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Abstract

Rationale: Atypical hemolytic uremic syndrome, which has a high probability of chronic kidney disease, morbidity, and
mortality, needs to be promptly recognized when patients present with microangiopathic hemolysis.

Presenting Concerns of the Patient: Three patients present with laboratory parameters consistent with a thrombotic
microangiopathy. With a suspected diagnosis of thrombotic thrombocytopenic purpura, steroids with plasmapheresis were initiated.
Diagnoses: With ADAMTSI3 levels reported normal, the suspected diagnoses were reevaluated. Given ongoing renal
impairment, atypical hemolytic uremic syndrome was strongly considered.

Interventions: When local funding issues precluded the prompt use of eculizumab, 4 doses of weekly rituximab were trialed.
Outcome: Over 2 years later, all 3 patients have sustained durable remissions defined by the absence of kidney impairment
or laboratory investigations concerning for microangiopathic hemolytic relapse.

Lessons Learned: In cases of a suspected autoimmune mechanism leading to atypical hemolytic uremic syndrome, long-
term use of eculizumab may not be required.

Abrégé

Exposition: Le syndrome hémolytique et urémique atypique (SHUa), une affection qui présente une forte probabilité
d’évolution vers linsuffisance rénale chronique et vers un risque accru de morbidité et de mortalité. Conséquemment, il
devrait étre soupgonné promptement lorsqu’un patient montre des signes cliniques d’'une hémolyse microangiopathique.
Présentation des cas: L’étude présente le cas de trois patients dont les parameétres de laboratoire laissaient présager
une microangiopathie thrombotique. Un diagnostic de purpura thrombocytopénique thrombotique étant soupgonné, un
traitement stéroidien avec plasmaphérese a été initié.

Diagnostic: Les taux ADAMTSI3 s’étant avérés normaux, le diagnostic présumé a d étre réévalué; la présence d’une
défaillance rénale persistante a permis d’aiguiller le diagnostic vers le syndrome hémolytique urémique atypique.
Interventions: Des problémes de financement local ayant empéché ['utilisation rapide de I'eculizumab, on a plutét mis a
I’essai un traitement consistant en quatre doses hebdomadaires de rituximab.

Résultats: Plus de deux ans plus tard, les trois patients connaissent une rémission durable, définie par I'absence d’insuffisance
rénale ou par des résultats de laboratoire indicateurs d’une rechute hémolytique microangiopathique.

Lecon tirée: Dans les cas ol on soupgonne la présence d’'un mécanisme auto-immun pouvant entrainer un syndrome
hémolytique urémique atypique, le recours a un traitement de longue durée par I'eculizumab n’est pas forcément nécessaire.

Keywords
atypical hemolytic uremic syndrome, thrombotic microangiopathy, microangiopathic hemolysis, rituximab

Received June 7, 2017. Accepted for publication September 24, 2017.

What was known before 'Division of Hematology, University of Alberta, Edmonton, Canada

The complement inhibitor eculizumab remains an effective =~ Corresponding Author:
. . . . ffery M. Patterson, Assistant Clinical Professor, Division of Hematolo
treatment option for atypical hemolytic uremic syndrome. Jeffery ’ ’ 34
Multiol P ital yp. d Y . yh . University of Alberta, 4-112 Clinical Sciences Building, 11350 83rd Ave,
ultiple congenital mutations and autoimmune mechanisms Edmonton, Alberta, Canada T6G 2G3.

have been described leading to the clinical manifestations. In  Email: jeffreyp@ualberta.ca

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction
and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages
(https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/cjk

Canadian Journal of Kidney Health and Disease

pediatric cases of autoantibodies to complement factor H, an
international consensus has recommended considering cessa-
tion of eculizumab when the antibody titer is <1000 AU/mL.

What this adds

The high cost of eculizumab has limited its prompt availabil-
ity in some health authorities. After successfully treating 3
adult patients presenting with suspected atypical hemolytic
uremic syndrome with only steroids, plasmapheresis, and
rituximab, the strategy for long-term remission should be
further investigated.

Introduction

More readily available testing of von Willebrand factor—
cleaving protease levels (ADAMTS 13) to accurately diag-
nose thrombotic thrombocytopenic purpura (TTP) has led to
earlier recognition of atypical hemolytic uremic syndrome
(aHUS), a much rarer microangiopathy. With higher inci-
dence of chronic kidney disease, morbidity, mortality, and
vastly differing pathophysiology, treatment strategies are tai-
lored in effort to improve prognosis.' Approved in 2011, the
terminal complement inhibitor eculizumab is an effective
option." A barrier remains the high cost of the drug with
some recommendations for indefinite treatment in the setting
of persistent compromised kidney function. Other strategies
have included kidney-liver transplant in cases with defined
genetic mutations of complement regulation, or immunosup-
pression in those with an autoimmune component.”"" We
describe a case series of successful treatment using plasma-
pheresis, steroids, and rituximab in 3 adult patients present-
ing with microangiopathic hemolytic anemia (MAHA).

Case |

A 51-year-old female, with a medical history of migraine and
hypothyroidism, presented with a week-long history of
fatigue, fever, jaundice, bruising, paresthesia in distal
extremities, and intermittent blurred vision with headache.
Initial blood work discovered microangiopathic hemolysis
with a hemoglobin of 56 g/L, platelets 30 x 10°/L, and a
white blood cell (WBC) count of 6.8 x 10°/L. Hemolytic
markers were consistent with hemolysis, and the peripheral
smear showed increased polychromasia with both sphero-
cytes and schistocytes. Renal function was compromised
with an estimated glomerular filtration rate (eGFR) of 26
mL/min/1.73 m” There was no history of recent diarrheal
illnesses or culprit medications. Red blood cells were trans-
fused, steroids administered (intravenous [IV] solumedrol
followed by daily prednisone 1 mg/kg dosing), and plasma-
pheresis initiated for a presumed diagnosis of idiopathic
TTP. The platelet count began to increase after 2 days of
treatment, normalized by day 10, and by day 14, there was
normalization of the bilirubin and lactate dehydrogenase

(LDH) (Figure 1). Despite the reassuring blood cell counts
(CBC), and resolution of hemolysis markers, renal function
worsened slightly over the first week before the eGFR stabi-
lized consistently between 30 and 41 mL/min/1.73 m* (cre-
atinine 130-150 umol/L) over the subsequent 3 weeks.
Sixteen days into the hospital admission, pretreatment
ADAMTSI3 level was reported at 103%. Financial coverage
for eculizumab was submitted, daily prednisone and plasma-
pheresis continued, and rituximab (375 mg/m* weekly x 4)
was trialed. Creatinine normalized 12 days after rituximab
was started. The pretreatment factor H autoantibody was
reported at 64 U/mL (normal <22 U/mL). Six months off all
treatment, classical and alternative complement function
testing remained normal including testing for C3, C3d, C5b-
9, and factor I levels, and there were no detectable anti—fac-
tor H antibodies. Over 3 years later, blood counts, hemolytic
markers, and kidney function remain normal. Funding for
eculizumab was denied but would be reconsidered in relapse.
Genetic testing did not find any culprit mutations.

Case 2

A 50-year-old male presented to an emergency room while
traveling with nonbloody diarrhea. He was treated with met-
ronidazole without a stool culture being collected. Two weeks
later, he again presented to his local emergency room with
petechiae and bruising; lab work revealed a hemoglobin of
130 g/L, platelets 14 x 10°/L, WBC 7.5 x 10°/L, and a eGFR
of 36 mL/min/1.73 m*. With peripheral blood film reporting
schistocytes, plasmapheresis and high-dose steroids (predni-
sone 1 mg/kg daily) were initiated for a suspected diagnosis
of idiopathic TTP. On day 8 of treatment, ADAMTSI13 level
(preplasmapheresis) was reported at 81% (Normal 0.40-1.30
U/mL). As daily plasmapheresis continued, the platelet count
and creatinine were slow to respond. Malignancy investiga-
tions including a computed tomography (CT) chest/abdomen/
pelvis and a bone marrow biopsy were negative. With no pre-
plasmapheresis plasma sample available to send for aHUS
testing, and local funding issues precluding the use of eculi-
zumab, anti—factor H autoantibodies were considered a strong
possibility. Rituximab 375 mg/m” weekly x 4 was started on
day 12; plasmapheresis continued prior to each infusion and
held the day after. Platelets normalized by day 16, and creati-
nine normalized by day 43 (Figure 2). Complement activation
testing done 2 months after finishing rituximab revealed nor-
mal levels of classical and alternative pathway complement
function. Two years after initial presentation, there is no evi-
dence of relapse with persistently normal blood cell counts,
chemistries, and renal function.

Case 3

A 27-year-old male, with a medical history of pancreatitis
presented with abdominal pains and a recent history of alco-
hol consumption and cocaine use. Blood work revealed a
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Figure |. Case | platelets and GFR.
Note. GFR = glomerular filtration rate.

hemoglobin of 106 g/L, platelets 8 x 10°/L, and a WBC
count of 8.6 x 10°/L. Peripheral smear reported findings of
MAHA with spherocytes and 3% schistocytes. Renal func-
tion was compromised with a eGFR of 15 mL/min/1.73 m”
(creatinine of 437 pumol/L, normal 1 day prior) and lipase
elevated at 1609 U/L. With no history of a diarrheal illness
and ongoing rapid hemolysis, packed red blood cells were
transfused, IV solumedrol administered, and plasmapheresis
initiated for suspected idiopathic TTP. One day later, the
ADAMTSI13 level was reported at 59%, aHUS testing
ensued. Positive anti-PR3 and p-ANCA antibodies were also
found suggesting the possibility of vasculitis or levamisole
exposure. The platelet count began to climb 5 days into treat-
ment, but renal function remained poor requiring initiation of
dialysis 15 days into hospital admission (creatinine consis-
tently >700 umol/L). As funding for eculizumab was not
approved, steroids and plasmapheresis continued, and ritux-
imab (375 mg/m? weekly x 4) was trialed. Just prior to initia-
tion of the second rituximab dose, pre-plasmapheresis aHUS
testing was reported showing an increase in both the classical
and alternative complement pathway activity (164% and
169%, respectively), and an increased level of C5b-9 at 1048
ng/mL (normal <320 ng/mL). Testing of C3, C3d, factor H,

and factor I levels were normal, and there were no reported
anti—factor H antibodies. With a now documented improve-
ment in kidney function, only requiring 4 total dialysis treat-
ments, despite no antibodies found, rituximab continued
weekly for 4 weeks (Figure 3). Plasmapheresis was discon-
tinued after the third dose of rituximab with the platelets now
normal, and eGFR above 30 mL/min/1.73 m?. Two years
later, blood cell counts and renal function remain normal.

Discussion

Classically described as the thrombotic microangiopathies
(TMA), TTP (congenital and acquired), shiga toxin—associated
HUS, aHUS, drug-induced TMA, disseminated intravascular
coagulopathy, HELLP syndrome, scleroderma renal crisis
and malignant hypertension, among others, present with simi-
lar laboratory presentations. In TTP, tissue injury results from
large von Willebrand factor multimers aggregating platelets
with subsequent microvascular thrombosis and ischemia.” In
contrast, aHUS results from uncontrolled activation of the
complement system with subsequent increased anaphylatoxin
production and membrane attack complexes.” This cytotox-
icity to the endothelial cells leads to increased swelling and
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Note. GFR = glomerular filtration rate.

subendothelial expansion exposing the prothrombotic com-
ponents to the vascular space. The subsequent increased vas-
cular permeability and activation of the coagulation cascade
with fibrin contributes to increasing edema in vital organs and
the microangiopathy.” The clinical presentations of aHUS can
include mental status changes or seizures from brain edema,
cardiac dysfunction or pericardial effusions, pulmonary infil-
trates or pleural effusion, pancreatitis, ascites, advanced renal
failure, or even anasarca. The vessel wall is thought to remain
relatively intact in TTP, thus not resulting in the same compli-
cations of increased vascular permeability.” These clinical
complications should therefore not be seen to the same degree
in acquired TTP in the absence of other comorbidities.

Many mutations have been identified leading to dysregu-
lation in the complement system; most common are loss of
function of complement regulatory proteins (complement
factor H or I, membrane cofactor protein, or thrombomodu-
lin).>* Also described are gain of function mutations (C3,
complement factor B) resulting in less degradation of critical
convertases needed for the propagation of the cascade. Most
infrequently (5%-10% of cases) autoantibodies to comple-
ment factor H (CFH-ADb) result in decreased ability to sup-
press the process.”? Although more commonly seen in the
pediatric population, cohort studies have shown the CFH-Ab

mechanism is more frequently seen in later childhood therefore
certainly needs to be considered in adults.** In this subset of
patients, the mechanism is postulated to involve an acquired
factor in the setting of genetic predisposition as >90% of
patients with CFH-AD also have a homozygous gene deletion
resulting in complete deficiency of complement factor
H-related 1 and 3 proteins (CFHR 1 and CFHR3).*’ In terms of
clinical presentation, when compared with other complement
mutation—associated HUS, increased extrarenal complications
are described including more seizures, pancreatitis, hepatitis,
and cardiac symptoms.” When compared with aHUS as the
result of factor H mutations, antibody-associated diseases have
lower frequencies of end-stage renal disease and death.’

With ADAMTSI13 levels becoming more readily avail-
able and standardized, a diagnosis of aHUS needs to be
strongly considered if a level >10% is found in the setting
of a microangiopathic clinical presentation. This is espe-
cially true with significant concurrent renal compromise
in the absence of Shiga toxin—related diarrhea.
Plasmapheresis remains first-line treatment of MAHA
with no history of a recent diarrheal illness, known meta-
static malignancy, or offending medications. The proce-
dure acutely replaces both ADAMTSI13 and defective
complement regulatory proteins. Response in aHUS is
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Table I. Comparison of the Clinical and Laboratory Patient Presentations.
Patient characteristics Case | Case 2 Case 3
Age, sex 51y, female 50y, male 27 y, male
Blood work at presentation
Hemoglobin 59 g/L 130 g/L 80 g/L
Platelets 23 x 10°/L 13 x 10°/L 3x 10°/L
Lactate Dehydrogenase 1983 U/L 628 U/L 2405 U/L
eGFR 26 mL/min/1.73 m? 31 mL/min/1.73 m? 17 mL/min/1.73 m?
ADAMTSI 3 level (day reported) 103% (day 16) 81% (day 8) 59% (day 2)
Anti-CFH antibodies Present (64 U/mL) Not performed Absent
Days of plasmapheresis 30 days 22 days 26 days
Days of rituximab doses 23, 30, 37, 44 12, 19, 26, 33 13,20, 27, 34
Other noteworthy factors No preplasmapheresis sample History of cocaine use with
available for aHUS testing positive anti-PR3 and p-ANCA
antibodies

Note. eGFR = estimated glomerular filtration rate; CFH = complement factor H; aHUS = atypical hemolytic uremic syndrome; LD, Lactate

Dehydrogenase.

dependent on the culprit mutation; those with inactivation
of plasma proteins or gain of function mutations predicted
to respond better than mutations in the membrane-bound
proteins.” In cases with autoantibodies, plasmapheresis
reduces the antibody titer, but the best strategy for

long-term remission remains unclear. Patients with aHUS
treated with only plasmapheresis and no eculizumab have
a significantly higher mortality rate, reported at 20% to
30%, as well as more persistent renal compromise com-
pared with patients with TTP.?
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If aHUS is recognized early and treated with eculizumab,
prospective data report a >85% recovery as evidenced by
improvements in platelet count and renal status, and normaliza-
tion of hemolytic parameters.' Neither eculizumab nor plasma-
pheresis, however, directly addresses an underlying autoimmunity.
Rituximab has an ever-expanding role in TTP with high rates
of remission reported (70%-90%) in those patients with resis-
tant disease.” It has also been used in patients with continued
low ADAMTSI3 levels in remission to prevent relapse. For
aHUS with demonstration of CFH antibodies, case reports
have been published using various immunosuppressive combi-
nations including prednisone, azathioprine, mycophenolate
mofetil, cyclophosphamide, and rituximab.”

The first published adult case using only plasmapheresis,
corticosteroids, and rituximab in the treatment of aHUS with
CFH-AD (32 000 UI/L) was in a 42-year-old male.® Despite a
documented reduction in CFH-Ab with steroids and plasma-
pheresis, the patient remained dependent on hemodialysis
until rituximab was given. A second case (anti-CFH antibodies
at 82 000 AU/mL) also documented hematological and renal
remission achieved at day 31 post rituximab initiation, nega-
tive antibodies at day 45, and free from relapse over 3 years
later.” In a third case, rituximab was trialed after no renal func-
tion recovery was seen after 2 doses of eculizumab.'* After 4
doses of eculizumab and 3 doses of rituximab, renal function
did improve, but 3 months after the complement inhibitor was
stopped, the TMA resurfaced. This patient, however, was also
discovered to have CFH and CD46 genetic abnormalities pre-
disposing aHUS with no anti-CFH antibodies reported.
Favorable outcomes with CFH autoantibodies were also
reported in 4 pediatric cases using cyclophosphamide pulses,
steroids, and plasmapheresis with up to 6 years of sustained
remission.” In 1 patient, rituximab with plasmapheresis alone
was used unsuccessfully in preventing relapse, with CFH anti-
body titers increasing after only 1 month. A reduction of anti-
body titer has been demonstrated to correlate with remission.
In most patients, however, the antibody remains detectable
and there are insufficient data to determine a threshold above
which relapse is imminent.”” A cohort review in 138 children
demonstrated independent risk factors for adverse outcome
include an antibody titer >8000 AU/mL, a low C3 level, and a
delay in plasmapheresis >17 days from time of onset.* This
has led to the recommendation by an international consensus
of cessation of eculizumab in children when the anti-CFH
antibody titer is <1000 AU/mL.'"™"" Other cases have been
reported involving the use of rituximab in preparation for renal
transplant, with varying results regarding the continued pres-
ence of the antibody.’ In these cases, continued use of immu-
nosuppression for graft rejection may also be key in keeping
the aHUS immune process under control.

Much still needs to be learned regarding the pathophysiol-
ogy, diagnosis, and treatment for atypical HUS and TMAs in
general. As duration of eculizumab treatment in aHUS
remains in question, with relapse rates off treatment reported
at 20% to 31%, a cessation trial is reasonable once organ

function improves and, if present, a precipitant illness
improves.'> A comparison of the clinical and laboratory pre-
sentations of the 3 cases is illustrated in Table 1. With no pre-
plasmapheresis sample available for specific aHUS testing in
case 2, and the history of cocaine use with positive anti-PR3
and p-ANCA antibodies in case 3 (suggesting the possibility
of vasculitis or levamisole exposure with a TMA presenta-
tion), the authors recognize the diagnoses are not definitive.
In cases with an anti-CFH antibody present, plasmapheresis
and/or eculizumab continue to be recommended for acute
treatment. The best strategy for long-term remission remains
in question. Despite only finding a positive antibody in one of
our 3 cases, the microangiopathic process was reversed and
dramatic improvements in kidney function were seen in all 3
patients. More research needs to be done regarding better tar-
geted therapies. This case series would suggest a potential
benefit to using rituximab in patients with aHUS, especially
with the possibility of alternate autoimmune mechanisms
beyond anti-CFH antibodies yet to be discovered.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Alexion supports local laboratory testing for ADAMTS13
with an unrestricted grant.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics Approval and Consent to Participate

Ethics approval is not needed for a case report at Dr. Patterson’s
institution.

Consent for Publication

All patients provided written informed consent to publish their
cases.

Availability of Data and Materials
Not applicable

References

1. Legendre CM, Licht C, Muus P, et al. Terminal complement
inhibitor Eculizumab in atypical hemolytic-uremic syndrome.
N Engl J Med. 2013;368(23):2169-2181.

2. Tsai HM. Thrombotic thrombocytopenic purpura and the atyp-
ical hemolytic uremic syndrome: an update. Hematol Oncol
Clin North Am. 2013;27:565-584.

3. Nester CM, Thomas CP. Atypical hemolytic uremic syndrome:
what is it, how is it diagnosed, and how is it treated? Hematology
Am Soc Hematol Educ Program.2012;2012:617-625.

4. Sinha A, Gulati A, Saini S, et al. Prompt plasma exchanges
and immunosuppressive treatment improves the outcomes of



Patterson et al

anti-factor H autoantibody-associated hemolytic uremic syn-
drome in children. Kidney Int. 2014;85:1151-1160.

. Dragon-Durey MA, Sethi SK, Bagga A, et al. Clinical features
of anti-factor H autoantibody-associated hemolytic uremic
syndrome. J Am Soc Nephrol. 2010;21:2180-2187.

. Dragon-Durey MA, Blanc C, Marliot F, et al. The high fre-
quency of complement factor H related CFHR1 gene deletion
is restricted to specific subgroups of patients with atypical
haemolytic uraemic syndrome. J Med Genet. 2009;46(7):447-
450.

. Sana G, Dragon-Durey MA, Charbit M, et al. Long-term
remission of atypical HUS with anti-factor H antibod-
ies after cyclophosphamide pulses. Pediatr Nephrol.
2014;29:75-83.

. Lionet A, Provot F, Glowacki F, Frémeaux-Bacchi V, Hazzan
M. A case of adult atypical haemolytic uraemic syndrome
related to anti-factor H autoantibodies successfully treated by

10.

11.

12.

plasma exchange, corticosteroids and rituximab. NDT' Plus.
2009;2:458-460.

. Deville C, Garrouste C, Coppo P, Evrard B, Lautrette A, Heng

AE. Efficacy of rituximab and plasmapheresis in an adult
patient with antifactor H autoantibody-associated hemolytic
uremic syndrome: a case report and literature review. Medicine.
2016;95(39):¢5007.

Quiroga B, de Lorenzo A, Vega C, de Alvaro F. A case report
and literature review of eculizumab withdrawal in atypical
hemolytic-uremic syndrome. Am J Case Rep. 2016;17:950-956.
Loirat C, Fakhouri F, Ariceta G, et al. An international
consensus approach to the management of atypical hemo-
lytic uremic syndrome in children. Pediatr Nephrol.
2016;31(1):15-39.

Merrill S, Brittingham Z, Yuan X, Moliterno AR, Sperati CJ,
Brodsky RA. Eculizumab cessation in atypical hemolytic ure-
mic syndrome. Blood. 2017;130(3):368-372.



