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Transplant-associated thrombotic microangiopathy (TMA) in the post–organ transplantation setting oc-
curs from a number of potential inciting factors, such as the use of calcineurin inhibitors, ischemic injury,
infections, or antibody-mediated rejection leading to unchecked complement activation and end-organ
damage. Delayed recognition of this condition can result in allograft loss. In this case description, we
describe the first case of de novo TMA in a patient with polycystic kidney disease that occurred imme-
diately after kidney transplantation. The diagnosis was made promptly on the basis of clinical and labo-
ratory characteristics by a multidisciplinary team and confirmed through kidney biopsy, which showed
acute TMA. The patient was successfully managed by replacing tacrolimus with belatacept, which targets
cytotoxic T lymphocyte antigen 4, and use of eculizumab, a C5 inhibitor. Eculizumab treatment was
discontinued after 3 months of complement inhibition on the patient’s request, and relapse of TMA has
not been encountered after more than 1 year of follow-up.
© 2020 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
j.xkme.2020.06.007
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Transplant-associated thrombotic microangiopathy (TMA)
is a rare complication encountered after kidney trans-
plantation. Incidence rates are estimated at 0.8% to 15%,
with allograft loss in up to 33% to 50% of cases.1,2 Key
findings associated with this condition include throm-
bocytopenia, reduced haptoglobin and elevated lactate
dehydrogenase (LDH) levels, and either lack of
improvement or decline (once stabilized) in glomerular
filtration rate, a set of laboratory findings that can arise
from several other conditions in the usual post-
transplantation course.

Calcineurin inhibitors (CNIs) are frequently impli-
cated in transplant-associated TMA, especially in the
early period (3-6 months) after transplantation.3,4

Mammalian target of rapamycin inhibitors have also
been associated with TMA and only belatacept (cyto-
toxic T lymphocyte antigen 4–immunoglobulin fusion
protein that inhibits T-cell function) exists as an alter-
native to these agents.5,6 Withdrawal of CNI treatment
alone may not be sufficient to fully reverse the adverse
effects of the alternative pathway of complement acti-
vation associated with this condition.2,3 To adequately
reverse complement activation, eculizumab (C5 inhib-
itor) has been successfully used in a number of resistant
cases of de novo transplant-associated TMA.7-9 We
describe the successful use of eculizumab in a trans-
plant recipient with kidney failure secondary to poly-
cystic kidney disease (PKD) who developed de novo
transplant-associated TMA in the immediate post-
surgical setting.
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CASE REPORT

An unsensitized (panel-reactive antibody, 0%) 63-year-old
woman of Korean ethnicity with kidney failure secondary
to PKD underwent deceased donor kidney transplantation
(HLA antigen match, 3/10). Donation was performed after
cardiac death and Kidney Donor Profile Index was 51%.
On the day of the transplantation she started her immu-
nosuppressive regimen, which included 3 doses of thy-
moglobulin, tacrolimus, mycophenolate, and a rapid
steroid taper. The patient experienced delayed graft func-
tion but also anemia and thrombocytopenia. Hematologic
evaluation (Table 1) on postoperative day (POD) 2
revealed an elevated LDH level (1,359 IU/L), undetectable
haptoglobin (<8 mg/dL), and the presence of schistocytes
(2-5/high-power field) on review of the peripheral smear.
These findings were concerning for posttransplantation
TMA and tacrolimus treatment was discontinued on POD
3. Tacrolimus 12-hour trough levels decreased from 6.0
(POD 3) to 2.3 ng/mL (POD 4).

Despite these interventions, the patient’s serum creati-
nine and LDH levels remained elevated and hemoglobin
level (nadir, 6.4 g/dL) and platelet count (nadir, 26 K/μL)
continued to decline (Fig 1A). Kidney biopsy was not
performed initially because of the degree of thrombocy-
topenia. The PLASMIC (platelet count, combined hemo-
lysis variable, absence of active cancer, absence of stem-cell
or solid-organ transplant, mean corpuscular volume, in-
ternational normalized ratio, creatinine) score was 4,
which is consistent with a low likelihood of thrombotic
thrombocytopenic purpura, which was confirmed by
ADAMTS13 (von Willebrand factor protease) activity of
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55% (reference value ,>67%). Negative anti–platelet factor
4 antibody test results ruled out heparin-induced throm-
bocytopenia as a cause for thrombocytopenia. Coombs test
was performed to investigate an autoimmune cause for the
anemia and results were negative. The initial workup
included testing for infections such as bacterial, Epstein-
Barr virus, cytomegalovirus, and parvovirus. Epstein-Barr
virus and cytomegalovirus polymerase chain reaction did
not detect any viral reactivation. Serum protein electro-
phoresis did not detect monoclonal protein. After a
comprehensive evaluation by the members of our multi-
disciplinary TMA team constituting experts from hema-
tology, nephrology, and transplant surgery, a diagnosis of
transplant-associated TMA was made in the absence of any
other alternative diagnoses.

On POD 5 (36 hours after discontinuation of tacrolimus
therapy), eculizumab, 900 mg, was administered for 4
weekly doses followed by 1,200 mg every 2 weeks. On
POD 7, hemoglobin level improved to 8.6 g/dL, LDH level
decreased to 1,043 IU/L, and platelet count improved to
65 K/μL. After the second dose of eculizumab, urine
output increased further and serum creatinine level
decreased from 8.5 to 4.06 mg/dL. Total complement
activity was sent before and after the first dose to assess
complement inhibition.

After the improvement in platelet count, a kidney bi-
opsy was pursued and confirmed a diagnosis of acute TMA
with no evidence of rejection. Evaluation of glomeruli
showed no evidence of necrosis, but arterioles showed
reactive endothelium and expanded subendothelial space
(1 arteriole with red blood cells and fibrin beneath the
endothelium) with minimal mononuclear infiltrate in the
interstitium (Fig 1E-H). C3 and C4d deposition was noted
on intimal staining in the arteriole.

Prophylaxis against meningococcal infections was
accomplished with penicillin VK (250 mg twice daily) for
antibacterial prophylaxis, along with meningococcal group
B and meningococcal (groups A, C, Y, and W-135) vac-
cines. In the absence of a CNI, immunosuppression was
maintained with the aid of belatacept, while mycophe-
nolate mofetil therapy was continued and low-dose
prednisone was added (5 mg daily). The belatacept
dosing protocol was based on the package insert: 10 mg/
kg on days 1 and 5 and weeks 2, 4, 8, and 12, followed by
5 mg/kg monthly.10 By POD 30, serum creatinine and
hemoglobin levels improved to 1.78 mg/dL and 9.6 g/dL,
respectively, while both platelet count and LDH level
normalized (Fig 1A).

The aHUS Genetic Panel (Machaon Diagnostics Inc)
revealed a stop-loss variant (c.1708T>C, p.Ter570-
ArgextTer37) in exon 10, the last exon of the CFHR5 gene.
No previously reported cases of transplant-associated TMA
are associated with this variant. Three polymorphisms
were also detected in the CFH gene (homozygous change
in the promoter 2, homozygous silent variant in exon 13
[c.2016A>G, p.Gln672Gln], and homozygous missense
variant in exon 18 [c.2808G>T, p.Glu936Asp]), which
653



Figure 1. Laboratory results and kidney biopsy findings are consistent with thrombotic microangiopathy involving the transplanted kid-
ney. (A-D) Laboratory parameters show improvement after complement inhibition with eculizumab was initiated on postoperative day 5,
with creatinine, hemoglobin, platelet, and lactate dehydrogenase (LDH) levels returning to normal range. Filled triangle marks the day of
discontinuation of tacrolimus therapy, arrow marks the start of eculizumab therapy followed by the introduction of belatacept therapy on
the following day. (E-F) Light microscopy of the kidney biopsy specimen (hematoxylin and eosin stain) is shown. Occluded arteriole
(indicated by arrow) can be seen along with reactive endothelium and expanded subendothelial space. Red blood cell fragmentation
can be seen beneath the endothelium. (G) Periodic acid–Schiff and (H) trichrome stain show similar findings.
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occur commonly in healthy individuals but are statistically
enriched in patients with atypical hemolytic uremic syn-
drome (aHUS). There was no family history of TMA or
consanguinity. Overall, this analysis was equivocal because
no strong genetic risk for aHUS was identified.

Three months post–kidney transplantation, this patient
continues on an immunosuppressive regimen of belata-
cept, mycophenolate mofetil, and prednisone with no
ongoing evidence of TMA.

The patient discontinued eculizumab after 3 months
of treatment and was followed up with clinical and
laboratory assessment at monthly intervals. Laboratory
monitoring has confirmed no TMA recurrence at 1 year
posttransplantation.
DISCUSSION

The development of hemolytic anemia and thrombocyto-
penia in the immediate post–kidney transplantation period
should raise concern for a microangiopathic process. The
diagnosis of posttransplantation TMA poses a diagnostic
dilemma, especially in the immediate posttransplantation
period in which a multitude of reasons, such as ischemia-
reperfusion injury, use of CNIs, or antibody-mediated
rejection, alone or together can cause delayed graft func-
tion.11,12 Early and accurate diagnosis of transplant-
associated TMA facilitated by a TMA team followed by
treatment with eculizumab, which is a recombinant C5
binding humanized antibody, can result in a quick TMA
reversal, as seen in this case.7,8

Transplant-associated TMA results from endothelial dam-
age due to unregulated complement activation and requires
sufficient clinical-pathologic correlation.13 In a survey of
kidney transplantation centers across Japan, 1.5% of patients
exhibited evidence of TMA within 1 week of kidney trans-
plantation.14 A kidney biopsy can be confirmatory in this
setting but carries a high risk in a thrombocytopenic patient.
In this case, TMA occurred in the immediate post-
transplantation course and failed to respond to discontinua-
tion of tacrolimus therapy, suggesting an alternative
mechanism, and was only subsequently confirmed by kidney
biopsy. An underlying predisposing genetic mutation can be
identified in >30% of patients with transplant-associated
TMA, including after solid-organ transplantation, and use
of conventional therapies such as plasmapheresis can be
ineffective in the absence of any quantitative defects in
ADAMTS13 or inhibitors of complement pathway or
antibody-mediated rejection.15,16 For this patient, loss of
kidney function from PKD was the reason for kidney trans-
plantation and possibly the presence of a CFHR5 mutation in
the setting of surgery triggered the complement activation. In
such cases, early use of eculizumab can reverse the comple-
ment activation and prevent further organ damage, leading to
rapid recovery of hematologic and kidney function.17

There is no prevailing consensus on the duration of
eculizumab therapy in cases of TMA following solid-
organ transplantation.18 The presence of a predisposing
Kidney Med Vol 2 | Iss 5 | September/October 2020
genetic mutation can help assess the recurrence risk and
duration of therapy.19 Often, genetic analysis reveals
variants of unknown significance , as evident in this case
in which a rare stop-loss variant (c.1708T>C) in exon 10
of the CFHR5 gene was identified, which has also been
reported in a case of immunoglobulin A glomerulopathy
and 3 healthy controls, with no cases of TMA identified
in relation to this mutation.20 Additionally, there were
also 3 variants in the CFH gene. The possibility cannot be
excluded that these variants in combination with an
inciting event can increase the probability of developing
transplant-associated TMA, but this pathogenicity cannot
be confirmed at this time given the lack of additional
information. As the understanding of variants of un-
known significance further evolves, caution is required
in its interpretation because it does not necessarily
implicate or preclude involvement in the pathogen-
esis.21,22 As genetic testing makes inroads into everyday
clinical practice, the association of rare genetic variants
can be laid bare.

The duration of complement inhibition with eculizu-
mab for transplant-associated TMA is unclear. It has been
proposed that patients with pathogenic complement reg-
ulatory mutations should continue eculizumab treatment
indefinitely to prevent TMA relapse, although it might be
safe to discontinue it after 6 to 12 months of treatment in
patients with no genetic predisposition.23-26 In this case,
the genetic association with complement gene variants
cannot be confirmed as pathogenic and eculizumab treat-
ment was discontinued after 3 months as per the patient’s
preference and was followed by close monitoring of kid-
ney function and hemolysis parameters on a monthly ba-
sis. When complications of TMA have completely resolved,
consideration can be made for discontinuation of therapy
on a case-by-case basis, especially in the absence of any
ongoing or predisposing triggers.9 If TMA recurs, reiniti-
ating eculizumab therapy has been successful in sup-
pressing complement activation.27

In summary, this case highlights the importance of
prompt diagnosis of kidney transplant–associated TMA by
a multidisciplinary TMA team and early initiation of ecu-
lizumab therapy to allow recovery of renal graft and he-
matologic parameters.28 Genetic testing should also be
incorporated in the workup of TMA to identify any pre-
disposition and guide the duration of therapy.
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