable, to other donor-recipient mismatched 

antigens.97 

AMR and some individual lesions (transplant glomerulopathy and microvascular 

inflammation) are recognized as important risk factors for graft failure, both when accompanied 

with clinical kidney dysfunction as when detected subclinically.20-23,98 The lack of proven 

effective treatments to prevent or treat AMR is part of the explanation for the strong association 

with impaired survival.99-101 

AMR histology with identified HLA-DSA 

HLA-DSA are sometimes present before transplantation, arising from blood transfusions, 

pregnancies or previous transplants. The prevalence of preexisting HLA-DSA in kidney 

transplant recipients ranges from 10.5 to 22.9%,55,98,102 dependent on the center acceptance of 

higher-risk sensitized patients and specific kidney allocation programs that avoid such 

transplants.103-105 The incidence of de novo HLA-DSA after transplantation ranges from 6.5% 

to 16%, dependent on background risk factors, therapeutic adherence, immunosuppressive drug 

minimization and time after transplantation.88,89,106-109  De novo HLA-DSA usually occur later 

after transplantation as a result of suboptimal immunosuppression and nonadherence and have 

shown to be more deleterious than preformed HLA-DSA.102,110-112 Nonadherence is strongly 

linked to AMR and overall graft loss84,110,113 but remains difficult to capture correctly. 
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 Although HLA-DSA and the development of AMR are among the strongest risk factors 

identified for graft failure in cohort studies, the large majority of patients don’t have nor develop 

HLA-DSA. Therefore, HLA-DSA cannot be considered as contributing to allograft failure in 

the large HLA-DSA negative fraction of graft failures. 

Moreover, not all HLA-DSA are equally deleterious. Pretransplant DSA often disappear early 

posttransplantation and are not detrimental for graft outcome.104,114,115 Especially low median 

fluorescence intensity (MFI) DSA and non-DQ HLA-DSA easily resolve.114 There are 

inconsistent findings on graft outcome in patients with resolved DSA in literature.104,115-117 

Recently, a study by our group showed that, although patients with resolved versus persistent 

pretransplant DSA had an equally high incidence of AMR in the first 3 months 

posttransplantation (53.6% and 58.8%, respectively), this was not reflected in worse graft 

outcome in patients with resolved pretransplant DSA114 when compared to patients without 

HLA-DSA. Although the association between HLA-DSA positive AMR and graft outcome is 

strong and well confirmed, attributing this automatically as sole or primary cause for graft 

failure in a patient is perhaps an overstatement, especially if HLA-DSA are of class I, low MFI 

and disappear over time.  

AMR histology without identified HLA-DSA 

There is increasing attention for cases with the histology of AMR (primarily microcirculation 

inflammation) in the absence of detectable HLA-DSA. With increasingly sensitive detection 

assays for anti-HLA DSA, it is hard to believe that these cases merely represent cases where 

clinically important anti-HLA DSA are missed by our detection methods. The possibility that 

non-HLA DSA, which are not routinely tested and therefore remain unnoticed, can initiate 

AMR is gaining attention and evidence.97,118-122 However, as recent studies suggest that the 

spectrum of non-HLA antibodies could be wider than anticipated,97,120 and no screening assays 

are validated yet for routine clinical use, the relative importance of these antibodies as cause of 
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AMR remains unclear. Moreover, recent data from our group suggest that these HLA-DSA 

negative cases represent a distinct entity, with more transient histology of AMR, less C4d 

deposition and better outcome.102 Whether HLA-DSA negative cases of AMR histology, 

presumably due to non-HLA antibodies, should be considered as a distinct cause of graft failure, 

is unclear. Further work is necessary to establish this phenotype in more detail, including 

investigation on potential antibody-independent initiation of microcirculation inflammation, as 

recently suggested by e.g. the association with NK cell missing self.123 

Difficulties in identifying the causes of graft failure 

Next to the challenges in the definition of the separate diagnostic categories of kidney allograft 

injury and in the identification of the exact underlying biological processes, an even bigger 

challenge remains establishing the cause(s) of graft failure at the individual patient level. 

Although several studies reported on the causes of graft failure by identifying 1 single disease 

per patient, this approach seems overly simplistic. Especially in late graft failure, different 

pathologies co-occur. We previously showed that in the last biopsy before graft failure, 1 in 4 

biopsies had more than 1 co-existing specific disease.22 On the other hand, 16% of patients did 

not have any specific diagnosis in the last biopsy performed, but did have a specific disease in 

a prior biopsy. Interstitial fibrosis and tubular atrophy (IF/TA) as well as glomerulosclerosis 

are highly prevalent in patients with a specific diagnosis prior to graft failure.22 Different 

disease processes wax and wane over time, but culminate in progressive chronic injury and 

nephron loss, which is often no longer reflecting the primary disease process but a final 

common pathology. Only relying on the last biopsy to establish the cause of graft failure is 

therefore not sufficient, and the whole patient’s history should be taken into account. However, 

for reporting and study purposes inevitably 1 cause is singled out, as is also the case in reports 

of native kidney disease failures.124 
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A potential aid in establishing the patient-specific cause of graft failure is indeed the evaluation 

of disease trajectories over time, e.g. by integrating information from systematic protocol 

biopsies performed over a longer follow-up period (not only in the first year after 

transplantation). As lesions are not always reaching the Banff diagnostic thresholds, it could be 

important to consider the relative severity of the individual lesions simultaneously. This is 

currently not reflected in the Banff classification, which remains a dichotomous classification 

(disease present or absent) and does not allow for a more continuous evaluation of trajectories 

of injuries. This contrasts with the natural disease courses, which are characterized by time-

dependent fluctuations or progression, evolving over time. The lack of emphasis on chronic 

injury of the Banff consensus also makes it difficult to identify the progression of chronic injury 

as a cause of graft failure. 

Finally, this review and the available studies on causes of graft failure almost exclusively focus 

on known causes of graft failure, related to the histopathologic entities we diagnose in kidney 

transplant biopsies. In many failing kidney allografts very early or late after transplantation no 

biopsies are performed and no knowledge on the complete histopathological picture is 

available. Especially in recipients who are not considered eligible for relisting for a repeat 

transplant, there is less need to determine the cause of graft failure. This creates some bias in 

the current literature on the causes of graft failure which likely underrepresent older patients or 

patients with important comorbidities. This bias could lead to an overestimation of the 

importance of histologic, and certainly allo-immune injury in the causes of graft failure, and an 

underestimation of the contribution of nonimmune risk factors for end-stage renal disease.  
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Future directions 

In this review, we summarized the causes of graft failure as they are currently acknowledged. 

There is a possibility that these causes and their relative share in graft failure change over time. 

This was illustrated with the improved short-term graft survival after the introduction of 

powerful immunosuppressants tackling T-cell mediated rejection in the early decades of 

clinical transplantation. Also, patient populations include increasingly elderly recipients, with 

more comorbidities potentially contributing to graft failure. It is imaginable that with better 

therapeutic strategies, introduction of new immunosuppressants or better screening 

pretransplant leading to better matching, a similar shift in the causes of graft failure can occur.  

 In summary, the causes of graft failure are heterogeneous, multifactorial and time-dependent. 

Many disease processes culminate into the final common histological picture of irreversible 

chronic damage. Up to now, the relative importance of disease trajectories over time, including 

subclinical injury and nonallo-immune processes, is insufficiently studied in this context. More 

in depth analyses of the causes of graft failure, that take into account these considerations and 

avoid systematic bias, is necessary. For this, future international efforts should be aimed at 

setting minimal requirements for the prospective standardized collection of clinical and 

histological parameters in each case of kidney allograft failure. Gaining better insight in the 

causes of graft failure is important to better target therapies, or take preventative measures, that 

improve long-term outcome after kidney transplantation. 
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Figure Legends 

Figure 1. Literature overview of reported causes of death-censored graft failure. This 

figure reports the causes annotated to death-censored graft failures from 4 different studies. 

More information on these studies is given in Table 1. As illustrated, causes vary importantly 

between studies, due to different study perspectives and designs and differences in definitions. 

PVAN=polyoma-virus associated nephropathy. 

Figure 2. Schematic overview of risk factors for allograft loss, distinguishing recipient-

related factors (analogous to risk factors in native kidneys) from transplant-related 

factors, that can be nonimmunological and immunological. All these factors can contribute 

to allograft injury with nephron loss, further initiating a vicious circle of harmful hyperfiltration 

of the remnant nephrons resulting in accelerated nephron loss and fibrosis.  

ESRD= end-stage renal disease. IRI=ischemia-reperfusion injury. DGF= delayed graft 

function. CNI=calcineurin inhibitor. PVAN= polyoma-virus associated nephropathy. 

CMV=cytomegalovirus.  
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Tables 

Table 1. Overview of studies reporting causes of graft failure. 

Study Sample size Timing Follow-up Biopsy 

indication 

Biopsy 

timing 

~graft loss 

Death with 

function/ PNF/ 

DCGF 

Early/Late Causes identified 

El-Zoghby 2008 
20 

1317 

recipients 

330 graft 

losses 

Transplanted 

between 

1996-2006 

50.3+-

32.6 

months 

Protocol & 

indication 

68% within 

1y – 84% 

within 2y 

138/39/153 Not 

separated 

but 

subanalysis 

in function 

of time given 

37% glomerular 

diseases 

(GNF/transplant 

glomerulopathy) 

31% IFTA 

16% 

Medical/surgical 

12% acute 

rejection 

5% unkown 

Sellares  

2012 21 

315 

recipients 

74 graft 

losses 

Biopsied 

between 

2004-2008 

Dates of 

transplantati

on not 

mentioned 

Median 

17 

months 

(6d-32y) 

Only 

indication 

Follow-up 

after 

biopsy: 

median 

24.6 

months 

(0.3-36.9) 

14/0/60  

 

Not 

separated 

N=56 evaluated (4 

missing 

information) 

64% AR (all AMR) 

18% GNF 

7% PVAN 

11% 

medical/surgical 

 

Naesens 2014 
22 

1197 

recipients 

664 graft 

losses 

Transplanted 

between 

1991-2001 

14.5±2.80 

years 

Only 

indication 

3.2±3.9 

(range, 0–
16.4) years 

46% within 

2 years 

351/0/313  Not 

separated 

N=144 last 

indication biopsies 

within the last 2 

years before graft 

failure 

36.1% acute 

rejection 

30.6% no specific 

disease (14.5% 

IFTA>1) 

16.7% transplant 

glomerulopathy 

11.8% GNF 

4.86% PVAN 

Chand 2016 23 171 DCGF 

studied 

Failures 

between 

2008-2014.  

Transplanted 

1990-201? 

0-36y  Only 

indication 

The mean 

time 

between 

biopsy and 

graft 

failure was 

4±2 weeks 

for failures 

within 1 

year, 4±3 

months for 

0/33/138 Split first 

month/1m-

1y /1y-

5y/5y-

10y/>10y 

<1m: PNF due to 

vascular 

thrombosis or 

donor 

quality/preservati

on injury 

Beyond 1m in 

patients with 

proximate biopsy 

(N=97): 
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failures 

within 5 

years, 7±4 

months for 

failures 

within 10 

years, and 

14±5 

months for 

failures 

beyond 10 

years. 

29.9% IFTA  

27.8% AMR  

22.7% recurrent 

disease 

14.4% TCMR 

5.1% PVAN 
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Table 2. Causes of end-stage renal disease in native kidneys (as reported in ERA-EDTA Registry 

Annual Report 2016, data for all countries for incident patients accepted for renal replacement 

therapy in 2016, at day 1124) and prevalence in the kidney transplant population. 

Diagnostic category Prevalence 

as cause of 

ESRD in 

native 

kidneys  

Prevalence after kidney transplantation 

Diabetes mellitus 23% Pretransplant diabetes: 6-17%55,56  

New onset diabetes after transplantation: 2-53%57  

Glomerulonephritis/ 

Glomerulosclerosis 

15% 2.6-50% recurrence of glomerulonephritic disease40-42  

Hypertension 13% 55.5%-93%17,56,125  

Autosomal dominant 

polycystic disease 

6% / 

Pyelonephritis 6% 10–22%126-131  

Renal vascular disease 2% Renal artery stenosis 1-23%132,133  

Renal artery thrombosis: 0.5-3.5%134  

Renal vein thrombosis : 0.5-4%135   

Biopsy-induced vascular injuries: 1-18%136  

Miscellaneous 15.0% / 

Unknown/missing 20% / 
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Figure 1 
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Figure 2 
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