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Transplant Trial Watch
John Matthew O’Callaghan1,2*

1University Hospitals Coventry and Warwickshire, Coventry, United Kingdom, 2Centre for Evidence in Transplantation, University
of Oxford, Oxford, United Kingdom

Keywords: kidney transplant, randomised controlled trial, mTOR inhibitor, cardiovascular outcomes, CMV
infection

To keep the transplantation community informed about recently published level 1 evidence in organ transplantation ESOT
and the Centre for Evidence in Transplantation have developed the Transplant Trial Watch. The Transplant Trial Watch is a
monthly overview of 10 new randomised controlled trials (RCTs) and systematic reviews. This page of Transplant
International offers commentaries on methodological issues and clinical implications on two articles of particular
interest from the CET Transplant Trial Watch monthly selection. For all high quality evidence in solid organ
transplantation, visit the Transplant Library: www.transplantlibrary.com.

RANDOMISED CONTROLLED TRIAL 1

Cardiovascular Outcomes in De Novo Kidney Transplant Recipients Receiving Everolimus and Reduced Calcineurin
Inhibitor or Standard Triple Therapy: 24-Month Post Hoc Analysis From TRANSFORM Study.

by Sommerer, C., et al. Transplantation 2023 [record in progress].

Aims
This post hoc analysis of the TRANSFORM study aimed to compare the effect of everolimus (EVR)
and reduced calcineurin inhibitor (rCNI) versus standard triple therapy on cardiovascular disease
(CVD) outcomes in de novo kidney transplant patients.

Interventions
Participants in the TRANSFORM trial were randomised to either the EVR + rCNI group or the
mycophenolic acid (MPA) + standard-exposure CNI (sCNI) group.

Participants
2026 de novo kidney transplant recipients.

Outcomes
The main outcomes of interest were the incidence of major adverse cardiac event (MACE),
cardiac deaths, time-to-event analysis of MACE, CVD risk factors and levels of metabolic
parameters.

Follow-Up
24 months.

CET Conclusion
Everolimus is known to worsen post-transplant dyslipidaemia, but it is not clear that this results in
poorer cardiovascular outcomes. This post hoc analysis of the TRANSFORM study, which compared

*Correspondence:
John Matthew O’Callaghan
ocallaghan.john@gmail.com

Received: 26 June 2023
Accepted: 17 July 2023
Published: 27 July 2023

Citation:
O’Callaghan JM (2023) Transplant

Trial Watch.
Transpl Int 36:11742.

doi: 10.3389/ti.2023.11742

Transplant International | Published by Frontiers July 2023 | Volume 36 | Article 117421

TRANSPLANT TRIAL WATCH
published: 27 July 2023

doi: 10.3389/ti.2023.11742

11

http://crossmark.crossref.org/dialog/?doi=10.3389/ti.2023.11742&domain=pdf&date_stamp=2023-07-27
http://www.transplantevidence.com/
http://www.transplantlibrary.com/
http://creativecommons.org/licenses/by/4.0/
mailto:ocallaghan.john@gmail.com
https://doi.org/10.3389/ti.2023.11742
https://doi.org/10.3389/ti.2023.11742


outcomes in kidney transplant patients on standard
immunosuppressive therapy vs. a everolimus/reduced
tacrolimus regimen, compared the rate of major adverse
cardiac events (MACE) between the two groups over a 2 year
follow up period. Over 2,000 patients were included in the
analysis. Although lipid levels were increased in the
everolimus group as expected, the rate of MACEs were not
significantly different between the two groups. The authors
speculated whether this could be due to cardio-protective
effects due to everolimus, which had previously been
demonstrated in preclinical studies, and which offset the lipid
dysregulation effects. With the potential to reduce posttransplant
viral infections, these findings provide further evidence to
support everolimus based regimens as a viable alternative to
current immunotherapy standard of care.

Trial Registration
Clinicaltrials.gov—NCT01950819.

Funding Source
Industry funded.

RANDOMISED CONTROLLED TRIAL 2

Conversion to mTOR Inhibitor to Reduce the Incidence of Cytomegalovirus
Recurrence in Kidney Transplant Recipients Receiving Preemptive Treatment:
A Prospective, Randomized Trial.

by Viana, L. A., et al. Transplantation 2023 [record in progress].

Aims
The investigators aim to assess if switching from mycophenolate
or azathioprine to sirolimus following first cytomegalovirus
(CMV) infection post-transplant reduces recurrence rate of
CMV infections.

Interventions
Once randomised the intervention group were abruptly
converted from antimetabolite (mycophenolate sodium 720 mg
twice daily or azathioprine 2 mg/kg once daily) to sirolimus
(5–8 ng/mL), tacrolimus was continued, but the maintained
concentrations were lowered to 3–5 ng/mL. The control group
continued tacrolimus (5–10 ng/mL) and their antiproliferative
agent.

Participants
72 adult kidney transplant recipients who had a treated CMV
infection within the first 6 months after transplant.

Outcomes
The primary endpoint was the incidence of recurrent CMV
infection within 12 months following randomisation. The
secondary endpoints were: Incidence of de novo DSA,

kidney function, proteinuria, acute rejection, graft loss and
death.

Follow-Up
Participants were followed-up for 12 months.

CET Conclusion
This small prospective unblinded randomised control trial
demonstrates that conversion to sirolimus form antimetabolite
following initial CMV infection has a significant effect to reduce
recurrent infection. Within the sirolimus cohort no episodes of
CMV infection or disease occurredwithin the study period.Whereas
the control group had a recurrence rate of 43%. All the patients in
this study are high risk for CMV with all recipients being CMV
positive pre-operative, but received no pre-emptive pharmacological
treatment, simply weekly blood monitoring. Upon CMV infection/
disease intravenous ganciclovir was commenced and once treated
the antimetabolite switch to sirolimus and the study period
commenced. Within the study group they saw no significant
difference in biopsy confirmed acute rejection, de novo DSA,
proteinuria, graft survival or death. The generalisability of these
findings is limited due to the strict inclusion criteria, within their
study period they randomised 72 patients out of a total of 1,309 with
a first-treated CMV infection/disease, all of whom were low-
immunological risk. The patient cohort and small sample size
limits safety and efficacy conclusion as well as conclusion in
broader recipient populations, such as D+/R−. While there is
insufficient evidence to change current practice it sits along side
other trials, some of which multi-centre and larger supporting
mTORi in improving CMV related outcomes, although often
with higher discontinuation rates.

Jadad Score
3.

Data Analysis
Strict intention-to-treat analysis.

Allocation Concealment
Yes.

Trial Registration
ClinicalTrials.gov—NCT02671318.

Funding Source
Industry funded.

CLINICAL IMPACT SUMMARY

Pre-emptive treatment of CMV after renal transplantation is
associated with a considerable risk of later CMV infection
recurrence, and further changes to immune suppression and
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acute rejection. Sirolimus and other MTORi are associated with
lower risk of CMV infection.

The study is a small but interesting one and of good quality.
Patients could be included after the first episode of CMV
infection or disease, and were then randomised to convert to
sirolimus or stay on mycophenolate/azathioprine. Tacrolimus
was continued in both groups.

There was no recurrence of CMV in the group randomised to
sirolimus, which is in stark contrast to the 43% recurrence in the
control arm. Importantly there was no significant difference in
the incidence of treated biopsy proven acute rejection within
12 months after randomisation.

This study provides convincing evidence for a potential
method to tailoring immune suppression and reduce the risk
of further complications for CMV. However, the population was
highly selected to be at low risk of rejection, and that needs to be
kept in mind.
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Understanding the Immunology of
Normothermic Machine Perfusion
Menna Ruth Clatworthy1 and Christopher John Edward Watson1*

1Department of Medicine, University of Cambridge, Cambridge, United Kingdom, 2Department of Surgery, University of
Cambridge, Cambridge, United Kingdom

Keywords: liver transplantation, normothermic machine perfusion, single cell RNA sequencing, immunology, liver
preservation

Our early experience with normothermic liver perfusion (NMP) led us to identify four
compartments that might influence the viability of livers [1]. While we and others have
tried to characterize the hepatocyte and cholangiocyte compartments [2–5], and have
provided some recent insights into adverse factors in the vascular compartment [6, 7], the
immune compartment has remained relatively unexplored, until now. The recent paper by
Hautz et al. from Schneeberger’s group in Innsbruck has thrown important light on immune cell
changes during the course of perfusion [8]. This work is significant, as a better understanding of
the immunological changes occurring during NMP will inform therapeutic interventions to
counter reperfusion injury and improve organ quality. Thus, this paper is an important and
welcome landmark dataset.

The paper is divided into two parts, analysis of liver biopsies and analysis of cellular
components and cytokines in serial perfusate samples. Single cell RNA seq (scRNAseq) was
undertaken on eight livers, generating data on all cellular components of liver biopsies, including
immune cells within the vasculature and tissue, comparing liver cellular transcriptomes before and
at the end of NMP. They showed that nearly half the immune cells in the liver biopsies were
neutrophils (defined by FCGR3B-expression), a novel observation, likely related to differences in
the techniques used to profile cells. The next most frequent immune cell types were monocyte/
macrophages (CD68, 8%). They went on to show that the neutrophils emigrate from the liver
during NMP, and many appear to be lost from the circuit and do not recirculate to the liver,
although they remain the predominant cell type. This is in contrast to macrophages (CD68+) and T
(CD3 and CD4) and B cells (CD79A) whose proportions did not change significantly. They next
considered the transcriptional changes occurring in neutrophils and monocyte/macrophages
subclusters during NMP; Neutrophil chemokine receptor expression changed such that cells
downregulated CXCR1/2 and upregulated CXCR4, the receptor mediating the return of aged
neutrophils to the bone marrow for clearance. Their chemokine profile also changed, with marked
expression of CXCL8/IL8—the major neutrophil recruiting chemokine—during perfusion,
suggesting a capacity for autocrine signalling. The authors propose that overall, the
transcriptional changes observed in neutrophils during NMP are consistent with a progression
to an aged, chronically activated/exhausted neutrophil phenotype. This suggests that the
inflammatory response to reperfusion may be exhausted with time on NMP, an important
observation. Neutrophil recruiting chemokines (CXCL2, CXCL8) were among the most
upregulated transcripts in kidneys undergoing NMP [9], suggesting similar processes may also
be at play in kidneys.

Four clusters of monocyte/macrophages were identified. The M0 cluster that dominated pre-
NMP samples expressed high levels of inflammatory markers such as S100A8/9, whilst theM3 cluster
enriched in post-NMP samples had a more mixed transcriptome, expressing both pro-inflammatory
molecules such as CTSL (encoding Cathepsin-L, a protease capable of tissue damage) and anti-
inflammatory and tolerogenic molecules (for example, HMOX1, encoding haemoxygenase-1, which
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degrades haem and reinforces an M2 macrophage phenotype),
with the potential to counter reperfusion injury.

When Hautz et al. looked at the cellular composition of
perfusate in 26 livers, they saw a rapid increase in leucocyte
numbers after the start of NMP, predominantly neutrophils, NK
cells, B cells and monocyte/macrophages [8]. Numbers peaked at
6 h and thereafter declined. They proceeded to
immunophenotype the cells and showed that amongst T cells,
the initial predominance of CD4 (48%) and CD8 (44%) at 1 h
changed over time, becoming predominantly CD4 cells, with
more demonstrating a CD3+CD4+FoxP3+ Treg phenotype.

Finally, they examined cytokine protein levels in the perfusate.
As demonstrated by others, many cytokines are secreted into the
perfusate over the duration of perfusion. Among cytokines, they
identified IL6 as one of interest, as it was increased in DCD grafts
compared with DBD grafts, and was higher in discarded livers
relative to those transplanted, with macrophages implicated as
the major source in the single cell transcriptomic data. We have
independently observed similar associations of perfusate IL6 with
adverse clinical outcomes, with the highest levels found in a liver
suffering primary non function (Watson, unpublished). These
data raise the potential of perfusate IL6 as a viability biomarker,
but require larger datasets to confirm. The authors also found
TNF to be significantly raised in the perfusate of discarded livers
compared to transplanted livers, together suggesting that a
heightened innate inflammatory response is associated with
worse outcomes, and mirroring bulk transcriptomic data in
kidneys undergoing NMP [9].

What can we take away from the paper for clinical use? First,
potential targets for intervention have been identified. Immune
cells are activated at the start of perfusion, cytokines released, and
neutrophils, the most dominant cells, exhausted over time.
Targeting DAMPs (damage-associated molecular patterns) or
cytokines such as IL1β and IL18 capable of stimulating
neutrophil activation may mitigate the initial immune
response. Elevated IL6 and TNF were associated with worse
outcomes, but these associations remain correlative rather than
definitively causative. The authors recommend selective
neutralization of cytokines, rather than global cytokine
removal, which we have shown to reduce the transcriptional
changes associated with delayed graft function in kidneys [9].

Even without removal or neutralization of specific cytokines,
the data from Hautz et al. suggest that prolonging perfusion over
6 h may in itself result in an environment more conducive to liver
recovery, and therefore decisions regarding viability should be

delayed, as suggested by other work from the Innsbruck group
which showed that lactate values at 6 h are the most predictive
value (paper in preparation). In addition, the emigration of
neutrophils during NMP, and their loss on the circuit, may
result in a less immunogenic graft.

The literature on cardiopulmonary bypass (CPB) reports a
systemic inflammatory response syndrome which is associated
with high levels of IL8 [10, 11], and is thought to be related to
contact activation of neutrophils exposed to the tubing and
oxygenator surfaces of the CPB circuit and the sheer stresses
involved [12, 13]. These surfaces may account for the
sequestering of neutrophils in NMP. Hence it is possible that
it is the mechanical circuit, rather than the liver, that is
responsible for the transcriptional changes observed in
neutrophils in this study. Therefore another therapeutic
avenue to explore would be interventions to the circuit, such
as “pacifying” the circuit with high density lipoprotein or albumin
before perfusion begins to reduce neutrophil adhesion, or using
human albumin in place of Gelofusine [14]; alternatively
consideration may be given to altering the oxygenator design
[15], to assess whether any of these interventions results in less
neutrophil activation and sequestration, and cytokine
production.

Overall, this study by Schneeberger’s group provides a
granular view of cell-specific transcriptional changes occurring
in immune populations during liver perfusion, coupled with an
assessment of the perfusate, delivering a useful and timely
resource for the community and highlights potential
therapeutic avenues.
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A Forum discussing:

Conversion From Intravenous In-Hospital Belatacept Injection to Subcutaneous Abatacept
Injection in Kidney Transplant Recipients During the First COVID-19 Stay-at-Home Order in
France
by Bertrand D, Brunel M, Lebourg L, Scemla A, Lemoine M, Amrouche L, Laurent C, Legendre C,
Guerrot D, Anglicheau D and Sberro-Soussan R (2023). Transpl Int 36:11328. doi: 10.3389/
ti.2023.11328

The COVID pandemic that first gripped the world in 2020 caused social and economic
dislocations; including healthcare in general, and clinical transplantation in particular [1].
Many transplant centers tried to reduce hospital admissions and direct contact between patients
and providers, and there was widespread expansion of telehealth and remote medical services.
During these times kidney transplant recipients receiving monthly intravenous injections of the
co-stimulation blocker Belatacept were identified as high risk for hospital-acquired COVID
infection and as needing an alternative to hospital-based i.v. drug injections. While some centers
converted patients back to oral immunosuppressive protocols [2] others initiated a specific
infection control protocol [3]. In the current issue of Transplantation International two French
transplant centers [4] describe an alternative approach and converted 176 patients from
maintenance 5 mg i.v. monthly in-center Belatacept to weekly 125 mg subcutaneous
Abatacept injections at home. The reason for the drug switch was to reduce the need for
patients to travel to the transplant center during the early chaotic period of the COVID
pandemic. It is important to note that patients were previously converted to Belatacept
because of calcineurin inhibitor (CNI) toxicity (mean eGFR 38 mL/min), and were also
given mycophenolate mofetil and steroids. The authors postulated that the alternative
CD80/86 co-stimulation blocker Abatacept, administered subcutaneously, could substitute
for i.v. Belatacept and provide equivalent immunosuppression using the approved dose for
rheumatoid arthritis [5]. After 3 months patients were reconverted to Belatacept, when in-home
infusions of Belatacept were again authorized in France. During this short 3-month observation
period a low frequency (1%–2%) of changes in graft function, rejection, viral infections, and
adverse events were recorded. Injection site reactions were uncommon and not severe. Seven
patients (4%) experienced COVID-19 while treated with Abatacept, two developed severe
symptoms but all recovered. Importantly, the patients were well informed and felt safe after
conversion to Abatacept. In 61% of patients home care nurses did the injections, and
approximately half of the patients found Abatacept injections less restrictive because of
independence and no hospital attendance. Interestingly, 49% of patients would continue
with Belatacept if they had the choice, compared to only 38% with Abatacept. Patients who
preferred Belatacept reported that they liked hospital-based reassurance of their status, and
disliked weekly injections, nurse dependency, and the risk of forgetting. In summary, this large
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well-described cohort demonstrates the feasibility, safety, and
efficacy of once-weekly subcutaneous injection of Abatacept in
kidney transplant recipients previously treated with
Belatacept. Although some patients still favored the less
frequent but more intrusive hospital-based i.v. method of
drug delivery.

Belatacept, a fusion protein of the Fc fragment of a human
IgG1 linked to the extracellular domain of CTLA-4 [6] was
engineered to overcome slightly weaker binding avidity to
CD80/86 of the progenitor molecule Abatacept, which differs
just by 2 amino acids. These changes increased in vitro T-cell
inhibitory activity and demonstrated superior protection from
allograft rejection in pre-clinical models but were limited to the
i.v. formulation of Belatacept. Extensive clinical trials and follow-
ups have confirmed the efficacy of Belatacept for kidney
transplantation [6–8], and the drug is often employed as a
substitute or conversion agent to overcome intolerance to
CNIs. Common reasons for switching include nephrotoxicity,
thrombotic microangiopathy, posterior reversible
encephalopathy syndrome, reducing cardiovascular risk
factors, etc. However, widespread use has been limited by the
need for monthly i.v. infusions, production shortages, and
concerns of more acute rejection in higher immunological risk
patients [9]. Subcutaneous Abatacept fell off the transplant radar
but did find a home to treat autoimmune disorders such as
rheumatoid arthritis, psoriasis, autoimmune cytopenia, and
others [5, 10]. Over the last decade, several small case series
and case reports described the use of Abatacept in kidney
transplantation for narrow indications such as recurrent focal
segmental glomerulosclerosis (FSGS) [10–13], due to
unavailability of Belatacept [14] or the lack of venous access
[15]. While results on the treatment of recurrent FSGS with
Abatacept are conflicting, all the reports confirm overall safety
and effective prevention of rejection with Abatacept, comparable
to Belatacept. The largest series until now included 9 rescue
kidney recipients switched from a CNI to Abatacept when
Belatacept was unavailable. This resulted in stable graft
function for a median of 82 months (14). Most (8/9) patients
were given i.v. Abatacept 10 mg/kg instead of i.v. Belatacept
5 mg/kg, and 1/9 developed a Banff 1A acute rejection. The
one patient given subcutaneous Abatacept did well. In a
second series, 5 kidney recipients with histologically confirmed

CNI nephrotoxicity were switched to subcutaneous Abatacept
125 mg weekly (15). No rejection episodes or DSA appearance
were observed after a median of 9 (5–17) months. Two patients
did experience reactivation of Cytomegalovirus, which is also
seen in Belatacept-treated patients.

Despite all the problems and the enormous burden on the
global health system, which persists to this day, the pandemic also
brought forward some innovative ideas. Similar to the fruitful
lessons learned from remote patient monitoring and telemedicine
during the COVID pandemic, the unique experience of
conversion to Abatacept during the early COVID outbreak (4)
may have rekindled the interest in this agent for kidney
transplantation. While the encouraging observations reported
herein from a relatively large number of kidney recipients
have piqued the interest for further study, the relatively short
treatment interval of 3 months and lack of controls necessitates
caution and the need for more evidence of safety and efficacy.

With this in mind, one center has embarked on a randomized
controlled phase 2b conversion trial from Belatacept to
Abatacept, entering kidney transplant recipients stable for at
least 2 years on Belatacept and off all CNI drugs for at least
6 months (ClinicalTrials.gov NCT04955366). Such trials should
be encouraged and perhaps multi-center collaboration can be
envisioned in the near future to seek a proper role for Abatacept
in the transplant immunosuppressive drug armamentarium. At a
minimum, the availability of Abatacept as a backup would also be
a welcomed addition during periods of Belatacept production
shortages.
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Due to demographic ageing and medical progress, the number and proportion of older
organ donors and recipients is increasing. At the same time, the medical and ethical
significance of ageing and old age for organ transplantation needs clarification. Advanced
age is associated with the frailty syndrome that has a negative impact on the success of
organ transplantation. However, there is emerging evidence that frailty can be modified by
suitable prehabilitation measures. Against this backdrop, we argue that decision making
about access to the transplant waiting list and the allocation of donor organs should
integrate geriatric expertise in order to assess and manage frailty and impairments in
functional capacity. Prehabilitation should be implemented as a new strategy for pre-
operative conditioning of older risk patients’ functional capacity. From an ethical point of
view, advanced chronological age per se should not preclude the indication for organ
transplantation and the allocation of donor organs.

Keywords: old age, frailty, organ allocation, organ transplantation, prehabilitation

INTRODUCTION

In the Eurotransplant region, the trend of increasing age of both donors and recipients of
deceased donor organs is evident. Between 2012 and 2021, the share of deceased donors older
than 65 years rose from 23.3% to 27.8%. A similar tendency can be shown for recipients. In
2012, 3.88% of the recipients of lungs were older than 65. In 2021, this share amounted to
12.64%. In the same time interval, there was an increase of the respective shares of older
recipients of livers from 13.45% to 19.39%, of hearts from 6.68% to 9.29%, and of kidneys from
27.4% to 28.98% [1].

These increases in donor and recipient age raise new questions in public and policy debates on
organ donation in the context of old age [2, 3]. Thus, the growing number of older potential organ
recipients intensifies concerns about “organ scarcity” and fuels controversies about the efficient use
and just distribution of available donor organs between age groups [4, 5]. At the same time, however,
older people are discovered as a largely untapped source of donor organs and play an important role
in new strategies for a more efficient and fair utilization of available organs. For example, they are
targeted as a separate subgroup of kidney donors and recipients in “old for old” programs like the
Eurotransplant Senior Program (ESP) [2].
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In these and similar debates, assumptions about the medical
chances and risks of organ transplantation at advanced age play a
crucial role. The prospective medical success of the procedure is a
criterion for its medical indication and ethical beneficence at an
advanced age. It also factors into the discussion and regulation of
the appropriate allocation of donor organs. In this context,
advanced chronological age is frequently discussed as a
distribution criterion, fostering controversial proposals for age-
based rationing of medical resources for the sake of younger age
groups and sparking concerns about age discrimination [6, 7].

A central aspect is the functional capacity of older recipients in
the context of frailty. The frailty concept describes a syndrome
which is associated with ageing and means impairment of
functional capacity, physiological reserve, and body resilience.
In older people undergoing major surgery, these changes may
bear a considerable risk for the development of postoperative
complications and prolonged recovery, including limited graft
function in the case of organ transplantation. Functional status
declines on the waiting list for kidney transplantation and has
been shown to be associated with greater mortality and all-cause
graft loss [8]. Similar findings have also been reported for liver
transplantation [9]. However, recent studies indicate that this risk
may be modifiable through adequate preventative measures.
Therefore, it may be medically unwarranted and ethically
problematic to exclude patients based on chronological age.

Against this backdrop, the contribution discusses the medical
assessment and ethical evaluation of the success of organ
transplantation in old age. In doing so, we particularly focus
on the relevance of frailty for transplant success. We first provide
a brief overview of the increasing relevance of old age in organ
donation and transplantation, also considering the role of
chronological age and frailty in allocation algorithms like the
LAS score for lung transplantation. We then highlight the state of
research regarding the impact of frailty on transplantation
outcomes and review existing evidence that frailty constitutes
a modifiable risk factor which can be mitigated by preventative
measures. On this basis, we draw conclusions for an adequate
treatment of older patients in organ transplantation. These
include appropriate score-based risk stratification to achieve
transparency for decision making and allocation algorithms of
transplant candidates. Before excluding a candidate from
transplantation due to age-related functional impairment and
frailty, all potential measures of conditioning the patient should
be taken into consideration.

OLD AGE AND FRAILTY IN ORGAN
TRANSPLANTATION

There is ample evidence that older patients can benefit from
organ transplantation. In the US and Europe, a survival advantage
for older people (>60 years) vis-a-vis patients on the waiting list
who remain on dialysis could be observed [10]. Compared to
dialysis, organ transplantation doubles the life expectancy of
older people [11]. Survival improves after the first year in
patients between 60 and 74 years with a predicted increased
life expectancy of 5 years and a 61% reduction in long-term

mortality risk [12, 13]. Even in ESP kidney transplantation, the
quality of life and the survival rate are significantly better than in
patients of the same age who are dialyzed [14].

Nevertheless, older patients pose certain challenges to
transplantation medicine. This is due to functional impairment
and considerable comorbidity often related to the underlying
organ dysfunction. In recent years, frailty has come into
consideration as an identifiable preoperative risk factor for the
postoperative outcome of organ transplantation [15–20]. The
concept describes a syndrome which is associated with ageing and
means impairment of functional capacity, physiological reserve,
and body resilience. Frailty symptoms are unintended weight loss,
exhaustion, weakness, slow gait speed, and low physical activity.
They can be summarized in the Fried Frailty Index or other
indices that also consider cognitive functioning [21, 22]. While
age is the only conventional factor associated with frailty in
kidney transplant patients, activities of daily living (ADL),
depression scale, education, and health-related quality of life
(HRQOL) are independently associated. Poor grip strength,
exhaustion, and slowed walking speed are predictors for
mortality risk [23]. Moreover, preoperative cognitive function
in older people has turned out to be associated with postoperative
complication rate and length of hospital stay after major
surgery [24].

Frailty is also frequently associated with sarcopenia [25]. The
International Working Group on Sarcopenia (IWGS) defines
sarcopenia as “age-associated loss of skeletal muscle mass and
function.” The primary parameter is reduced muscle strength
which leads to impaired physical resilience due to reduced muscle
quantity or quality [26, 27]. Primary sarcopenia is age-associated,
whereas secondary sarcopenia has other causes, e.g., a systemic
disease, increased inflammation, decreased physical activity, and
inadequate energy and protein intake [27]. Chronic organ failure
as the indication for organ transplantation is frequently
associated with sarcopenia and frailty [28, 29]. Sarcopenia has
been shown to be an independent predictive factor of
postoperative complications after liver transplantation for
primary liver tumors [30], as well as for major morbidity and
mortality after lung and heart transplantation [25, 31]. There is
controversial data regarding the correlation of sarcopenia and
long-term survival after liver transplantation [30, 32].

A high number of hospital admissions has been observed for
kidney transplant candidates during the first year on the waiting
list, which is a risk factor for waiting list mortality and lower graft
and recipient survival [33]. Most of the symptoms are common
across different types of organ failure. A systematic review of
frailty in lung transplantation showed a prevalence of frailty of
0%–58% [34]. In kidney transplant recipients, prevalence of
frailty is about 11% and has been shown to be associated with
dialysis duration [35]. Frailty is a predictor of surgical
complications after kidney transplantation [20, 36]. In patients
undergoing lung transplantation, frailty was associated with
decreased survival and an increased risk of early mortality in a
systematic review [34]. The syndromemay be also associated with
postoperative delirium and medium-term cognitive decline after
transplantation [8, 37]. Furthermore, discharge frailty is also
associated with a risk for unplanned rehospitalization [38].
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Importantly, a prospective study in kidney transplant recipients
showed that pretransplant frailty may improve after an initial
decline within 3 months after surgery [39].

Frailty thus constitutes a highly relevant aspect in the
consideration of organ transplantation in older adults.
Geriatric medicine has developed authoritative expertise and
instruments to detect and assess frailty. Comprehensive
geriatric assessment (CGA) is a multidimensional,
multidisciplinary process which identifies medical, social, and
functional needs, and the development of an integrated/
coordinated care plan to meet those needs [40]. The
instruments used in CGA allow for the identification but also
quantification of risk factors, functional capacities and
impairments, as well as needs and strengths/resilience of an
individual person in his or her environmental setting and goes
beyond the determination of frailty status. Importantly, with the
help of CGA, modifiable risk factors can be identified and
consecutively targeted by interventions such as exercise,
nutrition, adaption of medication, or prehabilitation.
Components of CGA include assessments regarding medical/
physical, psychological/psychiatric (cognition, emotion),
functionality, mobility and falls, nutrition, socio-economic
aspects through which goal setting, care planning, treatment/
rehabilitation as well as discharge planning are tailored for the
individual patient [40].

In the context of organ transplantation, a study on
incorporating geriatrics and geriatric assessments into kidney
transplant evaluation showed that this was feasible and that
components of the geriatric assessment, specifically walking
speed, falls, dependencies in the Instrumental Activities of
Daily Living (IADL) and Activities of Daily Living (ADL),
were significantly associated with patients’ transplant rate,
waiting list placement or removal, and mortality [41]. Another
study on using CGA for decision making concerning kidney
transplant revealed that geriatricians’ recommendations for
kidney transplant was influenced by impairments in IADL,
physical function, and frailty [42].

OLD AGE AND FRAILTY IN ORGAN
ALLOCATION

Old age and frailty also play an important role in the allocation of
donor organs. Special transplantation programs for older people
have been existing for over 20 years. In the United States, the
allocation of kidneys divides donors into standard kidney donor
profile index patients (KDPI) and high kidney donor profile index
patients (high KDPI). High KDPI kidneys derive from donors
older than 60 years and donors 50–59 years with co-morbidities.
Participation in this allocation scheme is voluntary and one can
choose to be listed for the KDPI kidneys (opt in). The vast
majority of patients on the KDPI waiting list are older candidates.
For older people, an advantage of this system is that it uses an age-
matching formula whereby recipients are entitled to kidneys from
donors who are no more than 15 years younger or older [43].

In the Eurotransplant region, organ-specific allocation rules
differ with respect to the incorporation of age or functionality-

related variables. Age is an explicit criterion in the allocation of
kidneys and lungs, whereas variables measuring functionality are
only explicitly relevant in lung allocation. The Eurotransplant
Senior Program (ESP) was established in 1999 as a special
program for kidney transplantation from older donors to older
recipients [44]. The program allocates organs between donors
and recipients who are 65 years and older [11, 45]. Since 2001, the
ESP has become part of the Eurotransplant Kidney Allocation
System (ETKAS) [46]. Germany, the Netherlands, and Belgium
are the most important contributors [47]. Using regional
allocation based on waiting time and blood group only,
regardless of HLA match, a short cold ischemic time (CIT)
and thus a good primary organ function can be achieved [48].
ESP leads to significantly reduced waiting times and enhances the
chance for older patients to receive a renal graft [11].

An example for the role of age and its relation to functionality
in organ allocation is the lung allocation score (LAS). The LAS
has constituted the basis for the priority rule of lung allocation in
Germany since May 2005. The higher a patient’s LAS, the higher
his or her priority to receive a donor lung. The score is
constructed based on empirical data from the United States. It
consists of estimates for urgency and expected survival after
transplantation at the time an organ is offered. For each
patient on the lung waiting list, specific data characterizing the
patient and their health status are needed.

The first element of a patient’s LAS is an estimate of urgency
based on the estimated probabilities to survive from day to day
without a transplant during the next year. The second element
consists of estimates for day-to-day survival within the year after
transplantation. For these estimates, several diagnostic data are
used, among them the variables age at the time of offer
(depending on the type of diagnosis), functional status
(distinguishing between no assistance, some assistance and
total assistance) and 6-min walking distance (more than
150 feet or not). Ceteris paribus, the older the patient, the
lower their functional status or walking distance, the shorter
the expected survival without a transplant, i.e., the higher the
estimated urgency. Ceteris paribus, the higher the age at
transplantation, the lower the expected survival time after
transplantation.

The estimate for transplantation success in the LAS is the
difference between the expected survival time with transplant and
without transplant. Since both are influenced negatively by age, it
is not possible to make a general statement on the dependency of
the success measure on age. The LAS itself is constructed as a
difference of the measure for success and the expected survival
time without a transplant. The higher the urgency, the higher the
LAS, the higher the estimated success the higher the LAS.
Although a general statement on the ceteris paribus
dependency of the LAS on age is not possible, comparing
fictional examples shows, e.g., that patients of higher age can
achieve a relatively high LAS in case they need no assistance or
some assistance. Comparable approaches integrating functional
capacity measures are missing for other types of organ
transplantation.

From a geriatric point of view, chronological age per se should
not have too much impact on the allocation score. Instead,
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functional capacity should be given greater weight. Although
walking speed is a major predictor of functional decline and
mortality in older people [49], the internationally widely used
Short Physical Performance Battery (SPPB) [50] additionally
measures balance control and lower limb strength (five chair
rise). The SPPB has been used to assess physical function in a
study on pre-transplant physical function and outcomes after kidney
transplant [51]. It was shown to be independently associated with
length of hospital stay regardless of age [52, 53] and is also a
common measure used in lung transplantation [54]. Generally, in
geriatrics, assessment of cognition is important and cognitive
impairment is also considered part of a frailty phenotype.
However, in a study on frailty measures in patients listed for
lung transplantation, cognitive function and depression variables
did not strengthen the association with lung transplant waiting list
mortality compared with the physical frailty measure [55]. Further
research is needed to assess the influence of cognitive impairment on
transplantation outcomes.

PREHABILITATION AND TRANSPLANT
SUCCESS

Age and functionality represent important factors in the assessment
of transplant success. Therefore, they also play a crucial role
regarding access to and allocation of donor organs. Thus, it has
been shown in a prospective multicenter study that frailty is
associated with a lower chance to be listed for kidney
transplantation [15]. However, there is increasing evidence that
impaired functionality due to frailty may be a modifiable risk
factor in older patients. For example, heart-failure associated
frailty may be reversible [56]. In a study on lung transplant
patients, pre-transplant SPPB increased following pre-
habilitation [57].

Preoperative conditioning can improve physical function and
nutritional status in high-risk patients before major abdominal
surgery and may reduce the rate of complications [58, 59]. So-
called trimodal prehabilitation consists mainly of physiotherapy
and nutrition therapy as well as psychological intervention. New
data suggest that long-term preoperative conditioning performed
in appropriate risk patients not only improves physical functions
and nutritional status per se but can also have positive effects on
the postoperative course [60]. The concept developed by a
Canadian group with anesthetist Franco Carli is to improve
the functional status before the operation in order to attenuate
the postsurgical decline, to diminish the risk for a complicated
course, and to treat the patient according to an enhanced recovery
after surgery (ERAS) protocol (Figure 1) [58, 59].

The exact effects of prehabilitation on the postoperative
systemic inflammatory response have not been elucidated, yet.
When comparing prehabilitation in major surgery with
conventional rehabilitation alone, the additional prehabilitation
appears to be more effective. A period of four to 6 weeks has been
proven efficient in patients undergoing major surgery for cancer.
A recent meta-analysis of 22 randomized studies carried out
between 1991 and August 2020 showed a significant
improvement in functional capacity for patients undergoing
major cancer surgery, measured in 6-min walking distance, as
well as a significantly shorter hospital stay [60]. In other meta-
analyses, a decrease of complication rate with special regard to
pulmonary morbidity has been observed [61, 62]. In a recent
multicentric randomized clinical study in patients undergoing
surgery for colorectal cancer, a 4-week in-hospital supervised
multimodal prehabilitation was investigated. 251 patients were
analyzed regarding intention-to-treat. The number of severe
complications was significantly lower in the treatment group
compared to standard care, and prehabilitation patients had
significantly fewer medical complications [63].

FIGURE 1 | Multimodal prehabilitation.
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Similar experience is currently beginning to emerge for the
field of organ transplantation. Thus, prehabilitation has been
shown feasible prior to kidney transplantation in a Johns Hopkins
pilot study of 24 patients [64]. Remote coaching of home exercise
has also been proven to be feasible and effective in patients on the
waiting list for kidney transplantation [65]. Furthermore, the
feasibility of a 12-week home-based prehabilitation was
demonstrated in 18 candidates for liver transplantation with
an improvement of aerobic and functional capacity, as well as
parameters of quality of life. The program included average daily
step targets and twice-weekly resistance exercise [66]. Eventually,
prehabilitation has also been shown to be effective for improving
quality of life and mood status, and reducing dyspnea in patients
waiting for lung transplant [67]. Nevertheless, evidence is still
limited, especially with regard to duration, modalities and
intensity of the program. More systematic research with well-
powered randomized trials is needed. Recently, a protocol for a
comparative study of frailty in patients on the kidney transplant
list regarding the composite of time to death or permanent
waiting list withdrawal was published in Canada [68].
Secondary outcomes will include number of hospitalizations
and length of stay, and in a subset, changes in frailty severity
over time, changes in quality of life, and the probability of being
accepted to the waiting list.

CONCLUSION AND OUTLOOK

Old age and frailty play a crucial yet complex role in organ
transplantation and allocation. In light of geriatric research, a
general equation of advanced chronological age and frailty
appears unacceptable. Moreover, there is increasing evidence
that frailty constitutes a modifiable risk factor that can be
mitigated by suitable prehabilitative measures.

This has important implications for transplantation medicine.
First, general chronological age limits for organ transplantation
and allocation appear problematic. The functional status and thus
the chances and risks of organ transplantation for older patients
need to be assessed on an individual basis. When it comes to
organ allocation, complex, multifactorial score systems
incorporating geriatric scores provide a more accurate,
differentiated, and transparent account than general age limits.
In both contexts, geriatric medicine can offer suitable professional
expertise and validated tools, such as the widely used SPPB that
has already been applied in several studies on patients waiting for
lung or kidney transplant.

At the same time, the potentials of prehabilitation to mitigate
the risks and increase the success rates of organ transplantation
for older recipients need further scientific examination and
evidence-based practical guidelines. To this end, more
systematic data collection and large-scale clinical studies are
needed to investigate the effects of prehabilitation and evaluate
and compare the outcomes of different prehabilitation measures,
especially in the context of organ transplantation for older people,
with a focus on health-related quality of life [69]. On this basis,
specific guidelines for clinical practice could be formulated.

There are currently no clear recommendations for the
organization and implementation of prehabilitation programs.
Programs vary widely in terms of duration, content, and
frequency of individual measures. For transplant candidates,
home- or community-based programs will be most favorable.
The special challenge in transplantation patients is the
unpredictable time of surgery, and the motivation of the
patient for self-managing responsibility. At the same time,
motivation and cooperation of the patient in prehabilitation
may be considered a predictor of long-term adherence as a
basic requirement for transplant success. There are first
approaches to prepare and support older transplant recipients
for self-management before transplantation, to clarify
expectations regarding posttransplant outcome, and to provide
support in case of prolonged recovery [70].

Overall, the realization of these recommendations requires a
systematic inclusion of geriatric expertise in the relevant studies,
organizations, and clinical procedures in the field of
transplantation medicine. Geriatric professionals and
assessment instruments for frailty like the SPPB should be
included on a regular basis in the evaluation of older potential
transplant recipients. More research and practical experience is
needed regarding the successful involvement of geriatricians in
the process of waiting list placements. In addition, state of the art
geriatric research should inform the formulation of adequate
allocation scores and algorithms for older patients, as well as the
development and implementation of suitable prehabilitation
programs. This can help to support a more effective utilization
of donor organs and prevent ageist stereotypes as well as fears of
discrimination of older people in the context of organ
transplantation.
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Heart Transplantation in High-Risk
Recipients Employing Donor Marginal
Grafts Preserved With Ex-Vivo
Perfusion
Sandro Sponga1,2*, Igor Vendramin2, Jawad Salman3, Veronica Ferrara1,
Nunzio Davide De Manna2, Andrea Lechiancole2, Gregor Warnecke4, Andriy Dralov2,
Axel Haverich3, Fabio Ius3, Uberto Bortolotti 2, Ugolino Livi 1,2 and Murat Avsar3

1Department of Medicine, University of Udine, Udine, Italy, 2Cardiothoracic Department, University Hospital of Udine, Udine, Italy,
3Department of Cardiothoracic, Transplant and Vascular Surgery, Hannover Medical School, Hannover, Germany, 4Department
of Cardiac Surgery, Heidelberg Medical School, Heidelberg, Germany

Extending selection criteria to face donor organ shortage in heart transplantation (HTx) may
increase the risk of mortality. Ex-vivo normothermic perfusion (EVP) limits ischemic time
allowing assessment of graft function. We investigated the outcome of HTx in 80 high-risk
recipients transplanted with marginal donor and EVP-preserved grafts, from 2016 to 2021.
The recipients median age was 57 years (range, 13–75), with chronic renal failure in 61%,
impaired liver function in 11% and previous cardiac surgery in 90%; 80% were
mechanically supported. Median RADIAL score was 3. Mean graft ischemic time was
118 ± 25min, “out-of-body” time 420 ± 66min and median cardiopulmonary bypass
(CPB) time 228min (126–416). In-hospital mortality was 11% and ≥moderate primary graft
dysfunction 16%. At univariable analysis, CPB time and high central venous pressure were
risk factors for mortality. Actuarial survival at 1 and 3 years was 83% ± 4%, and 72% ± 7%,
with a median follow-up of 16months (range 2–43). Recipient and donor ages, pre-HTx
extracorporeal life support and intra-aortic balloon pumpwere risk factors for late mortality.
In conclusion, the use of EVP allows extension of the graft pool by recruitment of marginal
donors to successfully perform HTx even in high-risk recipients.

Keywords: heart transplantation, normothermic machine perfusion, high-risk recipients, donor marginal grafts, ex-
vivo heart preservation

INTRODUCTION

Orthotopic heart transplantation (HTx) is considered the gold standard treatment for patients with
advanced refractory heart failure; however, while the demand is growing, the possibility to perform
HTx is still limited by the chronic donor shortage [1]. Although expanding donor selection criteria
could allow employment of a larger number of organs, it entails an increased risk of early and late
mortality [1, 2]. This is particularly relevant in case of high-risk recipients, as those with multiple co-
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morbidities, a compromised clinical status or requiring pre-HTx
mechanical circulatory support (MCS), in whom a more
challenging surgical procedure may result in prolonged cold
ischemic and bypass times, possibly jeopardizing donor heart
viability [3, 4]. Based on these considerations, the use of
suboptimal grafts might be a potential solution to increase the
donor pool; however, whether high-risk recipients should be
transplanted with marginal or regular donors is still a debated
issue, which raises ethical problems requiring in some instances
both physician and recipient agreement [5]. Marginal donor
grafts were used in the past with traditional preservation
techniques but since the results have been suboptimal
especially in high risk recipients, such grafts are currently not
considered for regular patients [6].

Cold static storage is the standard preservation technique of
the donor graft, but it may not avoid ischemic and reperfusion
injuries when preservation time exceeds 4 h [4], mainly in case of
HTx with marginal grafts. In fact, it is well known how a
prolonged ischemic time impacts significantly the outcome
when combined with other donor and recipient variables [4].

Ex-vivo normothermic perfusion (EVP) is a novel procedure
that, maintaining donor grafts in a beating, normothermic
condition, limits ischemia-reperfusion injuries, allowing
potential recovery of suboptimal organs, also favoring
recruitment of longer-distance donors. Moreover, during graft
transportation, EVP allows real-time monitoring of graft
hemodynamic and metabolic parameters and timely
identification of potentially unsuitable hearts [7].

The aim of the present study was to investigate the clinical
outcomes of HTx in high-risk recipients who were transplanted
only with grafts, selected according to extended donor criteria
and preserved with EVP.

PATIENTS AND METHODS

Study Population
All consecutive high-risk patients who underwent HTx with
grafts from marginal donors and preserved with EVP at the
University Hospital of Udine and Hannover Medical School,
from 2016 to 2021, were retrospectively analyzed. Indication for
EVP was the same in the two centers and involved in all cases
employment of a marginal graft for a high-risk recipient, as
subsequently defined. The study was approved by the
Institutional Review Board (Clinical Registration Number:
18386, 1 August 2016) and informed consent was waived due
to its retrospective nature. The major end-point of the study was
the assessment of early andmid-term clinical outcome in terms of
survival and major complications after HTx.

Donor Heart Preservation
In the present series EVP was achieved in both participating
centers employing the Organ Care System (OCS) (Transmedics
Inc., Boston, MA, United States). The OCS perfusion technique
has been described in detail previously [8]; briefly, it is instituted
by cannulating the aorta and pulmonary artery of the graft and
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connecting them to a perfusion circuit with an oxygenator and a
pulsatile pump. The beating heart is perfused with warm,
oxygenated, nutrient-enriched donor blood mixed with
priming solution. Graft function is assessed by continuous
monitoring of aortic pressure, coronary flow and lactate trend.
Final arterial lactate value (<5 mmol/L), lactate trend, difference
between arterial and venous lactate concentration, visual
contractility and stability of the perfusion data on OCS are all
considered for HTx acceptance of donor grafts. The OCS device
was transported either by car, plane or helicopter based on the
distance of the donor hospital.

HTx Procedure
Criteria for recipient selection and donor-recipient matching
were based on standard guidelines [9–12]. HTx was performed
using the bicaval anastomosis technique and immunosuppression
therapy was standardized with steroids, calcineurin inhibitors
and mycophenolate mofetil. Postoperative and long-term follow-
up protocols at the University Hospital of Udine have been
previously published and have remained unchanged during the
study period [13–17]. In Hannover, all HTx recipients underwent
triple immunosuppressive therapy with tacrolimus, prednisolone
and mycophenolate mofetil. All patients underwent induction
with anti-thymocite globulin on day 3, 4 and 5 after HTx.
Endomyocardial biopsies were performed every 2 weeks during
the first 3 months of follow-up. Seven patients who showed pre-
transplant allosensitization and a positive virtual crossmatch were
treated with a perioperative combination of therapeutic
plasmapheresis, followed by infusions of Tocilizumab before
allograft reperfusion, a single infusion of human
immunoglobulins with or without a single infusion of Rituximab.

Definition of Terms
High-risk recipients were defined as those on pre-HTx
dependence from inotropic support, pre-HTx implantation of
an intra-aortic balloon pump, those bridged to HTx with
extracorporeal life support systems (ECLS) or a ventricular
assist device (VAD). For ECLS support a Quadrox-i
oxygenator and a Cardiohelp centrifugal pump (Getinge,
Göteborg, Sweden), were employed. ECLS was used in 26% of
patients in one center and in 5% in the other depending on
different treatment policies of moderate primary graft
dysfunction (PGD). Donors selected according to extended
criteria, defined as “marginal,” were considered
those ≥55 years of age, with a history of drug abuse, cardiac
resuscitation or severe prolonged hypotension (>20 min),
coronary artery disease, with at least a >30% stenosis of a
major coronary branch, expected graft ischemia time ≥4 h, left
ventricular ejection fraction <50%, interventricular septum
thickness >14 mm, or body surface area difference between
donor and recipient >20%. Hemodynamic support of the
donor grafts was generally obtained with infusion of ≤0.1 y/kg/
min of norepinephrine.

Chronic renal failure was defined by a glomerular filtration
rate <50 mL/min/m2 or a persistent 50% increase of serum
creatinine level. Impaired liver function was considered as at
least a twofold increase of bilirubin and/or liver enzymes.

PGD was defined according to the International Society for
Heart and Lung Transplantation (ISHLT) consensus statement,
considering it relevant when grade ≥ moderate [18, 19].

Acute renal failure was defined following the Risk of renal
dysfunction, Injury to the kidney, Failure of kidney function, Loss
of kidney function, End-stage kidney disease (RIFLE) criteria
[20]. The indication for continuous renal replacement therapy
was based on persistent oliguria (<0.5 mL/Kg/h) for at least 6 h, a
double increase of serum creatinine levels or at least 50%
reduction of the glomerular filtration rate within 24 h.

Infections were defined as any episode requiring antibiotic,
antiviral or antifungal treatment. Acute rejection was diagnosed,
scored and treated following the ISHLT guidelines [21]. Grade ≥
2 acute rejection or any type of rejection, cellular and/or antibody
mediated with hemodynamic impairment was considered as a
post-HTx complication and treated accordingly. Coronary
allograft vasculopathy was diagnosed by yearly angiographies
and defined according to ISHLT classification [22, 23].

For prediction of PGD, the RADIAL score has been used
which is calculated on six factors with similar influence, four of
which are related to the recipient: Right atrial
pressure ≥10 mmHg, Age ≥60 years, Diabetes and Inotropic
support dependence while two are related to the donor:
Age ≥30 years and Length of total graft ischemic
time ≥240 min. The presence of each of these factors in an
individual patient adds 1 point to the final PGD predictive
score [6].

Statistical Analysis
Continuous variables were expressed as mean ± standard
deviation or median and range (min-max) according to the
data distribution, after performing the Kolmogorov-Smirnov
test for normality. Categorical variables were presented as
absolute numbers and percentages. Cumulative overall survival
was defined as freedom form all-cause mortality and was
determined by the Kaplan-Meier method. Binary logistic
regression was used to assess factors for PGD ≥ moderate and
in-hospital mortality, while Cox-regression model was used for
long-termmortality after HTx. De Long’s nonparametric receiver
operating characteristic analysis of the area under the curve
(AUC) was performed to estimate the accuracy of risk factors
that were identified at the univariate analysis and to determine a
cut-off value.

Analyses were performed with IBM SPSS Statistics 22 for
Microsoft Windows (IBM Corp., Armonk, NY).

RESULTS

Baseline Characteristics
During the study period, out of 88 marginal grafts 80 were
employed for HTx in high-risk recipients; 37% were
transplanted at the University Hospital of Udine and 71% at
the Hannover medical School; 8 (10%) were discarded after being
considered unsuitable for HTx through OCS graft assessment
because of pathological increase of lactates despite adequate
coronary perfusion in most cases; in particular, right ventricle
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dysfunction, severe aortic valve regurgitation, coronary anomaly
and coronary dissection were detected in four grafts.

Patients Data
Recipient data are shown in Table 1. Median age was 57 years
(range, 13–75); 80% were males, with a mean body mass index of
26 ± 4 and 12 patients had a weight ≥100 kg and a body mass
index ≥30 with a significant size mismatch occurring in 30% of
them. Chronic renal failure was present in 61% patients, three of
whom where in pre-HTx dialysis and underwent combined
heart-kidney transplantation; 11% had impaired liver function
and 90% had a previous cardiac operation; 66% were bridged to
HTx on long-term VAD with a median support time of
22 months (range, 1–133). In 81% urgent HTx was performed:
of these 14% were on short-term ECLS (mean support time of
12 ± 12 days), 12% were dependent from inotropic support and
55% were patients with VAD-related complications. Median
RADIAL score was 3 (range, 0–6); a score ≥4 was present in
35% of recipients.

Donor Data
Donor data are summarized in Table 2. Median donor age was
48 years (range, 17–69); 28% were ≥55 years of age, 65% were
males, 46% smokers, 29% had a history of alcohol abuse and
39% suffered a previous episode of cardiac arrest. On
transthoracic 2D- echo, 6% of grafts had a left ventricular
ejection fraction ≤50%, while 21% showed left ventricular
hypertrophy; in 4% coronary artery disease was disclosed at
angiography revealing 40% stenosis of the left anterior
descending in two cases and stenoses of 45% and 50% of
left anterior descending and right coronary artery in
another, respectively.

Early Outcomes
Mean graft ischemic time was 118 ± 25 min, mean EVP time
289 ± 62 min, mean total “out-of-body” time 420 ± 66 min and
median cardiopulmonary bypass (CPB) time 228 min (range
126–416 min). Three patients underwent combined heart-
kidney transplantation (Table 3).

Post-operative data are shown in Table 4. In-hospital
mortality was 11%. Causes of early deaths were septic (n =
2) or haemorrhagic shock (n = 2), pancreatitis (n = 2), multi-
organ failure (n = 2), and ECLS-related complications (n = 1).
Postoperatively, 15 patients (19%) needed de novo ECLS
support, because of ≥ moderate PGD in 13 patients (16%),
vasoplegia syndrome in 1 and respiratory insufficiency in 1.
Moreover, two patients needed veno-venous ECLS for
pulmonary complications while an intra-aortic balloon was
implanted in three patients. Two patients were assisted with
ECLS for <24 h and 8 for <72 h.

Median intensive care unit stay was 6 days (range, 1–123);
median mechanical assisted ventilation time was 29 h (range, 3 h
to 110 days) with 26% of patients requiring >72 h of ventilation
and 18% a tracheostomy. Median hospital stay was 36 days
(range, 3–236), during which 64% of patients needed dialysis
for acute renal failure, 24% had new onset of atrial fibrillation and
11% acute rejection grade ≥2 (combined with antibody-mediated

rejection 2 in two cases); 19% needed sternal re-entry for bleeding
and 1% had a stroke.

At univariable analysis, CPB time resulted a risk factor for
both ≥moderate PGD (p = 0.001) and in-hospital mortality (p =
0.031).

In addition, high pre-HTx central venous pressure (CVP) was
also a risk factor for hospital mortality (p = 0.050); PGD ≥
moderate and in-hospital mortality predictions of the CPB time
showed AUC of 0.82 and 0.73 with cutoff values of 246 and
272 min, respectively. The predictive role of CVP regarding in-
hospital mortality showed an AUC of 0.69, with a cutoff value of
15 mmHg (Table 5).

Follow-Up Data
During a median follow-up of 16 months (range, 2–43 months),
eight patients died. The causes of late mortality are shown in
Table 6. Actuarial survival at 1 and 3 years HTx was 83% ± 4%
and 72% ± 7% (Figure 1). The rate of grade ≥2R acute rejection
episodes and coronary allograft vasculopathy during follow-up
was 6% and 10%, respectively.

At univariable analysis, recipient age (p = 0.021), pre-HTx
ECLS (p = 0.010), donor age (p = 0.031) were reported to be risk-
factors for late mortality (Table 5).

DISCUSSION

HTx represents the gold standard surgical treatment of end-stage
heart failure with improved early and late post-HTx outcomes;
however, the rate of PGD continues to be relatively high [8]. The
interaction of donor, recipient and procedural factors may
predispose to this life-threatening complication which
represents the leading cause of 30-day mortality post-HTx [9].

TABLE 1 | Patients data.

N = 80

Median age, years (range) 57 (13–75)
Male sex, n (%) 64 (80)
Mean BMI 26 ± 4
Diabetes, n (%) 7 (9)
Mean serum creatinine (mg/dL)a 1.68 ± 0.58
Median GFR, mL/min/m2, (range)a 38 (16–82)
Median SGOT, UI/L (range) 35 (11–110)
Mean SGPT, UI/L 37 ± 16
Median bilirubin, mg/dL (range) 1.22 (0.29–6.47)
Mean PAP, mmHg 38 ± 13
Median CVP, mmHg (range) 12 (2–28)
Previous cardiac surgery, n (%) 72 (90)
Long-term VAD, n (%) 53 (66)
ECLS, n (%) 11 (14)
Inotropic dependence, n (%) 9 (12)
Urgent HTx, n (%) 65 (81)
Median RADIAL score (range) 3 (0–6)

BMI, body mass index; GFR, Glomerular filtration rate; SGOT, Serum glutamic-
oxaloacetic transaminase; SGPT, serum glutamate pyruvate transaminase; INR,
international normalized ratio; PAP, systolic pulmonary artery pressure; CVP, central
venous pressure; VAD, ventricular assist device; HTx, Heart transplantation; ECLS,
Extra-corporeal life support.
aValues reported exclude patients having combined heart and kidney transplantation.
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The improvement of medical and interventional therapies, as well
as the widespread use of MCS systems, have led to consider as
potential candidates for HTx a subset of patients with end-stage
heart failure with increasing age and multiple comorbidities.
Based on the data reported by the ISHLT registry in 2019, in
the last decade, 50% of HTx recipients have had a prior cardiac
surgery, 39% were dependent on inotropic support and 5% had
history of dialysis before HTx [10]. In the present series, 90% of
recipients had a previous cardiac surgery, 61% chronic renal
failure and 12% were on inotropic support, while three patients in
dialysis pre-HTx underwent a combined heart and kidney
transplantation. Therefore, these recipients were considered at
high risk of developing PGD, 32% of them having a RADIAL
score ≥ 4. In this study we have used the RADIAL score to predict
post-HTx PGD since we believe it a simple, still reliable and easy-
to-use tool particularly when data collection involves
International centers; other scores, reported to have a more
predictive accuracy, either consider a large variety of factors,
including many intraoperative data, which were not available for
our analysis, or analyzes only the recipient-related risk factors
[20, 21].

Among high-risk patients a specific group that could
particularly benefit of EVP are those requiring MCS as a
bridge to HTx [14]. In this series the rate of patients on MCS
was much higher than that reported in the ISHLT registry, 66%
being on VAD and 14% on ECLS. Although currently long-term

VAD recipients are not uniformly considered as high-risk
patients, data from the European Registry of Mechanical
Circulatory Support (EUROMACS) recognize VAD as a risk
factor for post-HTx mortality as also confirmed by some
reports from the United States [24, 25]. Particularly, among
our patients many required urgent HTx because of life
threatening complications related to the long-term VAD
implantation. HTx in patients after long-term assistance with
VAD is more complex and technically demanding, due to the
presence of coarse adhesions and bleeding due to anticoagulation
which often require prolonged CPB times. In the present study a
longer CPB time, generally required for more complex redo
procedures such as those in patients with VAD, has been
found to be a risk factor at univariable analysis for both
hospital mortality and PGD as also confirmed by others [19].
Similar problems have been encountered also in ECLS bridged
patients, due to their generally more critical hemodynamic
conditions and frequent multiorgan impairment. Furthermore,
also a high CVP has been found to be a risk factor for early death
as also recognized in the RADIAL score system; indeed, the
effects of a high CVP, mainly on the splancnic district, are well

TABLE 2 | Donor data.

N = 80

Median age, years (range) 48 (17–69)
Age ≥55 years, n (%) 22 (28)
Male sex, n (%) 52 (65)
LVEF ≤50%, n (%) 5 (6)
Mean LVEF, % 56 ± 10
Mean LV diastolic diameter, cm 4.6 ± 0.5
Mean LV systolic diameter, cm 3.4 ± 1.3
Median IVS, mm (range) 12 (7–16)
LV hypertrophy, n (%) 17 (21)
Cardiac arrest/prolonged severe hypotension, n (%) 31 (39)
Mean CPR time, min 28 ± 15
CAD, n (%) 3 (4)
Diabetes, n (%) 1 (1)
Smoking habit, n (%) 37 (46)
Alcohol abuse, n (%) 23 (29)

LVEF, left ventricular ejection fraction; LV, left ventricle; IVS, interventricular septum; CPR,
Cardio-pulmonary resuscitation; CAD, coronary artery disease.

TABLE 3 | Intra-operative data.

N = 80

Mean EVP time, min 289 ± 62
Mean ischemic time, min 118 ± 25
Mean out of body time, min 420 ± 66
Median CPB time, min (range) 228 (126–416)
Combined heart-kidney transplantation 3

EVP, Ex-vivo perfusion; CPB, Cardio-pulmonary by-pass.

TABLE 4 | Post-operative data.

N = 80

Overall complications, n (%) 69 (86)
Moderate/severe PGD, n (%) 13 (16)
ECLS, n (%) 17 (21)
Pre-Htx ECLS 2

IABP, n (%) 3 (4)
Median MAV time, hours (range) 29 (3–2,649)
MAV >72 h, n (%) 21 (26)
Tracheostomy, n (%) 14 (18)
Revision for bleeding, n (%) 15 (19)
Need for CRRT, n (%) 51 (64)
Stroke, n (%) 1 (1)
Atrial fibrillation, n (%) 19 (24)
Median ICU stay (days, range) 6 (1–123)
Median hospital stay (days, range) 36 (3–236)
In-hospital mortality, n (%) 9 (11)

PGD, primary graft dysfunction; ECLS, extra corporeal life support; IABP, Intra-aortic
balloon pump; MAV, mechanical assisted ventilation; CRRT, continuous renal
replacement therapy; ICU, intensive care unit.

TABLE 5 | Results of univariable analysis.

Odds ratio 95% CIs p-value

Risk factors for ≥moderate PGD
CPB time 1.019 1.007–1.032 0.001

Risk factors for in-hospital mortality
CPB time 1.001 1.001–1.023 0.031
Pre-HTx CVP 1.155 1.000–1.333 0.050

Risk factors for late mortality Hazard ratio 95% CIs p-value
Recipient age 6.619 1.331–32.904 0.021
Pre-HTx ECLS 6.183 1.542–24.798 0.010
Donor age 1.089 1.088–1.177 0.031

PGD, primary graft dysfunction; CPB, cardiopulmonary bypass; HTx, Heart
transplantation; CVP, central venous pressure; ECLS, extracorporeal life support; IABP,
Intra-aortic balloon pump.
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known, conditioning the patient status pre-HTx and thus the
outcome [8].

Considering the chronic donor shortage, patients at higher
risk and with multiple comorbidities generally have a reduced
probability to be considered as suitable HTx candidates.
Similarly, also obese patients, who are more likely to have a
significant donor/recipient size mismatch, may have less chances
to be transplanted; moreover, size mismatch becomes a
significant risk factor particularly when associated to other
high-risk characteristics of both recipients or donors [12, 26].
In our study 30% of patients had a significant donor/recipient size
mismatch; however, this data has not been analyzed separately
because of the small number of cases generally associated with
other important risk factors.

To more effectively address the issue of organ shortage, donor
criteria have been extended, enlarging the available donor pool,
but potentially also increasing the risk of adversely affecting the
outcomes after HTx by employing suboptimal grafts. In

performing a donor risk analysis, the use of the
Eurotransplant donor heart risk score has been suggested to
facilitate donor risk assessment allowing for more appropriate
matching of extended criteria donor hearts [27]. However, it does
not include among the donor factors considered the ischemia
time, which is one of the most important variables, the one we
actually tried to restrain with the use of OCS. Furthermore, the
variables included in our analysis are those commonly used in
other similar studies including the more recent Expand trial [28].

In the effort to increase the donor pool by using also marginal
donors, alternative techniques of graft protection, such as the
OCS, have been suggested yielding gratifying results [13]. It has
been demonstrated that the time-dependent negative impact of
ischemia on graft function depends on the donor age since
prolonged ischemia is poorly tolerated by grafts from older
donors [29]. Indeed, EVP provides a better myocardial
protection, not only by allowing to limit the graft ischemic
time, but also to assess and potentially recondition the donor
heart [13–17]. Analysis of histological biopsy samples confirms
that cardiomyocyte damage was either stable or even improved
after reperfusion following HTx in EVP supported hearts, while
after cold storage preservation donor grafts showed at histology
worsening of myocardial damage after reperfusion [12].
Cardiomyocyte degeneration and edema increased after 6 h of
support and, therefore, OCS perfusion longer than 8 h should be
avoided [17]. This is supported by others who demonstrated that
the length of time on OCS was a strong predictor of PGD [19].
Thus, employment of the OCS, the only device currently available
for normothermic ex-vivo heart perfusion, could have an
important role in graft protection limiting the rate of PGD
and PGD-related mortality, especially when critical recipients
receive hearts from high-risk donors [13, 30–34].

TABLE 6 | Long-term complications.

Survivors n = 71

Median follow-up, months (range) 16 (2–43)
Rejection grade ≥2R, n (%) 5 (6)
CAV, n (%) 7 (10)
Late mortality, n (%) 8 (10)
Cardiac 2
Infection 3
Stroke 1
Cerebral hemorrhage 1
Neoplasia 1

CAV, coronary allograft vasculopathy.

FIGURE 1 | Actuarial 3-year survival after heart transplantation.

Transplant International | Published by Frontiers July 2023 | Volume 36 | Article 110896

Sponga et al. Ex-Vivo Perfusion in Heart Transplantation

32



Morbidity and mortality of the present experience are worse
than those previously observed in both Institutions after HTx
using standard donors in low risk recipients [35, 36]; however,
they are quite comparable to those previously reported by García
Sáez et al. who observed excellent short-term outcomes with the
OCS in high-risk patient transplanted with marginal donors,
despite the higher age of donors in our series [30, 35, 36]. Our
results are also similar to those reported by the ISHLT registry
[12] and may be explained not only by reduction of the ischemic
times and better graft preservation, but also by the possibility of
identifying, during EVP, unsuitable marginal grafts [7, 15].
Indeed, in the present experience 10% of donor grafts were
discarded because timely detection of cardiac pathologies
diagnosed owing to the OCS system.

Despite good early survival many patients experienced
postoperative complications with a consequently extended
intensive care unit stay. An increased need for chest re-entry
for postoperative bleeding was observed mainly in patients
undergoing HTx on VAD or reoperations, frequently
associated to coagulation disorders. Also a high rate of renal
failure and respiratory insufficiency requiring dialysis or
prolonged mechanical ventilation was observed. It must be
underlined that the high incidence of dialysis reflects the
policy of one of the two centers, which in case of
postoperative worsening of kidney function preferred to
sustain it with early replacement therapy. Furthermore, the
high number of patients requiring post-HTx ECLS
implantation (21%) is related to a more liberal use of ECLS
owing to the greater safety of such systems in the current era. This
reflects differences in the centers policy, since one Institution
preferred to employ early ECLS for a limited time, generally
from <24 to 72 h, in patients with signs predicting the possible
onset of even moderate PGD. The rate of PGD in our study was
quite acceptable, being 16%, not much higher than what reported
in the Expand trial [28] and by García Sáez et al [30], despite the
different profiles of patients analyzed in such studies, regular
recipients in the first and younger donor age in the second.

Study Limitations
This study has certainly some limitations mostly represented by
its retrospective nature and those pertaining to any multicenter
collaboration. In this specific study only two centers were
involved minimizing potential biases in patient selection and
treatment; however, some differences in each center policy,
especially in postoperative immunosuppressive treatment and
follow-up protocols, have emerged, which might have had an
impact on patient outcomes but with negligible influence on PGD
and perioperative complications. Moreover, the number of

patients enrolled in this study was limited due to the specific
patient characteristics, both of donor and recipients, thus
precluding to select a control group for comparison.

Conclusion
Our study, dealing with a very complex setting represented by
marginal donors, very high-risk recipients and expected long
ischemic time, indicates that EVP appears to be an effective tool
in reducing overall donor graft ischemic time and allowing
continuous evaluation of graft function and viability during
transportation. This should provide adequate grafts for high-
risk recipients who would be otherwise excluded from the
possibility of a HTx. Nevertheless, based on the gratifying
results observed in the present study, we advocate the
employment of EVP using OCS technology as a promising
and valid tool to further extend the donor pool, to successfully
perform HTx even in high-risk settings.
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Conversion From Intravenous
In-Hospital Belatacept Injection to
Subcutaneous Abatacept Injection in
Kidney Transplant Recipients During
the First COVID-19 Stay-at-Home
Order in France
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Mathilde Lemoine1, Lucile Amrouche2, Charlotte Laurent1, Christophe Legendre2,
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The first COVID-19 stay-at-home order came into effect in France on 17 March 2020.
Immunocompromised patients were asked to isolate themselves, and outpatient clinic
visits were dramatically reduced. In order to avoid visits to the hospital by belatacept-
treated kidney transplant recipients (KTRs) during the initial period of the pandemic, we
promptly converted 176 KTRs at two French transplant centers from once-monthly
5 mg/kg in-hospital belatacept infusion to once-weekly 125 mg subcutaneous
abatacept injection. At the end of follow-up (3 months), 171 (97.16%) KTRs survived
with a functioning graft, 2 (1.14%) had died, and 3 (1.70%) had experienced graft loss. Two
patients (1.1%) experienced acute T cell–mediated rejection. Nineteen patients (10.80%)
discontinued abatacept; 47% of the KTRs found the use of abatacept less restrictive than
belatacept, and 38% would have preferred to continue abatacept. Mean eGFR remained
stable compared to baseline. Seven patients (3.9%) had COVID-19; among these, two
developed severe symptoms but survived. Only one patient had a de novo DSA. Side
effects of abatacept injection were uncommon and non-severe. Our study reports for the
first time in a large cohort that once-weekly injection of abatacept appears to be feasible
and safe in KTRs previously treated with belatacept.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Belatacept is a fusion protein composed of the heavy chain
constant region of human IgG1 linked to the extracellular
domain of human cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) that selectively inhibits T-cell activation through
costimulation blockade. Since its approval by the U.S. Food
and Drug Administration and the European Medicines Agency
in 2011, belatacept has become widely used in kidney
transplantation as an alternative to calcineurin inhibitors
(CNIs) for maintenance immunosuppression [1, 2]. Belatacept
is used as a de novo immunosuppressive therapy after kidney
transplantation, but also as a conversion from calcineurin
inhibitors [1, 2] in cases of CNI toxicity and/or side effects
[3]. Belatacept should be administered intravenously every
month under the supervision of a healthcare provider.

Coronavirus disease 2019 (COVID-19) has been particularly
deleterious in kidney transplant recipients (KTRs), with a very
high risk of severe disease associated with a high mortality rate [4,
5]. During the first wave of the pandemic, a lockdown order came
into effect in France on 17 March 2020. Immunocompromised
patients were asked to isolate themselves and outpatient clinic
visits were dramatically reduced. Patients who have converted to
belatacept for CNI toxicity are suspected to be at high risk of
opportunistic infections [6, 7]. In order to avoid frequent clinic
visits by belatacept-treated KTRs and prevent SARS-CoV-
2 contamination during the initial pandemic period, and also
to release some institutional resources to care for COVID-19-

infected KTRs, we searched for a temporary alternative solution
to monthly administration of belatacept. CNI conversion
appeared to be a safer option because i) patients could take
their treatment orally at home; ii) most of them had previously
received tacrolimus or cyclosporine before belatacept conversion;
and iii) CNIs significantly reduce acute rejection rates. However,
this solution was not generalizable to all of our patients, due to
some having a low estimated glomerular filtration rate (eGFR) or
history of CNI toxicity and/or intolerance [8].

Abatacept is also genetically constructed by fusion of the
external domain of human CTLA-4 to the heavy chain
constant region of human IgG1. This drug was the
predecessor of its higher-affinity evolution, belatacept, which
was engineered to contain two amino acid substitutions to
bind its ligands CD80 and CD86 with greater potency for use
in kidney transplantation. Abatacept was approved by the Food
and Drug Administration for use in adults with rheumatoid
arthritis in 2005 [9] and in children with juvenile idiopathic
arthritis in 2008 [10], and it can be used intravenously or
subcutaneously [11]. Data on the use of abatacept after kidney
transplantation are very scarce, but the results of a preclinical
study using a primate kidney transplant model [12] and of a small
report on nine patients [13] seemed reassuring.

Considering these results, and replicating the protocol used for
rheumatoid arthritis [11], we believed that once-weekly
subcutaneous injection of abatacept could be a safe, effective,
and logistically feasible alternative to belatacept during the
COVID-19 pandemic. Here, we report on a cohort of patients
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from two transplant centers who received abatacept during the
initial stay-at-home order in France. Our aim was to assess short-
term graft and patient outcomes, kidney allograft function,
immunological features, and tolerance and safety of abatacept
maintenance to provide a rationale for belatacept avoidance in the
event of a prolonged crisis, and as an alternative in KTRs with
problematic vascular access; these findings have even greater
relevance in the current period of belatacept shortage.

MATERIAL AND METHODS

Patients
A total of 176 KTRs receiving belatacept as a conversion protocol
at two French transplant centers (Necker University Hospital and
Rouen University Hospital) were converted to abatacept during
the COVID-19 pandemic (Figure 1). All patients were 18 or
older, had received either a living or a deceased donor kidney
transplant, and had received no prior or concurrent non-renal
solid organ transplant. Patient characteristics and biological data
were collected from electronic medical records. According to
French law (loi Jardé), because this was an anonymous
retrospective study, institutional review board approval was
not required.

Immunosuppression
Patients had been initially converted from CNI to belatacept
according to the protocol published in phase II and III conversion
studies. Belatacept was then maintained at 5 mg/kg every 4 weeks
in all KTRs. For abatacept conversion, patients received
subcutaneous injection of 125 mg abatacept once weekly at
home, initiated 1 month after the last belatacept infusion. The
remaining components of maintenance immunosuppression
were not modified while the patients were on abatacept.

Follow-Up
Patients were followed up 3 months after the first injection while
on abatacept therapy. After 3 months, patients were switched
back to belatacept because the French administration authorized
the in-home infusion of belatacept in the context of the COVID-
19 pandemic. Kidney allograft function was assessed on day 0 and
at 3 months, using plasma creatinine and the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation [14]
for eGFR in KTRs with a functioning graft. BK virus and
cytomegalovirus (CMV) viral loads were measured. The
tolerance and safety of abatacept maintenance were evaluated
using a specific questionnaire.

Anti-HLA Antibody Testing
The presence of anti–HLA-A, -B, -Cw, -DR, -DQ, and -DP
donor-specific antibodies (DSAs) was analyzed using single-
antigen flow bead assays (One Lambda, Inc., Canoga Park,
CA) performed using a Luminex platform on serum samples
at time of transplantation, every year or at the time of any biopsy,
and 3 months after abatacept conversion. The presence of DSAs
was defined by a median fluorescence intensity (MFI) ≥500. The

number, class, specificities, and MFI of each anti-HLA DSA were
recorded.

Histologic Phenotyping of Kidney Allograft
Biopsies
During the 3 months under abatacept, graft biopsies were
performed only for cause. Biopsies were graded using the
2017 Banff classification [15]: C4d staining was performed by
immunohistochemistry on paraffin sections or
immunofluorescence on frozen sections and graded from 0 to
3 by the percentage of peritubular capillaries with linear staining.

Statistical Analysis
Continuous variables were summarized in the form of means
with SDs or medians with IQRs, and they were compared using
Mann-Whitney or t-tests, as appropriate. Categorical variables
were summarized in the form of numbers with proportions, and
they were compared using Fisher’s exact test. We used STATA
(version 14, Data Analysis and Statistical Software) and R
(version 3.2.1; R Foundation for Statistical Computing) to
carry out descriptive analyses. A p-value <0.05 was considered
significant.

RESULTS

Baseline Characteristics of Converted
KTRs
A total of 176 patients from two transplant centers were
converted to abatacept during the early stages of the COVID-
19 pandemic in France (March 2020). Of these, 19 patients
(10.80%) discontinued abatacept: 12/116 patients (10.34%) at
Necker Hospital and 7/60 (11.67%) at Rouen Hospital (p = 0.8).
Detailed reasons for abatacept discontinuation are presented in
Figure 1. The remaining 157 patients (89.20%) were reassessed
3 months after conversion. KTR characteristics are listed in
Table 1.

Conversion data are outlined in Table 2. Belatacept
indications were similar between centers, but belatacept
conversion occurred later in Rouen. All except two patients
(2.5 and 4 months) were converted to abatacept beyond the
first 6 months after transplant.

Patient and Graft Outcomes After
Conversion
At the end of follow-up, 171 patients (97.16%) survived with a
functioning graft, 2 (1.14%) died, and 3 (1.70%) experienced graft
loss. Causes of death were vascular (stroke) and infectious
(invasive aspergillosis with CMV disease). Graft loss only
occurred in patients with chronic allograft dysfunction and
severe renal impairment at baseline (eGFR <20 mL/min/
1.73 m2). These patients returned to hemodialysis and
underwent premature discontinuation of abatacept. No biopsy
was performed.
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Eight patients (4.55%) developed an acute kidney injury
requiring a graft biopsy under abatacept. Detailed histologic
findings are presented in Table 3. Two patients experienced
acute T cell–mediated rejection (TCMR). The first of these
patients experienced a grade Ib TCMR (Biopsy#4) 2 months

after abatacept conversion and was successfully treated with a
high dose of intravenous steroids. Abatacept was stopped and
belatacept was resumed. The second experienced a grade IIb
TCMR (Biopsy#7) 1.5 months after abatacept initiation; this was
successfully treated with steroids. Belatacept was also resumed,

FIGURE 1 | Flow Chart. AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; SLKT, simultaneous liver–kidney
transplant.

TABLE 1 | Transplant recipients’ demographic and baseline characteristics.

All patients n = 176 Necker n = 116 Rouen n = 60 p-value

Recipient
Age, yr, median (IQR) 57 (44–66) 54.5 (43–65) 59.5 (47–68) 0.096
Men, n (%) 111 (63.07) 70 (60.34) 41 (68.33) 0.326
ESKD causes, n (%)
Diabetes/hypertension 38 (21.59) 18 (15.52) 20 (33.33) 0.092
Glomerulonephritis 37 (21.02) 22 (18.97) 15 (25.00)
Interstitial nephritis 19 (10.80) 15 (12.93) 4 (6.67)
Polycystic kidney disease 27 (15.34) 19 (16.38) 8 (13.33)
Uropathy 13 (7.39) 11 (9.48) 2 (3.33)
Other 8 (4.55) 6 (5.17) 2 (3.33)
Unknown 34 (19.32) 25 (21.55) 9 (15.00)

Previous kidney transplant, n (%) 20 (11.36) 16 (13.79) 4 (6.67) 0.212
Donor
Age, yr, median (IQR) 62 (51–71) 61.5 (50–71.5) 62 (52–70.5) 0.815
Men, n (%) 86 (48.86) 59 (50.86) 27 (45.00) 0.526
Deceased donor, n (%) 153 (86.93) 95 (81.90) 58 (96.67) 0.005

Preformed anti-HLA DSAsa, n (%)
Class I 6 (5.26)
Class II 13 (11.40)
Class I/II 2 (1.75)

Induction treatmenta, n (%)
Thymoglobulin® 62 (35.43) 43 (37.39) 19 (31.67) 0.285
Basiliximab 109 (62.29) 68 (59.13) 41 (68.33)
None 4 (2.29) 4 (3.48) 0 (0.00)

DSA, donor-specific antibody; ESKD, end-stage kidney disease; HLA, human leukocyte antigen.
aMissing data: preformed DSAs, two patients; induction treatment, one patient.
Italic values indicate statistically significant between the two groups.
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but the patient developed severe invasive aspergillosis with CMV
disease and died. A third patient was diagnosed with chronic
antibody-mediated rejection (Biopsy#4). Abatacept was pursued
and eGFR remained stable.

Among the 157 patients receiving abatacept at the end of
follow-up, mean eGFR remained stable compared with baseline
(38.0 ± 18.9 mL/min/1.73 m2 versus 38.1 ± 19.4 mL/min/
1.73 m2, p = 0.8) (Figure 2), as did proteinuria/creatininuria
ratio (0.56 ± 0.65 g/g versus 0.58 ± 0.85 g/g, p = 0.6). Only one
patient had a de novo DSA, without a history of antibody-
mediated rejection.

Tolerance and Safety of Abatacept
One patient (0.57%) experienced CMV disease of the
gastrointestinal tract under abatacept, which resolved with a
single course of ganciclovir therapy for 3 weeks and MPA
discontinuation; additionally, three patients (1.71%) contracted
an asymptomatic CMV viremia (>3 log copies/mL), of whom two
had already had CMV viremia under belatacept. One patient had
a low-level BK viremia without nephritis. Seven patients (3.98%)
experienced COVID-19 under abatacept; among these, two
developed severe and critical symptoms but survived. Five
KTRs developed other non-severe viral infections: one simplex
herpes virus and one zoster herpes virus infection; one adenovirus
cystitis; one norovirus colitis; and one gastroenteritis. Bacterial
infections occurred in 14 KTRs: 10 non-severe urinary tract
infections, one bacteremia, one pneumonia, one clostridium
difficile colitis, and one campylobacter colitis. Finally, fungal
infections occurred in two patients: one case of invasive
aspergillosis and one extensive dermatophytosis.

Side effects of abatacept injection were uncommon and non-
severe. These are reported in Table 4. The results of the quality of
life survey are depicted in Figure 3.

DISCUSSION

To the best of our knowledge, we report here for the first time in a
large cohort of KTRs the feasibility, safety, and efficacy of
conversion from once-monthly intravenous infusion of
belatacept to once-weekly subcutaneous injection of abatacept
as a maintenance immunosuppression regimen. Tolerance was
excellent and side effects were very uncommon in this fragile
population. eGFR remained stable during the follow-up period,
and cases of biopsy-proven TCMR after abatacept conversion
were rare (1.1%). In comparison, conversion from belatacept to
another immunosuppressive treatment in cases of CNI toxicity or
intolerance is associated with a decrease in eGFR, as recently
reported by [8]. In this cohort of 44 KTRs from five French
transplantation centers, who were converted from maintenance
belatacept to another regimen because of a complication (n = 28),
by patient request, or due to belatacept shortage (n = 13), mean
eGFR decreased from 44.2 ± 16 mL/min per 1.73 m2 at
conversion from belatacept to 35.7 ± 18.4 mL/min per 1.73 m2

at last follow-up (p = 0.0002). Of note, eGFR decreased more
severely in patients who were converted to CNIs.

As an alternative approach, we could have increased the
spacing of the belatacept injections from 4 to 8 weeks, as
reported by [16]; however, although the result was not
statistically significant, rates of BPAR were twofold higher in

TABLE 2 | Conversion data.

All patients n = 176 Necker n = 116 Rouen n = 60 p-value

Time of belatacept conversion post-Tx, mo, median (IQR) 17 (5–57) 13.1 (3–44) 30 (9–104) 0.001
Belatacept indication, n (%)
CAD – IFTA 139 (78.98) 86 (74.14) 53 (88.33) 0.133
CNI toxicity 24 (13.64) 18 (15.52) 6 (10.00)
TMA 10 (5.68) 9 (7.76) 1 (1.67)
De novo 3 (1.70) 3 (2.59) 0 (0.00)

Time of abatacept conversion post-Tx, mo, median (IQR) 60 (32–95) 55 (32–85) 66 (32–123) 0.184
Time of abatacept conversion post-belatacept, mo, median (IQR) 25 (11–48) 30 (15–51) 19 (6–42) 0.008
Immunosuppression regimen, n (%)
Abatacept/Mycophenolic acid/Prednisone 108 (61.36) 88 (75.86) 20 (33.33) < 0.001
Abatacept/Azathioprine/Prednisone 14 (7.95) 13 (11.21) 1 (1.67)
Abatacept/Everolimus/Prednisone 4 (2.27) 3 (2.59) 1 (1.67)
Abatacept/Mycophenolic acid 26 (14.77) 1 (0.86) 25 (41.67)
Abatacept/Azathioprine 2 (1.14) 0 (0.00) 2 (3.33)
Abatacept/Everolimus 1 (0.57) 0 (0.00) 1 (1.67)
Abatacept/Prednisone 20 (11.36) 11 (9.48) 9 (15.00)
Abatacept 1 (0.57) 0 (0.00) 1 (1.67)

Maintenance drug doses, median (IQR)
Mycophenolic acid, mg/d 720 (450–720) 720 (540–1,080) 720 (360–720) 0.077
Azathioprine, mg/d 100 (75–125) 100 (75–150) 100 (50–100) 0.576
Everolimus trough level, ng/mL 5.1 (5–7.1) 5 (3–7.1) 6.25 (5.1–7.4) 0.248
Prednisone (mg/d) 7.5 (5–10) 10 (5–10) 7.5 (5–10) 0.021

Time on abatacept, mo, median (IQR) 2.9 (2.8–3.7)
Number of abatacept infusions, median (IQR) 12 (11–16)

CAD, chronic allograft dysfunction; CNI, calcineurin inhibitor; IFTA, interstitial fibrosis and tubular atrophy; TMA, thrombotic microangiopathy; Tx, transplant.
Italic values indicate statistically significant between the two groups.
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patients administered belatacept every 8 weeks vs. every 4 weeks.
Another alternative would have been to pursue in-hospital
belatacept infusions with a specific infection control protocol,
as reported by Kamar et al. [17]. Nevertheless, these measures
were very restrictive and time-consuming, and they did not fully
rule out the risk of nosocomial transmission of SARS-CoV-2. Our
in-home attitude is also retrospectively supported by the low
humoral and cellular immunogenicity induced by SARS-CoV-
2 vaccination in belatacept-treated KTRs [18, 19], related to their
profoundly immunocompromised condition and to their high
risk of opportunistic infection [6, 7] and severe COVID-19.

Data on the use of abatacept after kidney transplantation are
very scarce. Abatacept is a genetically constructed by fusion of the
external domain of human CTLA-4 to the heavy chain constant
region of human IgG1. This drug was the predecessor of its
higher-affinity variant belatacept, which was engineered to
contain two amino acid substitutions to bind its ligands
CD80 and CD86 with greater potency for use in kidney
transplantation. Apprehension toward its use after kidney
transplantation is therefore related to its supposedly
insufficient immunosuppressive capacity. The data reported in

the present study are quite reassuring, with a low risk of rejection
when abatacept is used in a conversion protocol beyond the first
6 months after kidney transplant. Although preclinical non-
human primate (NHP) studies have shown superior results
with belatacept in a kidney transplant model [20], abatacept
has also exhibited efficacy in a kidney transplant model [12],
as well as in an NHP allogeneic islet transplant model, as a de
novo monotherapy or in combination with CD154- specific
blockade [21]. It has also since been effectively used in the
clinical setting to treat rheumatoid arthritis and, more
recently, other autoimmune disorders [9]. While belatacept
may be indeed more potent and the preclinical data on
abatacept warrant caution regarding its immunosuppressive
strength for the purpose of inhibiting alloreactivity, preclinical
data frommurine and primate models alike have proven not to be
entirely predictive of clinical outcomes or directly translatable to
humans [22]. Abatacept has been used after kidney
transplantation for recurrence of focal and segmental
glomerulosclerosis [23], but most publications are case reports
[24, 25] and its effectiveness is widely debated [26, 27]. Recently;
[13], have reported on a series of 9 CNI-intolerant transplant
recipients who were converted to abatacept early after transplant
as a form of rescue immunosuppression during periods of
belatacept shortage. A retrospective review revealed successful
allograft salvage and 100% patient and graft survival (median
115 months) after conversion to abatacept. Patients received
intravenous abatacept for a median duration of 82 months
with stable, long-term renal allograft function, a single cellular
rejection episode, and no clinically apparent protective immunity
concerns. Furthermore, CD86 receptor saturation levels (a

TABLE 3 | Banff classification of kidney graft biopsies performed under abatacept treatment.

Biopsy# t i g ah v ti iIFTA cg ci ct cv mm cpt C4d

1 0 0 0 2 0 0 0 0 0 0 2 0 0 0
2 0 0 1 2 0 1 1 0 2 2 1 1 0 0
3 0 0 1 3 0 0 1 3 2 2 3 1 2 0
4 3 2 0 2 0 2 3 0 1 1 1 0 1 0
5 1 0 0 2 0 0 1 0 2 2 1 0 0 0
6 0 0 0 2 0 0 2 0 1 1 2 0 0 0
7 3 1 0 1 2 2 3 0 2 2 2 1 0 0
8 0 0 0 3 0 1 2 0 3 3 2 0 0 0

ah, arteriolar hyaline thickening; cg, transplant glomerulopathy; ci, interstitial fibrosis; cpt, peritubular capillary inflammation; ct, tubular atrophy; cv, arterial fibrous intimal thickening; g,
glomerulitis; i, interstitial inflammation; t, tubulitis; v, endarteritis.

FIGURE 2 | Kidney allograft function assessed at day 0 (D0) and at
3 months (D90) among the 157 patients receiving abatacept at the end of
follow-up. eGFR: estimated glomerular filtration rate.

TABLE 4 | Side effects under abatacept treatment.

Yes No Missing

Infusion site reaction, n (%) 7 (3.98) 150 (85.23) 19 (10.80)
Arthralgia, n (%) 25 (14.20) 131 (74.43) 20 (11.36)
Erythema, n (%) 7 (3.98) 151 (85.80) 18 (10.23)
Abdominal pain, n (%) 16 (9.09) 144 (81.82) 16 (9.09)
Diarrhea, n (%) 20 (11.36) 140 (79.55) 16 (9.09)
Nausea/vomiting, n (%) 10 (5.68) 149 (84.66) 17 (9.66)
Stomatitis, n (%) 6 (3.41) 152 (86.36) 18 (10.23)
Cough, n (%) 11 (6.25) 148 (84.09) 17 (9.66)
Headache, n (%) 19 (10.80) 139 (78.98) 18 (10.23)
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pharmacodynamic measure of costimulation blockade proposed
to correlate with inhibition of alloresponses [28]) did not differ
between belatacept- and abatacept-treated patients tested after
infusion. Although abatacept was originally formulated as an
infusion, it is now available in a subcutaneous formulation, which
has equal safety and efficiency in rheumatoid arthritis patients
[11]. Nevertheless, only one patient was treated with once-weekly
subcutaneous injections of abatacept, although this patient was

treated under this regimen for 16 months without complications.
Very recently, Uro-Coste et al. reported their experience with
abatacept injection in 5 KTRs, suggesting that weekly
subcutaneous administration of 125 mg abatacept may be an
effective alternative to belatacept [29]. The data presented here on
the use of subcutaneous injection of abatacept in a large cohort
could be very useful for patients with CNI toxicity or intolerance
and in need of conversion to belatacept but with poor vascular

FIGURE 3 | Quality of life survey.
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access, like many end-stage renal disease patients. This approach
could also represent a solution in cases of belatacept shortage.
Costimulation blockade with abatacept could potentially have a
logistical advantage over belatacept in kidney transplant
recipients. Nevertheless, our niche experience over 3 months
does not allow us to make definitive assertions as to the
potential benefits mentioned above.

Our work has several limitations. The short duration of our
follow-up period (3 months) prevents us from drawing a firm
conclusion on the risks of rejection and infection in patients
treated with abatacept as a maintenance therapy. Nevertheless,
the median half-life of belatacept is reported to be 8 days
(range: 3.1–11.9) [30], and the very low incidence of TCMR
during the weeks following abatacept initiation can be taken
into account and is quite reassuring. Because of the ethical
issues related to data scarcity on abatacept safety, and the
possibility of in-home belatacept infusion, we could not accept
the risk of continuing to pursue abatacept therapy once the
first wave of SARS-CoV-2 had ended. The absence of a control
group receiving ongoing belatacept injection is also
problematic. However, our main goal was to avoid frequent
hospital visits by immunocompromised KTRs during the
initial period of the SARS-CoV-2 pandemic. Under these
conditions, we chose to treat as many patients as possible
with abatacept. A clinical trial NCT04955366 (https://
clinicaltrials.gov/) was developed to answer the question of
whether patients can be safely converted from monthly
belatacept IV infusions to subcutaneous abatacept injections
without a decrease in kidney function. The results of this study
will be available in late 2024 or in 2025. In the meantime, the
message of our work is not to treat all belatacept-converted
patients with subcutaneous abatacept, as reflected by the
questionnaire completed by the patients: 49% preferred in-
hospital belatacept, and 43% did not find that abatacept was
less restrictive than belatacept. Nevertheless, we would like to
point out that before the COVID-19 pandemic, all patients on
belatacept were receiving infusions in hospital. As a result of
these treatment sessions, they were closely monitored on a
monthly basis. The pandemic has taken patients away from the
hospital, making them very anxious at times and most
probably explaining the rather low acceptance rates and the

rather high discontinuation rate over this short period. In this
context of in-home subcutaneous abatacept injection, close
monitoring with, for example, regular blood draws or regular
teleconsultation could be reassuring for patients and represent
an additional safety measure.

In conclusion, our study demonstrates for the first time, in a
large cohort of belatacept-treated KTRs, that once-weekly
injection of abatacept, used as a rescue therapy, appears to be
feasible, safe, and effective in the short term (3 months). The
current context of belatacept shortage makes this report even
more important.
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Antibody mediated rejection (ABMR) is the leading cause of immune-related allograft failure
following kidney transplantation. Chronic active ABMR (CABMR) typically occurs after one-year
post-transplant and is themost common cause of late allograft failure. This studywas designed
to assess common practices in Europe for post-transplant surveillance 1 year after kidney
transplant, as well as the diagnosis and management of CABMR. A 15-minute online survey
with 58 multiple choice or open-ended questions was completed by EU transplant
nephrologists, transplant surgeons and nephrologists. Survey topics included patient
caseloads, post-transplant routine screening and treatment of CABMR. The results
indicated that observing clinical measures of graft function form the cornerstone of post-
transplant surveillance. This may be suboptimal, leading to late diagnoses and untreatable
disease. Indeed, less than half of patients who develop CABMR receive treatment beyond
optimization of immune suppression. This is attributable to not only late diagnoses, but also a
lack of proven efficacious therapies. Intravenous Immunoglobulin (IVIG), steroid pulse and
apheresis are prescribed by the majority to treat CABMR.While biologics can feature as part of
treatment, there is no single agent that is being used by more than half of physicians.

Keywords: kidney transplant, antibody-mediated rejection, chronic active, post-transplant surveillance, CABMR

INTRODUCTION

Antibody mediated rejection (ABMR) is the leading cause of immune-related allograft failure
following kidney transplantation [1, 2]. Although the pathophysiological pathways that give
rise to ABMR are yet to be fully elucidated, it is understood that B cell and plasma cell
activation leads to generation of donor-specific antibodies (DSAs), which bind to human
leukocyte antigen (HLA) or non-HLA molecules expressed on endothelial cells within the
kidney allograft [1, 3, 4]. Chronic active antibody mediated rejection (CABMR) typically
occurs after one-year post-transplant and manifests as a slower decline in graft function than
acute ABMR. Risk for negative outcomes is higher for those who develop CABMR, including
graft loss or death [4].

CABMR is characterized by evidence of both chronic disease (interstitial fibrosis, tubular atrophy,
transplant glomerulopathy) and active disease components (glomerulitis, peritubular capillaritis) [5]. It is the
leading cause of late allograft failure; within 2 years of diagnosis, over 75% of those with CABMR lose their
graft [6].
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Maintenance immunosuppression starting prior to or
immediately post-transplant is required in order to prevent
immune-related graft injury (including CABMR). Despite
maintenance immunosuppression, CABMR continues to be a
challenge. The reasons why current immunosuppression protocols
fail to prevent the development of CABMR are not yet fully
understood, however contributing factors have been identified:
patient non-adherence with immunosuppression [2, 7], and
insufficient immunosuppression [2].

Post-surveillance monitoring is crucial to ensure
optimized maintenance immunosuppression and to detect
signs of graft dysfunction. While consensus guidelines on the
management of patients post-transplant exist [8], these have
not been updated to discuss recent advancements in testing
(DSA testing and cell-free DNA testing) and the case for
protocol biopsies. Clinical measures of graft function (eGFR,
serum creatinine, proteinuria), monitoring DSAs, and
biopsies are typically used for surveillance. In recent
studies, donor-derived cell-free DNA in peripheral blood
has gained interest as a potential non-invasive
biomarker following demonstration of ABMR association
with serum concentrations of donor-derived cell-free
DNA [7].

Treatment options for CABMR are limited beyond
optimization of immune suppression. A relative lack of
evidence for specific treatments means that there is no
current consensus on CABMR management in Europe.
IVIG, apheresis and corticosteroids are widely used
treatment options. There is also evidence to support the
use of biologics. These include B-cell targeting agents (e.g.,
rituximab [9, 10]), complement targeting agents (e.g.,

eculizumab), and more recently, agents targeting IL-6
pathways, (e.g., tocilizumab [11]).

This research was designed to assess common practices in
Europe for post-transplant monitoring of patients receiving a
renal allograft 1 year after transplant. Focus was placed on
monitoring for CABMR, and how patients with CABMR are
typically managed once diagnosed.

MATERIALS AND METHODS

52 transplant nephrologists, nephrologists and transplant
surgeons were recruited by email invitation through
targeted lists provided by ESOT, then screened and profiled
to ensure a good representation of the European market was
achieved. Physicians must have been in practice for
3–30 years, see a minimum of 5 patients/year with CABMR
and perform DSA testing post-transplant to qualify. In
addition to study-specific screening criteria, respondents
were screened to ensure that they are not affiliated with
any industry partners. A full breakdown of sample
demographics is shown in Table 1. Physicians completed a
15-minute online survey with 58 multiple choice or open-
ended questions grouped into sections: patient caseloads,
post-transplant routine screening, treatment of CABMR
and demographic questions.

Data was aggregated and described using the mean and
range. In order to determine whether findings were
statistically significant, we used t-test for parametric data
and chi-squared for non-parametric data. A
p-value ≤0.05 was considered statistically significant.
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RESULTS

Post-Transplant Monitoring in the 1st Year
Post-Transplant
Proteinuria and serum creatinine are tested frequently in the first-
year post-transplant: 88% assess creatinine and 79% assess
proteinuria every 1–3 months, rising to 100% assessing
creatinine and proteinuria every 1–6 months.

Frequency of DSA testing was found to vary by patient type.
Physicians are more likely to routinely assess pre-sensitized
patients for de novo DSA (81% of physicians report doing so
at least once a year) than patients who are not pre-sensitized (67%
assess these patients at least once a year) (t(55) = −2.00, p = 0.03).
27% and 19% indicate that they do not routinely test for de novo
DSA in non pre-sensitized and pre-sensitized patients
(respectively) after the 1st year post-transplant. The One
Lambda Luminex® platform assay is the most used DSA
testing method—utilized by 69% of physicians—followed by
the Immucor Luminex® platform assay (29%).

Surveillance (protocol) biopsies are not routinely performed
by physicians. Only 27% perform them routinely at 6–12 months

post-transplant and significantly less perform them routinely
after 1 year (15%, t(51) = −2.58, p = 0.05).

Use of cell free DNA testing is not widespread with only 13%
of physicians using the test for a small portion of their patients.

See Figure 1 for a summary of post-surveillance tests
performed in the 1st year post-transplant, and their frequency.

Prevention and Treatment of CABMR
Mycophenolate mofetil (MMF) tacrolimus and glucocorticoids
are the maintenance immunosuppressive treatments primarily
used to prevent immune-mediated rejection. MMF and
tacrolimus are used by the entire sample (100%), and 94%
use glucocorticoids (see Figure 2 for other maintenance
treatments used).

Beyond optimization of immune suppression, additional
treatment is not received by around half (52%) of all CABMR
patients; the reasons why are listed in Figure 3. The advanced
severity of disease is the primary reason for this (67%). Other
factors include: a lack of proven/efficacious therapies (61%), the
belief that disease can be controlled with immunosuppression
optimization alone (33%), patient refusal of treatment (16%) and
disease severity not warranting further treatment (12%). Of the
patients who do not receive treatment beyond optimization of
immunosuppression, on average 57% achieve adequate disease
control.

The current therapies used for the treatment of CABMR are
illustrated in Figure 4. IVIG, steroid pulse and apheresis are most
commonly used with 71%, 71% and 62% respectively using these
therapies. Of those prescribing steroid pulse treatment, 92%
prescribe between 5 mg/kg and 10 mg/kg. An average of
3 doses (SD = 1.63) are prescribed. Of those prescribing IVIg,
74% of physicians prescribe a dosage of 1 mg/kg or less. An
average of 4 doses (SD = 4.13) are prescribed.

Biologics are not used as frequently; rituximab is the most
widely used (50% prescribe this treatment), followed by
tocilizumab (31%), bortezomib (6%) and eculizumab (4%).

DISCUSSION

Post-Transplant Surveillance
Previously, poorly HLA-matched transplants and transplantation
of poorer quality organs [12] were too high risk for
transplantation. Recent advancements in transplant science,
including preservation and tolerance techniques, are allowing
for transplantation of these suboptimal organs. These types of
transplants are at greater risk of post-transplant complications
[12]; therefore, the need for effective surveillance post-transplant
has increased.

Our findings indicate that post-transplant surveillance in
Europe centers on clinical measures of graft function
(proteinuria and creatinine levels) and, in most cases, testing
for de novo DSA (dnDSA). Risk factors for graft failure were
identified as proteinuria and increased creatinine [13, 14].
Detection of dnDSA is considered both a marker and a
contributor of ongoing alloimmunity; this is evidenced by an
increased rate of estimated glomerular filtration rate (eGFR)

TABLE 1 | Table showing respondent profile breakdown (N = 52).

Total
(n = )

All respondents 52
Specialty Transplant nephrologist 41

Nephrologist 9
Transplant surgeon 2

Gender Male 29
Female 20
Prefer not to say 2

Length of time in practice Less than 3 years 1
3–10 years 13
11–20 years 17
21+ 21

Hospital type Teaching/university
hospital

46

General hospital 4
Private hospital 1

Number of renal transplant patients
followed up with per year

5–50 patients 6
51–100 patients 23
101+ patients 23

Country of practice Italy 10
France 9
Spain 5
United Kingdom 4
Netherlands 4
Germany 3
Greece 3
Belgium 2
Croatia 2
Poland 2
Portugal 2
Austria 1
Czech Republic 1
Sweden 1
Switzerland 1
Bosnia and
Herzegovina

1

Montenegro 1
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FIGURE 1 | Bar charts showing percentage using each surveillance method 1 year post-transplant, and their frequency of usage. Panel (A) shows the
percentage of physicians testing for serum creatinine and proteinuria at each time interval (n = 52). Panel (B) shows the percentage of physicians carrying out
DSA testing at each time interval in patients that are not sensitized (determined by lack of detectable DSA) at transplantation and those that are pre-sensitized
at transplantation (n = 52). Panel (C) shows the percentage of physicians using surveillance kidney allograft biopsies at 6–12 months post-transplant
vs. 1 year post transplant (n = 52).
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decline even before the detection of dnDSA, followed by an
accelerated decline after detection of dnDSA [15].

In our introduction we alluded to a lack of guidance regarding
surveillance assessment of DSA levels; this is reflected in how
testing is implemented in clinical practice. Likelihood of testing

and frequency of testing is variable after the first-year post-
transplant and is influenced by patient type. More physicians
are testing sensitized patients than non-sensitized patients.
Indeed, those with pre-existing DSAs are at greater risk for
CABMR than patients without DSAs at transplantation [4, 16].

FIGURE 2 | Bar chart showing percentage of physicians using each maintenance immunosuppressive treatment post-transplant (n = 52).

FIGURE 3 | Bar chart showing most frequent reasons for not prescribing further treatment for CABMR beyond optimization of immune suppression given by those
who said at least some of their patients receive no treatment except for maintenance immunosuppression (n = 49).

FIGURE 4 | Figure shows percentage of physicians prescribing each treatment for CABMR (n = 52).
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Proteinuria, creatinine and DSA testing appear to be the
primary methods for detecting CABMR, although this may be
suboptimal. Over half of patients do not receive treatment beyond
optimized maintenance immunosuppression; in most cases, this
is a result of their disease being too severe to benefit from
treatment. Proteinuria and creatinine testing only indicate
broad graft function and are not sufficient markers to
diagnose subclinical antibody mediated rejection or CABMR
alone. eGFR, serum creatinine, or proteinuria levels are not
noticeably impacted by subclinical ABMR until extensive
morphological damage has occurred [17]. An irreversible loss
of function may be experienced by patients before they can be
treated for any immune-related graft issues [18]. Additionally, the
importance of DSA testing is still a topic of debate, as histologic
changes consistent with AMR can still be observed in those with
no detectable DSA [15, 19].

Currently, biopsies are the most accurate way to evaluate graft
health by identifying two main types of lesions: lesions related to
tissue damage and function and lesions related to immune
suppression. For CABMR, biopsies are the only way to obtain
a definitive diagnosis. Additionally, biopsies are the only accurate
method of detecting subclinical rejection, which left unaddressed
can lead to loss of graft function and/or total graft loss [15, 17].
Protocol biopsies at 3 months post-transplant can improve 5-year
transplant survival rates according to recent findings [18].

Despite the unmatched diagnostic value that biopsies provide,
physicians may be reluctant to perform them without specific
cause. In the present study, surveillance biopsies at 6–12 months
post-transplant are routinely performed by only 27% of
physicians, decreasing to 15% performing them one-year post-
transplant. This reluctance to perform protocol biopsies may be
because their risk-benefit is still unclear [18, 20, 21]. A lack of
proven treatments in the category may be leading physicians to
feel there is no merit in conducting routine invasive procedures.

Donor-derived cell free DNA testing is of increasing interest as
a potential biomarker for CABMR [7, 22] due to its non-invasive
nature and the potential to facilitate earlier treatment by detecting
subclinical allograft injury. Currently, cell free DNA testing is
used by only 13% of physicians surveyed.While the efficacy of cell
free DNA testing as a biomarker for ABMR continues to be
shown by growing evidence [22, 23], it remains to be seen what
role it will play in the future of post-transplant surveillance.

Treating CABMR
Plasma exchange, IVIG, and steroids for treatment, with the
possible addition of rituximab in the setting of dnDSA, were all
recommended in recent consensus guidelines for the treatment of
CABMR [24]. Our findings are consistent with these guidelines.
IVIG, steroids pulses and apheresis are being prescribed by the
majority of physicians. Rituximab is being prescribed by half of
physicians, and this might be due to a lack of evidence of efficacy
and an increase in risk of pneumonia associated with its usage
(when combined with IVIg and steroids vs. IVIg and steroids
alone) [25].

Despite some evidence for complement targeting
treatments for CABMR, optimal regimens have not yet been
identified. The level of improvement seen when using these

additional agents has not been clinically significant enough to
substantially change the treatment paradigm. Further research
is needed to determine whether the benefit seen is patient
subtype specific, and to facilitate personalization of treatment
protocols.

IL-6 targeting strategies for the treatment of CABMR [11] are
receiving growing interest due to the role of IL-6 in inflammatory
processes and the maturation and activation of T cells, B cells and
plasma cells [11]. There is preliminary evidence to support the
use of the IL-6R targeting agent tocilizumab in the desensitization
of patients with pre-existing DSA prior to transplant and the
treatment of CABMR [26], however further randomized
controlled trials are required to support these findings. Our
study found that 31% of surveyed physicians are prescribing it
in the CABMR setting despite the lack of evidence from
randomized and controlled trials.

Ultimately, while physicians appear to be aligned on the usage
of steroids, apheresis and IVIg for CABMR, further investigation
is required for consensus on biologics. IL-6 targeting agents have
potential; clazakizumab, an anti-IL6 targeting agent, was assessed
in a recent phase 2 study, and evidence was found for modulation
of DSA, stabilization of glomerular filtration rate (GFR), and a
manageable safety profile [27]. The phase 3 IMAGINE trial
assessing the efficacy and safety of clazakizumab is currently
ongoing. The unmet need for proven efficacious therapies could
be addressed by positive outcomes.

Study Limitations
A limitation of the present study is that a low proportion of
responding physicians are based in high volume centers. Fewer
CABMR patients are treated at low volume centers, and
physicians employed there have less experience in treating
this relatively rare patient type. Subsequently, findings may
not be generalizable to how the majority of CABMR patients
are treated.

The results may not accurately represent current practices
within countries due to the small number of physicians that
responded from each country; however, the inclusion of
respondents from a range of over 15 European countries
provides an understanding of attitudes towards post-transplant
surveillance and CABMR treatment across the continent.

CONCLUSION

Clinical measures (proteinuria and creatinine levels) of graft
dysfunction and DSA testing are currently the cornerstone of
post-transplant surveillance. While there is evidence to support
their usage, late diagnoses and consequently poor treatment
outcomes may be caused by their inability to detect subclinical
signs of rejection. Earlier detection of CABMR could occur through
surveillance biopsies, but they are not widely used. Cell-free DNA
testing is also still in its infancy. When CABMR develops, around
half of patients receive treatment beyond maintenance
immunosuppression. This is attributable to late-stage diagnoses
but also a lack of effective therapies. IVIG, apheresis and steroids
are the main treatments prescribed by physicians to treat CABMR,
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with half prescribing rituximab. Other biologics may be prescribed,
but a lack of sufficient evidence is likely limiting their usage.
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The independent effects of deceased donor kidney length and vascular plaque on long-
term graft survival are not established. Utilizing DonorNet attachments from
4,480 expanded criteria donors (ECD) recovered between 2008 and 2012 in the
United States with at least one kidney biopsied and transplanted, we analyzed the
relationship between kidney length and vascular plaques and 10-year hazard of all-
cause graft failure (ACGF) using causal inference methods in a Cox regression
framework. The composite plaque score (range 0–4) and the presence of any plaque
(yes, no) was also analyzed. Kidney length was modeled both categorically (<10,
10–12, >12 cm) as well as numerically, using a restricted cubic spline to capture
nonlinearity. Effects of a novel composite plaque score 4 vs. 0 (HR 1.08; 95% CI:
0.96, 1.23) and the presence of any vascular plaque (HR 1.08; 95% CI: 0.98, 1.20)
were attenuated after adjustment. Likewise, we identified a potential nonlinear relationship
between kidney length and the 10-year hazard of ACGF, however the strength of the
relationship was attenuated after adjusting for other donor factors. The independent
effects of vascular plaque and kidney length on long-term ECD graft survival were found to
be minimal and should not play a significant role in utilization.

Keywords: kidney anatomy, length, vascular plaque, expanded criteria donor, deceased donor

*Correspondence:
Bekir Tanriover

btanriover@arizona.edu

Received: 19 March 2023
Accepted: 05 July 2023
Published: 14 July 2023

Citation:
Tanriover B, Stewart D, Kamal L,

Saeed M, Cooper M, Foutz J,
McGehee H and Gupta G (2023) The
Independent Effects of Kidney Length

and Vascular Plaque on Ten-Year
Outcomes of Extended Criteria Donor

Kidney Transplants.
Transpl Int 36:11373.

doi: 10.3389/ti.2023.11373

Abbreviations: ACGF, all-cause graft failure; AS, arteriosclerosis; BARETO, Biopsy Anatomy & Resistance Effects on
Transplant Outcomes; DGF, delayed graft function; DRR, doubly robust regression; ECD, expanded criteria donors; GS,
glomerulosclerosis; IF, interstitial fibrosis; IPW, inverse probability weighting; KDPI, Kidney Donor Profile Index; OPTN,
Organ Procurement and Transplantation Network; PNF, primary non-function; Redcap, Research Electronic Data Capture;
Rho, Spearman rank correlation coefficient; UNOS, United Network for Organ Sharing.

Transplant International | Published by Frontiers July 2023 | Volume 36 | Article 113731

ORIGINAL RESEARCH
published: 14 July 2023

doi: 10.3389/ti.2023.11373

52

http://crossmark.crossref.org/dialog/?doi=10.3389/ti.2023.11373&domain=pdf&date_stamp=2023-07-14
http://creativecommons.org/licenses/by/4.0/
mailto:btanriover@arizona.edu
https://doi.org/10.3389/ti.2023.11373
https://doi.org/10.3389/ti.2023.11373


GRAPHICAL ABSTRACT |

INTRODUCTION

The assessment of deceased donor kidney anatomy (specifically
regarding kidney length and vascular plaque) can influence whether
kidneys are transplanted or ultimately discarded [1, 2]. Surgical
evaluation can provide valuable information regarding kidney size
(length and weight) [3, 4], atherosclerosis (vascular plaques affecting
aorta and renal artery) [2, 5], anatomical variations (number of
donor renal arteries and ureters) [6], injuries, renal tumors, infarcts,
thrombosis, scarring, and ex-vivo organ perfusion. The surgical
appraisal is particularly critical for extended criteria donors
(ECD), which have comprised 20.4% of deceased donor pool
with an average kidney donor profile index (KDPI) of 85% and a
disproportionately high discard rate (exceeding 50%) during the past
decade in the United States (U.S.) [7–10].

In initial results from our BARETO (Biopsy, Anatomy &
Resistance Effects on Transplant Outcomes) study [11], we
reported the independent effects of procurement biopsy findings
on long-term renal graft survival in ECD transplants. In the study
cohort, across four GS categories (0%–5%, 6%–10%, 11%–15%,16%–
20%, 21+%), donor characteristics, as expected, included following
noteworthy comorbidities: older age (themean age range from 59.4 ±
5.8 to 60.2 ± 6.1 years), a relatively high prevalence of hypertension
(from 74.7% to 84.9%) and diabetes (15.2%–27.5%), and vascular
atherosclerotic plaques (arterial and aortic soft/hard plaques from
52.9% to 62.2% and 87.6%–89.3%, respectively). In another recent
study, among 11,795 KDPI>85% kidneys recovered for transplant in
the U.S., 56.4% of kidneys (n = 6,214) were discarded, with biopsy
findings (mainly glomerulosclerosis [GS], interstitial fibrosis [IF],

arteriosclerosis [AS]) (n = 2,747, 44.2%) and unspecified anatomical
abnormalities (n = 342, 5.5%) reported as reasons for discard [9, 12].
It is expected that transplant decision-makers regularly face
assessments of macroscopic (atherosclerotic soft and hard
plaques) and microscopic vasculopathy (AS, GS, IF) in older
donors with multiple comorbidities. Aortic and renal arterial
plaques may make arterial anastomosis challenging and increase
the risk for vascular complications (bleeding, thrombosis, and
dissection), limit blood flow by causing luminal stenosis, and can
adversely affect long-term renal outcomes [5, 13]. In addition,
extrinsic atherosclerosis (as manifested by aortic and/or renal
artery plaque formation) can result in progression of chronic
kidney disease, and could also represent involvement of renal
microvasculature [14].

Aging kidneys, typified in ECDs, undergo anatomical and
physiological changes as a part of true renal physiological
senescence and common diseases (hypertension, diabetes,
obesity, atherosclerosis). These changes increase progressively
with age and include nephrosclerosis (comprising AS, GS, IF,
tubular atrophy and arterial hyalinosis), decline in number of
functional glomeruli and glomerular filtration rate (GFR) [15,
16]. Kidney length and total volume remain stable until very old
age (>70 years-old), but renal cortical parenchymal volume could
be predisposed to decrease with aging [17], hypertension and
atherosclerosis [18], and have important implications for inferior
renal transplant outcomes, especially, in the setting of small
donor kidney length and volume compared to recipient size
[4, 19, 20]. Smaller kidney size (length< 10 cm) is associated
with older age (decreased nephron mass due nephrosclerosis),
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shorter height, lower BMI, hypertension and atherosclerosis,
while larger kidney size (>12 cm) is generally observed in
younger donor age, taller height, higher body mass index
(BMI> 30 kg/m2), diabetes (hyperfiltration), and congested
kidneys (resulting from tissue injury/edema and poor
perfusion during deceased donor recovery) [2].

A recent analysis (an abstract presented at the American
Transplant Congress in 2022) studied the relationship between
kidney anatomy findings (length, severe arterial plaque, hard
plaque, cyst/discoloration, infarcted areas, fat cleaned, and
subcapsular hematoma) and kidney utilization in a cohort of
adult deceased kidney donors with at least one kidney recovered
and relevant DonorNet attachments identified using the Organ
Procurement and Transplantation Network (OPTN) database in
2019 (N = 9,433) [21]. In a multivariable logistic regression
adjusted for KDPI and biopsy status, they reported an
increased odds of discard with presence of severe arterial
plaque (odds ratio [OR] 1.63; 95% confidence interval [CI]:
1.03, 2.59) and hard arterial plaque (OR 2.03; 95% CI: 1.48,
2.80). The authors also showed a U-shaped relationship with
kidney length and discard (kidney length [OR 0.36; CI: 0.23, 0.56]
and kidney length squared [OR 1.04; CI: 1.02, 1.06]).

In this study, we analyzed the relationship between kidney
length and vascular plaque (aortic plaque and arterial plaque)
reported in attachments uploaded to DonorNet and 10-year
hazard of all-cause graft failure. We hypothesized a nonlinear
relationship between kidney length and graft failure risk. We also
surmised that the presence and type (hard, soft; aortic, arterial) of
vascular plaque would be associated with higher graft failure risk.

MATERIALS AND METHODS

We primarily utilized the same study cohort from our previous
BARETO study and the materials and method section mirrored
those described in the publication [11]. This study used data from
the Organ Procurement and Transplantation Network. The OPTN
data system includes data on all donors, wait-listed candidates, and
transplant recipients in the US, submitted by members of the
OPTN. The Health Resources and Services Administration
(HRSA), U.S. Department of Health and Human Services,
provides oversight to the activities of the OPTN contractor.
Data, including DonorNet® attachments, were released to the
United Network for Organ Sharing (UNOS) by the OPTN after
Institutional Review Board (IRB) approval from Virginia
Commonwealth University Ethics Board. The study was
therefore been performed in accordance with the ethical
standards laid down in an appropriate version of the
2000 Declaration of Helsinki1 as well as the Declaration of
Istanbul 20082. The IRB granted a waiver of consent due to
retrospective observational nature of the analysis.

In the United States, when a patient is diagnosed with brain
death in a hospital, donor hospitals collaborate with Organ
Procurement Organizations (OPOs) in their respective donor
service areas (DSAs). There are over 1,000 donor hospitals and
57 OPOs regulated by the Centers for Medicare and Medicaid
Services (CMS). OPOs are responsible for tasks such as
obtaining consent, transmitting donor data to the United
Network for Organ Sharing (UNOS) through a web portal
called UNet, procuring organs, and delivering them to
transplant centers. Evaluation of deceased donor kidneys is
conducted by surgical recovery teams consisting of transplant
surgeons and OPO donation coordinators. OPOs use a platform
called DonorNet to upload and modify deceased donor
information, including anatomy and biopsy data saved as
PDFs. However, there are over 25 different forms used by
OPOs for kidney anatomy and pathology reporting, leading
to potential variability and subjectivity in the assessment
process due to different protocols, expertise levels, and
available resources among OPOs. Efforts to standardize the
process continue.

DonorNet PDF attachments were manually reviewed and
biopsy and anatomy findings entered into the Research
Electronic Data Capture (REDCap) [22] database according to a
protocol (Supplementary Figure S1) aligned with the Banff
Histopathological Consensus criteria [23] for 4,480 extended
criteria donors (ECD) recovered from 2008–2012 with at least
one kidney reported as having been biopsied and transplanted. Of
these, 3,957 (88.3%) had at least one kidney transplanted, and an
anatomy attachment found. Among these transplanted donors,
3,006 (76.0%) had both kidneys transplanted, while 951 (24.0%)
had just one kidney transplanted. Since the exposure variables in
the broader BARETO study include not only anatomy but also
biopsy findings, ECD donors, which we found to be almost
universally biopsied (93.2%), were chosen to avoid confounding
by indication [24] resulting from for cause biopsies [23].

The three anatomy dimensions reportedwith high frequency on
attachments were aortic plaque (99.7% reported), arterial plaque
(99.3% reported), and kidney length (99.5% reported). For kidneys
with multiple anatomy attachments (1.0% reported), we chose for
analysis the attachment with the fewest missing or unknown data
elements among these three variables (aortic plaque, arterial
plaque, and kidney length). Due to the high correlation between
aortic and arterial plaque (Supplementary Tables S1, S2), it was
judged infeasible to reliably estimate the independent effect of each
type of plaque adjusting for the other. Instead, we created a new
exposure variable—the composite plaque score (range 0–4)—by
adding the degree of aortic (hard = 2, soft = 1, none = 0) and arterial
(hard = 2, soft = 1, none = 0) plaques. The presence of any plaque
(yes, no) was also analyzed.

The primary study outcome was all-cause graft failure up to
10 years post-transplant, which was analyzed by the Kaplan-
Meier method for aortic plaque, arterial plaque, plaque score,
plaque presence, and kidney length. Plaque score, plaque
presence, and kidney length were further analyzed using Cox
regression and causal inference methods to serve the study’s
central aim of characterizing the independent associations
between these three exposure variables and long-term graft

1https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-
principles-for-medical-research-involving-human-subjects/
2http://multivu.prnewswire.com/mnr/transplantationsociety/33914/docs/33914-
Declaration_of_Istanbul-Lancet.pdf
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survival. Our primary findings were derived using doubly robust
regression (DRR) [25], which combines the strengths of
propensity-score based inverse probability weighting (IPW)
[26] and multiple regression to adjust for potential
confounding. DRR weights were based on covariate balancing
propensity scores (CBPS) [27]. Unadjusted results, as well as
results based on IPW alone and multiple regression alone, are
provided for comparison. Following Stensrud and Hernan [28],
we interpret the hazard ratio estimates from this study as
reflecting the weighted average of the true hazard ratios
during the 10 years after transplant.

Statistical inference was derived by bootstrapping the entire
DRR process, including single-imputation of missing data
using the MICE algorithm [29, 30] (Supplementary Figure
S2), with 1,000 bootstrap iterations and percentile-based 95%
confidence intervals. Supplementary Tables S1–S4 show the
degree of missingness for each covariate. Kidney length was
modeled both categorically as well as numerically, using a
restricted cubic spline to capture nonlinearity. Pointwise
(kidney length of 9 cm, 9.5 cm, 10 cm, . . ., 14 cm)
confidence intervals were generated using the bootstrap
process.

Potentially confounding covariates were chosen for
inclusion by relying on previous literature; subject matter
expertise; clinical hypothesis generation; exposure variable vs.
covariate correlation analysis; and a philosophy of erring on
the side of inclusion while leveraging opportunities for
parsimony. A total of seventeen covariates were ultimately

included in each set of models: ten donor characteristics;
two recipient factors; donor/recipient sex matching; cold
ischemic time; pumped (yes/no); kidney length and percent
glomerulosclerosis for plaque score and plaque presence; and
kidney-specific aortic and arterial plaque for kidney length
(Supplementary Tables S1–S4).

Numerical and graphical correlation analysis was used to
assess the relationship between kidney length and donor
height, weight, BMI, and KDPI. We used R Software Version
4.1.0, including WeightIt, cobalt, CBPS, mice, survival, rms, and
lme4 packages.

RESULTS

Effect of Aortic Plaque on Outcomes
Unadjusted graft survival based on the Kaplan-Meier method
revealed a statistically significant relationship between the degree
of aortic plaque (p = 0.002, Figure 1A), but not arterial plaque
(p = 0.26, Figure 1B), and 10-year graft survival. Unadjusted graft
survival was significantly lower (p = 0.03) for higher plaque score
values in an apparent, albeit weak, dose-response relationship
(Figure 1C). Similarly, graft survival was significantly lower (p =
0.003) for any plaque compared to no plaque (Figure 1D).

Several notable associations were found between plaque score
and potentially confounding factors—donor age (p < 0.001),
KDPI (p < 0.001), donor BMI (p = 0.03), donor height (p <
0.001), donor gender (p < 0.001), donor race/ethnicity (p < 0.001),

FIGURE 1 | Ten-year Kaplan-Meier graft survival by type of aortic plaque (A), arterial plaque (B), plaque score (C), and presence of any plaque (D).
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donor hypertension (p = 0.02), donor diabetes (p < 0.001), kidney
length (p < 0.001), recipient estimated post-transplant survival
(EPTS) (p < 0.001), cold ischemic time (p = 0.001), pumped (p <
0.001), donor-recipient mismatch (p < 0.001), and percent
glomerulosclerosis (p < 0.001) (Supplementary Table S3).

In Cox proportional hazards modeling, after accounting for
the associations between plaque score and potential confounders,
the 10-year hazard of graft failure for plaque scores 4 vs.
0 attenuated and was no longer significant: unadjusted HR
1.21 (95% CI: 1.08, 1.36), DRR-adjusted HR 1.08 (95% CI:
0.96, 1.23). The mild dose-response relationship evident in the
unadjusted results was also attenuated in adjusted analyses
(Figure 2).

Likewise, after accounting for the associations between the
presence of any plaque and potential cofounders, the 10-year
hazard of graft failure approached but did not reach statistical
significance: unadjusted HR 1.17 (95% CI: 1.06, 1.29), DRR-
adjusted HR 1.08 (95% CI: 0.98, 1.20) (Figure 3).

Effect of Kidney Length on Outcomes
Unadjusted survival curves suggest a possible nonlinear
relationship between kidney length and long-term graft
survival, as the best outcomes were observed for mid-range
(10–12 cm) kidneys. However, this relationship did not reach
statistical significance (p = 0.09, Figure 4). A correlation
analysis revealed a moderate to strong positive
relationship between kidney length and donor height
(Spearman rank correlation coefficient (rho) = 0.34,
Figure 5A) and donor weight (rho = 0.41, Figure 5B) and

statistically significant but weak correlations between kidney
length and donor BMI (rho = 0.27, Figure 5C) and KDPI
(rho = −0.14, Figure 5D).

In DRR analysis, the hypothesized nonlinear relationship
between length and graft survival was still evident, however
effects were not statistically significant: ≤10 cm vs.10–12 cm
(HR 1.06; 95% CI: 0.98, 1.16), >12 cm vs. 10–12 cm (HR 1.07;
95% CI: 0.97, 1.18) (Figure 6). Unadjusted analysis of continuous
kidney length modeled nonlinearly revealed a statistically
significant increasing hazard as kidney length rose from about
12 cm to 14 cm; however, this pattern was no longer apparent in
fully adjusted DRR analysis, suggesting the nonlinear relationship
is, if not entirely, explained by correlations with other donor
characteristics (Figure 7).

Love plots [31] (Supplementary Figures S3–S5) indicated
highly successful covariate balancing among exposure groups
after weighting, with all standardized differences falling near or
below 0.1 [32].

DISCUSSION

After rigorous statistical adjustment for confounding, this study
has revealed that the associations between 10-year hazard of graft
failure and vascular plaque (analyzed through both a composite
plaque score and simply presence vs. absence) approached, but
did not reach, statistical significance. The residual effect of plaque
presence was significant, suggesting that there may very well be a
real, albeit modest, effect that our sample sizes just were not large

FIGURE 2 | Unadjusted and adjusted (propensity weighted, standard
regression, and doubly robust regression -DRR) associations between plaque
score and 10-year graft failure risk.

FIGURE 3 | Unadjusted and adjusted (propensity weighted, standard
regression, and doubly robust regression -DRR) associations between
presence of any plaque and 10-year graft failure risk.
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enough to detect. Still, the key message from this study is that any
effect of plaque is small, and thus this parameter should not play a
key role in organ utilization decisions. Likewise, the nonlinear
relationship that was hypothesized for kidney length and the 10-
year hazard of all-cause graft failure indeed manifested, however
it is largely or entirely explained by other donor factors, and the

residual effects are modest in size and did not reach statistical
significance.

The specificity in reporting vascular plaques on the UNOS
DonorNet is inadequate. While the descriptions of these
plaques are offered in two distinct locations - the aorta and
the arteries - and in two types - soft and hard, there is an
absence of information regarding their size and extent. This
omission hinders differentiation of vascular plaques found in
the aortic patch from those located in the renal artery orifice/
lumen. In addition, there are currently no objective
measurements or standardized scoring system regarding
assessment of vascular plaques nor a body of evidence
concerning their effects on deceased donor kidney quality
and transplant outcomes. Naturally, it is expected that
presence of vascular plaque may lead to difficult
anastomoses resulting in intra/post-operative complications,
such as bleeding and thrombosis, and these plaques can also be
interpreted as proxies for intra-renal histological
arteriosclerosis.

In one of the few studies published on the topic, Keijback
et al. analyzed the data of the kidneys (donor age >50 years
old) recovered for transplant (N = 2,610; 2,239 transplanted
[85.8%] and 371 discarded [14.2%]) between 2000 and 2015 in
the Netherlands as a part of the Eurotransplant system, where
renal artery macroscopic arteriosclerosis data were available
[5]. Their study revealed that the macroscopic arteriosclerosis
commonly occurred, 68% in the transplanted kidneys (none
31%, mild 9%, moderate 46%, massive 13%) and 79% in the

FIGURE 4 | Ten-year Kaplan-Meier graft survival by kidney length.

FIGURE 5 | Correlation between kidney length and donor height (A), weight (B), body mass index (C), and kidney donor profile index (D).
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discarded kidneys (none 22%, mild 13%, moderate 31%,
massive 35%), and increased the risk of discard by 36%
(odds ratio [OR], 1.36; 95% confidence interval [CI]
1.02–1.80, p-value = 0.03). However, compared to the no
vascular lesion category, the macroscopic arteriosclerosis
(any degrees) was not associated with delayed graft
function (DGF), estimated glomerular filtration rate at 1-
year post-transplant, and death censored graft failure
during the study period. Early vascular complications
leading to graft failure (primary non-function-PNF) among
the kidneys with moderate to massive arteriosclerosis were
rare and did not differ compared to the kidneys without
vascular lesions. These insignificant findings on the
outcomes could at least partly be due to small sample size,
i.e., insufficient power to detect subtle differences. Among the
subgroup of kidney transplant recipients who had a pre-
implantation allograft biopsy (n = 109), Keijback et al.
showed that there was no correlation between macroscopic
renal arteriosclerosis and histological arteriosclerosis
(specifically, vascular fibrous intimal thickening and
arteriolar hyalinosis). Still, a bias regarding the effect of
arteriosclerosis could be introduced in their conclusions
because they did not analyze the relationship between
macroscopic and microscopic arteriosclerosis correlation
among discarded kidneys. In our study, we also observed
that the procurement biopsy findings (interstitial fibrosis,
vascular changes, and to some extent glomerulosclerosis)
did not deteriorate with the presence of higher degree of
aortic and arterial plaques (Supplementary Table S1). In

turn, we cautiously suggest that vascular plaques should
not be viewed as surrogate for intra-renal chronic vascular
changes and related histological findings.

The presence of vascular hard stenotic plaques may imply a
contraindication to deceased donor transplantation.
Depending on the availability of the Carrel aortic patch,
the location of hard stenotic plaque (involving ostium and
extending into renal artery), length of plaque free renal artery
(safe anastomosis generally requiring main renal artery
1.5 cm or longer), either resection of a segment of artery/
Carrel patch containing plaque (permitting end to side
anastomosis in a similar fashion performed in living donor
kidney transplantation) or eversion endarterectomy can be
successfully performed as a rescue procedure but requires
increased technical expertise [33].

Studies analyzing the relationship between kidney length
and short/long-term graft outcomes are limited. Tierie et al.
conducted a prospective pilot study (N = 166) to predict the
effect of systematic procurement surgical assessment
(16 donor variables related to kidney temperature, anatomy
[length and width], atherosclerosis, perfusion, and overall
quality) on short term graft outcomes (DGF or PNF vs.
immediate function, 1-year graft failure or eGFR< 50 mL/
min/1.73 m2 vs. functioning graft or eGFR>50 mL/min/
1.73 m2) [2]. In multivariable logistic regression analysis, a
larger kidney width (>6 cm) and the poor quality of perfusion
(suggestive of congested and edematous kidneys) were
associated with DGF/PNF. A larger kidney length (>12 cm),
lower first donor creatinine and KDPI predicted a functioning

FIGURE 6 | The unadjusted and adjusted (propensity weighted,
standard regression, and doubly robust regression -DRR) associations
between kidney length and 10-year graft failure risk.

FIGURE 7 | The associations between continuous kidney length and 10-
year graft failure risk, modeled as a restricted cubic spline.
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graft or eGFR>50 mL/min/1.73 m2 at 1-year. In contrast, our
analysis revealed that the kidney length>12 cm was not
associated with better long-term graft survival.

Some may have legitimate concern that these donor anatomy
parameters are subject to significant measurement errors
(kidney length measurement with perinephric fat and lack of
kidney volume assessment accounting for the three-
dimensional nature of the kidney) and can have subjectivity
(lack of length, location, and extension of stenotic hard vascular
plaque). However, despite their imperfections, analyzing these
parameters’ associations with outcomes is meaningful and
relevant since they are used in clinical practice to influence
kidney utilization decision making. Moreover, OPTN policy
requires transplant centers to update their “Kidney Minimum
Acceptance” criteria annually in which the kidney anatomy
section includes questions regarding both vascular plaque
(considering a kidney from a donor with soft or hard plaque
in the renal artery described as mild, moderate, severe) and
kidney length (considering a donor kidney that is 2 or more
centimeters smaller that the kidney on the opposite site) [34].
Despite known limitations, semi-quantitative assessment is a
commonly applied, accepted and undisputable part of the
kidney allocation system, as encountered with procurement
kidney biopsy reporting, the Banff Histopathological
Consensus Criteria for preimplantation kidney biopsies
similarly classify IF, tubular atrophy, AS, arteriolar
hyalinosis, acute tubular necrosis findings in four categories
(none, mild, moderate, and severe).

Evaluating kidney size is a multifaceted process, and it would
be erroneous to base it entirely on the measurement of bipolar
length for an accurate estimation of kidney volume. One must
bear in mind that a kidney of lesser length might compensate
with a greater width, hence maintaining a similar overall volume
and nearly equivalent split function. Therefore, when sizing a
kidney, it’s essential to take into account the substantial
disparity in sizes between the two kidneys from the same
donor, rather than concentrating exclusively on their total
length. This consideration could potentially clarify the
observed absence of correlation between length and our
outcome of interest.

Ensuring compatibility between the donor kidney size and
the metabolic demand of the recipient is vital in kidney
transplantation. While there are general guidelines in
place, individual factors also play a significant role.
Elements like body size, age, and overall health status
ought to be considered during the evaluation of kidney
size. For instance, a small kidney may not suffice for a
large, young recipient due to inadequate kidney function.
Conversely, the same small kidney might be appropriate for
an older recipient with a reduced body size and metabolic
requirement. By taking into account these factors, the
transplanted kidney’s capacity to meet the recipient’s
needs can be maximized, thereby enhancing the likelihood
of a successful transplant outcome.

Our study has strengths and limitations. Using national
registry data provided large sample sizes for increased
statistical power. We also applied rigorous causal inference

methods adjusting for numerous potential confounders.
Utilizing DonorNet attachments reflects the real-world
framework. Our use of a 2008–2012 cohort allowed us to
analyze the effects of kidney length and macroscopic/
microscopic vascular disease on 10-year hazard of all-cause
graft failure, a meaningful outcome to patients. Even so, it is
plausible that unmeasured variables and selection bias related to
kidney utilization (transplant vs. discard) may affect the results.
Smaller sample sizes for the most extreme values of the three renal
anatomy dimensions could have decreased statistical power. The
reported data on luminal narrowing in renal artery was not
specific (arterial plaque <50%, >50% or circumferential not
quantified). Aortic plaque usually involves the distal aorta but
sometimes can involve aorta at origin of renal arteries. Presence
of aortic plaque at renal artery orifice and its’ extension into renal
hilum are also not available. Plaque assessment is a subjective and
can vary between surgeons based on experience which may
introduce a selection bias. Lastly, we analyzed the effect of
individual kidney length measurement on the outcome but not
the effect of significant length asymmetry between two mate
kidneys.

Despite these limitations, our data suggest that any effect of
vascular plaques on the 10-year hazard of all-cause graft
failure is small, which should justify a diminished influence
on decision-making regarding organ utilization. Secondly,
vascular plaques should not be viewed as surrogate for
intra-renal chronic vascular histological findings. Finally,
though a nonlinear relationship between kidney length and
long-term outcomes is evident, it is explained by other pre-
measured and reported donor factors and thus should not be
‘double-counted’ when weighing factors in organ acceptance
decisions.

Carefully quantifying the independent effects of prognostic
parameters on outcomes meaningful to patients and their
providers has the potential to improve transplant decision-
making and organ utilization. Standardized OPTN data
collection on renal anatomy data may improve decision-
making and allow for more robust future analyses, like what
the OPTN has in the works for biopsy findings like standardized
forms and electronic data capture.
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Posttransplant nodular regenerative hyperplasia (NRH) mostly remains unexplained.
Microvascular injury due to antibody-mediated rejection (AMR) is suspected, but lack
of donor specific antibody (DSA) testing makes it difficult to prove. Centered around a 1-
year period of routine DSA testing, concomitant protocol, and indicated posttransplant
liver biopsies (LB), recipients with NRH (n = 18) were compared with a matched control
group (n = 36). All index, previous, and subsequent LB were reviewed. Both groups were
similar in terms of demographics, timing of index LB, and DSA. In the index LB, the NRH
group had higher sinusoidal C4d positivity (p = 0.029) and perisinusoidal fibrosis (p =
0.034), both independently associated with NRH (p = 0.038 and 0.050, respectively).
Features of “possible” chronic AMR were detected in 28.5% of the NRH group without a
known cause and 0% of the control group (p = 0.009). The NRH group had more
preceding indicated LB with increased incidence of rejection and biliary obstruction
pattern. In the follow-up histology, overall, sinusoidal and portal C4d positivity,
sinusoidal microvasculitis, and perisinusoidal fibrosis were also higher (all p < 0.050). In
conclusion, we provide evidence towards the hypothesis that some cases of
posttransplant NRH are related to preceding active and persistent AMR. Large
multicenter studies with protocol DSA testing are required to confirm.
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INTRODUCTION

Nodular regenerative hyperplasia (NRH) is characterized by the
diffuse transformation of the liver parenchyma into regenerative
nodules with little-to-no perisinusoidal fibrosis [1]. In native
livers, NRH is generally attributable to abnormalities in
intrahepatic blood flow in small portal vein branches or
hepatic venous drainage, and during the early stages of biliary
tract disorders before more blatant cholangiopathic changes
become obvious. NRH is associated with an ever-growing
group of extrahepatic diseases and therapeutic agents
including various immunological disorders, hematopoietic
diseases, solid organ and bone marrow transplantation, and
treatment with immunosuppressive or chemotherapeutic
agents [2–4]. NRH can be asymptomatic and severe cases can
show evidence of portal hypertension. Serum alkaline
phosphatase and gamma glutamyl transpeptidase levels can be
mildly elevated, but serum transaminase levels are usually
normal [3].

The development of NRH following liver transplantation (LT)
is not well documented, with only a few case reports [5–8] and
three retrospective series in adult recipients [9–11]. NRH is seen
with increasing frequency and with increased graft longevity [12,
13]. Most cases are asymptomatic, diagnosed on protocol liver
biopsies (LB); however, some cases require retransplantation due
to portal hypertension. Of the etiologies for NRH in native liver,
azathioprine and vascular issues are higher up on the list of
differential causes, however the number of unexplained cases
remains high [11]. Porto-sinusoidal vascular disease (PSVD),

which produces NRH is reported as an uncommon cause of
recurrent disease after LT [14]. Chronic antibody-mediated
rejection (cAMR), less well defined than acute antibody-
mediated rejection (aAMR), is suspected by the Banff group to
be one of the likely causes of NRH [15, 16]. Based on limited prior
studies published before the era of donor specific antibodies
(DSA), it is difficult to document this relationship and
establish criteria for AMR-related NRH. Few centers do
protocol LB and DSA testing. HLA DSA testing is haphazard,
hepatologist-dependent, and non-HLA DSA is even less
frequently tested. In the most recent series [11], based on a
chart review without looking for histological clues to the potential
etiology, no unifying risk factors were found, but the data pointed
towards an immune-mediated process in the development
of NRH.

The aim of this study was to get more concrete evidence for the
relationship between AMR and the development of NRH, based
on a detailed histological assessment for features of AMR from
protocol and indicated LB taken during a 1-year window of
protocol HLA DSA testing. The biopsies preceding and
subsequent to the index LB were examined to look at
sequential changes.

PATIENTS AND METHODS

Study Population
In our center, DSA testing is not routinely conducted, except for
patients on the waiting list for retransplantation or with
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unexplained graft dysfunction. For the purpose of the current
study, case identification was restricted to 2014 as this was the
sole period where DSA testing was performed systematically as
part of a parallel study to know the incidence of DSA in the LT
population. Patients were initially selected from the Pathology
Department database using search criteria prospectively coded
for a histological diagnosis of NRH made in 2014. Biopsy-proven
NRH patients from this period, with synchronous DSA testing,
were included (Supplementary Figure S1). The control group
was formed by matching each NRH patient with two non-NRH
patients who were biopsied in the nearest timeframe (just before
and just after a given NRH patient). The study was conducted in
accordance with the Declaration of Helsinki and French law for
medical research. Free and informed consent was obtained for all
the patients included.

Regular assessment includes a clinical, biochemical, and
serological screening and calcineurin inhibitors doses at least
every 6 months. LB were either “indicated” due to clinical and/or
biochemical reasons or part of the systematic posttransplantation
“protocol” at 1, 2, 5, 10, 15, and 20 years, independently of the
donor and recipient HLA typing. Regarding immunosuppression,
induction therapy such as IL-2 receptor antibodies (basiliximab)
and anti-thymocyte globulin was used in patients with kidney
dysfunction and those at higher immunological risk
(retransplantation, immune-mediated liver disease, multiorgan
recipient, highly sensitized) compared with essentially all other
recipients who are considered lower immunological risk. A
maintenance immunosuppression regimen is usually based on
steroids (tapered and stopped between 3 and 6 months after LT),
calcineurin inhibitors (tacrolimus or cyclosporine, mainly in
HCV positive patients) and mycophenolate mofetil.

Pathology Studies
The specimens were routinely paraffin-embedded and stained
with hematoxylin-eosin-safran and Picrosirius. Index, previous,
and subsequent LB and/or explants were reviewed by two
experienced liver transplant pathologists (FY and MS) blinded
to the clinical status. Disagreements between the two readers were
minor and resolved by consensus meeting. The diagnosis of NRH
was based on diffuse transformation of the liver parenchyma
(confirmed by Gordon Sweet’s silver staining for reticulin,
Figure 1) into regenerative nodules. Particular attention has
been paid to histological features of AMR, as described
elsewhere [15]. In short, histopathological pattern of injury
consistent with aAMR mainly includes portal changes
(i.e., microvascular endothelial cell hypertrophy, capillary and
inlet venule dilatation, microvasculitis, edema, and ductular
reaction). Among them, microvasculitis is the
histopathological “signature” of aAMR. It can also affect the
sinusoids (Table 4 of the Banff document [15]). Histopathological
pattern of injury consistent with cAMR includes both
unexplained and mononuclear portal and/or perivenular
inflammation with interface and/or perivenular necro-
inflammatory activity, and portal/periportal, sinusoidal and/or
perivenular fibrosis. Portal microvasculitis is potentially observed
in cAMR.

Here, the presence of monocyte/macrophage clusters of more
than 5 cells within dilated sinusoids in most inflamed areas
randomly in the lobules was named as “sinusoidal
microvasculitis.”

Immunostaining
Immunostaining for C4d (rabbit monoclonal A24-T Biotech,
Kosice, Slovakia) was evaluated in the compartments defined
by the Banff group in portal veins and portal capillaries [15], but
also in the centrilobular veins and sinusoidal endothelial cells.
C4d immunostaining was scored as negative (score 0), minimal
(<10%, score 1), focal (10%–50%, score 2) and diffuse (>50%,
score 3) of structures in the index LB and last follow up histology
in both groups (Figure 2).

In the NRH group, a panel (CD3, CD20, CD4, CD8, and
CD68) was performed for immunotyping the sinusoidal infiltrate
in the cases with sinusoidal microvasculitis. Changes in liver
sinusoidal endothelial cell (LSEC) and hepatic stellate cell (HSC)
phenotype were studied by comparing similarly-sized portal
tracts, central veins, and sinusoids in the index LB versus last
follow up histology stained for CD34 (mouse monoclonal, QBE-
10, DAKO) and α-smooth muscle actin (α-SMA, mouse
monoclonal, 1A4; DAKO). The expression of major
histocompatibility complex (MHC) class II antigen (mouse
monoclonal CR3/43; DAKO (MO775, Carpinteria, CA), the
putative target of Class II DSA, was assessed by compartment.

Assays for Anti-HLA Antibodies
Donors were typed for the HLA system using commercially
available serological methods (One Lambda, Inc., Canoga
Park, CA). Loci A, B, DP, DQ, and DR were typed. Blood
samples were harvested from the recipients at the time and
after the index LB. Recipient anti-HLA antibodies were
retrospectively analyzed by Luminex with the LABScreen
single antigen class I and single antigen class II beads
(LS1A04 and LS2A01, respectively; One Lambda, Inc.), after
neutralization of the complement interference phenomenon
using ethylene diamine tetraacetic acid before treatment of the
serum for all the samples that were found positive using the
screening assay (LSM12; One Lambda, Inc.). Normalized mean
fluorescence intensity (MFI) values of DSA were reported, using
the baseline formula from the Fusion® software. The specificities
for both class I and II HLA antibodies were considered significant
for MFI >1,000 in accordance with the cutoff values used in
LT [17].

Statistical Analysis
NRH and control patients were compared in terms of
demographic data, histopathological features, immunostaining
for C4d, and DSA. Student’s t-test was used for continuous
variables, whereas the chi-squared test or Fisher exact test (for
small numbers) was applied to analyze categorical variables. The
variables were first considered under univariate analysis. Those
with p < 0.15 (because of the small sample size) were then tested
by logistic regression analysis. A p-value of <0.05 was considered
to be significant.
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RESULTS

Patients
During the study period, a total of 356 LB were performed in
329 liver transplant patients (Supplementary Figure S1).
Twenty-three (6.4%) patients were diagnosed with NRH in 23
(6.9%) LB. Among them, five patients were excluded due to lack
of synchronous DSA testing. The study included 18 NRH patients
and 36 matched controls. Table 1 gives patients’ characteristics.
There were 14 males and 4 females, with a mean age of 50.7 +
11.6 years at the time of the initial LT. None of the patients were
infected by HIV. The majority of patients were transplanted for
cirrhosis. None were transplanted for NRH. None of the patients
had systemic diseases, prothrombotic status, or hematological
disorders. One patient concomitantly underwent kidney
transplantation for chronic interstitial nephropathy and one
underwent heart transplantation 4 years after LT for
amyloidosis-related cardiac insufficiency.

Regarding immunosuppression, induction therapy was used
in eight patients. Fourteen (77%) patients were on maintenance
immunosuppression with tacrolimus, three (16%) with

cyclosporine and one (5%) with everolimus. Sixteen (89%)
received mycophenolate mofetil (MMF) and one (n°14)
received azathioprine since LT (10 years ago). There was no
change in immunosuppression following the diagnosis of NRH.

Both groups were similar in terms of demographics such as
sex, mean age at the time of LT, native disease, induction therapy
(8/36 versus 3/18) and maintenance immunosuppression, which
was mainly based on tacrolimus (24/36 versus 14/18) and MMF
(24/36 versus 16/18). The two groups did not differ in terms of
mean posttransplant timing of index LB (6.4 ± 6.0 versus 6.2 ±
6.3 years), and indication for index LB (clinically indicated in 3/
36 versus 4/18, or protocol LB in 33/36 versus 14/18). Regardless
of the indication for index LB, abnormal LFT were significantly
less frequent in the control group (p = 0.036).

Graft loss was higher in the NRH group (5/18 versus 0/36, p =
0.003). Patients were retransplanted at a mean time of 8.1 ±
5.9 years after LT and at a mean interval of 2.1 ± 0.9 years after the
diagnosis of NRH. The reason for retransplantation was related to
NRH complicated by portal hypertension (refractory ascites in 3,

FIGURE 1 | Representative images of NRH and “sinusoidal
microvasculitis.” Alternating widened and atrophic hepatic plates in a nodular
architecture, consistent with NRH on Hematoxylin eosin staining (A) and
Gordon Sweet’s silver staining (B). At high magnification, so-called
“sinusoidal microvasculitis” (C) by analogy with portal capillaritis, defined by
the presence of marginated monocytes/macrophages within dilated
sinusoids.

FIGURE 2 | Representative images of C4d in patients with NRH. (A) An
example of minimal (<10% staining) C4d positivity in an index LB with NRH.
C4d positivity is observed within the sinusoidal microvasculature. (B) Focal
(10%–50% staining) C4d positivity within the sinusoidal
microvasculature in an explant with NRH. C4d deposition on the elastic fibers
of arterioles was regarded as a positive internal control. (C) Diffuse (>50%
staining) C4d positivity in an explant with NRH. C4d positivity is observed
within the portal venules, capillaries and inlet venules, and sinusoids.
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variceal bleeding in 2). Patient survival was similar in both
groups.

Pathological Results
Previous LB in Both Groups
Biopsies prior to the index LB were performed in 15 NRH patients
and 26 control patients who underwent 47 and 76 LB, respectively.
The mean and median number of previous LB were 2.3 ± 2 and 2
(range: 0–8) in the NRH group, and 2 ± 2 and 2 (range: 0–6) in the
control group. The number of indicated LBwas significantly higher in
the NRH group (32/47 versus 27/76, p = 0.001) (Table 2).

Among overall previous LB to index ones, features consistent
with aAMR were present in one patient of the NRH group and in
none of the control group. T cell-mediated rejection (TCMR) was
more common in the NRH group (22% versus 8%) without
reaching significance. Ductopenic rejection was observed in
one NRH patient and one control patient. The pattern of
biliary obstruction was significantly more common in the
NRH group (p = 0.033). This was observed only in the NRH
group and in the absence of abnormalities of the biliary imaging.
The presence of sinusoidal microvasculitis was similar between
both groups.

TABLE 1 | Characteristics of the liver transplant patients from NRH and control groups.

NRH group (n = 18) Control group (n = 36) P#

Gender (M/F) 14/4 20/16 0.142
Mean age at initial transplantation 50.7 ± 11.6 51.4 ± 11.5 0.690

Native disease
Alcoholic cirrhosis 2 (11.1) 8 (22.2) 0.466
HCV-cirrhosis 4 (22.2) 12 (33.3) 0.532
HBV-cirrhosis 3 (16.7) 8 (22.2) 0.733
NASH-cirrhosis 1 (5.6) 0 (0.0)
Fulminant hepatitis 1 (5.6) 3 (8.3)
Amyloidotic neuropathy 3 (16.7) 1 (2.8)
Primary biliary cholangitis 0 3
Primary sclerosing cholangitis 1 1
Biliary atresia 2 0
Tyrosinemia 1 0

Concomitant HCC 5 (27.8) 7 (19.4) 0.506
Chemotherapy for prevention of HCC recurrence 2/5 0/7
Immunosuppression
Induction therapy 3 (16.7) 8 (22.2) 0.733
Maintenance regimen
Tacrolimus 14 (77.8) 24 (66.7) 0.532
Cyclosporine 3 (16.7) 10 (27.8) 0.506
Everolimus 1 (5.6) 2 (5.6)
Mycofenolate mofetil 16 (88.9) 24 (66.7) 0.105
Azathioprine 1 (5.6) 0 (0.0)

Index LB
Mean post-transplant time (years) 6.2 ± 6.3 6.4 ± 6.0 0.640
Nature of the index LB
Indicated LB 4 (22.2) 3 (8.3) 0.182
Routine LB 14 (77.8) 33 (91.7) 0.204

Abnormal LFTs at the time of the index LB regardless of its nature 11 (61.1) 10 (27.8) 0.036
Cholestasis 7 4
AST and/or ALT elevation 0 2
Both 4 4

Surgical complications 3 5 1.000
Biliary stenosis 1 (5.6) 2 (5.6)
Portal vein thrombosis 2 (11.1) 0 (0.0)
Arterial stenosis 0 (0.0) 2 (5.6)
Arteriolo-venous fistula 0 (0.0) 1 (2.8)

Follow up
Available histological follow-up 14 (77.8) 25 (69.4) 0.748
Follow-up course
Death 1 (5.6)a 1 (2.8)b 1.000
Retransplantation 5 (27.8) 0 (0.0) 0.003

Values presented as n (%), Liver biopsies (LB), HCC, hepatocellular carcinoma; LB, liver biopsy; LFTs, Liver Function Tests.
#p ≤ 0.05 was considered statistically significant (in bold).
aDeath due to sepsis.
bDeath due to colon carcinoma.
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NRH Group
On the index LB, NRH was confirmed in all of them. Ductopenic
rejection was concomitant to NRH in two and TCMR in none. No
portal capillaritis was observed. Sinusoidal microvasculitis was
observed in six (33%) LB. Perisinusoidal fibrosis was observed in
six (33%) LB, of whom five were unrelated to NASH. No
microthrombotic changes were observed in sinusoids or portal
venules. Immunostaining for C4d was positive in eight (44.4%)
LB. Positivity was observed only in portal venules in one
(minimal), only in sinusoids alone in five (minimal in four
and focal in one, respectively) and in both in two LB (focal in
one and diffuse in one, respectively).

On last follow up histology available in 14 cases including 9 LB
and 5 explants, we observed persistence of NRH. No
microthrombotic changes were observed in sinusoids. Two

explants showed portal venopathy. The global incidence of
C4d deposits and sinusoidal microvasculitis (71.4% and 50%,
respectively) increased as compared with the index LB (44% and
33%, respectively) without reaching significance. For a given
patient, C4d deposits, either in portal tracts or sinusoidal,
increased in 50% of patients in the follow-up LB after the
index LB. The sinusoidal infiltrate contained abundant
lymphocytes of predominantly CD3/CD8 phenotype in all
cases with sinusoidal microvasculitis. We detected a shift
toward a pathogenic phenotype in HSC and LSEC (Figure 3):
Over time, there was an increase in CD34 expression in peri-
portal, sinusoidal, or peri-venular regions, and in α-SMA
expression diffusely. MHC Class II staining increased
dramatically, predominantly in the sinusoidal compartment
(Figure 4).

TABLE 2 | Comparison of main histopathological features, C4d immunostaining, and DSA between NRH and control groups.

n (%)

NRH n = 18 Controls n = 36 P#

Previous liver biopsies (LB) 47 76
Median (range)/Mean number of LB 2 (0–8)/2.3 + 2 2 (0–6)/2 ± 2 1.000
Number of patients with at least one previous LB 15 (83.3) 26 (72.2) 0.506
Number of protocol/indicated LB 15/32 49/27 0.001
Rejection 7 4 0.029
TCMR 4 3
Chronic ductopenic rejection 1 1
Plasma cell rich rejection 1 0
aAMR 1 0

Biliary obstruction pattern 3 0 0.033
Sinusoidal microvasculitis 4 5 0.461

Index liver biopsies
TCMR 0 (0.0) 2 (5.6) 0.547
Chronic ductopenic rejection 2 (11.1) 4 (11.1) 1.000
C4d positivity 8 (44.4) 8 (22.2) 0.119
Portal compartment 3 (16.7) 5 (13.8) 1.000
Sinusoidal compartment 7 (38.9) 4 (11.1) 0.029
Centrilobular vein 0 (0.0) 2 (5.6) 1.000

Sinusoidal microvasculitis 6 (33.3) 5 (13.9) 0.150
Perisinusoidal fibrosis 6 (33.3) 5 (13.9) 0.150
Perisinusoidal fibrosis unrelated to NASH 5 (27.8) 2 (5.6) 0.034

Last histological follow up 14 (77.8) 25 (69.4) 0.748
TCMR 1 (7.1) 0 (0.0) 0.358
Chronic ductopenic rejection 2 (14.2) 2 (8.0) 0.61
C4d positivity 10 (71.4) 1 (4.0) <0.001
Portal compartment 5 (35.7) 1 (4.0) 0.021
Sinusoidal compartment 10 (71.4) 0 (0.0) <0.001
Centrilobular vein 0 (0.0) 0 (0.0) 1.000

Sinusoidal microvasculitis 7 (50.0) 3 (12.0) 0.019
Perisinusoidal fibrosis 5 (35.7) 4 (16%) 0.238
Perisinusoidal fibrosis unrelated to NASH 3 (21.4) 0 (0.0) 0.039

DSA at the time of index liver biopsies
Positive DSA 6 (33.3) 12 (33.3) 1.000
More than one DSA 4 (22.2) 2 (5.6) 0.087
Class II DSA 5 (27.8) 11 (30.6) 1.000
High MFI (>1,000) class II DSA 5 (27.8) 7 (19.4) 0.506
Class I DSA 3 (16.7) 1 (2.8) 0.102
High MFI (>1,000) class I DSA 1 (5.6) 1 (2.8) 1.000

Chronic AMR 4 (22.2) 0 0.009

TCMR, T cell-mediated rejection; AMR, antibody-mediated rejection; DSA, donor specific antibodies; MFI, mean fluorescence intensity; NRH, nodular regenerative hyperplasia.
#p ≤ 0.05 was considered statistically significant (in bold).
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Control Group
On the index LB, the main pathological diagnoses were as follows:
normal in six, steatosis/non-alcoholic steatohepatitis in nine,
ductopenic rejection in four, TCMR in three, sinusoidal
congestion in four, chronic hepatitis in nine, and biliary
obstruction in one. No NRH changes were observed. No portal
capillaritis was observed. Sinusoidal microvasculitis was observed in
five (14%) LB. Perisinusoidal fibrosis was observed in five (14%) LB,
of whom twowere unrelated toNASH. Immunostaining for C4dwas
positive in eight (22%) LB. Positivity was observed only in sinusoids
in 3 (minimal in 1 and focal in 2, respectively), only in portal venules
in 2 (minimal), in both portal venules and sinusoids in 1 (minimal),
and in both portal and centrilobular venules in 2 LB (minimal).

Last histology showed no NRH changes and no significant
fibrosis, and only one (1/25) had minimal portal C4d deposit.

Comparison of Main Histological and
Immunohistochemical C4d Features of Index LB and
Subsequent Histology Between Groups
There is a trend towards increased sinusoidal microvasculitis in
the NRH group in the index LB (33% versus 14%) and previous
LB (27% versus 19%), however this does not reach statistical
significance (using univariate analysis). Sinusoidal C4d positivity
and perisinusoidal fibrosis in index LB were higher in NRH group
(p = 0.029 and 0.034, respectively). Under multivariate analysis,
sinusoidal C4d deposits and perisinusoidal fibrosis were

independently associated with NRH (p = 0.038 and 0.050,
respectively).

In follow-up histology, higher sinusoidal microvasculitis,
perisinusoidal fibrosis, and overall, sinusoidal and portal C4d
positivity (all p < 0.050) were observed in the NRH
group. Multivariate analysis was not possible because the
number of patients with follow up histology was not sufficient.

DSA at the Time of the Index LB
DSA were present in six (33%) patients of the NRH group in
whom four had more than one DSA type (Table 2). Five patients
exhibited class II DSA in significant MFI in all of them. Three
patients had class I DSA in significant MFI in one and
approaching significance in two of them. Two patients
exhibited both class I and II DSA. Twelve (33%) patients of
the control group had positive DSA in whom two had more than
one DSA type. One patient had significant class I DSA. Eleven
patients had class II DSA, in significant MFI in seven of them.
There was no difference between the groups in terms of DSA
(presence, number, class, and level of MFI).

Diagnosis of cAMR
No patient from the control group could be classified as cAMR as
they did not meet the histopathological features at index and
follow-up.

In the NRH group, four patients (Supplementary Table S1, n°1,
3, 7, 11) with mainly sinusoidal and/or portal vascular C4d
positivity, portal and/or perisinusoidal fibrosis in index LB and
DSA positivity were classified as cAMR. Three of them were
retransplanted. Explant livers showed progression of the
histopathological features detected in the index LB, especially
perisinusoidal fibrosis and sinusoidal microvasculitis. DSA in
terms of type and level of MFI were comparable to those present
at the time of the index LB. The fourth patient developed ascites and
had no follow-up biopsy and no DSA testing. In these patients, no
other causes to explain clinical and morphological findings and
acknowledged etiologies of NRH were found. These four patients
represented 22.2% (4/18) of all the NRH patients and 28.5% (4/14)
of the NRH patients without acknowledged etiologies of NRH.

Three additional patients with NRH (n°2, 4, 15) had the
histopathological criteria and C4d immunostaining consistent
with cAMR in follow-up, but DSA were not tested in one patient
(n°15) and remained negative in the two retransplanted patients (n°2,
4). In these two latter patients, portal vein thrombosis has been
discovered after the diagnosis of NRH on the index LB in one (pt
n°2), and before the index LB indicated for ascites in the other. Both
explants found portal vein thrombosis and portal venopathy.

DISCUSSION

Our study is the first that attempts to investigate the relationship
between posttransplant NRH and AMR. Despite inconsistent
routine DSA testing overall, thanks to a 1-year period of
routine DSA testing together with a long-standing system of
protocol LB, we were able to look at a subset of our liver
transplant patients with NRH. In comparing our cohort of

FIGURE 3 | Shift toward a pathogenic phenotype in HSC and LSEC over
time. By comparing similarly-sized portal tracts, central veins, and sinusoids in
the index LB (A) versus last follow up histology (B), there was an increase in
CD34 expression in peri-portal, sinusoidal, or peri-venular regions, and
in α-SMA expression diffusely.
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posttransplant NRH to the control group, we found that the
patients who develop NRH had more preceding indicated LB
with an increased incidence of rejection diagnosis, including
TCMR and features suspicious for AMR, or biliary features
which are also a recognized feature of AMR, after exclusion of
biliary obstruction. At the time of the index LB, the diagnosis of
cAMR could be made in a subset of our NRH patients according to
the current 2016 Banff criteria [15]. In addition to these, currently
classifiable as cAMR, we identified an association with a form of
progressive antibody-mediated sinusoidal injury consisting of
persistent sinusoidal microvasculitis and sinusoidal C4d
staining, evolving from the previous LB to the index LB and
follow-up histology. These findings argue for the addition of
NRH to the features of cAMR and should prompt DSA testing,
especially in the absence of acknowledged etiologies of NRH.

Due to the short time period of routine DSA testing, the
present study has several limitations, including its retrospective
design, small sample size, and the inability to test some antibodies
such as anti-endothelial antibodies at that time. The strengths of
our study include a single-center experience, uniform diagnostic
methods, and attentive post-LT care including performance of
protocol LB.

As expected, the majority of NRH cases had no known
associated risk factor for the development of NRH (14/18), with
some requiring retransplantation for the consequences of non-
cirrhotic portal hypertension/PSVD. Graft loss/retransplantation
was higher (28%) in theNRH group than in the control group (0%)
in whom no patient developed PSVD or cirrhosis. A significantly
higher sinusoidal microvasculitis in follow up histology, and
sinusoidal C4d accumulation and perisinusoidal fibrosis in the
index LB and follow-up histology, were observed in the NRH
group. First, a sinusoidal lymphocyte infiltrate has not been

reported in NRH after LT but the case reports and the series
did not provide sufficient histological data to be certain that this is
the case. A sinusoidal microvasculitis has rarely been described in
native livers with NRH either in the non-transplant setting or after
transplantation of organs other than the liver. Ziol et al [18]
described intrasinusoidal infiltrate composed of cytotoxic
CD8+T-lymphocytes in 32% of patients with NRH. The T-cells
were located near atrophic liver cell plates and adjacent to
endothelial cells exhibiting evidence of apoptosis. The authors
suggested the contribution of T-lymphocyte cytotoxicity against
endothelial cells as a pathophysiologic mechanism in NRH with
intrasinusoidal infiltrate as well as in NRH without intrasinusoidal
infiltrates since the previous repeated LB demonstrated
lymphocyte infiltration that decreased up to its complete
disappearance. In contrast, in our study, higher sinusoidal
microvasculitis was observed in the NRH group but only on the
last follow up histology, and not prior to the development of the
NRH. The late lymphocyte recruitment argues that it did not cause
NRH. We ruled out the potential confounding factors such as
recurrent disease, adverse drug reactions, and severe TCMR [19,
20]. We did not identify sinusoidal microthrombi in any case of
NRH with or without infiltrate, although we would postulate that
these have occurred previously at a time when a biopsy was not
taken or that they were so subtle that they were not detected by
standard staining [21]. Microthrombi have been reported as a
result of endothelial injury/activation related to aAMR in liver graft
[22, 23], analogous to a thrombotic microangiopathy seen as part
of AMR in renal biopsies [24]. In native livers with PSVD, portal
venopathy (identified in 2 of our NRH patients) is thought to result
from previous microthrombotic events [25], which are attributed
to recurrence in patients transplanted with common variable
immunodeficiency for this indication [14].

FIGURE 4 | Sinusoidal MHC class II overexpression in NRH. LowMHC class II expression limited focally on sinusoidal endothelium in the index (A) and last follow up
LB (B) from a control patient. Sinusoidal MHC class II overexpression in the index (C) and last follow up LB (D) from a NRH patient. Portal-based dendritic cells served as
internal positive controls.
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Second, higher sinusoidal C4d deposits on index and last
histology were observed in the NRH group. There is no data of
C4d accumulation in native livers with NRH, as C4d
immunostaining is not performed in these cases. It can be argued
that sinusoidal C4d deposits can be “nonspecific” due toC4d binding
to collagen around diseased sinusoids because of increased
perisinusoidal fibrosis. We ruled out this hypothesis: Sinusoidal
C4d deposits and perisinusoidal fibrosis were independently
associated with NRH under multivariate analysis. In addition, we
demonstratedMHC class II overexpression in sinusoids while native
and graft liver display low MHC class II expression, limited
predominantly to occasional portal capillaries and focally on
sinusoidal endothelium as previously reported [26–29]. It is of
note that, in the eight NRH patients and eight controls with C4d
positivity, DSA was negative in four and in two, respectively. The
principal targets of the humoral immune response are the highly
polymorphic HLA antigens, but studies have also implicated
antibodies directed against non-HLA autoantigens such as
angiotensin type 1 receptor, perlecan, and collagen in the process
of AMR [30, 31]. Unfortunately, none of our patients had available
data regarding non-HLA antibodies to address this question.

Third, perisinusoidal fibrosis is not specific to NRH after LT,
which can occur in the late stages of NRH in native livers,
irrespective of the cause. The abnormal CD34 expression of
LSEC reflects capillarization, lack of fenestration, and
formation of an organized basement membrane, which are
permissive for HSC activation, related-α-SMA positivity, and
fibrosis [27, 28]. Irrespective of the etiologies, initial
endothelial injury promotes the phenotypic changes in LSEC
and HSC. The MHC class II overexpression could reflect an
injury of immune-mediated nature.

The features of cAMR are described as low-grade chronic
inflammation, progressive fibrosis, and microvascular C4d
deposition in patients with (near) normal LFT and DSA positivity
[15, 16, 32]. The denomination into «probable» and «possible» cAMR
depends on the C4d score. From these actual 2016 Banff criteria, it is
of note that: 1) the possible category: “DSA not available, equivocal, or
negative,” present for the classification of aAMR is not defined for
cAMR. It is the reason for which our NRH patients with other criteria
for cAMR in follow-up but negative DSA in two and non tested-DSA
in one were finally not classified as cAMR. In the two retransplanted
patients, explants additionally showed portal venopathy, this feature
being a part of AMR but also being due to the portal vein thrombosis;
2) C4d deposits are located into portal tracts. In a multicenter study
[33], sinusoidal C4d deposits were rare and difficult to identify. One
team twice reported sinusoidal C4d deposits as an indication of
antibody-mediated response in liver allografts [34, 35]; 3)
regarding progressive fibrosis, atypical fibrosis patterns have
emerged including perisinusoidal and perivenular fibrosis [15, 36];
4) low-grade chronic inflammation affects portal tracts and/or
perivenular areas and “portal capillaritis” is potentially observed.
Sinusoidal microvasculitis may be the morphological equivalent of
the portal capillaritis; 5) the Banff group admitted that cAMR suffers
from a lack of specific/typical features, and additionally suspected a
spectrum of liver allograft injuries including non-inflammatory
fibrosis, low-grade inflammation, biliary strictures, v-lesion, and
NRH as histopathological features of cAMR [15, 29, 36, 37]. It is

not clear if these injuries should be associated with all the established
Banff criteria or whether their presence alone is sufficient for a
diagnosis of AMR. Irrespective of the above caveats, by strictly
applying the actual 2016 Banff criteria, four NRH patients (22.2%
of all NRH patients and 28.5% of those where other likely causes of
NRHwere excluded) could be classified as “possible” cAMR, themost
striking histological features were within the sinusoids: sinusoidal
microvasculitis, sinusoidal C4d deposits, and perisinusoidal fibrosis.

The following question is raised: “is this just a co-incidence or is
there a direct and causal relationship between AMR and NRH?” The
comparison between both groups showed at least a significant
association between both conditions. We believe this is related to
AMR/DSA and not a non-specific response to circulating HLA
antibodies, as there is no evidence that circulating HLA
antibodies—when not donor specific (e.g., transplant of a different
organ who develop antibody or sensitization following transfusion)—
are linked to the development of NRH. For the development of AMR,
the “second-hit” hypothesis has been proposed, summarized in
Figure 1 from the review by Kim et al. [32] as follows: Injury in
the liver allograft upregulates class II expression that facilitates class II
DSA binding. Complement fixing antibodies may activate
complement. Antibodies with Fc binding receptors may facilitate
antibody dependent cellular cytotoxicity explaining the presence of
sinusoidal lymphocytes. This demonstrates a sinusoidal localization of
each step, supporting the sinusoidal and architectural changes, just as
we observed (i.e., C4d deposits, MHC class II overexpression and
microvasculitis). This also highlights a dynamic phenomenon: Here,
follow up histology versus index LB showed increased sinusoidal and
portal C4d deposits, and late onset of sinusoidal microvasculitis.
Previous LB to index ones more often displayed the pattern of
biliary obstruction in NRH patients without imaging abnormalities
in the biliary tree. Biliary features are suspected to be a part of AMR,
possibly due to the involvement of peribiliary plexus [15, 29, 36, 37].
Such cases can be speculated as presenting indirect evidence of
previous AMR. Previous LB also displayed more rejection.
However, features consistent with aAMR were observed in only
one NRH patient. Since not all of our patients were biopsied
before the index LB, there is the possibility that subclinical
“indolent” AMR may have been underdiagnosed during the
process. Taken together, we believe that a subset of posttransplant
NRH is the result of a form of cAMR with prominent sinusoidal
features. This is consistent with the known association of
immunological/inflammatory causes of PSVD in native livers and
the NRH development [4, 25]. The current Banff criteria for the
diagnosis of cAMR in allograft livers require an active/acute
component to be present, this definition will miss the cases that
have architectural changes and scarring related to previous acute and
acute on chronic components, but at the time of biopsy, in particular
for protocol biopsies, have no active component. Theremay be a need
to revise the classification to three groups, as has been done in renal
transplantation [24], changing the current cAMR to chronic active
AMR and then adding a cAMR category where there is no active
component, but with documented evidence of previous acute or
chronic active AMR.

In conclusion, we reported a subgroup of posttransplant NRH
cases (28.5% of the NRH group without a known cause of NRH)
with concomitant features consistent with “possible” cAMR
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according to the current 2016 Banff criteria. The presence of
prominent sinusoidal findings led us to suspect the contribution
of antibody-mediated sinusoidal injury in the NRH development.
Further multicenter studies, with more complete DSA testing, are
needed to confirm these findings. To limit costs and potentially
pick up AMR at a treatable time point, we recommend that the
presence of histological NRH with sinusoidal C4d deposits,
especially in the patients without acknowledged etiologies of
NRH should prompt DSA testing. The difficulties we have had
with classifying cases and the prominent sinusoidal changes
warrant a review of the Banff AMR criteria.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The study was conducted in accordance with the Declaration of
Helsinki and French law for medical research. Free and informed
consent was obtained for all the patients included.

AUTHOR CONTRIBUTIONS

MS: conceptualization, methodology, formal analysis,
investigation, data curation writing, original draft, and writing;

FY: conceptualization, methodology, formal analysis,
investigation, original draft, and writing; IK: investigation; FS:
review and editing visualization; CF: statistic, J-LT: investigation;
DC: review and editing visualization; DA: review and editing
visualization; DS: review and editing visualization; AC: review
and editing visualization, supervision; A-JD: supervision; DN:
supervision, review, and editing. All authors contributed to the
article and approved the submitted version.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontierspartnerships.org/articles/10.3389/ti.2023.
11306/full#supplementary-material

Supplementary Figure S1 | Flowchart of the included patients. Patients were
initially selected from the Pathology Department database using search criteria
prospectively coded for a histological diagnosis of NRH made in 2014. Biopsy-
proven NRH patients from this period, with synchronous DSA testing were included.
The control group was formed by matching each NRH patient with two non-NRH
patients who were biopsied in the nearest timeframe (just before and just after a
given NRH patient).

Supplementary Table S1 | Histopathological features, immunostaining for C4d
and DSA in the NRH group.

REFERENCES

1. Steiner PE. Nodular Regenerative Hyperplasia of the Liver. Am J Pathol (1959)
35:943–53. doi:10.3748/wjg.v17.i11.1400

2. Wanless IR. Micronodular Transformation (Nodular Regenerative Hyperplasia) of
the Liver: a Report of 64 Cases Among 2,500 Autopsies and a New Classification of
Benign Hepatocellular Nodules. Hepatology (1990) 11(5):787–97. doi:10.1002/hep.
1840110512

3. Naber AH, Van Haelst U, Yap SH. Nodular Regenerative Hyperplasia of the
Liver: an Important Cause of portal Hypertension in Non-cirrhotic Patients.
J Hepatol (1991) 12(1):94–9. doi:10.1016/0168-8278(91)90916-y

4. Northup PG, Garcia-Pagan JC, Garcia-Tsao G, Intagliata NM, Superina RA,
Roberts LN, et al. Vascular Liver Disorders, Portal Vein Thrombosis, and
Procedural Bleeding in Patients with Liver Disease: 2020 Practice Guidance by
the American Association for the Study of Liver Diseases. Hepatology (2021)
73(1):366–413. doi:10.1002/hep.31646

5. Sebagh M, Farges O, Samuel D, Bismuth H, Reynès M. Nodular Regenerative
Hyperplasia of the Liver Following Orthotopic Liver Transplantation. Transpl
Proc (1995) 27(4):2510–1. doi:10.1002/hep.1840200114

6. Duvoux C, Kracht M, Lang P, Vernant JP, Zafrani ES, Dhumeaux D. Nodular
Regenerative Hyperplasia of the Liver Associated with Azathioprine Therapy.
Gastroenterol Clin Biol (1991) 15(12):968–73. doi:10.1186/s12969-022-
00690-x

7. Coelho R, Rodriguez S, Rodrigues-Pinto E, Silva R, Lopes J, Macedo G.
Nodular Regenerative Hyperplasia after Liver Transplantation Complicated
with Inferior Vena Cava Stenosis: a Clue for Etiopathogenesis? J Gastrointestin
Liver Dis (2015) 24(3):383–5. doi:10.15403/jgld.2014.1121.243.cho

8. Alhosh R, Genyk Y, Alexopoulos S, Thomas D, Zhou S, Yanni G, et al.
Hepatopulmonary Syndrome Associated with Nodular Regenerative
Hyperplasia after Liver Transplantation in a Child. Pediatr Transpl (2014)
18(5):E157–160. doi:10.1111/petr.12281

9. Gane E, Portmann B, Saxena R, Wong P, Ramage J, Williams R.
Nodular Regenerative Hyperplasia of the Liver Graft after Liver
Transplantation. Hepatology (1994) 20:88–94. 1 Pt 1. doi:10.1016/
0270-9139(94)90138-4

10. Devarbhavi H, Abraham S, Kamath PS. Significance of Nodular Regenerative
Hyperplasia Occurring De Novo Following Liver Transplantation. Liver
Transpl (2007) 13(11):1552–6. doi:10.1002/lt.21142

11. Chen AK, Lunow-Luke T, Yamaguchi S, Praglin C, Agudelo E, Mehta N, et al.
Nodular Regenerative Hyperplasia after Liver Transplant; It’s All in the
Presentation. Front Surg (2022) 9:876818. doi:10.3389/fsurg.2022.876818

12. Hübscher SG. What Is the Long-Term Outcome of the Liver Allograft?
J Hepatol (2011) 55(3):702–17. doi:10.1016/j.jhep.2011.03.005

13. Sebagh M, Samuel D, Antonini TM, Coilly A, Degli Esposti D, Roche B, et al.
Twenty-year Protocol Liver Biopsies: Invasive but Useful for the Management
of Liver Recipients. J Hepatol (2012) 56(4):840–7. doi:10.1016/j.jhep.2011.
11.016

14. Magaz M, Giudicelli-Lett H, Nicoară-Farcău O, Rajoriya N, Goel A,
Raymenants K, et al. Liver Transplantation for Porto-Sinusoidal Vascular
Liver Disorder: Long-Term Outcome. Transplantation (2022) 107:1330–40.
doi:10.1097/tp.0000000000004444

15. Demetris AJ, Bellamy C, Hübscher SG, O’Leary J, Randhawa PS, Feng S, et al.
2016 Comprehensive Update of the Banff Working Group on Liver Allograft
Pathology: Introduction of Antibody-Mediated Rejection. Am J Transpl (2016)
16(10):2816–35. doi:10.1111/ajt.13909

Transplant International | Published by Frontiers July 2023 | Volume 36 | Article 1130610

Sebagh et al. Posttransplant NRH and Antibody-Mediated Rejection

71

https://www.frontierspartnerships.org/articles/10.3389/ti.2023.11306/full#supplementary-material
https://www.frontierspartnerships.org/articles/10.3389/ti.2023.11306/full#supplementary-material
https://doi.org/10.3748/wjg.v17.i11.1400
https://doi.org/10.1002/hep.1840110512
https://doi.org/10.1002/hep.1840110512
https://doi.org/10.1016/0168-8278(91)90916-y
https://doi.org/10.1002/hep.31646
https://doi.org/10.1002/hep.1840200114
https://doi.org/10.1186/s12969-022-00690-x
https://doi.org/10.1186/s12969-022-00690-x
https://doi.org/10.15403/jgld.2014.1121.243.cho
https://doi.org/10.1111/petr.12281
https://doi.org/10.1016/0270-9139(94)90138-4
https://doi.org/10.1016/0270-9139(94)90138-4
https://doi.org/10.1002/lt.21142
https://doi.org/10.3389/fsurg.2022.876818
https://doi.org/10.1016/j.jhep.2011.03.005
https://doi.org/10.1016/j.jhep.2011.11.016
https://doi.org/10.1016/j.jhep.2011.11.016
https://doi.org/10.1097/tp.0000000000004444
https://doi.org/10.1111/ajt.13909


16. Demetris AJ, Zeevi A, O’Leary JG. ABO-Compatible Liver Allograft Antibody-
Mediated Rejection: an Update. Curr Opin Organ Transpl (2015) 20(3):
314–24. doi:10.1097/MOT.0000000000000194

17. Jucaud V, Shaked A, DesMarais M, Sayre P, Feng S, Levitsky J, et al. Prevalence
and Impact of De Novo Donor-specific Antibodies during a Multicenter
Immunosuppression Withdrawal Trial in Adult Liver Transplant
Recipients. Hepatology (2019) 69(3):1273–86. doi:10.1002/hep.30281

18. Ziol M, Poirel H, Kountchou GN, Boyer O, Mohand D, Mouthon L, et al.
Intrasinusoidal Cytotoxic CD8+ T Cells in Nodular Regenerative Hyperplasia of
the Liver. Hum Pathol (2004) 35(10):1241–51. doi:10.1016/j.humpath.2004.06.016

19. Siddiqui I, Selzner N, Hafezi-Bakhtiari S, Marquez MA, Adeyi OA. Infiltrative
(Sinusoidal) and Hepatitic Patterns of Injury in Acute Cellular Rejection in
Liver Allograft with Clinical Implications. Mod Pathol (2015) 28(9):1275–81.
doi:10.1038/modpathol.2015.84

20. Sawada T, Shimizu A, Kubota K, Fuchinoue S, Teraoka S. Lobular Damage
Caused by Cellular and Humoral Immunity in Liver Allograft Rejection. Clin
Transpl (2005) 19(1):110–4. doi:10.1111/j.1399-0012.2004.00310.x

21. Neil DAH. CD31 Highlights Platelet-Rich Microthrombi. Histopathology
(2009) 54(3):387–8. doi:10.1111/j.1365-2559.2008.03215.x

22. Hübscher SG, Adams DH, Buckels JA, McMaster P, Neuberger J, Elias E.
Massive Haemorrhagic Necrosis of the Liver after Liver Transplantation. J Clin
Pathol (1989) 42(4):360–70. doi:10.1136/jcp.42.4.360

23. Halle-Smith JM, Hall LA, Hann A, Hartog H, Perera MTPR, Neil DAH.
Seventh Day Syndrome Revisited: Early Recognition of the Clinical Syndrome
and an Evolving Understanding of its Etiology. Front Transpl (2022) 1:913584.
doi:10.3389/frtra.2022.913584

24. Roufosse C, Simmonds N, Clahsen-van Groningen M, Haas M, Henriksen KJ,
Horsfield C, et al. A 2018 Reference Guide to the Banff Classification of Renal
Allograft Pathology. Transplantation (2018) 102(11):1795–814. doi:10.1097/
TP.0000000000002366

25. De Gottardi A, Rautou PE, Schouten J, Rubbia-Brandt L, Leebeek F, Trebicka J,
et al. Porto-sinusoidal Vascular Disease: Proposal and Description of a Novel
Entity. Lancet Gastroenterol Hepatol (2019) 4(5):399–411. doi:10.1016/S2468-
1253(19)30047-0

26. Terada T, Nakanuma Y, HosoM, Obata H. Expression of HLA-DR Antigen on
Hepatic Vascular Endothelial Cells in Idiopathic portal Hypertension. Clin Exp
Immunol (1991) 84(2):303–7. doi:10.1111/j.1365-2249.1991.tb08165.x

27. Demetris AJ, Bellamy COC, Gandhi CR, Prost S, Nakanuma Y, Stolz DB.
Functional Immune Anatomy of the Liver-As an Allograft. Am J Transpl
(2016) 16(6):1653–80. doi:10.1111/ajt.13749

28. Feng S, Demetris AJ, Spain KM, Kanaparthi S, Burrell BE, Ekong UD, et al.
Five-year Histological and Serological Follow-Up of Operationally Tolerant

Pediatric Liver Transplant Recipients Enrolled in WISP-R. Hepatology (2017)
65(2):647–60. doi:10.1002/hep.28681

29. O’Leary JG, Cai J, Freeman R, Banuelos N, Hart B, Johnson M, et al. Proposed
Diagnostic Criteria for Chronic Antibody-Mediated Rejection in Liver
Allografts. Am J Transpl (2016) 16(2):603–14. doi:10.1111/ajt.13476

30. Zhang Q, Reed EF. The Importance of Non-HLA Antibodies in
Transplantation. Nat Rev Nephrol (2016) 12(8):484–95. doi:10.1038/nrneph.
2016.88

31. OʼLeary JG, Demetris AJ, Philippe A, Freeman R, Cai J, Heidecke H, et al. Non-
HLA Antibodies Impact on C4d Staining, Stellate Cell Activation and Fibrosis
in Liver Allografts. Transplantation (2017) 101(10):2399–409. doi:10.1097/TP.
0000000000001853

32. Kim PTW, Demetris AJ, O’Leary JG. Prevention and Treatment of Liver
Allograft Antibody-Mediated Rejection and the Role of the “Two-hit
Hypothesis”. Curr Opin Organ Transpl (2016) 21(2):209–18. doi:10.1097/
MOT.0000000000000275

33. Neil DAH, Bellamy CO, Smith M, Haga H, Zen Y, Sebagh M, et al. Global
Quality Assessment of Liver Allograft C4d Staining during Acute Antibody-
Mediated Rejection in Formalin-Fixed, Paraffin-Embedded Tissue. Hum
Pathol (2018) 73:144–55. doi:10.1016/j.humpath.2017.12.007

34. Kozlowski T, Andreoni K, Schmitz J, Hayashi PH, Nickeleit V. Sinusoidal C4d
Deposits in Liver Allografts Indicate an Antibody-Mediated Response:
Diagnostic Considerations in the Evaluation of Liver Allografts. Liver
Transpl (2012) 18(6):641–58. doi:10.1002/lt.23403

35. Kozlowski T, Rubinas T, Nickeleit V, Woosley J, Schmitz J, Collins D, et al.
Liver Allograft Antibody-Mediated Rejection with Demonstration of
Sinusoidal C4d Staining and Circulating Donor-specific Antibodies. Liver
Transpl (2011) 17(4):357–68. doi:10.1002/lt.22233

36. O’Leary JG, Demetris AJ, Friedman LS, Gebel HM, Halloran PF, Kirk AD, et al.
The Role of Donor-specific HLA Alloantibodies in Liver Transplantation. Am
J Transpl (2014) 14(4):779–87. doi:10.1111/ajt.12667

37. Stevenson HL, Prats MM, Isse K, Zeevi A, Avitzur Y, Ng VL, et al. Isolated
Vascular “V” Lesions in Liver Allografts: How to Approach This Unusual
Finding. Am J Transpl (2018) 18(6):1534–43. doi:10.1111/ajt.14708

Copyright © 2023 Sebagh, Yilmaz, Kounis, Saliba, Feray, Taupin, Cherqui, Azoulay,
Samuel, Coilly, Demetris and Neil. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Transplant International | Published by Frontiers July 2023 | Volume 36 | Article 1130611

Sebagh et al. Posttransplant NRH and Antibody-Mediated Rejection

72

https://doi.org/10.1097/MOT.0000000000000194
https://doi.org/10.1002/hep.30281
https://doi.org/10.1016/j.humpath.2004.06.016
https://doi.org/10.1038/modpathol.2015.84
https://doi.org/10.1111/j.1399-0012.2004.00310.x
https://doi.org/10.1111/j.1365-2559.2008.03215.x
https://doi.org/10.1136/jcp.42.4.360
https://doi.org/10.3389/frtra.2022.913584
https://doi.org/10.1097/TP.0000000000002366
https://doi.org/10.1097/TP.0000000000002366
https://doi.org/10.1016/S2468-1253(19)30047-0
https://doi.org/10.1016/S2468-1253(19)30047-0
https://doi.org/10.1111/j.1365-2249.1991.tb08165.x
https://doi.org/10.1111/ajt.13749
https://doi.org/10.1002/hep.28681
https://doi.org/10.1111/ajt.13476
https://doi.org/10.1038/nrneph.2016.88
https://doi.org/10.1038/nrneph.2016.88
https://doi.org/10.1097/TP.0000000000001853
https://doi.org/10.1097/TP.0000000000001853
https://doi.org/10.1097/MOT.0000000000000275
https://doi.org/10.1097/MOT.0000000000000275
https://doi.org/10.1016/j.humpath.2017.12.007
https://doi.org/10.1002/lt.23403
https://doi.org/10.1002/lt.22233
https://doi.org/10.1111/ajt.12667
https://doi.org/10.1111/ajt.14708
https://creativecommons.org/licenses/by/4.0/


Association of Procurement TimeWith
Pancreas Transplant Outcomes in
Brain-Dead Donors
Verner Eerola, Ville Sallinen, Marko Lempinen and Ilkka Helanterä*

Department of Transplantation and Liver Surgery, Helsinki University Hospital and the University of Helsinki, Helsinki, Finland

A brain-death-induced cytokine storm damages organs in an organ donor. However, a
longer time period between declaration of brain death and organ procurement
(procurement interval) is associated with improved outcomes in kidney, liver, heart, and
lung transplantation. The aim of this study was to find the optimal procurement interval for
pancreas transplantation. Association of procurement interval with pancreas graft
outcomes was analyzed using multivariable models adjusted for variables possibly
affecting procurement interval and outcomes. Altogether 10,119 pancreas
transplantations were included from the Scientific Registry of Transplant Recipients.
The median follow-up was 3.2 (IQR 1.01–6.50) years. During the first year, 832 (9.0%)
grafts were lost, including 555 (6.0%) within the first 30 days. Longer procurement interval
was associated with increased death-censored graft survival in a multivariable model (HR
0.944 95% CI 0.917–0.972, per 10-h increase, p < 0.001). A decreasing hazard of graft
loss was observed also with 1-year, but not with 30-day graft survival. During 1-year
follow-up, 953 (12.1%) patients had an acute rejection, and longer procurement interval
was also associated with less acute rejections (OR 0.937 95% CI 0.900–0.976, per 10-h
increase, p = 0.002) in the multivariable model. In conclusion, longer procurement interval
is associated with improved long-term outcomes in pancreas transplantation.

Keywords: graft survival, organ procurement, brain death, pancreas allograft function, early graft loss

INTRODUCTION

As practically all pancreas allografts are obtained from deceased donors, and as there continues to be
hesitation regarding using pancreata from donors after circulatory death, roughly 97% of
transplanted pancreata are affected by brain death and the resulting “cytokine storm” [1, 2]. The
following hemodynamic instability, possible organ sensitization, and blood coagulation disorders
have led to cell damage and ischaemia in various organ systems in animal and human studies [3–6].

To minimize this possible damage, some transplant centers have aimed to minimize time to
procurement; although, in recent decades, evidence to support continuous organ injury is sparse, and
donor losses from hemodynamic instability are rare [7–9]. Interestingly, a publication in
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1994 identified that prolonging procurement interval after donor
brain death was associated with increased risk of pancreas graft
thrombosis and graft loss [10].

In other retrospective studies of kidney, lung, liver, and heart
transplantation, waiting before procurement seems beneficial, at
least up to 50 h after brain death [11–18]. Organ reactions to
brain death can differ and finding the optimal time for
procurement of pancreas grafts could improve transplantation
logistics and outcomes as pancreas transplants suffer from the
highest incidence of non-immunologic complications of all solid
organ transplants—often leading to graft loss [1, 19].

This study aimed to analyze the association of procurement
interval (time from declaration of brain death to organ cold
perfusion) with pancreas allograft survival and acute rejections in
a retrospective cohort from the United States.

MATERIALS AND METHODS

This study used data from the Scientific Registry of Transplant
Recipients (SRTR). The SRTR data system includes data on all
donors, wait-listed candidates, and transplant recipients in the
US, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN). The Health Resources and
Services Administration (HRSA), U.S. Department of Health and
Human Services provides oversight to the activities of the OPTN
and SRTR contractors.

Pancreas transplantations from brain-dead donors recorded in
the SRTR database in the US between January 2010 and
September 2021 were included. Follow-up was recovered for
all patients from SRTR Standard Analysis Files. Living and
donation after circulatory death (DCD) donors were excluded.

This study was approved by the Institutional Review Board of
Helsinki University Hospital (HUS/459/2018) and SRTR. The
clinical and research activities being reported are consistent with
the Principles of the Declaration of Istanbul as outlined in the
“Declaration of Istanbul on Organ Trafficking and Transplant
Tourism” and the Declaration of Helsinki.

Variables
Procurement interval was defined as the time between the
declaration of brain death and the start of in situ cold perfusion.
Brain death is generally diagnosed according to strict criteria, which
include having a cause of death, testing for the absence of brainstem-,
and pain reflexes, and apnea. Additional testing proceeds from
uncertainty of any of the above [20].

The following donor data were gathered: the time of
declaration of brain death, start time of cold perfusion in
organ procurement surgery, location, donor age, gender, cause
of death, body mass index and history of resuscitation, inotrope
use, hypertension, and diabetes. The obtained recipient and
transplantation data included recipient age, gender, body mass
index, history of hypertension, human leukocyte antigen
mismatches, calculated panel-reactive antibodies (CPRA), time
in dialysis, previous transplants, graft cold ischemia time, organ
location, acute rejection episodes before discharge from hospital
and before follow-ups, and graft survival during the follow-up.

Endpoints
Death-censored graft survival (measured as centers’ reporting to
follow-up forms) was chosen as the primary dependent outcome
measure. Secondary endpoints were graft survival at 30 days after the
operation, graft survival 1 year after the operation and acute
rejections during the first year after transplantation. The
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definition of pancreas graft failure has evolved from center-specific
definitions of either a degree of insulin-independence or C-peptide
production, to (from 2018 onwards) a uniform measurement of
either: 1. Removal of graft, 2. Patient waitlisted for retransplantation
or islet transplantation, 3. Patient death, or 4. Recipients total insulin
need is ≥0.5 units/kg/day for 90 consecutive days [1]. This definition
has been criticized of having a large cut-off of insulin dosage [21]. In
this study a center-specific report of pancreas graft “loss” is accepted
as a meaningful endpoint as the cohort is large.

Statistical Analysis
Characteristics of data in the tables are reported with median and
interquartile range (IQR) for continuous data and frequencies with
percentages for categorical data. Number of patients with missing
values are stated in Table 1. Tertiles of procurement interval were
used to divide the data into groups in Table 1 for assessment of
uneven distribution of variables and allograft quality.

Confounder analysis for themultivariable model was constructed
as a directed acyclic graph (DAG) [22]. The DAG (Figure 1)
presents our team’s theory of factors possibly affecting
procurement intervals and confounding the associations. Cox
proportional hazards models and logistic regression were used for
analysis of the association of procurement interval with endpoints
and for covariate adjustment. Donor age, donor BMI, donor location
as local or shared, stroke as cause of donor death, and recipient’s
HLA mismatches, retransplantation, and CPRA were identified as
confounders. The very few missing variables were estimated to be
randomly distributed allowing complete-case analyses.

The associations were modelled as both linear and non-linear.
Potentially non-linear associations were checked for by using
restricted cubic spline functions between procurement interval
and endpoints, as logistic and Cox regression models require the
assumption of linearity for continuous data. The associations are
modelled in the figures as non-linear for realization of confidence
intervals and data visualization. Linear associations were reported
using hazard ratio (HR) and odds ratio (OR) with a 95%
confidence interval (CI), and significance of non-linearity was
reported with p-values. All associations were linear in the final
results.

Bias was addressed by the DAG, including all transplantations,
testing endpoints for non-linearity, confounder adjustment, and
sensitivity analyses for including only SPK recipients and for
comparing different eras.

The significance level was set at 5% and analyses were carried
out as two-tailed. Analyses were performed using R software,
utilizing survival and rms packages (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patients
From 2010 to September 2021, 11,919 pancreas transplantations
were performed and recorded to the SRTR database in the
United States. The final cohort of complete cases included
8,046 simultaneous pancreas and kidney (SPK) transplantations
and 2,073 pancreas transplant alone (PTA) or pancreas after

kidney (PAK) transplantations, as 311 DCD, 57 transplantations
with unreliable procurement interval (>120 h), 449 pediatric
recipient transplantations and 983 transplantations with missing
brain death time, survival status or follow-up time were excluded.

Median procurement interval was 41.7 h (IQR 32.1–54.3). The
distribution is provided in Figure 2. Table 1 summarizes the
characteristics of donors, transplantations, patients, endpoints,
and missing values. For description of data, the characteristics are
divided by procurement interval tertiles into Table 1 and
outcomes into Table 2.

Graft Survival
During the median follow-up period of 3.2 years, 1,764 (17.4%)
grafts were lost and 986 (9.7%) patients died. Altogether 593
(5.9%) were lost during the first 30 days and 832 (9.0%) during
the first year. In a univariable Cox regression model the
association of procurement interval with death-censored graft
survival was linear (non-linearity p = 0.88, Figure 3) and
significant (HR 0.944 95% CI 0.917–0.972 per 10-h increase,
p < 0.001). The association remained independent in the adjusted
model (HR 0.944 95% CI 0.917–0.972 per 10-h increase, p <
0.001). For graphical purposes in the Kaplan-Meier curve
(Figure 4) the cohort was divided into tertiles for unadjusted
interpretation of survival.

In the adjusted model, longer procurement interval was
associated with better 1-year graft survival (HR 0.923 95% CI
0.885–0.962 per 10-h increase, p < 0.001), but 30-day graft
survival was not associated with procurement interval (HR
0.964 95% CI 0.920–1.009 per 10-h increase, p = 0.118). As
procurement intervals grew longer with time in the cohort,
transplant year was added to the 1-year adjusted model as a
confounder. In this model, transplant year and the interaction
between procurement interval and transplant year were
significant, and a longer procurement interval remained
significantly associated with improved 1-year graft survival
(HR 0.952 95%CI 0.911–0.995 per 10-h increase, p = 0.030).

A composite endpoint of graft and patient survival was
associated with procurement interval, similarly to death-
censored graft survival (Supplementary Tables S2, S3).

Acute Rejections
During the study period, 953 (12.1%) patients had an acute
rejection episode before 1-year of follow-up. In a univariable
logistic regression model the association of procurement interval
with acute rejection within 1 year was significant (OR 0.938 95%
CI 0.901–0.977 per 10-h increase, p = 0.002) and linear (non-
linearity p = 0.96, Figure 5). When adjusted, longer procurement
interval was associated with less acute rejections within 1 year
(OR 0.937 95% CI 0.900–0.976 per 10-h increase, p = 0.002,
Supplementary Figure S1).

Sensitivity Analyses
Simultaneous Pancreas and Kidney (SPK)
Transplantations
When only SPK transplantations were included, the analyzed
associations remained equally significant as in the full cohort
during different follow-up periods for graft survival and acute
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rejections (Figure 6). Procurement interval was beneficially
associated with 1-year graft survival of SPK-kidneys in the
adjusted analyses (HR 0.897 95% CI 0.814–0.989 per 10-h

increase, p = 0.029), but not significantly associated with
delayed graft function (HR 1.019 95% CI 0.970–1.069 per
10-h increase, p = 0.460, Supplementary Tables S2, S3).

TABLE 1 | Characteristics of donors and recipients of pancreas transplants performed between January 2010 and September 2021 in the US and recorded to the SRTR
database and divided to tertiles by procurement interval.

Variable Median and interquartile range or n
(valid %). N: 10,119

Missing
(%)

1st n: 3,365 (33.33%)
(0–35.25 h)

2nd n: 3,387 (33.35%)
(35.25–49.37 h)

3rd n: 3,367 (33.33%)
(49.37 h->)

Median (IQR) or n (%) Median (IQR) or n (%) Median (IQR) or n (%)

Donor Age, years 23 (18–29) 0 (0%) 23 (18–30) 23 (18–30) 23 (19–29)
Donor BMI, kg/m2 23.6 (21.2–26.2) 0 (0%) 23.7 (21.3–26.3) 23.5 (21.1–26.0) 23.7 (21.0–26.3)
Donor, male 7,006 (69.2%) 0 (0%) 2,300 (68.4%) 2,369 (69.9%) 2,337 (69.4%)
Donor Hypertension 448 (4.4%) 43 (0.4%) 156 (4.6%) 160 (4.7%) 132 (3.9%)
Donor Cause of Death,
stroke

1,215 (12.0%) 0 (0%) 443 (13.2%) 388 (11.5%) 384 (11.4%)

Donor organ yielda 5 (5–6) 0 (0%) 5 (5–6) 5 (5–6) 5 (5–6)
Local donor 7,157 (70.7%) 0 (0%) 2,450 (72.8%) 2,377 (70.2%) 2,330 (69.2%)
Machine perfusion used for
SPK kidneys

1,235 (15.4%) 3 (0.0%) 451 (17.3%) 381 (14.1%) 403 (14.7%)

Inotrope use for donor 4,687 (46.3%) 15(0.1%) 1,835 (54.5%) 1,556 (45.9%) 1,296 (38.5%)
≥3 inotropes during
procurement

65 (0.6%) 5,665
(56.0%)

40 (1.7%) 19 (1.3%) 6 (0.8%)

Recipient Age, years 42 (35–49) 0 (0%) 42 (35–49) 42 (35–49) 42 (35–49)
Recipient BMI, kg/m2 25.3 (22.7–28.2) 82 (0.8%) 25.3 (22.6–28.2) 25.2 (22.7–28.0) 25.4 (22.7–28.3)
Recipient Gender, male 5,964 (58.9%) 0 (0%) 1,984 (59.0%) 2,006 (59.2%) 1,974 (58.6%)
Recipient Hypertension 3,554 (81.6%) 5,762

(56.9%)
1,654 (80.6%) 1,153 (82.2%) 747 (82.7%)

Previous Transplants 1,316 (13.0%) 0 (0.0%) 528 (15.7%) 429 (12.7%) 359 (10.7%)
HLAb mismatches 5 (4–5) 5 (0%) 5 (4–5) 5 (4–5) 5 (4–5)
Recipient CPRAc >20% 1,911 (18.9%) 5 (0%) 599 (17.8%) 642 (19.0%) 670 (19.9%)
Transplant typed,

SPK 8,046 (79.5%) 0 (0%) 2,600 (77.3%) 2,700 (79.7%) 2,746 (81.6%)
PAK 970 (9.6%) 0 (0%) 407 (12.1%) 300 (8.9%) 263 (7.8%)
PTA 1,103 (10.9%) 0 (0%) 358 (10.6%) 387 (11.4%) 358 (10.6%)

Follow-up Time, years 3.2 (1.0–6.5) 0 (0%) 5.1 (1.9–8.0) 3.4 (1.1–6.0) 2.0 (0.8–4.3)
Transplant year 2015 (2012–2018) 0 (0%) 2013 (2011–2016) 2016 (2013–2018) 2018 (2015–2020)

aNumber of organs donated (kidney, kidney, liver, pancreas, intestine, lungs, heart).
bHuman leukocyte antigen.
cCalculated panel-reactive antibodies.
dSPK, simultaneous pancreas and kidney transplantation; PAK, pancreas after kidney; PTA, pancreas transplant alone.

FIGURE 1 | Directed acyclic graph. Confounders of association of procurement interval (time from brain death to organ cold perfusion) with outcomes.
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Transplant Year
Procurement intervals grew longer during the cohort period
(Table 1) and thus the cohort was divided in two for an
additional sensitivity analysis. Pre-2016 group had
5,115 patients and the post-2016 group included
5,004 patients. The associations of procurement interval with
pancreas graft survival in these sub-groups are summarised in
Figure 6. The association of procurement interval with acute
rejections within 1 year was nonsignificant for both time periods
when the cohort was divided by 2016 (Figure 6).

Inotropes
Donor inotrope use at the start of the procurement operation
decreased with longer procurement interval (Table 1).
Inotrope use was available for 99.8% of the cohort, and was
considered on its own (as a surrogate for donor instability) and
with procurement interval. In Cox regression univariable
analyses, inotrope use was not significantly associated with
graft survival (HR 1.070 95% CI 0.972–1.175 per 10-h increase,
p = 0.168) or 1-year graft survival (HR 1.109 95% CI

0.968–1.271 per 10-h increase, p = 0.137). For 30-day graft
survival the association was slightly significant (HR 1.268 95%
CI 1.073–1.499 per 10-h increase, p = 0.005). When the
association of procurement interval with outcomes was
adjusted with inotrope use the association of procurement
interval remained significant (i.e., for 1-year graft survival HR
0.925 95% CI 0.887–0.964 per 10-h increase, p < 0.001). The
association also remained significant when the interaction
between procurement interval and inotrope use was
considered (for 1-year graft survival HR 0.873 95% CI
0.822–0.927 per 10-h increase, p < 0.001). The association
of procurement interval with 30-day graft survival became
significant when inotrope use and the interaction with
procurement interval were analyzed (adjusted model HR
0.922 95% CI 0.857–0.991 per 10-h increase, p = 0.028).

DISCUSSION

In this study, longer procurement interval was associated with
improved long-term pancreas graft survival and fewer rejections
within 1 year. Most importantly, a longer procurement interval
posed no additional risk.

Potential donors are seldom lost to cardiovascular collapse,
possibly due to improved donor management protocols [7–9].
Earlier dogma of fast procurement might have been due to
“unstable” donors with undoubtedly worse outcomes when
organ perfusion has been compromised. In earlier settings,
longer time after brain death may indeed have posed a risk for
transplant. However, it has been proposed that if organ perfusion
is kept stable, the organs can recover from the first hit of brain
death, and are better prepared for cold ischemia (i.e., the two-hit
theory first suggested by Kunzendorf et al [13]) as the
autonomous and cytokine storm seems to “cool down” in the
hours following brain death [23–25].

This is outlined in recent retrospective studies which point to
benefit in outcomes from longer procurement intervals in
kidneys, livers, hearts, or lungs [11–18]. This study is in
concordance with these studies. The slightly improved graft
survival associated with longer procurement intervals could
reflect the two-hit theory. Other factors possibly outlining this

FIGURE 2 | Distribution of procurement intervals in brain-dead donors in
the US from January 2010 to September 2021.

TABLE 2 | Outcomes of pancreas transplants performed between January 2010 and September 2021 in the US and recorded to the SRTR database, divided to tertiles by
procurement interval.

Outcome Median and interquartile range or n
(valid %). N: 10,119

Missing
(%)

1st n: 3,365 (33.33%)
(0–35.25 h)

2nd n: 3,387 (33.35%)
(35.25–49.37 h)

3rd n: 3,367 (33.33%)
(49.37 h->)

Median (IQR) or n (%) Median (IQR) or n (%) Median (IQR) or n (%)

Graft Lossa <30 daysb 5.9% 0% 6.4% 5.8% 5.4%
Graft Lossa <1 yearb 9.1% 0% 10.2% 9.0% 8.0%
Acute Rejection, Before
Discharge

164 (1.6%) 14 (0.1%) 63 (1.9%) 53 (1.6%) 48 (1.4%)

Acute Rejection, First
Yearc

953 (12.1%) 1,388
(15.0%)

368 (13.3%) 329 (12.2%) 256 (10.5%)

aDeath-censored graft survival defined as center reporting to follow-up form.
bKaplan-Meier estimated survival percentages with standard errors of 0.004 (30-day)-0.005 (1-year).
cOf 9,280 cases with at least 1 year of follow-up.
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FIGURE 3 | Univariable (A) and multivariable (B) association of procurement interval with relative hazard of pancreas graft loss [(A) Relative to median, (B) Relative
to minimum interval].

FIGURE 4 | Kaplan-Meier curve of graft survival of pancreas transplant tertiles of procurement interval (time between brain death and cold perfusion).
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suggested improvement in graft survival could be related to
preconditioning initiated by cytokines that activate expression
of protective genes upon brain death [26–30]. Earlier studies may
have been confounded by fewer multiorgan-donors pooling into
shorter brain death times as time-consuming donor testing non-
randomly distributes healthier donors (with better outcomes)
into longer intervals. This study shows that the phenomenon
seems to exist in the healthiest organ donors—typically
multiorgan pancreas donors—as well.

Donor inotrope use decreased with procurement interval,
which could be expected with cytokine storm cooling and

stabilization of the donor. It could also serve as a surrogate
marker for instability. Interestingly, in sensitivity analyses the
use of inotropes in the management of the organ donor was not
significantly associated with pancreas graft outcomes. However,
dichotomous inotrope use before procurement operation is
probably insufficient as a marker for donor instability.
Unfortunately, the use of three or more inotropes was only
reported for a few patients.

Acute rejections have not been associated with procurement
times in other organs in earlier studies. The reason for this
discrepancy remains unclear, but may on one hand be related

FIGURE 5 | Probability of acute rejection in the first year after pancreas transplantation by procurement interval in the (A) univariable and (B) multivariable model.

FIGURE 6 | Sensitivity analyses of procurement interval’s association per 10-h increase with endpoints in subgroups. Univariable confidence intervals provided in
Supplementary Table S1.
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to different granularity of reporting acute rejections to large
registries, and on the other hand relate to variable
sensitization of different organs during the process of brain
death [31].

Procurement intervals grew longer during the period of the
study cohort, and possibly better donor treatment practices
during the later years are associated with the better outcomes
of longer procurement intervals. Therefore, sensitivity analyses by
transplantation year were conducted, which showed the
association of a longer procurement interval with improved
graft survival to be significant only in recent years, and the
association of less acute rejections to dissipate.

The difference in procurement intervals between Europe and
the US is notable, which may arise from scheduling procurement
during office hours and more time consuming consent
obtainment in the United States (Nijboer). Obviously much
less concern about longer procurement intervals exists in the
United States.

This study is an observational registry analysis and therefore
cannot prove causality. Retrospective studies can be susceptible to
non-random allocation and confounding, and residual bias,
which cannot be completely overcome by multivariable
adjustment or sensitivity analyses. However, the use of the
multivariable model and non-linear associations, together with
the sensitivity analyses, provide greater confidence in the
conclusion. The start of the procurement interval was defined
by the declaration of brain death, although the exact time or
progression of the fatal brain insult cannot be known. Similarly,
the urgency of obtaining the diagnosis of brain death and
declaration time and thus the start of the interval can vary
between different centers and practises. However, this variance
should be balanced in a large cohort. Graft failure for pancreas
allografts has been uniformly defined in the US only from
2020 onwards, which can also have an influence on our
findings. A lack of definition for pancreas graft function could
have resulted in variation in reporting complications. Still, a large
cohort can alleviate many of these concerns.

A possible selection bias follows from longer procurement
times distributing to more recent years. We sought to limit this
with sensitivity analyses, which do not point to the effect resulting
from better care in the later years, but did show significantly
better results with a longer procurement interval only for later
years in terms of graft survival, and no significance for acute
rejections. Also, other short-term complications, such as graft
thrombosis and leaks would have been of interest in this study,
but are unfortunately outside the scope of the used registry data.

A concern in optimizing other organs by lengthening the
procurement interval is that more pancreas grafts would become
edematous or firm and lead tomore discard of the pancreas grafts.
Before suggesting delaying procurement, information on discard
rates with a longer procurement interval would be insightful.

Future studies with randomization by procurement interval
would be welcomed but could prove ethically challenging and
unwarranted since so many other factors weigh first in organ
procurement. Also, studies on how many donors are lost to
cardiovascular collapse during the current era of donor
management protocols would be of interest. These studies

would have clinical implications for transplantation logistics
and patient outcomes.

In conclusion, based on this study, pancreas procurement
from a brain-dead donor can be postponed if needed, and a
longer procurement interval may lead to better outcomes.
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Physical examination (PE) of donors is essential to identify potential risks to the safety and
efficacy of donated organs and tissues and is mandatory in the EU. However, no detailed
guidance is available as to how PE should be performed. Health authorities (HA) and health
professionals (HP) in member states of the EuropeanCommittee on Organ Transplantation of
the Council of Europe (CD-P-TO) and observer countries completed surveys relating to the
regulatory requirements for PE and the professional practice of PE in their countries for organ
and tissue donors. The HA survey addressed regulatory aspects, and the HP survey
addressed professional practices, training, and respondents’ opinions on the value of PE.
These surveys revealed significant inter-country variation in the regulatory approach to PE and
the performance of PE by professionals. Most respondents opined that PE was important
and yielded valuable information in identifying contraindications to donation. There is no
consensus at a regulatory or professional level as to how PE should be performed on organ
and tissue donors. There is a requirement for agreed best practice guidelines in this area.

Keywords: organ donation, donor assessment, donor screening, physical examination, tissue and cornea donation

INTRODUCTION

Organizations/establishments that are active in the field of tissue and organ procurement from deceased
donors perform a comprehensive donor assessment to mitigate the risk of transmission of infection and
disease from donors to recipients and to optimize the quality and safety of donated material in order to
maximize the probability of good clinical outcomes. Physical examination (PE) is used in conjunction
with review of medical records, medical history obtained from referring professionals, interviews with
donor families, information from general practitioners, autopsy reports (if applicable), and screening
tests, as an essential part of this comprehensive donor evaluation. It should be noted that PE performed
to evaluate the suitability of an individual to donate organs and tissues differs significantly from PE
performed on a living individual during a standard medical examination. When considering donation,
PE focusses on indications that relate specifically to the safety and quality of donatedmaterial rather than
indicators of a patient’s health.
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Directive 2006/17/EC (technical requirements for the donation,
procurement and testing of human tissues and cells) [1] states in
Annex I “Selection criteria for donors are based on an analysis of the
risks related to the application of the specific cells/tissues. Indicators
of these risks must be identified by physical examination . . . ,” and
Annex IV states “. . .in the case of a deceased donor [. . .] a physical
examination of the body must be performed to detect any signs that
may be sufficient in themselves to exclude the donor, or which must
be assessed in the light of the donor’s medical and personal history.”
and that these findings must be recorded. Similarly, Directive 2010/
45/EU (standards of quality and safety of human organs intended for
transplantation) [2] states “Information from a potential donor’s
medical history, physical examination and complementary tests
should be collected for the adequate characterization of the organ
and the donor.”

Thus, at EU level all donor coordinators, organ procurement
organizations and tissue establishments (TEs) adhering to these
requirements are obliged to perform a documented PE prior to
procurement. However, neither directive specifies the content of
the PE, who should perform the PE, or how it should be
performed and documented. The focus of the PE of a
potential tissue or organ donor differs from the medical
examination performed on the same individual during
admission to hospital as a patient. PE should therefore be
performed in all cases of donation of tissues or organs in
order to systematically identify evidence of infections or
diseases that could be transmitted through organs, tissues and
corneas and pose a risk to the transplant recipient, as well as to
better assess the quality of the donated substance [3]. The findings
of PE complement the comprehensive clinical data collected on
each potential donor [4].

The EDQM “Guide to the quality and safety of organs for
transplantation” [5] and “Guide to the quality and safety of
tissues and cells for human application” [6] provide basic
guidance on what to look for in the PE of deceased organ and
tissue donors. In general, the objective of PE is to identify physical
manifestations of disorders that could be an indication for a
condition listed in the exclusion criteria for donation. There are,
however, only a very limited number of studies [7] that have
evaluated what PE should consist of, how it should be performed,
and the added value of physical findings noted in relation to the
final donor evaluation.

For this reason, the European Committee on Organ
Transplantation of the Council of Europe (CD-P-TO)1

GRAPHICAL ABSTRACT |

1The European Committee on Organ Transplantation (CD-P-TO) is the steering
committee in charge of organ, tissue and cell donation and transplantation
activities at the European Directorate for the Quality of Medicines and
Healthcare (EDQM) of the Council of Europe. As of March 2023, the CD-
P-TO is composed of 37 members (Albania, Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Republic of
Moldova, Montenegro, Netherlands, North Macedonia, Norway, Poland, Portugal,
Romania, Serbia, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkiye,
Ukraine, and the United Kingdom) and 20 observers [Armenia, Canada, Georgia,
Israel, United States, Council of Europe Committee on Bioethics, DTI Foundation,
European Association of Tissue and Cell Banks, European Commission, European
Eye Bank Association, European Society for Blood and Marrow Transplantation,
European Society for Organ Transplantation, European Society of Human
Reproduction and Embryology, Eurotransplant, Scandiatransplant, South-
Europe Alliance for Transplants, The Transplantation Society, United Network
for Organ Sharing, World Health Organization (WHO), and the World Marrow
Donors Association].
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conducted a survey to determine the current practices for
performing PE and the regulatory approach in Council of
Europe (CoE) member states, with a view to developing
guidance on best practice.

METHODS

Two different English language survey questionnaires were
prepared: one to investigate the regulatory framework (legally
binding and non-legally binding documents) governing the PE of
organ and tissue donors to be completed by health authorities
(HAs) and the second to capture the actual practices of health
professionals (HPs) performing PE of organ and tissue donors. A
CD-P-TO working group was set up to develop and validate the
questions for the surveys. Both final survey questionnaires were
piloted in a limited number of member states, using CD-P-TO
representatives as contact points, to evaluate their content and the
use of English language terminology prior to wider circulation.
The final surveys were circulated to member states via their CD-
P-TO representatives, who disseminated them nationally.
Responses were gathered electronically using an online survey
tool (Surveymonkey.com). Prior to analysis, all responses were
reviewed to remove any invalid responses—for example,
instances where respondents had submitted a partial response
prior to providing a full response at a later date. In total, five
incomplete responses from the HP survey were removed.

The HA survey consisted of 10 questions (Q), Q1–Q5 to gather
country-specific general/demographic information and
Q6–Q10 to collect information on regulations in place related
to the practice of PE (Supplementary Datasheet S1). The HP
survey contained 35 questions divided into five sections. The first
6 (Q1–Q6) concerned respondents’ profiles and the next 10
(Q7–Q16) were related to their organization, followed by
questions relating to their practices for performing PE
(Q17–Q25), training (Q26–Q31) and a final section on their
personal views about the value of PE (Q32–35). A distinction was
made between responses from those who perform PE on organ
donors, multi-tissue donors and cornea donors because of the
differences in donor selection criteria. The same HP
questionnaire was used in all cases, but a separate response
was requested for each type of donor (Supplementary
Datasheet S2). Some organizations that responded to the HP
survey were responsible for PE for different types of donors. In
these cases, the organization was asked to submit a separate
response for each type of donor.

RESULTS

The surveys were distributed among representatives in CD-P-TO
member [37] and observer [5] countries. Sevenmember countries
(Albania, Latvia, Malta, North Macedonia, Norway, Turkiye and
Ukraine) and one observer country (United States) did not
respond to either the HA or the HP survey, and one observer
country (Armenia) was excluded from the analysis after
responding that they did not currently have a deceased donor

program. In total, 33 of 42 countries (79%) responded to one or
both of the surveys as shown in Table 1.

Multiple responses to the HP survey were received from some
countries, as discussed below.

HA Survey
Thirty responses (70% response rate) were received for the HA
survey (Table 1); 83% of respondents, representing 25 countries,
declared that PE is mandatory in their countries for either organs
or tissues, or for both. However, only 63% (19 countries) have
national regulations related to PE. Fifteen of the 30 respondents
(50%) have national guidance documents related to PE; however,
55% (16 countries) reported that they do not have a uniform
template/model (form) in their country to record the findings of
the PE. The majority of respondents (21 countries, 70%) noted
that they had no specific training course covering aspects related
to the PE of tissue donors.

HP Survey
There were 87 responses from 22 countries for the HP survey,
48 related to organ donors, 16 to tissue donors, and 23 to cornea
donors, as shown in Table 1. More than half of respondents (46,
54%) identified themselves as donor/transplant coordinators, 19
(22%) as medical directors/assistant directors/Responsible
Persons, 11 (13%) as transplant surgeons, 9 (11%) had other
job titles, such as retrieval team leader or member, and 2 did not
provide their job title. They had various roles in the organ or
tissue donation and transplantation pathway as shown in
Figure 1 (some had multiple roles).

The survey included responses from organizations/
establishments involved in one or more activities. Some
organizations (29, 33%) had responsibilities for both organ/
tissue procurement and for processing and banking as a TE.
In total, 119 responses were received from 87 individual
respondents, with 71 (82%) from organ/tissue procurement
organizations and hospitals responsible for donor consent,
medical history, and procurement, 42 (48%) from TEs
responsible for procurement, processing, storage, and
distribution and 6 (7%) from TEs who have agreements with
external organizations to perform procurement. These
organizations/establishments facilitated between 1 and
2,854 donations in one calendar year. These responses were
categorized into establishments performing <100 PEs,
101–500 PEs and >501 PEs (Table 2). The majority (69%) of
responding establishments performed <100 PEs per year. PE of
organ donors was always (100%) done in a hospital setting,
whereas PE of tissue donors was mainly (74%) done in a
mortuary setting. All of the PEs of organ donors and most of
those of tissue and cornea donors are done by those with medical
or nursing qualifications. A small proportion (14%) of PE of
tissue and cornea donors are done by individuals with non-
medical/nursing qualifications (Table 2).

In 2019, 60 (71%) HPs who responded had performed one or
more PEs and 25 (29%) had not performed any; 2 respondents
did not answer this question (Table 2). Four respondents (8%)
reported that total body CT scan is routinely performed as part of
the PE of organ donors and 21 (44%) that is done in selected
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cases, for example, donors aged over 50 and donors with
suspected malignancy. Routine use of CT scan was not
reported in any tissue or cornea donor responses, with only
11% reporting use in selected cases (Table 2).

Carrying Out PE
The most common response for time taken to complete the
PE was 5–15 min, reported in 42% of responses for organ
donors and 53% of responses for tissue and cornea donors
(Table 2). There were differences between organ, tissue, and
cornea donors in terms of the number of persons present
(Table 3), techniques used (Table 4) and the PE process
(Table 5). The responses in the HA survey were compared
with those of the HP survey to determine whether there is a
variation in PE practice existing between countries with and
without national guidelines. Using lymph node palpation in
organ donors as a comparator, in countries with guidelines,
63% of responses reported that they always palpated lymph
nodes and 33% reported that they sometimes did this,
compared to 42% and 33% in countries without national
guidelines.

For cornea donors, in 58% of responses PE was done by a
single person, in comparison to 43% for tissue donors and 23%

for organ donors. For tissue and cornea donors, visual inspection
was always done as part of the donor PE. Auscultation and
percussion are not applicable because they are not possible in
deceased tissue and cornea donors unless done during organ
donation assessment prior to death. In total, 58% (25/43) of
respondents for organs and 79% (29/36) of tissue and cornea
respondents reported identifying anomalies during PE that
prevented donation from proceeding at that point, or that had
resulted in subsequent rejection of the procured organs/tissues.
Evidence of suspected malignancy—the three most common
being melanoma, abnormal lymph nodes, and breast
lesion—was the main reason that prevented organ donation,
skin lesion/tattoo/evidence of IV drug use were the main
reasons that prevented tissue donation and corneal infection/
scar/ulcer were the main reasons that prevented cornea donation.
Options available for escalation should an abnormal finding be
detected are shown in Table 6. Practical issues that form barriers
to performing a detailed PE of deceased tissue and cornea donors
are shown in Figure 2, the most commonly reported being rigor
mortis.

Training
Almost all (82 of 87) respondents answered the question relating
to training; 52 (63%) reported that they had received some kind of
specific training in how to perform a donor PE. In this group, the
training was primarily “on the job” practical training delivered by
colleagues. Other respondents reported that training was
provided by external bodies from outside of their organization.
Training was delivered mainly by practical simulation, reading
the SOP and/or visual presentations. Most respondents
considered their training as either “very” or “extremely”
valuable (Table 7).

General Opinion
The views of the respondents on the value of and reasons for PE
are shown in Tables 8–10. Opinions varied depending on the
type of donor that was evaluated: 16% of HPs performing PEs of
tissue or cornea donors considered that PE was not valuable or
slightly valuable, compared to only 2% of HPs performing PEs of
organ donors.

DISCUSSION

There are very few published articles relating to PE of deceased
donors [7], and this is the first multi-national survey to date that
has explored current practices for performing PE of potential
organ, tissue, and cornea donors, soliciting feedback from both
HAs and HPs. Responses to the HA survey showed that, while PE
is mandatory in the majority (83%) of countries, many
respondents reported that there were no nationally mandated
standards or protocols for performing PE. This indicates that the
performance of PE could vary between establishments and that
the outcome of the donor selection process may differ within the
same country. It was also evident from responses to the HP survey
that there was intra-country variation in the practices for
performing PE on organ and tissue donors, however, there are

TABLE 1 | CD-P-TO PE survey responses.

Country HA Organ Tissue Cornea

Austria 1 2 2 2
Belgium 1 1
Bulgaria 1 1 1 1
Croatia 1 2
Cyprus 1
Czech Republic 3
Denmark 1
Estonia 1 2
Finland 2
France 1 1 1
Germany 1 0 1 2
Greece 1
Hungary 1 2 1
Ireland 1
Italy 1 5 3 4
Lithuania 1 2
Luxembourg 1 1
Moldova 1 1 2
Montenegro 1
Netherlands 1
Poland 1 1
Portugal 1 7 1 4
Romania 1
Serbia 1 1
Slovak Republic 1 3 1
Slovenia 1
Spain 1 4 2 4
Sweden 1 1 1 1
Switzerland 1 3 1
United Kingdom 1 3 2 1
Canada 1
Georgia 1
Israel 1
Total 30 48 16 23
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insufficient individual responses from different countries to draw
firm conclusions in this area. Without established protocols or
guidelines it is also difficult for HAs to assess whether organs or
tissues meet quality standards. In order to safeguard donor
selection outcomes, it is therefore necessary to establish
uniform protocols for PE for different types of donors. An
international body, such as the EDQM in collaboration with
HAs and HPs, could play a key role in developing standardized
protocols for PE based on the analysis of available national
standards, relevant literature and data, relevant risk factors
that indicate rejection criteria and limitations that are present
for deceased donors.

Responses to the HP survey came from a wide range of
organizations of different types and sizes, which was reflected in the
number of PEs performed by each organization as a whole, and by
individuals completing the survey. This broad spread of responses gives
a valuable insight into real-life practices. For analysis, responses relating
to organ donors were compared with responses relating to tissue and
cornea donors, although any clear differences between responses for
tissue and cornea donors are also highlighted and discussed. A previous
national survey carried out in Australia [8] was targeted at organ and
tissue coordinator nurses, while our survey was open to anyone
performing PEs. For both organs and tissues/corneas, more than 2/
3 of responses were from individuals with a medical background.

When reviewing the responses relating to PE techniques,
taking into account all responses, the results of this survey are

broadly comparable to the aforementioned Australian survey.
However, if the separate responses relating to organ and tissue/
cornea donors are considered, there are clear differences: while
observation is performed consistently in almost all donors,
palpation is done in only 58% of tissue donors compared to
88% of organ donors, and auscultation and percussion are rarely
performed for tissue/cornea donors because it does not give
relevant information post-mortem. This would explain the
observed tendency for PE of tissue/cornea donors to take a
shorter amount of time than PE of organ donors (Table 2).
There are differences between organ and tissue/cornea donors in
the frequency with which different types of examination methods
are used (Table 5). This is not surprising, and probably reflects
the different circumstances under which PE is performed for
these types of donors, such as whether the PE is done pre- or post-
mortem, and the number of individuals present to perform PE.
For example, where a PE is being performed by a single person, as
is common with corneal donors, it is not practical to turn a donor
and examine the dorsal surface. Similarly, if PE is performed post-
mortem after rigor mortis has set in, as is often the case with tissue
and cornea donors, techniques such as opening and examining
the oral cavity or palpating the lymph nodes may be impractical.
However, even for organ donors, there was no consistent
approach regarding the examination methods used. The extent
to which these differences lead to differences in the quality and
safety of the final organ or tissue remains to be investigated. It

FIGURE 1 | Roles of HPs (87 respondents) completing the survey.
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should be noted that non-invasive internal scanning performed in
organ donors can add value to the PE, but it is not a substitute for
visual inspection to note external findings.

Where an abnormal finding was identified during PE,
respondents performing PE of organ donors much more
frequently reported that they had options for further
investigation, such as biopsy for histopathological
investigation, other non-invasive examinations such as CT,
MRI, or X-ray, or obtaining a second opinion from a
colleague (Table 6). The most likely reasons for this difference
are the clinical setting in which the PE is performed, and the risk-
benefit profile of organ and tissue/cornea transplantation. It was
notable that taking of biopsies was less common with cornea
donors than with tissue donors. This perhaps reflects the fact that
most malignancies are not a contraindication for cornea

TABLE 2 | Details of activity in the organizations/establishments.

Organ
(O) (48)

Tissue/Cornea
(TC) (39)

When is PE routinely performed in the organization/establishment? During/after donor medical assessment 46 (96%) 12 (31%)
Prior to procurement (after refrigeration) 0 25 (64%)
Not performed in our establishment 2 (4%) 2 (5%)

Number of deceased donor PEs performed in 2019 in the organization/
establishment (Range: 1–2,854) No response (6): O:3 + TC:3

Low (1–100) 37 (82%) 19 (53%)
Medium (101–500) 4 (9%) 12 (33%)
High (501 and above) 4 (9%) 5 (14%)

Number of HPs who performed PEs in the organization/establishment in 2019
(Range: 1–320) No answer (12): O:6 + TC:6

Low (1–10) 22 (52%) 22 (67%)
Medium (11–100) 15 (36%) 10 (30%)
High (101 and above) 5 (12%) 1 (3%)

Number of PEs performed in 2019 by HPs completing the survey questionnaire
(Range: 0–630) No answer (2) O:1 + TC:1

Not performed 9 (19%) 16 (42%)
1–100 36 (77%) 18 (47%)
Above 101 2 (4%) 4 (11%)

Describe the setting where the donor PE is performed Hospital setting (ICU/operating theatre) 48 (100%) 19 (50%)
No answer (1) TC:1 Hospital mortuary 11 (23%) 28 (74%)

Forensic department 1 (2%) 9 (24%)
Other 1 (2%) 4 (10%)

Who performs the donor PE in your establishment? HP in charge of the donor (GP, hospital
physician, nurse, etc.)

32 (67%) 12 (32%)

Organ or tissue coordinator 34 (71%) 18 (47%)
Professional from the procurement team of
the TE

12 (25%) 24 (63%)

Pathologist/forensic examiner 6 (13%) 8 (21%)
Other 0 1 (3%)

Basic qualifications of the HP performing the donor PE Medical 32 (67%) 26 (68%)
No answer (1) TC:1 Nursing 16 (33%) 7 (18%)

Graduate (e.g., science degree) or similar
professional qualifications

0 3 (8%)

Other (please specify) 0 2 (6%)
Does your establishment/organization use total body CT scan as a routine
examination for tissue/organ donors? No answer (1) TC:1

Yes, always 4 (8%) 0
Yes, in selected cases 21 (44%) 4 (11%)
No, not used 23 (48%) 34 (89%)

Time to complete PE Less than 5 min 2 (5%) 7 (20%)
No answer (10) O:5, TC:5 5–15 min 18 (42%) 18 (53%)

16–30 min 14 (32%) 5 (15%)
31–60 min 6 (14%) 2 (6%)
More than 60 min 3 (7%) 2 (6%)

TABLE 3 | No of people present to perform PE on an individual donor.

1 2 3 >3 Total responses No response

Organ 10 (23%) 22 (51%) 5 (12%) 6 (14%) 43 5
Tissue 6 (43%) 7 (50%) 0 (0%) 1 (7%) 14 2
Cornea 11 (58%) 7 (37%) 0 (0%) 1 (5%) 19 4
Total 27 (36%) 36 (48%) 5 (7%) 7 (9%) 76 11

TABLE 4 | Techniques used in performing PE.

Organ donors (44) Tissue/cornea donors (36)

Yes No (or NA) Yes No (or NA)

Observation 43 (98%) 1 (2%) 36 (100%) 0
Auscultation 27 (64%) 15 (36%) 2 (6%) 31 (94%)
Palpation 37 (88%) 5 (12%) 19 (58%) 14 (42%)
Percussion 17 (41%) 24 (59%) 3 (10%) 30 (90%)
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donation. One retrospective study on potential tissue donors [9]
reported that quickly identifying and taking biopsies of suspicious
lesions without needing to interpret the findings to determine

donor eligibility at the time of procurement could be beneficial for
the time management of procurement teams. Of 561 biopsies
taken from abnormal findings identified in the PE during the

TABLE 5 | PE Process: When donor PE is performed, do you?

Organ (46) Tissue/Cornea (35)

Always Sometimes Never Total Always Sometimes Never Total

Open and examine the oral cavity 21 15 6 42 7 12 13 32
50% 36% 14% 22% 38% 40%

Inspect/examine the genital area 31 9 1 41 21 5 7 33
76% 22% 2% 64% 15% 21%

Turn the donor to examine the back 28 12 1 41 16 8 10 34
68% 29% 3% 47% 24% 29%

Palpate the lymph nodes 23 13 5 41 8 6 18 32
56% 32% 12% 25% 19% 56%

Palpate the breast tissue 23 11 6 40 7 6 19 32
58% 27% 15% 22% 19% 59%

Palpate the abdomen 28 6 8 42 7 8 17 32
67% 14% 19% 22% 25% 53%

Check for evidence of intravenous drug use 40 1 0 41 33 1 1 35
98% 2% 94% 3% 3%

TABLE 6 | What options are available to you in your practice if you identify an abnormal finding?

Organ (43) Tissue (14) Cornea (21) Tissue and
cornea (35)

No. % No. % No. % No. %

Document the findings and proceed/stop 33 77 14 100 19 90 33 94
Ask a colleague to examine the donor for a second opinion 33 77 8 57 7 29 15 43
Phone a senior colleague from your team and describe your findings to obtain advice 26 60 9 64 11 52 20 57
Take a photograph and send it to an external expert (e.g., skin specialist) 23 53 4 29 7 33 11 31
Take a biopsy for histopathology examination 31 72 8 57 4 19 12 34
Other tests or non-invasive examinations (CT, MRI, Xray) 35 81 1 7 2 10 3 9
Review medical notes and/or contact general practitioner 33 77 10 71 11 52 21 60
Other (please provide details) 5 12 2 14 1 5 3 9

FIGURE 2 | For deceased tissue and cornea donors only: common issues in your practice that are barriers to performing a detailed PE.
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study period (January 2005 to March 2010), the results showed
that the tissue did not need to be rejected in 552 (98.4%) cases; the
procured tissue from only 9 (1.6%) donors was discarded due to
the biopsy results (five for malignancy and four for infection).

In general, the most common abnormal findings reported
in PE of tissue donors related to superficial skin findings,
such as suspicious injection marks or skin lesions, and for
cornea donors, corneal lesions. This is consistent with the

TABLE 7 | Training.

Organ
(O)

Tissue/
Cornea (TC)

Have you received any specific training in how to perform a donor PE for
organ/tissue/cornea donors?

Yes 26 (58%) 26 (70%)

No response (5): O:3 + TC:2 No 19 (42%) 11 (30%)
If you have received training, when did this take place During my degree studies 9 (30%) 5 (18%)
No response (29): O:18 + TC:11 Provided by external bodies outside the organization 11 (37%) 10 (36%)

Before starting to work in my establishment (during
induction, including theory)

6 (20%) 9 (32%)

Case-by-case training by another colleague during my
working practice

20 (67%) 16 (57%)

Other 4 (13%) 3 (11%)
How was the training delivered? Reading the SOP 14 (47%) 16 (59%)
No answer (30): O:18 + TC:12 PowerPoint presentation 12 (40%) 15 (56%)

eLearning course 6 (20%) 7 (26%)
Practical simulation 24 (80%) 21 (78%)
Other 4 (13%) 4 (15%)

Did the training include how to document PE findings? Yes 17 (57%) 22 (81%)
No answer (30): O:18 + TC:12 No 13 (43%) 5 (19%)
Describe the value of the training for your daily work? Extremely valuable 14 (47%) 16 (62%)
No answer (31): O:18 + TC:13 Very valuable 9 (30%) 7 (27%)

Moderately valuable 4 (13%) 3 (11%)
Slightly valuable 1 (3%)
Not valuable at all 2 (7%)

Competency Training updates (How often? Please provide details) 11 (67%) 19 (73%)
No answer (31): O:18 + TC:13 Audit 9 (30%) 7 (27%)

Peer-review practice 13 (43%) 11 (42%)
Task-based training using SOPs 10 (33%) 10 (38%)
Other 5 (17%)

TABLE 8 | Opinion of respondents on the value of the PE in the evaluation of deceased donors.

Organ (43) Tissue (15) Cornea (22) Tissue and cornea (37)

Number % Number % Number % Number %

Extremely valuable 17 40% 10 67% 6 27% 16 43
Very valuable 17 40% 3 20% 7 32% 10 27
Moderately valuable 8 18% 0 5 23% 5 14
Slightly valuable 1 2% 1 7% 3 14% 4 11
Not valuable at all 0 1 7% 1 5% 2 5%

TABLE 9 | Top 3 most important reasons selected for doing a PE prior to organ and tissue/cornea donation.

Organ (43) Tissue and cornea (37)

No. % No. %

To identify the cause of death 13 30 5 14
To identify potential medical contraindications 39 91 29 78
To exclude high-risk individuals (e.g., social risks) 34 79 31 84
To confirm information available from other sources 24 56 18 49
To comply with regulations and guidelines 12 28 19 51
Transplant centers are interested in the donor PE 9 21 1 3
Not important, as the PE is of limited value for tissue donors, including cornea donors 0 4 11%
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PE techniques used for these types of donor, as discussed
earlier. It is also consistent with the observations reported in
the systematic review [7], where the authors found that
almost all articles discussing PE findings that may pose
higher risk included findings such as jaundice, tattoos,
body piercing, nonmedical injection sites, signs of
sexually transmitted infections, scars, oral thrush, and
skin lesions, all of which can be identified by visual
inspection during a PE.

A significant proportion (37%) of the HP respondents
doing PE had not received specific training, higher than
was reported in the Australian survey (23%). Of those who
received training, 82% felt it was extremely or very valuable.
It is important to define the content of training and
competency assessment programs taking into
consideration the limitations of doing PE after rigor
mortis. It is also essential to agree upon the minimum set
of physical signs to assess during PE. For example, Van Wijk
et al. [10] used a risk assessment-based approach based on the
Failure Mode and Effects Analysis model. In their study,
106 signs that could be identified in PE were scored on
different criteria, considering available control measures
specified in the EU Tissue and Cell Directive [1] or other
sources. They proposed risk management procedure to
identify minimal necessary content of PE in potential
tissue donors and suggested that signs of advanced
infection with HIV, hepatitis B/C and syphilis can be
omitted, since these contraindications will be detected by
the required serological testing. When further defining these
issues, the limitations for performing PE should also be taken
in consideration, e.g., when only one person is performing the
procurement, as is common with cornea donors, and is
unable to turn the donor.

Despite the discussed limitations of PE in deceased
donors, the majority of respondents (75%) felt that it
very or extremely valuable, with the identification of
potential medical contraindications to donation and the
exclusion of high-risk individuals given as the most
important reasons for performing PE. For both organ and
tissue/cornea donors, a similar level of importance was
accorded to the value of PE for evaluating graft quality,
whilst responders for organ donation placed a higher level of
importance on the value of PE for preventing donor to
recipient disease transmission.

Donor to recipient disease transmission remains a
fortunately rare event following organ or tissue

transplantation. In EU members states, there is a
requirement of establishing a system for the reporting
and management of Serious Adverse Reactions and
Events imposed by Directive 2010/53/EU, and this is
reiterated in the EDQM guides. The Notify Library [11]
was established by the World Health Organisation and the
Italian National Transplant Centre, with the collaboration
of the EU funded project SOHO V&S (Vigilance and
Surveillance of Substances of Human Origin and serves to
collate reports of adverse events resulting from transplant/
transfusion of medical products of human origin. It is
imperative that these events are reported and
systematically audited.

The limitations of this study must be acknowledged.
Firstly, a response to the HA survey was received from
only 34 (81%) of the CD-P-TO member and observer
countries surveyed. Responses to the HP survey were
received from 22 (52%) of the countries surveyed, with
some countries submitting multiple responses. The survey
was circulated to HPs via CD-P-TO representatives of their
countries, therefore responses received may not have
included all organisations undertaking PE. The profile of
the respondents also varied. The outcomes therefore may
not represent a systematic response. It should also be
considered that survey was performed to
determine the requirement for and practice of PE; it does
not attempt to make any determination regarding the best
practice of PE.

CONCLUSION

This is the first survey that has analyzed the differences in
the PE between deceased organ and tissue/cornea donors.
The HP survey highlighted wide variations in practice and
the HA survey demonstrated the absence of international
standards in this area. It is likely that the variations in
practice demonstrated in this survey are due to
discrepancies in training and education, and the lack of
standardized guidelines. We strongly suggest that
international guidelines be developed to specify the
minimum requirements for PE in organ and tissue
donors, to be accompanied by appropriate training
materials.

Given the limited published literature, it is difficult to
determine the added value and effectiveness of PE in
contributing to the safety and quality of organs and tissue
grafts for clinical use. A risk assessment-based approach,
similar to that described by van Wijk et al. [10], could be
useful for developing a minimum set of physical assessment
criteria, and practical guidelines. More published data
relating to the impact of PE on donor deferral would
certainly be of value. More importantly, the survey has
demonstrated the need to differentiate PE of organ donors
from PE of tissue and cornea donors, and to apply a risk-
based approach when developing guidance. One size does not
fit all!

TABLE 10 |On a scale of 1–10, with 1 indicating no importance and 10 indicating
extreme importance, what is the value of abnormal findings in the donor PE in
prevention of donor recipient disease transmission (safety) or graft quality?

Mean score

Tissue/Cornea donors: Donor-recipient transmission 7.4 (29)
Tissue/Cornea donors: Graft Quality 6.3 (30)
Organ donors: Donor-recipient transmission 9.0 (27)
Organ donors: Graft Quality 6.2 (25)

Figures given as mean score with number of responses in brackets.
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The transmission of hepatitis C virus from viremic donors to seronegative recipients of
kidney transplantation is well documented. Pre-transplant administration of direct-
acting antivirals prevents viremia, but the seroconversion rate is high. We studied the
transmission of the virus through the transplanted tissue by determining viral RNA in
15 kidneys from 8 deceased viremic donors, 5 males and 3 females aged 52.3 ±
15 years. HIV positive donors and active intravenous drugs abusers were discarded to
avoid possible window periods in the virus transmission. Recipients, 9 males and
6 females aged 52.7 ± 18 years, were treated with glecaprevir/pibrentasvir for 8 weeks
and received immunosuppression with thymoglobulin, tacrolimus, sirolimus and
prednisone. Hepatitis C Virus was detected in 9 of the 15 histological samples
analyzed but viremia was detected in no recipient at day 1 and
7 post–transplantation and 12 weeks after the treatment. However, 13 of the
15 recipients had seroconverted within 1 month. In conclusion, Hepatitis C virus
was detected in a significant proportion of tissue of kidney grafts from viremic
donors, but treatment with direct-acting antivirals avoids the transmission of the
virus from donor to recipient. Then Donor pools should be expanded.

Keywords: kidney transplantation, hepatitis C virus, viremic donor, transmission, seronegative recipient

INTRODUCTION

Transmission of hepatitis C virus (HCV) from viremic donor to seronegative recipient via kidney
transplantation is well documented [1, 2]. Administration of direct-acting antivirals (DAA) to the
recipient pre-transplant prevents post-transplant viremia and possibly transmission of infection [3, 4];
however, starting treatment in the post-transplant period prevents neither viremia nor the consequent
transmission [5, 6]. In addition to detecting viral particles in different extrahepatic compartments,
including kidney tissue, several studies have also observed viral replication [7–13], which could enable the
transmission of the infection in the absence of viremia through the tissue of kidney grafts.

The aim of this study was to assess HCV transmission through the tissue of kidney grafts from
viremic donors to seronegative recipients treated with DDA.
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MATERIALS AND METHODS

Study Design and Population
This study is a case series on adult kidney transplant recipients
from HCV viremic donors undergoing transplantation from
March 2018 and December 2019 in the Hospital General of
Alicante (Spain).

We determined the presence of HCV in the tissue of
15 kidneys from 8 deceased viremic donors (one graft was not
included in the study because it was transplanted to a seropositive
recipient). HIV positive donors and active intravenous drugs
abusers were discarded to avoid possible window periods in the
virus transmission.

Procedures
The grafts were transplanted to 15 seronegative recipients, who
started an eight-week course of treatment after breakfast with
glecaprevir 300 mg/pibrentasvir 120 mg 6 h prior to transplantation.

Plasma viral load was determined in donors within a few hours
prior to transplantation, and in recipients at day 1 and
7 post–transplantation and 12 weeks after the treatment.
Antibodies against HCV were measured in the serum of
transplant patients 1 month after transplant.

Tissue samples were extracted in the operating room for
diagnostic purposes using an 18G biopsy needle (Biopince full
core biopsy instrument). Tissue cylinders were 18mm–22mm
long and 1mm thick. They were paraffinized for pre-
transplantation histological study and then deparaffinized for virus

detection. The deparaffinized tissue was washed three times with
sterile saline and homogenized with 2mL of sterile distilled water.

Viral RNA determination in donor plasma and tissue was
performed with the Xpert HVC viral load quantitative assay
(Cepheid), which has a quantification range of 10 IU/mL to
4–6 IU/mL. The Xpert HCV Viral Load Assay is a polymerase
chain amplification (PCR)-based assay with no need for batch
processing of samples and with a result available in 105 min. This
test was used in donor samples because it allows quick results on
demand. In biopsy samples it was used due to its higher sensitivity.
This method employs a reverse transcription polymerase chain
reaction technique (RT-PCR) that uses fluorescence to detect and
quantify the RNA of HCV genotypes 1 to 6.

In recipients, HCV viral load was determined using RT-PCR
with the HCV COBAS AmpliPrep/COBAS TaqMan quantitative
technique, v2.0, whose lower detection limit is 15 IU/mL. This
test is designed for batch testing of multiple specimens within a
run. Antibodies against HCV were measured in the serum of
transplant patients using the Roche Diagnostics Elecsys Anti-
HCV II assay.

Ethic Issues
The present study was performed n accordance with the
Declaration of Helsinki and was consistent with the Principles
of the Declaration of Istambul on Organ Trafficking and
Transplant Tourism. This study received approval from the
Hospital of Alicante Review Board (record 2021-04, 28 April
2021).
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The strategy of kidney transplant from viremic and non-
viremic hepatitis C positive donors into negative recipients
was conducted under The Spanish consensus document
coordinated by the National Transplant Organization (ONT)
[14]. All recipients had signed an informed consent when were
enroled in the waiting list.

Statistical Analysis
This is a descriptive analysis. Categorical data are shown as
absolute numbers and their frequencies, and metrics used for
continuous data with relative dispersión.

RESULTS

Table 1 shows donor and recipient demographics and post-
transplant outcomes at 3 years.

All recipients received immunosuppression with
thymoglobulin, tacrolimus, sirolimus and prednisone.

Table 2 shows the plasma viral load in the donors pre-transplant
and in the recipients on day 1 and 7 post-transplant and 12 weeks
after treatment, the serological results against HCV at 1month, and
the detection of HCV in the transplanted tissue. Plasma viral load in
all donors was significant, and in recipients it was undetectable on
days 1 and 7 post-transplantation and 12 weeks after treatment.
However, 13 of the 15 recipients had seroconverted within 1 month.
HCVwas detected in 9 of the 15 histological samples analyzed. In all
cases where viral RNA was detected, the concentration was less than
10 IU per tissue sample.

All recipients completed treatment with DAA without
reported adverse events or treatment interruptions. We do not
modify DAA posology during treatment. The interactions of
DAA with Tacrolimus and sirolimus were managed with the
monitorization of their plasmatic levels.

DISCUSSION

In our study, seroconversion occurred in most kidney transplant
recipients with viremic donors, despite the absence of viremia in
the immediate post-transplant period (Table 2). These results are
consistent with previous reports [3, 4] and indicate that
seronegative recipients had contact with the virus.

The presence ofHCV in the extrahepatic tissue of viremic patients
has scarcely been studied, but several authors have described it in
gastrointestinal mucosa [7], lymph nodes [8, 9], bone marrow [10],
the central nervous system [11], the pancreas, heart, and even kidney
[12, 13]. In addition, some authors have observed the presence of
negative-polarity RNA in extrahepatic tissue [7, 12, 15], which acts as
an intermediary in the replication of the virus, confirming the
possibility of transmitting the active infection [15].

The HCV detection rate in different extrahepatic tissues is low,
and obviously lower than that detected in the liver [15] according
to the authors, these findings suggest that levels of HCV infection
and replication at the extrahepatic level are low, but still sufficient
to transmit infection [15].

In our study, we detected viral RNA in most of the donor
kidney tissue samples by means of a quantitative RT-PCR, Xpert
HVC Viral Load (Cepheid). We did not look for evidence of viral
replication, which has already been demonstrated by other
authors [7, 12, 15]. In all cases where viral RNA was detected,
the concentration was under 10 IU/mL.

We chose this technique because it is easy to use and very sensitive,
with a detection limit below 10 IU/mL. As Wrobleswska et al. [16]
have described, the volume of the samples determines the sensitivity
of the technique. The number of viral particles in extrahepatic tissues
is very low [13, 16], and in our case, the samples were small.

The technique used is commercially available and validated for
serum and plasma. Currently, there is no validated technique for
tissue [13].

Yan et al. assessed HCV by postmortem RT-PCR of
extrahepatic tissue in nine patients with severe viral hepatitis,
detecting its presence in the kidney, pancreas, heart, and intestine
in all cases, and its replication by negative-polarity RNA in some,
including the kidney; authors concluded that HCV can infect and
replicate in various extrahepatic tissues [12].

Gelpi et al. [17] reported an experience similar to ours, but with
different and perhaps complementary results. These authors ruled
out the presence of occult HCV infection by kidney graft biopsy in
three seronegative recipients who had not takenDAAwhen receiving
the transplant from seropositive, non-viremic donors. This is a
different case from our study, in that our recipients did receive
treatment because donors were viremic. Taken together, these studies
provide a more complete picture on the silent transmission of HCV
through kidney tissue, with no transmission occurring with non-
viremic donors and transmission in the case of viremic donors [18].

These data are corroborated by Shike et al. [13], who studied
HCV in the kidney tissue of 14 seropositive donors rejected for
transplantation. In the 11 donors with a positive plasma load,
investigators detected viral RNA by RT-PCR in 16 of the
22 kidneys (72.7%), data similar to ours. However, in the

TABLE 1 | Donor and recipient characteristics and outcome at 3 years.

Donor Recipient

Age (years) 52.3 ± 15 52.7 ± 18
Male gender 5/8: 62.5% 9/15: 60%
Virus Genotipe 1a 4 na
1b 3
3 1
Blood Group A 2 4
B 1 2
AB 0 0
0 5 9
End stage cause na
glomerular disease 2
interstitial nephritis 4
Lupus 2
polycystic disease 3
Hypertension 1
diabetes nephropathy 3

Graft. Survival at 3 years na 93.3%
Patient survival at 3 years na 93.3%

Na, No applicable.
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remaining three donors with a negative plasma load, none of the
six grafts showed viral RNA, in keeping with Gelpi’s results [17].
Compared to our study, Shike et al.’s [13] has the advantage of
having a large amount of tissue on which the virus could be
detected, since it included kidneys rejected for transplantation
instead of on graft cylinders for transplantation.

In our group, viral RNA was detected in D5 kidney tissue,
but not in D6, from the same donor (Table 2), Shike’s
experience is similar to ours, as they also detected the virus
in the tissue of one but not both kidneys in two of their donors
[13]. These authors [13], like us, attribute the cases of non-
detection of the virus in tissue to the low viral load present in
extrahepatic tissues [16] and to the lower sensitivity of the
tissue detection technique [13].

Shike et al. [13] establish a correlation between the amount of
viral load in the donor’s plasma and the presence of virus in the
tissue, concluding that the higher the viral plasma load, the more
likely the virus will be detected in tissue and the larger the amount.
Data from our study seem to confirm this conclusion: in the cases
where no virus was detected in tissue (D1, D2, D3, D4, D15), the
viral plasma load remained under 500,000 IU/mL (Table 2).

The viral concentration in tissue was below the technique’s linear
range. However, the detection of viral RNA in most grafts suggests
that HCV could be detected in all grafts from viremic donors if the
tissue samples were larger, as in the study by Shike [13].

In spite of detecting HVC in plasma and tissue from the
donors, the treatment with DAA avoided the transmission of the
virus from donor to recipient. As a matter of fact, recipients from
viremic donors starting DAA pre-transplant do not present viral
replication at any time or only a very low one, but starting DAA
after transplant show viral transmission in all the cases. Then,
starting DAA pre-transplant should be mandatory [18].

The main strength of our study is the detection of the virus in
both, donors through plasma viral load and tissue detection, and
in recipients, through plasma viral load and subsequent serology.
In contrast, Shike’s study was limited to detection in the
donor [13].

The study’s primary limitation is the lack of a validated
technique for tissue. The second limitation is the small
amount of tissue available for virus detection.

In conclusion, HCV was detected in a large proportion of
transplanted tissue from viremic donors, which could facilitate its
transmission to recipients, but treatment with DAA avoids the
transmission of the virus from donor to recipient. Then Donor
pools should be expanded.
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TABLE 2 | Plasma viral load in donors pre-transplant and in recipients on day 1 and 7 post-transplant and 12 weeks after treatment, serological results against virus at
1 month, and detection of virus in the transplanted tissue.

Donor Recipient Donor plasma viral Load (UI/mL) Recipient plasma viral load (UI/mL) Kidney viral load Seroconversion

Day 1 Day 7 12 weeks post transplant

D 1 R1 4,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE POSITIVE
D 2 R 2 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE POSITIVE
D 3 R 3 470,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE POSITIVE
D 4 R 4 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE POSITIVE
D 5 R 5 1,400,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE NEGATIVE
D 6 R 6 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE NEGATIVE
D 7 R 7 1,300,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 8 R 8 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 9 R 9 180,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 10 R 10 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 11 R 11 1,300,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 12 R 12 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 13 R 13 4,500,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 14 R 14 UNDETECTABLE UNDETECTABLE UNDETECTABLE DETECTABLE POSITIVE
D 15 R 15 450,000 UNDETECTABLE UNDETECTABLE UNDETECTABLE UNDETECTABLE POSITIVE
D16 R 16
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The Perspectives of General
Nephrologists Toward Transitions of
Care and Management of Failing
Kidney Transplants
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The management of failing kidney allograft and transition of care to general nephrologists
(GN) remain a complex process. The Kidney Pancreas Community of Practice (KPCOP)
Failing Allograft Workgroup designed and distributed a survey to GN between May and
September 2021. Participants were invited via mail and email invitations. There were
103 respondents with primarily adult nephrology practices, of whom 41% had an
academic affiliation. More than 60% reported listing for a second kidney as the most
important concern in caring for patients with a failing allograft, followed by
immunosuppression management (46%) and risk of mortality (38%), while resistant
anemia was considered less of a concern. For the initial approach to
immunosuppression reduction, 60% stop antimetabolites first, and 26% defer to the
transplant nephrologist. Communicating with transplant centers about
immunosuppression cessation was reported to occur always by 60%, and sometimes
by 29%, while 12% reported making the decision independently. Nephrologists with
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academic appointments communicate with transplant providers more than private
nephrologists (74% vs. 49%, p = 0.015). There are heterogeneous approaches to the
care of patients with a failing allograft. Efforts to strengthen transitions of care and to develop
practical practice guidelines are needed to improve the outcomes of this vulnerable
population.

Keywords: re-transplantation, failing kidney allograft, transition of care, immunosuppression management,
multidisciplinary team

GRAPHICAL ABSTRACT |

INTRODUCTION

Kidney transplants have a limited life span, with a median half-life
ranging from 9 to 12 years [1, 2]. In fact, 11.9% of patients on the
kidney transplant waiting list have had a prior failed transplant [3].
These patients are at a higher risk of morbidity and mortality
compared to patients who are on dialysis without a previous
failed transplant [4–6]. This increased risk is thought to be due
to a combination of immunocompromised status, as well as a
chronic inflammatory state which leads to increased infectious
and cardiovascular complications, amongst others [7–9].

Effective transitions of care between providers are an ongoing
challenge in chronic kidney disease (CKD) [10]. Timely referral of
patients with failing allografts to general nephrologists is crucial to
begin appropriate CKD care. Based on the care model, CKD care
may not be the focus of some transplant centers. This includes
vascular access planning, anemia management, and a well-timed

transition to dialysis. Patients with a failing allograft face many
challenges, including high risk of depression and social challenges
that would add more difficulties in their care.

The American Society of Transplantation Kidney Pancreas
Community of Practice (AST-KPCOP) established a workgroup
to study Kidney Recipients with Allograft Failure–Transition of Care
(KRAFT) to understand the current data and practice patterns
related to the management of recipients with a failing allograft. A
recent survey of transplant providers performed by this group
reflected the common transition-related practices of transplant
providers and highlighted the substantial heterogeneity in several
aspects of the care of patients with allograft failure [9]. To date, the
practice patterns of general nephrology providers related to this
important area of kidney patient care has not been studied. Hence,
we conducted a survey to assess practice patterns and priorities of
general nephrology providers regarding patients with a failing or
failed kidney allograft.
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METHODS

Survey Design
This survey was performed by AST-KPCOP’s KRAFT
workgroup. The survey questions were developed collaboratively
and the instrument was piloted with general nephrologists as well
as among KPCOP workgroup members. Where needed, the
wording of the questions was adjusted for clarity. The final
survey comprised 23 questions, including two related to
management of failing allografts, six related to the comfort of
and approach to tapering immunosuppression, three related to
perceived risks and benefits associated with tapering
immunosuppression, four related to communications and
referrals to transplant centers, three related to the management
of rejection in a failed allograft, and five related to program
description which included practice type, size, and location.
Main concerns in the care of patients with a failing kidney
allograft and factors linked to tapering off immunosuppression
were graded on a semi-quantitative scale: very important,
intermediate importance, and not very important.

Survey Administration and Participants
The survey was approved by the Washington University in St.
Louis Institutional Review Board and approved by the Education
Committee of AST and KPCOP for distribution. The survey was
built into the SurveyMonkey tool and distributed in May 2021 via
mail to the members (MD, NP, AP) of the American Society of
Nephrology (ASN), electronic links by individual email
invitations to general nephrologists in academic and private
institutions, and by posting the link in the KPCOP HUB. The
survey pool was closed on 1 September 2021. Responses were
recorded anonymously. Zip codes were used to examine the
distribution of responses in the US.

ArcMap 10.8 was used to geocode the location of respondents
using 5-digit zip code locator. The Zip codes of the respondents
were then linked to a reference map of 2020 Census Bureau’s
urban area classification to identify the rural and urban areas.
Chi-square test was performed for comparison of responses
across practice type and geographical area.

RESULTS

Survey Participants
Therewere 66 responseswho received the invitations from themailing
cards to the ASN members and 56 responses from electronic links
from individual email invitations and through the link in the KPCOP
HUB. In total, we registered a total of 122 responses.We excluded two
responses from providers that were primarily pediatrics and
17 responses from providers whose practice included more than
50%, transplant patients. Amongst the remaining 103 responses,
98 responses were from the US, one from Canada, and four from
other countries (2 Pakistan, 1 Belgium, and 1 Singapore).

Of the 103 responses who practiced primarily adult
nephrology, 41% had an academic affiliation. 23% practiced in
a small private practice with one to four nephrologists, 16%
practiced in a medium-size practice with five to ten nephrologists,

and 20% practiced in a large private practice with more than
10 nephrologists. Most participating nephrologists were located
within urbanized areas.

Patients With a Failing or Failed Kidney
Allograft
More than half (n = 57) reported that only 1%–5% of dialysis
patients in their practice had failed kidney allografts, one third
reported 6%–10%, eight reported 11%–20%, one reported more
than 20%, and only three reported that their practice did not
include any failed or failing kidney allografts.

Communication and Transition of Care With
a Failing Allograft
Please see Figure 1 for all responses and results. When asked how
often patients with a failing allograft get referred back to general
nephrologists by their transplant center, 39% reported always
(Figure 1A). Regarding discussing the transition of care with the
transplant team for patients with a failed allograft, 26% of
respondents reported always (Figure 1B).

In terms of referral for another transplant before return to
dialysis, 24% of respondents reported that more than 50% of the
patients with a failing allograft were referred (Figure 1C). The
majority (77%) of respondents were more likely to refer a patient
with a failing allograft than a patient with native CKD for another
transplant (Figure 1D).

Immunosuppression Approach With a
Failing Allograft
Respondents were asked if they feel comfortable managing
immunosuppression for patients with a failing allograft (not
on dialysis). 22% felt very comfortable, 60% felt comfortable
unless complications developed, and 18% were uncomfortable
and would need guidance.

In terms of the initial approach for reduction of
immunosuppression in a patient with a failing allograft, a
majority, 60% of respondents would stop antimetabolites
first, 26% would defer to transplant nephrologist, 8% would
stop calcineurin inhibitors first, and 6% would stop prednisone
first.

Reasons and Concerns for Maintaining
Immunosuppression
Approximately 30% of respondents believed that continuing
immunosuppression in a patient who has started dialysis would
increase the risk of having adverse events and/or mortality, 35% did
not think continuing immunosuppression increases risks, and the
remaining 35% were not sure. None of the respondents would stop
all immunosuppression when a patient with a failing allograft starts
dialysis, 55% would taper off immunosuppression, while 46% would
continue immunosuppression.

Compared to care for those with native kidney CKD stage 4–5,
more than 60% of respondents reported that listing for a second
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kidney is the most important concern for patients with a failing
allograft, followed by immunosuppression management (46%).
Other responses could be seen in Figure 2A.

The respondents were asked to rate the importance of reasons
for maintaining immunosuppression in a failing allograft. About
65% reported that minimizing the risk of allosensitization for a
subsequent transplant is the most important factor in their
decision to maintain immunosuppression, followed by
preventing allograft rejection (52%) (Figure 2B).

Immunosuppression Reduction When
Starting Dialysis
Respondents were asked if they communicate with transplant
centers regarding immunosuppression cessation in patients with
a failing allograft. About 60% reported always communicating,
29% reported sometimes, and 12% reported that they made the
decision themselves. Among 93 respondents who manage
immunosuppression, 73% monitor calcineurin inhibitor levels,
and 72% monitor urine output in deciding when to stop
immunosuppression.

The respondents were asked if their approach towards
immunosuppression in a failed allograft would be different
when the patient’s waiting time for a kidney is less than 1 year
(e.g., availability of a living donor) compared to longer

waiting times. 48% of respondents indicated they would
keep patients at a more intensive regimen if the patient’s
waiting time for a kidney is <1 year; 10% said that the presence
of a living donor would not alter their immunosuppression
plans; 43% said that they would defer to transplant
nephrology.

We examined the essential factors that influenced
clinicians’ decisions for tapering off immunosuppression.
More than 75% reported that the likelihood of receiving
another transplant is the most important factor in their
decision to taper off immunosuppression, followed by side
effects of medications (63%). The least important factors were
reported to be urine output and the age of the patient
(Figure 2C).

Referral for Allograft Nephrectomy
Regarding the initial approaches to a patient with signs/
symptoms of rejection in a failed allograft (multiple
choice question), the majority would increase the steroid dose
(56%) and defer to the transplant provider (56%) (Figure 3A).

To be more specific, we asked about the timing of referral for
an allograft nephrectomy (multiple choice question). 64%
referred patients for nephrectomy if there are persistent signs
or symptoms of rejection (e.g., allograft tenderness, hematuria)
despite medical therapy (Figure 3B).

FIGURE 1 | Communications with transplant nephrology and referral patterns for patients with failing allografts. (A) Referrals back to general nephrologists before
starting dialysis. (B)Discussion of transition of care with transplant teams. (C)Rate of referrals for another transplant before return to dialysis. (D)Referrals of patients with
failing allograft to transplant compared to patients with native CKD.
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For adjusting immunosuppression when a patient is
scheduled for an allograft nephrectomy, 62% defer and
discuss with transplant provider, 18% reported a week or
two after the surgery, 17% reported immediately after the
surgery (Figure 3C).

Differences Across Affiliation Type and
Geographical Area

Compared to respondents with a private affiliation,
respondents who had an academic affiliation reported a

FIGURE 2 | Perception of general nephrologists on the management of patients with failing kidney allograft. (A) Concerns about patients with failing allografts
compared to native CKD. (B) Importance of selected factors in maintaining immunosuppression. (C) Importance of selected factors in the decision to taper
immunosuppression.
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higher percentage of dialysis patients with failed kidney
allografts in their practice. Respondents with an academic
affiliation were more likely to communicate with transplant
centers regarding immunosuppression cessation and less
likely to monitor urine output (Table 1). For the initial

approach for a patient with signs/symptoms of rejection in
a failed allograft, respondents with an academic affiliation
were more likely to defer to the transplant provider.

Compared to respondents living in rural areas, respondents
living in urban areas were more likely to communicate with

FIGURE 3 |Medical and surgical management of failing kidney allograft. (A) Initial approaches to a patient with signs/symptoms of rejection in a failed allograft. (B)
Timing of referral for an allograft nephrectomy. (C) Immunosuppression cessation approaches when a patient is scheduled for an allograft nephrectomy.
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transplant centers regarding immunosuppression cessation. No
differences were found for responses to other questions across
affiliation type and geographical area.

DISCUSSION

This contemporary survey of primarily U.S. adult general
nephrologists highlights challenges and practice patterns in the
care of patients with failing allografts. Our data reflect the
perspectives of general nephrologists who practice in private
and academic settings and demonstrate a wide range of
practices in the management of a failing allograft. Such
heterogeneity speaks to the need for clear and accessible
recommendations to guide collaborative co-management of
this important and vulnerable patient group.

While listing patients with failing allografts for a
subsequent transplant was the primary concern of the
majority of nephrologists in this survey, more than a third
were cognizant of the increased medical complexity, mortality,
and complex psychosocial issues amongst patients with a

failing allograft, which are well established in literature
[4–6, 11]. It is clear that this patient population needs
special attention which may present an additional burden
and challenge for busy practices.

Our study highlights that only 39% of respondents noted that
patients were always referred back to general nephrologists before
being started on dialysis after allograft failure. Establishing care
with a general nephrologist before dialysis could improve the
patient’s experience and transition in a psychologically
challenging time. Furthermore, well-planned transitions of care
can help in early dialysis access creation, which in turn can reduce
morbidity and mortality [12]. This transition should ideally not be
an abrupt change in care teams but is perhaps best suited for a
period of co-management between the transplant team and general
nephrology, with visits alternating between both practices. This
transition needs to incorporate a multidisciplinary team approach
and includes nurses, dieticians, pharmacists, and social workers.
Educational programs of dialysis modalities need to be part of the
clinic. Champion access and the involvement of surgeons and
radiologists are important to increase the rates of fistulas. A key
strategy for this transition is to start early in the post-transplant

TABLE 1 | Responses by affiliate and location.

Affiliate LocationQuestions Responses

Private
(n = 61) (%)

Academic
(n = 42) (%)

Rural
(n = 18) (%)

Urban
(n = 79) (%)

What percentage of dialysis patients in your
practice have failed kidney allografts?

1%–5% 65.6 40.5 p = 0.016 72.2 51.9 p = 0.581
11%–20% 1.6 16.7 5.6 7.6
6%–10% 29.5 38.1 22.2 35.4
>20% 1.6 0.0 0.0 1.3
None 1.6 4.8 0.0 3.8

How often do you or your team discuss transition
of care with the transplant team for patients with a
failed allograft?

Never 9.8 4.8 p = 0.794 5.6 8.9 p = 0.053
Rarely 19.7 23.8 44.4 15.2
Sometimes 44.3 45.2 33.3 48.1
Always 26.2 26.2 16.7 27.8

How comfortable do you feel managing
immunosuppression with a failing allograft (patient
not on dialysis)?

Very comfortable 23.0 21.4 p = 0.236 11.1 22.8 p = 0.226
Comfortable unless
complications develop

63.9 52.4 77.8 55.7

Not comfortable and
need guidance

13.1 26.2 11.1 21.5

What is your initial approach for reduction of
immunosuppression in a patient with a failing
allograft?

Stop antimetabolites
first

67.2 50.0 p = 0.108 61.1 58.2 p = 0.427

Stop calcineurin
inhibitors first

9.8 4.8 16.7 6.3

Stop prednisone first 4.9 7.1 5.6 6.3
Defer to transplant
nephrologist

18.0 38.1 16.7 29.1

Do you communicate with transplant centers
regarding Immunosuppression cessation?

Yes, always 49.2 73.8 p = 0.015 27.8 65.8 p = 0.004
Sometimes 32.8 23.8 61.1 22.8
No, I make the decision
myself

18.0 2.4 11.1 11.4

If you manage immunosuppression, do you
monitor calcineurin inhibitor levels?

Yes 73.8 54.8 p = 0.066 88.9 60.8 p = 0.063
No 21.3 28.6 11.1 26.6
Not applicable 4.9 16.7 0.0 12.7

If you manage immunosuppression, do you
monitor urine output?

Yes 70.5 57.1 p = 0.029 61.1 64.6 p = 0.151
No 26.2 23.8 38.9 22.8
Not applicable 3.3 19.0 0.0 12.7
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course, so general nephrologists maintain their relationships with
their patients.

Notably, only 24% of respondents reported that more than half
of their patients with a failing allograft were referred for re-
transplantation. The majority (77%) of nephrologists felt that
patients with a failing allograft were more likely to be referred for
transplant as compared to patients with native kidney CKD.
Transplant centers have a mutual interest in referring appropriate
candidates back for re-transplantation. Based on that, transplant
centers do frequently relist patients before going back to dialysis.
This is consistent with the finding that there were higher rates of
referral for relisting for failed allografts than native CKD patients.
It is also possible that patients with failed allografts would try to
avoid going back to dialysis and could themselves be more active
in trying to get relisted for re-transplantation. Notably, a recent
study utilizing the Austrian Dialysis and Transplant Registry
showed that the survival benefit of a second kidney transplant is
conditional on the wait time since the loss of the first graft,
highlighting the necessity of early referral [13].

In terms of communication regarding the transition of care for
patients with failed allografts, our data demonstrated that 29% of
the general nephrologists rarely or never discussed the care with
transplant providers. Urban and academic nephrologists reported
significantly better communication with transplant centers
regarding immunosuppressant cessation than rural and private
nephrologists.

Similar to transplant providers surveyed in an earlier KRAFT
survey, general nephrologists felt that minimizing the risk of
sensitization for a subsequent transplant is the most important
reason to continue immunosuppression medications [9]. The
strategy of slowly tapering off immunosuppression has been
shown to reduce sensitization following graft failure [14, 15].
Similar to transplant providers, general nephrologists endorsed a
strong preference towards first stopping antimetabolites when
reducing immunosuppression.

Our study has several limitations. First, our participants
represent a subset of the nephrology community and their
responses may not be generalizable to the other clinicians.
Second, we were not able to calculate the percentage of
responses to the survey due to the fact that the survey was
posted online through the HUB.

In summary, this survey of general nephrology clinicians
highlights a wide range of concerns in the care of patients
with failing allografts. Clear areas of opportunity exist
for better communication with transplant centers, early
referral for a subsequent transplant, and early
involvement of general nephrology providers in the care
of patients with failing allografts. This study highlights
the need to establish and disseminate best practice
recommendations, along with structured programs for

early involvement of nephrologists in the care of patients
with failing allografts and for building a strong network of
communication with transplant centers.
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