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34-YEAR-OLD FEMALE PATIENT with a histo-

ry of systemic lupus erythematosus (SLE)
presented to the emergency department after
several days of worsening swelling of the lips
and legs along with decreased oral intake. She
also reported intermittent pleuritic chest pain
and exertional dyspnea for the past 2 months.

The patient was previously diagnosed with
SLE with cutaneous manifestations including
malar rash and discoid lesions of the face and
scalp, recurrent pericardial and pleural effu-
sions, diffuse arthralgias, and positive sero-
logic markers including positive antinuclear
antibody, anti-dsDNA antibody, anti-Smith
antibody, and low complement levels. A pre-
vious pericardial pleural effusion resulted in
normalization of complement levels with cor-
ticosteroid therapy.

Medical history was significant for hyper-
tension, controlled with amlodipine, as well
as two unexplained consecutive first-trimester
miscarriages and recurrent pulmonary embo-
lism. However, prior investigations were not
consistent with antiphospholipid antibody
syndrome, with the absence of lupus anticoag-
ulant, anticardiolipin immunoglobulin (Ig)G/
[gM, and anti-B2 glycoprotein IgG/IgM on two
separate occasions 6 months apart. Her home
medications included the anticoagulant rivar-
oxaban, amlodipine, prednisone, hydroxychlo-
roquine, methotrexate, and folic acid. How-
ever, the patient had been nonadherent for the
previous 4 months owing to lack of insurance
coverage and instead had been trying alterna-
tive remedies including herbal tea.

doi:10.3949/ccjm.89a.21066

The patient also had lymphocytopenia, which
can be associated with viral infections, active
disease in SLE, and immunosuppressive thera-
py including glucocorticoids.

B EMERGENCY DEPARTMENT EVALUATION

In the emergency department, the patient’s
temperature was 36.7°C (98.1°F), heart rate
was 92 beats per minute, blood pressure was
156/103 mm Hg, and peripheral oxygen satu-
ration was 100% on room air.

Physical examination revealed lip-swelling,
aphthous ulcers, pitting edema in both legs
and feet, and a new nontender rash on palms
and soles. There was no appreciable murmur,
pericardial rub, or jugular venous distention.
The patient was alert and oriented to time,
place, and person, followed all commands, and
had no focal neurologic deficits. Funduscopic
examination revealed vessel attenuation, cot-
ton wool spots, and dot-and-blot hemorrhages
without any papilledema, consistent with grade
[T hypertensive retinopathy.

Laboratory testing revealed anemia,
thrombocytopenia, and an elevated serum cre-
atinine level of 1.82 mg/dL (increased from
baseline of 0.8 mg/dL).

Urinalysis with microscopic examination
yielded cloudy appearance with high hemoglo-
bin, red blood cells, protein, granular casts, urine
protein-to-creatinine ratio, and urine sediment
with dysmorphic red blood cells and red blood
cell casts. See Table 1 for laboratory results.

A chest radiograph showed significant
increase of the cardiac silhouette compared
with prior radiographs, and subsequent echo-
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TABLE 1

Irregular patient laboratory results

Test

Patient value

Reference range

Hemoglobin, g/dL
Hematocrit, %
White blood cell count, x 10%/L
Absolute lymphocyte count, x 10°/L
Platelet count, x 10%/L
Serum creatinine, mg/dL
Alanine aminotransferase, U/L
Aspartate aminotransferase, U/L
C-reactive protein, mg/dL
Lactate dehydrogenase, U/L
Reticulocyte count, %
Absolute reticulocyte count, x 10°/L
Haptoglobin, mg/dL
Fibrinogen, mg/dL
D-dimer, ng/mL
Protein-to-creatinine ratio
Urine
Clarity
Hemoglobin, mg/dL
Protein, mg/dL
White blood cell count, cells/high-power field
Red blood cell count, cells/high-power field
Protein-to-creatinine ratio
3, gldL
4, gldL
dsDNA, 1U/mL
ADAMTS13, %

11.8
36.0
2.62
0.55
30
1.82
65
148
7.3
1317
8.7
348
<10
411
2900
1.7

Cloudy
3+

>300

6-10

> 25
1.7

29

10

> 1000
54

12.3-15.3
36.0-46.0
3.70-11.0
1.00-4.00
150-400
0.58-0.96
7-38
13-35
<09
135-214
0.4-2.0
18-100
31-238
200-400
<500
<0.2

Clear
Negative
Negative

0-5

0-3

<.2
86-166

13-64
<30

> 60

ADAMTS13 = a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13

cardiography demonstrated a large pericardial

effusion.

Possible diagnosis

Patient presentation of new aphthous ulcers,
deteriorating kidney function, pancytopenia

CLEVELAND CLINIC JOURNAL OF MEDICINE

with lymphocytopenia, and a new large peri-
cardial effusion was suggestive of an active
lupus flare. The lip-swelling was also concern-
ing for angioedema, which has been reported
as an unusual manifestation of SLE, with the
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Figure 1. Peripheral smear. The yellow arrow indicates a
schistocyte (hematoxylin and eosin stain, magnification

x 400).

The diagnosis
of TMA

can be inferred
in patients
with MAHA

and thrombo-
cytopenia in
the appropriate
clinical setting
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proposed mechanism being acquired deficien-
cy of CI esterase inhibitor.!?

Peripheral smear revealed abundant schisto-
cytes and thrombocytopenia (Figure 1). Other
testing showed a reticulocyte index of 0.69%
(indicative of hypoproliferation), a negative di-
rect Coombs test, and prothrombin and partial
thromboplastin times within normal limits.

At this point, microangiopathic hemolytic
anemia (MAHA) was suspected, which is a
descriptive term for nonimmune or Coombs-
negative hemolysis resulting from intravascu-
lar red blood cell fragmentation that produces
schistocytes on peripheral blood smear.

Further laboratory test results included
low C3, low C4, high dsDNA, positive Cri-
thidia lucillae, negative lupus anticoagulant,
negative anticardiolipin IgG and IgM, neg-
ative anti-B2 glycoprotein IgG and IgM,
low ADAMTSI13 (a disintegrin and metal-
loproteinase with a thrombospondin type 1
motif, member 13) activity, and negative
ADAMTSI3 inhibitor.

M IMPLICATIONS OF HEMOLYTIC ANEMIA
WITH THROMBOCYTOPENIA

What is the implication of hemolytic ane-
mia with thrombocytopenia in this pa-
tient!

[] It may indicate possible development
of thrombotic thrombocytopenic purpura
(TTP)

[ It is related to poorly controlled severe
hypertension

[ It is attributed to acquired complement-
mediated thrombotic microangiopathy
(TMA) associated with lupus nephritis

[] It is attributed to Shiga toxin-mediated
hemolytic uremic syndrome

The combination of characteristic labora-
tory data in our patient, including negative
Coombs test, elevated lactate dehydrogenase
(LDH), low haptoglobin, normal coagula-
tion studies, and peripheral smear showing
abundant schistocytes, were characteristic for
MAHA. The combination with thrombocy-
topenia and worsening kidney function raised
high suspicion for TMA.

TMA is a pathologic diagnosis determined
by tissue biopsy in which abnormalities of arte-
riolar and capillary walls subsequently lead to
microvascular thrombosis. As described previ-
ously, MAHA refers to Coombs-negative he-
molysis resulting from intravascular red blood
cell destruction, which may be caused by ab-
normalities in the microvasculature or even
by intravascular devices such as prosthetic
heart valves. Consequently, even though not
all MAHA is caused by TMA, the diagnosis
of TMA can be typically inferred in patients
with MAHA and thrombocytopenia in the
appropriate clinical setting.

Causes of TMA
TMA syndrome encompasses many disorders
that include TTP, Shiga toxin-induced hemo-
lytic uremic syndrome, drug-induced TMA,
radiation-induced TMA, and complement-
mediated TMA, which is also referred to as
atypical hemolytic uremic syndrome.
Systemic disorders that can cause TMA
include scleroderma, severe hypertension,
preeclampsia/HELLP  (hemolysis, elevated
liver enzymes, and low platelets) syndrome,
and antiphospholipid syndrome, especially
the most severe form of antiphospholipid syn-
drome known as catastrophic antiphospholipid
syndrome, which is characterized by dissemi-
nated intravascular thrombosis resulting in
multiorgan failure within a short period of time
(usually within 1 week).
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Other causes. TMA is also well described
in transplant recipients, both as a manifesta-
tion of transplant rejection and as possible
toxicity from immunosuppressive medications
such as cyclosporine and tacrolimus. Rarely,
this syndrome can be caused by disorders in-
volving regulators of the coagulation cascade
(mutations in the gene encoding diacylglyc-
erol kinase epsilon and thrombomodulin)’
and the molecules responsible for vitamin B,
metabolism (mutations in the gene encoding
methylmalonic aciduria and homocystinuria
type C).*4

Evaluation for the cause of TMA

Evaluation to determine the cause of TMA

should initially focus on excluding the afore-

mentioned systemic disorders associated with

MAHA and thrombocytopenia. This should

be followed by an investigation to distinguish

among primary TMA syndromes, including
the following:

e Assessment of exposure to drugs reported
to cause TMA: chemotherapeutic agents
(eg, gemcitabine, mitomycin), immuno-
suppressive agents (eg, cyclosporine, tacro-
limus), vascular endothelial growth factor
inhibitors (eg, bevacizumab), and illegal
agents (eg, cocaine)

e Measurement of ADAMTS13 activity and
ADAMTSI13 inhibitor levels; elevations
infer TTP

e Stool testing of Shiga toxin by immuno-
assay or polymerase chain reaction test to
look for Shiga toxin-induced hemolytic
uremic syndrome, especially in patients
with diarrhea or known infectious diarrhea
exposure

® Measurement of serum homocysteine and
methylmalonic acid for cobalamin C defi-
ciency-mediated TMA, which is caused by
recessive (homozygous or compound het-
erozygous) mutations in the metabolism of
the cobalamin-associated C (MMACHC)
genet

e Complement testing for complement-
mediated TMA, specifically, for antibodies
against complement factor (CF) H protein
(anti-CFH antibody) and for complement
gene mutations, including evaluation of
complement regulatory genes (CFH, CFI,
or membrane cofactor protein [CD46])
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and complement effector genes (CFB or

C3).

Kidney biopsy is not helpful for determin-
ing cause of primary TMA syndromes and may
not distinguish primary TMA syndromes from
other disorders such as systemic sclerosis or
severe hypertension, which can also manifest
the typical pathologic features of TMA.

What was the cause of this patient’'s TMA?
TTP is a primary TMA syndrome caused by se-
verely reduced activity of the von Willebrand
factor-cleaving protease ADAMTS13.> When
ADAMTSI13 protease activity is reduced, large
von Willebrand factor multimers can accu-
mulate on the endothelial surface of small ar-
terioles and capillaries, leading to potentially
fatal platelet accumulation and subsequent
mechanical red blood cell fragmentation.” TTP
can be acquired, from an autoantibody inhibi-
tor to ADAMTSI3, or it can be hereditary,
owing to inherited mutations in ADAMTS13.
Genetic testing of the ADAMTSI13 gene is the
definitive means of documenting the diagno-
sis of hereditary TTP in an individual with se-
vere ADAMTSI13 deficiency (activity < 10%
of normal) without an inhibitor. On the other
hand, acquired TTP can be confirmed by se-
vere ADAMTSI13 deficiency and the presence
of an ADAMTSI3 autoantibody inhibitor in
the appropriate clinical setting (eg, a patient
with MAHA and thrombocytopenia that re-
sponds to plasmapheresis).®

Hematologic recovery in TTP can be ex-
pected with plasmapheresis, as indicated by
improvement in LDH (often within 1 day)
and platelet count (within 2 to 3 days).”®
TTP was ruled out in our patient on the basis
of relatively normal ADAMTSI13 activity, a
negative ADAMTS 13 inhibitor, poor hema-
tologic response to emergency plasmapheresis,
and lack of hematologic recovery to suggest
resolution of MAHA after 3 days of plasma-
pheresis.

Severe hypertension can also cause MAHA
and thrombocytopenia with characteristic
pathologic features of TMA in the kidneys.’
Grade III/IV retinopathy is more likely to be
present, and recovery of kidney function and
resolution of MAHA is typical with proper
treatment of severe hypertension.”!° Further-
more, severe hypertension may also occur in
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primary TMA with severe renal involvement,
so the temporal relationship is important.” Al-
though the patient did have funduscopic find-
ings consistent with grade III hypertensive
retinopathy, kidney function and MAHA did
not improve despite appropriate management
of blood pressure, prompting us to continue
our investigation into other causes of TMA.

Shiga toxin-producing pathogens (eg,
Escherichia coli O157:H7) can induce hemo-
lytic uremic syndrome and are often related to
exposure to improperly prepared foods, inade-
quately cooked meats, or farm animals.!' How-
ever, our patient did not report any severe
abdominal pain or diarrhea with bloody stool,
and DNA testing performed on the patient’s
stool sample for Shiga-toxin genes was nega-
tive. Additional workup investigating non-
Shiga-toxin-producing infectious organisms
associated with MAHA and thrombocytope-
nia was also unrevealing, including tests for
bacterial (eg, Clostridioides difficile, Legionella),
viral (eg, cytomegalovirus, hepatitis viruses,
human immunodeficiency virus, varicella-zos-
ter virus, Epstein-Barr virus), and fungal (eg,
Aspergillus) infections.

Complement-mediated TMA or atypical
hemolytic uremic syndrome is a chronic, sys-
temic, life-threatening disease characterized
by TMA and severe multiple end-organ dam-
age caused by dysregulation and uncontrolled
activation of the alternative complement
pathway. Complement regulatory proteins,
including CFH, CFI, and CD46, prevent in-
appropriate activation of the complement cas-
cade."” The diagnostic workup for determining
cause of complement-mediated TMA includes
testing for inhibitory antibodies such as anti-
CFH antibody, as well as genetic testing, in-
cluding evaluation of the CFH, CFI, CD46,
CFB, and C3 genes." On the other hand, test-
ing for serum complement biomarkers such as
CH50, C3, and C4 have no diagnostic role
in complement-mediated TMA owing to low
sensitivity and specificity. For instance, a low
C3 level may only be appreciated in certain
mutations such as variants in CFH, CFB, and
C3.14

Complement activation is also common in
lupus nephritis, and a subset of these patients
(17.5%) can present with complement-medi-
ated TMA,” described as a separate clinical

entity that can be resistant to treatment with
high-dose corticosteroids, immunotherapy,
and plasmapheresis.'® The pathogenesis of re-
nal TMA in lupus nephritis is yet to be deter-
mined and may be multifactorial, potentially
attributable to antiphospholipid syndrome,
malignant hypertension, or scleroderma.!”

Our patient had normal plasma levels of
complement factors CFH and CFB, along
with negative anti-CFH antibody. Comple-
ment genetic studies were not obtained,
and the patient did not report a family his-
tory of TMA disorders suggestive of a heredi-
tary cause. However, one should be mindful
that most complement mutations associated
with TMA are heterozygous, and many fam-
ily members with heterozygous mutations are
asymptomatic.'® If performed in this patient,
complement genetic studies might have pro-
vided a more specific diagnosis.

Although complement testing was unre-
vealing in this patient, a presumptive clinical
diagnosis of complement-mediated TMA was
made in light of the progressive kidney dys-
function, MAHA, thrombocytopenia, and
absence of an alternate explanation for these
findings (eg, no known drug exposure associ-
ated with drug-induced TMA, no antiphos-
pholipid syndrome or scleroderma, no re-
sponse after adequate control of hypertension,
no ADAMTSI3 deficiency, no Shiga toxin in

stool).

I CASE CONTINUED: CONDITION WORSENED

The differential diagnosis for the patient’s
acute kidney failure included lupus nephritis
and TMA.

Plasmapheresis was performed for a total of
3 days, with no clinical improvement. Then,
administration of eculizumab, a complement
inhibitor, was commenced in light of the sus-
pected diagnosis of complement-mediated
TMA.

C5 inhibitors, including eculizumab and
ravulizumab, prevent the cleavage of cell sur-
face-bound complement protein C5 and in-
hibit generation of proinflammatory terminal
complement proteins C5a and the membrane
attack complex C5b-9, consequently reducing
endothelial cell activation and thrombosis but
also increasing the risk of developing menin-
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gococcal infections.!”” Therefore, in addition
to meningococcal vaccination, the patient re-
ceived antimicrobial prophylaxis with amoxi-
cillin for the duration of eculizumab adminis-
tration.

Complications

Pericardial effusion. During hospitaliza-
tion, the patient required transfer to the car-
diac intensive care unit because of pericardial
effusion with tamponade. Pericardiocentesis
was performed, and subsequent pericardial flu-
id studies were suggestive of an exudative ef-
fusion.” There was a predominance of mono-
nuclear cells as well as negative Gram stain,
bacterial/fungal cultures, and cytology, favor-
ing active SLE flare as the cause of the exuda-
tive pericardial effusion.

Mental status changes. Moreover, the
patient’s clinical course was complicated by
the development of altered mental status.
She became less interactive, could not fol-
low commands, and neurologic examination
revealed slightly brisker reflexes in the right
upper extremity. This was concerning for pos-
sible primary manifestation of neuropsychiat-
ric SLE, as there was past evidence of systemic
involvement of SLE.

Other potential etiologies that were con-
sidered included infectious encephalitis, giv-
en the patient’s immunocompromised state,
stroke secondary to central nervous system
involvement by SLE, and posterior reversible
encephalopathy syndrome, given her recent
blood pressure fluctuations with systolic blood
pressure higher than 200 mm Hg.

Magnetic resonance imaging of the brain
was concerning for antibody-mediated stria-
tal encephalitis. This finding is not specific
for SLE, and viral encephalitis should also be
considered in the differential diagnosis.

A lumbar puncture that was subsequently
performed did not show any pleocytosis in the
cerebrospinal fluid, rendering an intrathecal
infection less likely as the etiology of the pa-
tient’s acute encephalopathy and favoring the
diagnosis of neuropsychiatric lupus.

Acute kidney injury. The patient’s kidney
function continued to deteriorate, requiring
kidney replacement therapy within 5 days of
initial presentation to the hospital. Kidney
biopsy was considered at this time but was ul-
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timately not performed due to severe throm-
bocytopenia.

I WOULD KIDNEY BIOPSY HAVE HELPED?

What would have been the value of kidney
biopsy in this patient?

[J It would have been helpful in differentiating
a specific type of TMA

[J It would have been unlikely to affect
patient management, as the therapeutic
window was missed early in the disease
course because of bleeding concerns re-
elated to thrombocytopenia

[] It would have ascertained the extent of
ischemic injury sustained in relationship
to renal TMA to facilitate decision-making
regarding next steps in therapy

[] It was contraindicated in this patient
owing to increased risk of bleeding com-
plications from azotemia and thrombo-
cytopenia

Risk vs potential benefit of biopsy

Biopsy of the kidney may be performed for sus-
pected TMA syndrome.?! However, kidney bi-
opsy may not inform treatment decisions for a
specific TMA as there is no consensus regard-
ing features on kidney biopsy that definitively
diagnose a specific TMA syndrome. Kidney
biopsy is not usually done to evaluate patients
with acute kidney injury, MAHA, and throm-
bocytopenia unless there is a specific manage-
ment decision that would be influenced by the
results.

Our patient’s clinical condition was an ex-
ample of a situation in which a kidney biopsy
may have been helpful: it may have identi-
fied the extent of ischemic injury sustained
in relationship to potential TMA, as well
as the degree of irreversible kidney injury to
support decision-making for next therapeutic
treatment steps. Kidney biopsy may have jus-
tified the maintenance or discontinuation of
immunosuppressive therapy for lupus nephri-
tis, especially as the patient had not yet devel-
oped other systemic manifestations of SLE (eg,
pericardial effusion, neuropsychiatric SLE) at
the time kidney biopsy was being considered.
The presence of extensive interstitial fibrosis
or glomerulosclerosis (class VI advanced scle-
rosing lupus nephritis), as opposed to focal or
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diffuse proliferative glomerulonephritis (class
[II and IV lupus nephritis, respectively), might
have prompted discontinuation of immuno-
suppression.

Although the association between kidney
dysfunction and bleeding is well recognized,
major complications have been noted to be
less than 1%.%? Our patient did not undergo
kidney biopsy owing to persistent thrombo-
cytopenia, as thrombocytopenia increases the
risk of major complications with kidney biop-
sy in patients with SLE.?

I SUBSEQUENT CLINICAL COURSE

Intravenous methylprednisolone and myco-
phenolate mofetil were initially employed as
induction therapy for lupus nephritis. Myco-
phenolate mofetil was preferred over cyclo-
phosphamide because mycophenolate mofetil
has been shown to be more effective than in-
travenous cyclophosphamide in inducing re-
mission of lupus nephritis.* The patient’s race
was a consideration as it has been demonstrat-
ed that African American patients with lupus
nephritis respond better to mycophenolate
mofetil than to intravenous cyclophospha-
mide (53.9 vs 40%; P = 0.39).%

However, concern for neuropsychiatric
SLE with antibody-mediated striatal encepha-
litis later prompted the discontinuation of
mycophenolate mofetil in favor of cyclophos-
phamide, as cyclophosphamide is the only
therapy that has demonstrated efficacy for
neuropsychiatric SLE compared with methyl-
prednisolone in a controlled clinical trial.?

Although high-dose glucocorticoids and
intravenous cyclophosphamide remain the
cornerstone for patients with neuropsychiatric
SLE, rituximab or intravenous immunoglobu-
lin may be used if response is not achieved.”
Furthermore, even without studies regarding
efficacy of plasmapheresis in patients with lu-
pus antibody-mediated striatal encephalitis,
there is some evidence regarding its use in se-
vere neuropsychiatric SLE.?*? Consequently,
plasmapheresis was briefly performed together
with administration of cyclophosphamide,
with subsequent improvement in the patient’s
mental status.

Although the hemolytic anemia and
thrombocytopenia resolved after 6 weeks of

therapy with eculizumab, the patient’s kid-
ney function did not recover for more than
2 months during hospitalization. Eventually
the decision was made to stop eculizumab and
continue immunosuppressive therapy with cy-
clophosphamide upon discharge to a rehabili-
tation facility. Although the patient did not
undergo kidney biopsy to guide therapy, the
rationale for continued treatment with immu-
nosuppressive therapy at discharge was owing
to evidence of other systemic manifestations
of SLE during the course of hospitalization,
including pericardial effusion and lupus anti-
body-mediated striatal encephalitis.

M WHICH MANAGEMENT STRATEGY?

Which management strategy has been
shown to improve kidney outcomes in pa-
tients with complement-mediated TMA
associated with SLE?

[] Therapeutic plasma exchange

[] Immunosuppressive therapy specific for
lupus nephritis

[J Complement-inhibiting therapy with
eculizumab

[] Supportive management with red blood
cell and platelet transfusions

Therapeutic plasma exchange

The immediate management decision for a
patient with suspected TMA is whether to
perform plasma exchange for a presumptive
diagnosis of TTP or anticomplement therapy
for a presumptive diagnosis of complement-
mediated TMA.

Plasma exchange should be initiated in
adults as soon as diagnosis of TMA is suspect-
ed. This helps remove ADAMTS13 autoan-
tibodies, factor H autoantibodies, and hyper-
functioning complement components as well
as replaces ADAMTSI13 and faulty comple-

ment regulators.?!

Immunosuppressive therapy specific

for lupus nephritis

Unfortunately, TMA associated with lupus
nephritis is usually refractory to treatment
with corticosteroids, cyclophosphamide, im-
munomodulation, and plasma exchange.’®*!
However, a 2018 series involving patients
with complement-mediated TMA related to
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SLE reported complete recovery of hemato-
logic parameters in all patients and recovery
of kidney function in 80% of patients treated
with eculizumab.!

Complement inhibition with eculizumab
or ravulizumab
Initial evidence for the efficacy of eculizumab
for treating TMA came from a prospective,
open-label case-series®® of patients with com-
plement-mediated TMA in which eculizumab
improved kidney and hematologic outcomes
and reduced thrombotic microangiopathic
events including requirement for plasma ex-
change or infusion, reduction in platelet
counts, and initiation of hemodialysis.*?
Although C5 inhibitors including eculi-
zumab and ravulizumab are currently the only
effective therapy designed to prevent the un-
derlying mechanism of microvascular damage,
which is dysregulation of the complement
activation system, there are limited data on
long-term outcomes in patients with TMA
treated with terminal complement inhibi-
tion. There are also several unanswered ques-
tions regarding C5 inhibitor therapy, includ-
ing optimal duration of therapy, appropriate
strategies for monitoring therapeutic efficacy
in patients with suboptimal response or dur-
ing periods of infection or inflammation, and
determining tailored therapeutic regimens in
various groups of patients with TMA, includ-
ing those with complement-mediated TMA.
At Cleveland Clinic, eculizumab therapy
has been used broadly, not only for clinically
suspected complement-mediated TMA, but
also for other TMA syndromes. Owing to the
lack of available information regarding man-
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