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Abstract
Thrombotic microangiopathy (TMA) is generally diagnosed through clinical features characterized as microangiopathic 
hemolytic anemia, thrombocytopenia, and multiple organ injury, as well as by pathological findings such as vascular damage 
and endothelial cell injury. Rheumatic and autoimmune diseases could be accompanied by secondary TMA; in fact, systemic 
lupus erythematosus (SLE) is a common disease associated with secondary TMA, and SLE complicated with TMA has been 
reported to have a poor prognosis. Although TMA occurs rarely in pediatric SLE patients, it often leads to severe clinical 
conditions. Here, we report a rare case of severe juvenile-onset SLE complicated with TMA and kidney injury. The 5-year-
old patient showed renal dysfunction, thrombocytopenia, hemolytic anemia, nephrotic syndrome, hypocomplementemia, 
and elevation of anti-dsDNA IgG levels. Kidney biopsy revealed mesangial proliferation and endocapillary proliferation, as 
well as plumped endothelial cells, with full-house pattern deposits in immunofluorescence study. Combination treatment of 
methylprednisolone pulse therapy followed by oral prednisolone, mycophenolate mofetil, and plasma exchange was effective, 
whereas eculizumab did not show therapeutic effects. The patient further showed recurrent deterioration, and we initiated 
intravenous cyclophosphamide in addition to combination treatment and eventually succeeded in controlling the disease. 
Genome analysis by whole-exome sequencing revealed no particular gene mutation related to either complement disorders 
or type-1 interferon. Further elucidations concerning the pathogenic mechanisms causing juvenile-onset SLE are needed to 
establish an efficient treatment strategy for TMA with SLE.

Keywords Thrombotic microangiopathy · Systemic lupus erythematosus · Kidney injury · Pediatric rheumatology · 
Pediatric nephrology

Introduction

Thrombotic microangiopathy (TMA) is characterized by 
microangiopathic hemolytic anemia, thrombocytopenia, and 
multiple organ injury [1, 2]. In particular, primary TMA 
occurs in case of complement disorders—such as atypi-
cal hemolytic uremic syndrome, as well as in ADAMTS13 

deficiency (also known as thrombotic thrombocytopenic 
purpura)—whereas secondary TMA is triggered by various 
factors, such as drugs, bone marrow transplantations, and 
autoimmune diseases [2, 3]. TMA manifestations generally 
affect many organs, with the kidney being one of the main 
involved organs, both in primary and secondary TMA.

Systemic lupus erythematosus (SLE) is an autoimmune 
disorder affecting multiple organs. SLE is reported to be 
accompanied by secondary TMA in 0.5–10.0% of the cases 
[4]; moreover, SLE with TMA has been described as a life-
threatening condition [5, 6]. Nonetheless, TMA in pediatric 
SLE patients is a rather rare occurrence.

Here, we report a case of a pediatric SLE patient pre-
senting with a severe form of secondary TMA, successfully 
treated using a combination therapy of methylprednisolone 
pulse therapy, oral steroid, plasma exchange, mycophenolate 
mofetil, and intravenous cyclophosphamide.
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Case report

Before being referred to our hospital, a 5-year-old girl 
presented to a former hospital complaining of fever and 
edema. Recent medical history reported periorbital edema 
and low fever 1 month prior, as well as diarrhea 1 week 
prior. Furthermore, she had a history of asthma which was 
treated with montelukast a few years prior, as reported dur-
ing anamnesis; however, she was not on medication at the 
time of presentation. In addition, her paternal grandfather 
was diagnosed with SLE. When she visited a former hospi-
tal, she had high fever and edema in the lower extremities, 
and her systolic blood pressure was 146 mmHg. Urinalysis 
revealed proteinuria and occult blood, whereas blood cell 
counts revealed anemia, thrombocytopenia, and schisto-
cytosis. She was suspected of having developed TMA and 
subsequently admitted to our hospital.

On admission, her body weight was 19.5 kg, which had 
increased 1.0 kg in the previous month, and her height was 
104 cm. Her body temperature was 38.3 °C, blood pressure 
was 128/98 mmHg with a heart rate of 100 beats per min, 
respiratory rate was 35 breaths per min, and  SpO2 was 
99% without oxygen supply. She showed significant edema 
around the eyes and lower extremities. Although her res-
piratory sounds were decreased, there were no abnormal 
heart sounds. Her belly was distended albeit non-tender, 
and she had no skin rash, joint swelling, or joint pain. She 
had no abnormalities related to the central nervous sys-
tem. Although her general conditions were poor, she was 
fully conscious. Blood cell counts showed that peripheral 
leucocytes were 8200/µL, with 2591 lymphocytes/µL. The 
patient’s hematocrit was 19.9%, while red blood cell count 
was 2,140,000/µL, hemoglobin was 6.1 g/dL, and platelet 
count was 39,000/µL. Laboratory serological findings were 
as follows: lactate dehydrogenase (LDH) 735 IU/L, total 
protein 4.3 g/dL, albumin 1.9 g/dL, creatinine 0.89 mg/dL, 
urea nitrogen 8.8 mg/dL, potassium 6.0 mEq/L, and brain 
natriuretic peptide 222.3 pg/mL. In addition, haptoglobin 
was below 10  mg/dL. Coagulation tests reported that 
fibrin and fibrinogen degradation products were 321 mg/
dL and that D-dimer was 3.65 µg/mL. The serum IgG 
level was 420 mg/dL, and C3 and C4 were 36 and 5 mg/
dL, respectively. CH50 was 13 U/mL, and anti-dsDNA 
IgG antibody level was 96 IU/mL; in addition, antinuclear 
antibody titer was 1:160, whereas SS-A antibody titer 
was 1:4. Other autoimmune antibodies, such as anti-Sm, 
anti-RNP, PR3-ANCA, and MPO-ANCA, were all nega-
tive. Urinalysis showed proteinuria of 21.2 g/day with 
hematuria and increasing levels of β2-MG to 1418 µg/L 
(Table 1). A chest X-ray showed pleural effusions and car-
diomegaly (i.e., cardiothoracic ratio = 57%), while cardio-
grams were normal. Ultimately, there were no abnormal 

findings related to either stool culture or ADAMTS13 
activity. Based on these findings, the patient was diag-
nosed with SLE accompanied by TMA, with kidney injury 
and nephrotic syndrome. We started a methylpredniso-
lone pulse therapy (MPT), a 3-day pulse as one course 
in a week, in addition to plasma exchange (PE) during 3 
consecutive days and mycophenolate mofetil. Supportive 
therapy including thrombomodulin alfa, haptoglobin, carp-
eritide, nicardipine, albumin, furosemide, and tolvaptan, 
was also performed. Additionally, we started administra-
tion of amlodipine and nicardipine, because she showed 
severe hypertension. After having performed three courses 
of MPT and prednisolone administration between the MPT 
courses, renal function, as well as thrombocytopenia and 
hemolytic anemia, noticeably improved (Fig. 1). To evalu-
ate the kidney injury, we performed a kidney biopsy on 
day 29, which revealed mesangial proliferation in most 
of the glomeruli, together with severe mesangiolysis; we 
also found one global sclerosis and one cellular crescent 
among 45 glomeruli. Moreover, 65% of glomeruli showed 
endocapillary proliferation, and wire-loop lesion was iden-
tified in some glomeruli. Plumped endothelial cells and 
fibrin depositions were both observed. On the other hand, 
urinary capillary atrophy and fibrosis of interstitial tissue 
were rather mild (Fig. 2). On immunofluorescence stain-
ing, a full-house pattern was detected (Fig. 3). We diag-
nosed as lupus nephritis Class IV-S(A) of the ISN/RPS 
classification, associated with TMA. Three days after the 
kidney biopsy, blood exams showed recurrence of hemo-
lytic anemia and thrombocytopenia. Serum complements 
were in the normal range, and anti-dsDNA IgG level was 
normal. Therefore, we considered TMA as severe, and 
after having administered a meningococcal vaccine, we 
subsequently decided to administer eculizumab, an inhibi-
tor of terminal complement activation, on day 40; none-
theless, although having contributed to increasing platelet 
count, eculizumab did not manage to control TMA. More-
over, the patient was found having pleural and pericardial 
effusions, as well as ascites after 5 days of eculizumab 
administration. Therefore, we resumed MPT, PE three 
times per week, and started intravenous cyclophosphamide 
therapy (IVCY). After a few weeks, pleural effusion and 
ascites were decreased. However, as pericardial effusion 
did not improve, she underwent surgical drainage. Two 
months after onset, she showed further deterioration of 
renal function and high LDH, which was accompanied 
by neither infection nor platelet infusion that could be the 
trigger for deterioration. We performed a second IVCY and 
renal function and LDH both improved. She showed severe 
hypertension and we started administration of nitroprus-
side. Furthermore, since her platelet counts decreased, we 
performed a second administration of eculizumab. In total, 
we performed 28 PEs, 8 MPT courses, and 9 IVCY courses 
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until her laboratory data recovered and disappearance of 
schizocyte was confirmed on day 100. As for haptoglobin, 
it took 5 months to normalize. We continued prednisolone 
and mycophenolate mofetil and later added hydroxychloro-
quine and tacrolimus as maintenance therapy for SLE. She 
showed persistent hypertension as systolic blood pressure 
was 125–130 mmHg, so we started oral amlodipine, which 
was later switched to nifedipine and azilsartan. Eventu-
ally, we analyzed her genome by whole-exome sequenc-
ing; interestingly, we found no known mutation related 
to either SLE, vascular diseases, or kidney diseases. The 
patient was 7 years and 7 months old at the last observa-
tion. Although she continued treatment with prednisolone 
and immunosuppressants, aside from oral antihypertensive 

drugs, she showed full recovery with no signs of recur-
rence and no abnormal laboratory data.   

Discussion

Juvenile SLE associated with TMA is a very rare condition. 
We experienced a severe case of TMA with SLE accompa-
nied by nephrotic syndrome and kidney injury, which was 
successfully treated with a combination therapy of MPT, 
MMF, PE, and IVCY. Both primary TMA and secondary 
TMA are diagnosed by clinical and pathological findings 
[7]; more specifically, clinical findings include thrombo-
cytopenia, microangiopathic hemolytic anemia, and organ 

Table 1  Laboratory data on 
admission CBC Coagulation Urinalysis

 WBC 8200/μL  PT-INR 0.99  pH 6.0
 Neu 62.3%  APTT 27.9 s  OB (3+)
 Lym 31.6%  Fbg 321 mg/dL  TP (4+)
 Eo 1.1%  FDP 16 μg/mL  RBC 5–9 HPF
 Ba 0.1%  D-Dimer 3.65 μg/mL  WBC 30–49 HPF
 Mo 4.9%  NAG 35.2 IU/L
 RBC 214 × 104/μL Immunology  β2MG 1418 μg/L
 Hb 6.1 g/dL  C3 36 mg/dL  TP/Cr 21.2 g/g Cr
 Ht 19.9%  C4 5 mg/dL
 Plt 3.9 × 104/μL  CH50 13 U/mL
 Schizocyte 1.8%  IgG 420 mg/dL

 IgA 116 mg/dL
Biochemistry  IgM 89 mg/dL
 TP 4.3 g/dL  IC-C1q 4.2 μg/mL
 Alb 1.9 g/dL  Rheumatoid factor 6 IU/mL
 BUN 52 mg/dL  ANA × 160
 Cr 0.89 mg/dL  Homogeneous × 160
 UA 8.8 mg/dL  Speckled × 160
 Na 143 mEq/L  Anti-dsDNA IgG 96 IU/mL
 K 6 mEq/L  Anti-Sm (–)
 Cl 117 mEq/L  Anti-RNP (–)
 Ca 7.5 mg/dL  Anti-SS-A × 4
 P 4.7 mg/dL  Anti-Scl-70 (–)
 LDH 735 IU/L  Anti-RNA polymeraseIII (–)
 AST 50 IU/L  Anti-ARS < 5.0 U/mL
 ALT 14 IU/L  Anti-cardiolipin IgG anti-

body
< 8 U/mL

 T-Bil 0.6 mg/dL  Lupus Anticoagulant 1.2
 γ-GTP 7 U/L  PR3-ANCA < 1.0 U/mL
 AMY 93 U/L  MPO-ANCA < 1.0 U/mL
 CK 108 IU/L  PA-IgG 456 ng/107 cells
 Glu 87 mg/dL  Coombs’ Test, Indirect (–)
 BNP 222.3 pg/mL  Coombs’ Test, Direct (–)
 CRP 0.29 mg/dL  HIT antibody < 6.0 U/mL
 Haptoglobin < 10 mg/dL
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injury, whereas pathological findings are defined as vascu-
lar damage due to thrombosis of arterioles and capillaries, 
with characteristic endothelial cell injury and vascular wall 
abnormalities [2]. It is sometimes difficult to determine 

whether one is dealing with primary or secondary TMA, 
especially at its onset. In this case, we first suspected a pri-
mary form of TMA, such as Shiga toxin-mediated hemolytic 
uremic syndrome (HUS), according to the patient’s clinical 

Fig. 1  Laboratory data and treatment during the clinical course
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manifestations, but we were able to promptly diagnose it as 
SLE with TMA based on laboratory findings, resulting in 
the immediate initiation of appropriate treatment. Then, we 
could confirm the diagnosis through the pathological evalu-
ation of the kidney. We would like to emphasize that, in 
cases of clinical severe conditions, it is extremely important 
to initiate treatment for TMA before making a definitive 
histology-based diagnosis.

Furthermore, our patient showed onset of severe TMA 
simultaneously with the onset of SLE. Sun et al. [5] reported 
that two-thirds of patients who developed TMA had been 
already diagnosed with SLE before the onset of the former, 
whereas in one-third of the cases, the onsets of SLE and 
TMA were simultaneous. As a consequence, in cases of 
TMA without past history, the possibility of the patient suf-
fering from a collagen-affecting disease should be taken into 
account. Moreover, the prognosis of patients who showed 
TMA as a complication of SLE has been reported to be very 
poor. Mortality of patients suffering from SLE with TMA at 
3 months reached 33.3%, regardless of treatment drugs [5]; 
patients with thrombotic thrombocytopenic purpura (TTP) 
and SLE showed 62.5% mortality, sensitively above the 50% 
mortality rate of TTP patients without SLE [8]. As only a 

few papers reporting children having both TMA with SLE 
exist, it is difficult to predict the long-term prognosis for 
pediatric patients with SLE complicated with TMA. In a 
study [9] reporting 25 pediatric patients with TTP and SLE, 
the disease was found to be more severe in this particular 
population. Therefore, considering the possibility of a poorer 
prognosis in such cases, adequate treatments should be per-
formed following the most prompt and appropriate approach.

Unfortunately, no reliable treatment strategy for TMA 
with SLE has been developed yet. As a consequence, patients 
are generally treated with steroids, including MPT and oral 
prednisolone, and immunosuppressive agents according to 
the effective treatments for SLE. In addition, several reports 
showed the efficacy of PE added to the combination therapy 
of steroids and immunosuppressants. For instance, during 
the 1990s, Nesher et al. [6] reported a mortality rate of 25% 
in patients of TMA with SLE treated by plasma infusion 
or PE, in contrast to the 57% mortality rate in patients who 
were not treated by plasma infusion or PE. A recent report 
[10] indicated that, out of 70 patients who were treated with 
PE for TMA with SLE, nine patients in severe condition 
showed complete remission, and only one patient deceased. 
Therefore, we should not hesitate to perform PE in cases of 

Fig. 2  Light microscopic analysis of a kidney specimen. a Mesan-
giolysis and endocapillary proliferation. PAS × 400; b1 glomerular 
basement membrane duplication. PAM × 400; b2 partially enlarged 

picture of b1; double contour of glomerular basement membrane; c 
erythrocytes and fibrin deposition in endocapillary. MT × 100. d No 
abnormalities in blood vessels. EVG × 100
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SLE with TMA. As other treatment options, some papers [6, 
11] reported the efficacy of biological agents such as rituxi-
mab, an anti-CD20 monoclonal antibody, and eculizumab. 
In our case, we eventually chose eculizumab due to our 
patient’s rather severe TMA symptoms as well as the poten-
tial risk of serious infections following a 6-month impair-
ment of B cells. However, we found that eculizumab was not 
effective in controlling disease activity. Even though unregu-
lated complement activation and resistance von Willebrand 
factor cleavage by ADAMTS13 have both been proposed 
as pathogenic mechanisms of TMA in SLE patients, such 
hypotheses have yet to be confirmed [12]. Therefore, further 
studies concerning the mechanisms of secondary TMA with 
SLE are needed for allowing a more effective integration of 
biological agents in the therapeutic strategy for secondary 
TMA patients.

With regard to kidneys, we would like to point out that 
the ratio of renal involvement in TMA with SLE is as high 
as 50–100% [5, 8, 10], and the ratio of progressing end-stage 
renal disease is as high as 12.9–85.7% [5, 10]. In addition to 
the nephritis induced by the immunological disorder of SLE, 
small vascular injury and direct kidney injury caused by 
thrombosis and by proximal tubular injury due to hemolysis-
related circulating heme can be suspected for contributing to 
the progression of kidney dysfunction. Our patient showed 
severe renal involvement since the onset of TMA; although 
normalization of urinary abnormalities was finally obtained 

after treatment, she still needs careful observation and treat-
ment to maintain her renal function at a sufficient level.

In a Japanese survey [13], the mean age of onset of 
pediatric SLE is reported to be 11.3 ± 2.7 (range 1.6–15.9) 
years. Interestingly, the analysis of factors related to treat-
ment resistance revealed that onset age under 10 years is 
one of the risk factors; our patient was 5 years old at the 
time of onset, and thus, she had a risk factor for treatment 
resistance. Nevertheless, the reason for juvenile onset being 
a risk of treatment resistance is not still completely eluci-
dated. Recently, juvenile-onset SLE has been reported to 
relate to single-gene mutations [14], leading to the possibil-
ity that such SLE cases have a single genomic background 
underlying their clinical manifestations. We speculated that 
our patient had gene mutations and subsequently performed 
a whole-exome sequencing exam, which was negative for 
mutations related to either complement disorders, type-1 
interferon, vascular diseases, or kidney diseases.

In conclusion, SLE patients with TMA have a high risk of 
developing a severe condition and a subsequently poor prog-
nosis; therefore, prompt diagnosis and appropriate treatment 
are both extremely important factors in such cases, since 
they can make a real difference in terms of clinical outcome. 
Nevertheless, further investigations are needed to elucidate 
the mechanism underlying pediatric SLE associated with 
TMA to establish a more efficient treatment strategy for 
patients in severe clinical condition.

Fig. 3  Immunofluorescence staining showing deposits’ full-house pattern in the glomerular periphery
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