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Acute renal failure and thrombocytopenia

Immunology

Unusual clinical course

Secondary thrombotic microangiopathies (TMAs) are induced by several underlying conditions and most are
resolved by treating the underlying disease. Eculizumab, a human monoclonal antibody, blocks the final stages
of the complement system. Several studies have shown that complement C5 monoclonal antibodies are effec-
tive in treating secondary TMA. Systemic sclerosis (SSc) is one of the most common causes of secondary TMA,
and early diagnosis is important because TMA secondary to SSc has a poor prognosis. We report a case of TMA
secondary to SSc that did not respond to eculizumab, despite the presence of severe complement activation.
A 61-year-old previously healthy man was admitted for acute renal failure and thrombocytopenia. TMA was sus-
pected because hemolytic anemia, thrombocytopenia, and organ damage were detected. Based on the physi-
cal findings, we suspected SSc as the underlying cause. All tests for specific antibodies, including Scl-70, were
negative, and C5b-9 levels were markedly elevated (11 041 ng/mL). We initiated plasma exchange on day 3,
followed by eculizumab therapy, but with limited improvement. SSc with secondary TMA was identified upon
further testing. After completion of the plasma exchange, the platelet count was maintained above 30 000/pL.
Creatinine levels gradually decreased, and the patient was weaned off dialysis. Steroid treatment for SSc was
continued, and the patient was eventually discharged.

A case of SSc-TMA was ineffectively treated with eculizumab, despite abnormal activation of the complement
system. Continuous monitoring and investigation are required, and discontinuation of eculizumab should be
determined according to the final diagnosis.

Complement Activation ¢ Eculizumab ¢ Plasma Exchange ¢ Scleroderma, Systemic ¢
Thrombotic Microangiopathies
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Background

Thrombotic microangiopathy (TMA) is characterized by throm-
bocytopenia, microangiopathic hemolytic anemia, and organ
damage. The acute mortality rate of TMA due to delayed treat-
ment is extremely high, and early treatment with plasma ex-
change and complement inhibitors is required. TMA is mainly
classified into 4 types: thrombotic thrombocytopenic purpura
(TTP), which is caused by a marked decrease in a disintegrin-
like and metalloproteinase with thrombospondin type 1 mo-
tifs 13 (ADAMTS13) activity; Shiga toxin-producing Escherichia
coli-induced hemolytic uremic syndrome (STEC-HUS); atypical
HUS (aHUS), which is caused by abnormal complement control;
and secondary TMAs caused by other diseases [1].

Several diseases and conditions can cause secondary TMA, in-
cluding collagen diseases, hematopoietic stem cell transplanta-
tion [2], medications [2,3], pregnancy [2,4], and infections [5].
Secondary TMAs are caused by vascular endothelial damage via
various inflammatory reactions, including complement activa-
tion. Rapidly differentiating secondary TMAs is difficult because
emergently introducing treatments such as plasma exchange
is needed once TMA is diagnosed, regardless of identification
of the causative disease. According to some experts, comple-
ment activation is important regardless of the type of TMA [6],
and several reports state that treatment with a complement
C5 monoclonal antibody is effective in secondary TMAs [7].

Systemic sclerosis (SSc) is a cause of secondary TMA [8].
Secondary TMA caused by SSc has a poor prognosis; there-
fore, early diagnosis is important [9]. Another complication
of SSc is scleroderma renal crisis (SRC). The main pathogene-
sis of SRC is increased blood pressure and systemic vasocon-
striction due to decreased renal blood flow and renin released
by thickened and proliferated arcuate and interlobular arter-
ies [10]. The main treatments for SRC are angiotensin-convert-
ing enzyme inhibitors. SRC occasionally presents with normal
blood pressure (normotensive SRC) [11]. In addition to acute
kidney injury, patients with SRC show thrombocytopenia and
microangiopathic hemolytic anemia [12]. These SRC findings,
similar to those of TMA, make the differential diagnosis diffi-
cult. Furthermore, there have been reports of SRC complicat-
ed by TMA [8].

In this article, we report a case of TMA secondary to SSc that

was unresponsive to eculizumab, despite the presence of se-
vere complement activation.

Case Report

A 61-year-old man with no previous underlying medical con-
dition visited a local clinic because of common cold-like
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symptoms. The patient had petechiae of unknown onset on
his trunk, and returned 11 days later because of constipa-
tion and abdominal distension. After being subsequently di-
agnosed with acute kidney injury and thrombocytopenia, the
patient was transferred to our hospital. Upon further exami-
nation, the patient’s temperature was 37.2°C, blood pressure
was 110/62 mmHg, heart rate was 104 beats/min, respirato-
ry rate was 12 breaths/min, and oxygen saturation was 97%
(ambient air). The eyelids and conjunctiva were pale, the tips
of the fingers and toes were poorly pigmented (Figure 1), the
nails had epithelial hemorrhages, and purpura were present
on the trunk and extremities. He had acute kidney injury with
a blood urea nitrogen level of 149.4 mg/dL and creatinine lev-
el of 6.15 mg/dL, and a platelet count markedly decreased to
7000/pL (Table 1).

On the basis of the findings of hemolytic anemia, thrombo-
cytopenia, and organ dysfunction, we considered the patho-
genesis of TMA. Various tests, including those for ADAMTS13
activity, ADAMTS13 inhibitor, and other diseases causing sec-
ondary TMAs, were performed to identify the cause of TMA.
We suspected aHUS rather than TTP because the renal impair-
ment was obvious. We initiated continuous hemodiafiltration
for acute kidney injury on the day of admission. SSc was sus-
pected because of swelling of the fingers, poorly colored fin-
gertips, and bleeding under the nail fold. No specific antibod-
ies, including the Scl-70 antibody, were detected at the initial
screening. On the other hand, the levels of C3 were reduced
to 59 mg/dL (reference range 86-160 mg/dL), the levels of C4
were reduced to 12 mg/dL (reference range 17-45 mg/mL),
50% homolytic complement activity was reduced to 19 U/mL
(reference range 25-48 U/mL), and soluble C5b-9 was mark-
edly elevated to 11 041 ng/mL (reference range <303 ng/mL),
suggesting complement activation. A positive result for oc-
cult blood on urinalysis and the presence of schistocytes in
the blood smear indicated intravascular hemolysis, although
haptoglobin type 2-2 did not decrease (Table 2).

Plasma exchange was initiated on day 3 because of progressive
necrosis of the hand. However, the effects of plasma exchange
were limited. No abnormalities were found in ADAMTS13 ac-
tivity or ADAMTS13 inhibitor in the plasma submitted prior to
plasma exchange, and no Shiga toxin-producing E. coli were
cultured, ruling out STEC-HUS and TTP. The patient was clin-
ically diagnosed with aHUS. As the patient did not respond
to plasma exchange, we administered 900 mg of eculizumab
on days 7 and 14. On day 21, a week after the second eculi-
zumab administration, the platelet count and creatinine lev-
els did not change. Eculizumab treatment was then terminat-
ed after 2 doses. On day 18, we initiated methylprednisolone
1000 mg/day for 3 days, followed by prednisolone 20 mg/
day until day 71. We transfused 30 units of platelet concen-
trate on day 42.
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On day 48, we obtained the results of additional tests that
were positive for antinuclear antibody quantification 20 480
times, anti-centromere antibody 14.4 (+/-), anti-NOR-90 an-
tibody (anti-hUBF antibody), and anti-fibrillarin antibody (an-
ti-U3-RNP antibody). Plasma renin activity levels were normal.
Thus, the patient was diagnosed with SSc with secondary TMA.
Because the necrosis on the patient’s fingers and toes wors-
ened with interruption of plasma exchange, we performed
plasma exchange 24 times until day 64. After the completion
of plasma exchange, the platelet count was maintained at
>30 000/pL (Figure 2).

The patient developed complete atrioventricular block and
repeated sinus arrest on day 60, and an external pacemaker
was inserted. Myocardial conduction tract defect due to SSc
was diagnosed, and additional steroid pulse therapy was ad-
ministered for 3 days starting on day 112. Regarding renal
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Figure 1. The patient’s hand and sole at
(A) admission and (B) on day 12.
(A) The patient’s hand exhibited
purpura that extended to the tips as
well as skin sclerosis on fingertips.
(B) The ischemic lesion on his fingers
were exacerbated and purpura on his
sole revealed.

function, the patient’s creatinine levels gradually decreased,
and the patient was weaned off dialysis on day 151. Steroid
treatment for SSc was continued, and the patient was dis-
charged on day 279.

Discussion

Here, we present a case of SSc concomitant with secondary
TMA. At presentation, the clinical scenario suggested TMAs,
such as severe thrombocytopenia, microangiopathic hemolyt-
ic anemia, and renal dysfunction. Through continuous explo-
ration for the underlying disease, we finally diagnosed the pa-
tient with SSc. Although the soluble C5b-9 levels were markedly
elevated, the patient did not respond to the terminal comple-
ment inhibitor eculizumab. The patient underwent repeated
plasma exchange therapy.
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Normal range

White blood cell (x10°/L)

Procalcitonin (ug/L)

7.9 4.5-11.0
""""""""""" s 1618
. as%  Negative
"""""""""""" 7 150450
""""""""""" 8 23540
""""""""""" 18 090110
""""""""""" “s <0
T @
""""""""""" 3 2982
""""""""""" s43 53106
""""""""""" mwe 218
""""""""""" 082 0308
""""""""""" 063 <&
""""""""""" 303 172338
""""""""""" 328 085340
"""""""""" 2057  «as
""""""""""" 22 w05

This case was a TMA secondary to SSc, which lacked the clin-
ical symptoms of SSc and had not been previously diagnosed
as SSc. Since there was no history of steroid administration,
which is a risk factor for SSc-TMA, and the anti-Scl-70 antibody
test was negative at the initial screening, diagnosing SSc as a
cause of TMA was challenging. Finally, the patient was diag-
nosed with SSc based on the positive results for anti-fibrillarin
(anti-U3-RNP) and anti-NOR-90 (anti-hUBF) antibodies. Anti-
fibrillarin antibodies are detected in 4% to 10% of patients with
SSc and are associated with pulmonary hypertension and fi-
brosis [13,14]. Anti-NOR-90 antibodies are observed in patients
with relatively mild SSc and have been associated with other
autoimmune disorders [15]. However, these antibodies have
not been reported as risk factors for renal damage. As in this
case, the diagnosis of SSC as the causative disease of TMA is
challenging in patients with severe renal dysfunction and neg-
ative results for the anti-Scl-70 antibody. Anti-fibrillarin and
anti-NOR-90 antibodies are key to the diagnosis.

In SSc, different pathologies are known to cause renal dysfunc-
tion, such as SRC, TMA (SSC-TMA), and anti-neutrophil cyto-
plasmic antibody-associated vasculitis [16]; they also overlap
with other collagen diseases (systemic lupus erythematosus
and Sjogren syndrome) [17]. In particular, SRC is difficult to dif-
ferentiate from TMA because of their similar clinical findings,
such as low platelet count and renal dysfunction, and they can
occur concomitantly. In the present case, normal plasma renin
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activity and the absence of severe hypertension suggested that
the primary pathogenesis was SSc-TMA.

In general, TMA is diagnosed based on microangiopathic he-
molytic anemia, thrombocytopenia, and organ damage due
to platelet thrombi. Guidelines recommend plasma exchange
as soon as possible after the diagnosis of TMA. Atypical HUS
tends to involve renal function more commonly than TTP and
should be treated with eculizumab as early as possible [18].
At the initial screening for the causative diseases of TMAs, we
could not detect causative diseases, such as systemic lupus
erythematosus, anti-phospholipid antibody syndrome, and
SSc. Thus, we strongly suspected aHUS and administered ec-
ulizumab accordingly because of the presence of severe re-
nal impairment and abnormal complement activation. Martis
et al reported that aHUS is often associated with no previous
dialysis history and higher creatinine and lactate dehydroge-
nase levels than those found in autoimmune disease-related
TMAs [17]. Therefore, we concluded that the early administra-
tion of eculizumab was appropriate in this case of high aHUS
suspicion. We discontinued eculizumab administration after
2 doses of ineffective therapy; there was no improvement in
the platelet count or renal function, and we did not want to
subject the patient to unwarranted adverse effects. For pa-
tients showing TMA findings, especially for those with severe
renal dysfunction, eculizumab should be administered as soon
as possible for the clinical likelihood of aHUS, and should be
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Table 2. Laboratory values at the diagnosis of systematic sclerosis-thrombotic microangiopathy.

Normal range

(initial screening)

Anti-fibrillarin Antibody

1100 300-2000
© Negative  Negative
~ Negative  Negative
""""""""""" s 0
""""""""""" «©4 w04
© Negatve  Negative
""""""""" 120480 L4
"""""""""""" s a0
""""""""""" o a0
""""""""""" a0 a0
""""""""""" a0 a0
""""""""""" a0 a0
""""""""""" a0 a0
""""""""""" 3 @8
""""""""""" a0 a0
""""""""""" a0 a0
T 0223
""""""""""" 059 073138
""""""""""" 022 o103
""""""""""" 19 250480
It @0
""""""""" Positve  Negatve
""""""""" Positve ~ Negatve

ADAMTS13 — a disintegrin-like and metalloproteinase with thrombospondin type 1 motifs 13; LPS — lipopolysaccharide;

IgM — immunoglobulin M; CL — cardiolipin; 1IgG — immunoglobulin G; Anti-CL B2GP — anti-cardiolipin antibody/pB2-glycoprotein;
ds-DNA — double-stranded deoxyribonucleic acid; RNP — ribonucleoprotein; scl-70 — topoisomerase-1; anti-SS-A, anti-Ro; anti-SS-B,
anti-La; NOR90/hUBF - nucleolar organizing region 90/human upstream-binding factor; PR3-ANCA — anti-proteinase 3-antineutrophil
cytoplasmic autoantibodies; MPO-ANCA — myeloperoxidase- antineutrophil cytoplasmic autoantibodies.

discontinued when further examinations indicate a diagnosis
other than aHUS.

Interestingly, eculizumab has been reported to be effective in
patients with secondary TMA who are not responsive to con-
ventional treatment [19]. As in aHUS, the complement path-
way is also activated in secondary TMA, and blocking C5 is
reasonable [20]. There are a few case reports of SSc-TMA that
responded to eculizumab [21,22]. Immunofluorescence stud-
ies in patients with SRC have shown marked deposition of
Clq, C3b, C4d, and C5b-9 in the endothelium of renal arter-
ies and glomeruli, pointing to the role of complement activa-
tion, mainly via the classical pathway [21]. In the present case,
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eculizumab was ineffective, while soluble C5b-9 was markedly
elevated, suggesting abnormal activation of the complement
terminal pathway. This paradox may indicate that the patho-
genesis of SSc-TMA predominantly results from the antigen-
antibody reaction, which leads to classical complement path-
way activation followed by terminal pathway activation; thus,
eculizumab may not be effective in SSc-TMA. It is necessary to
accumulate more knowledge and study more cases to deter-
mine exactly which patients would benefit from eculizumab.

In general, plasma exchange is expected to remove harmful in-
flammatory substances and replace necessary protein compo-
nents. The mechanism of the effect of plasma exchange on SRC
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Figure 2. Clinical course and the values of thrombotic microangiopathy. On admission, the patient showed a low platelet count
(red line), increased levels of creatinine (yellow line), mildly elevated lactate dehydrogenase (blue line), and reduced urine
volume (blue column). We introduced continuous hemodiafiltration (CHDF) on day 1. Plasma exchange (brown bars) was
initiated at day 3, for 24 times. Because the platelet count, creatinine levels, and urine volume did not change in response to
plasma exchange, we administered 900 mg of eculizumab on days 7 and 14 (red arrow). After the initiation of eculizumab,
the platelet count, creatinine levels, and urine volume did not recover. We administered 1 g of mPSL for 3 days on day 18,
followed by 20 mg of PSL per day. We transfused 30 units of platelet concentrate on day 42. On day 43, the patient was
diagnosed with thrombotic microangiopathy secondary to systemic sclerosis. We performed repeated plasma exchanges on
day 64. CHDF was discontinued on day 55, and intermittent HD was performed from day 56. Subsequently, platelet count
and creatinine levels were controlled. Because urine volume was also controlled, intermittent hemodialysis was terminated
on day 151. CHDF - continuous hemodiafiltration; HD — hemodialysis; PEX — plasma exchange; mPSL — methylprednisolone;
PSL — prednisolone; LDH — lactate dehydrogenase; PLT — platelet count; CRE — creatinine.
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is not fully understood, but it is thought to remove vasoconstric-
tors, autoantibodies, inflammatory cytokines, and pro-fibrot-
ic cytokines. Plasma exchange for SSc-TMA has a limited effect
on short-term hematologic normalization [17] but is expected
to improve long-term prognosis [9]. In the absence of SSc diag-
nosis, early plasma exchange should be performed according to
the TMA practice algorithm when the patient presents with TMA
findings. Additionally, complement activation should be assessed,
and eculizumab should be administered. Repeated plasma ex-
change might save patients’ lives in cases of progressive SSc.

Conclusions

We present a case of SSc-TMA that was treated with eculizum-
ab. In this case, eculizumab was ineffective, despite abnormal
activation of the complement system. However, in cases in
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