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Abstract 

Thrombotic microangiopathies (TMAs) involve multiple organ systems due to the presence of 

microangiopathic hemolysis. One such condition, atypical hemolytic uremic syndrome (aHUS), 

is a complement-mediated process that is part of a spectrum of disorders that have underlying 

complement dysfunction of the alternative pathway due to overactivity or decreased self-non-

self discrimination by innate immunity. Complement-amplifying conditions such as pregnancy 

may unmask a diagnosis of aHUS. We present an important case of a pregnant 23-year-old 

Hispanic female who presented in mid-gestation (21 weeks) with an initial diagnosis of 
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systemic lupus erythematosus (SLE) complicated by aHUS. She met clinical criteria for aHUS on 

presentation and was found to have a pathogenic CFHR1–3 homozygous deletion. She has 

been treated with intravenous and oral steroids, cyclophosphamide, subsequently also with 

plasma exchange, and finally with eculizumab with partial improvement in renal function. This 

case adds to the emerging literature showing that SLE and aHUS (or complement-mediated 

TMA) can be successfully treated with C5 blockade. © 2021 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Thrombotic microangiopathies (TMAs) are a diverse group of diseases presenting with 
features of microangiopathic hemolytic anemia, thrombocytopenia, and end-organ dysfunc-
tion [1, 2]. Complement-mediated TMA, referred to as atypical hemolytic uremic syndrome 
(aHUS), is an extremely rare (or possibly rarely recognized) disease caused by deficiencies of 
complement-regulatory proteins that control the alternative complement system [3, 4]. Pa-
tients with alternative complement pathway dysregulation in the form of complement factor 
H (CFH) mutations have the worst long-term prognosis, with 73% progressing to end-stage 
renal disease within 5 years after diagnosis (in those without anti-factor H autoantibodies). 
Since the clinical and laboratory presentation of lupus nephritis with TMA is very similar to 
aHUS [5, 6], the use of complement inhibition is appropriate in certain settings [7–9]. 

We present the case of a 23-year-old female with recently diagnosed systemic lupus ery-
thematosus (SLE) in pregnancy who presented with acute renal failure and was found to have 
diffuse lupus nephritis and TMA on renal biopsy and a large CFHR1–3 homozygous deletion 
on genetic testing. She underwent eculizumab treatment, resulting in an improvement in kid-
ney function. 

Case Presentation 

A 23-year-old Hispanic female, gravida 4 para 1 at 21 weeks’ gestation, with recently di-
agnosed SLE at an outside hospital, was transferred for a higher level of care for rapidly oligu-
ric acute kidney injury (AKI). By Kidney Disease: Improving Global Outcomes (KDIGO) staging, 
she had stage III AKI with an increase in serum creatinine from baseline of 0.5 mg/dL to 3.5 
mg/dL (0.5–1.2 reference range). The patient had no prior diagnosis of SLE before her preg-
nancy, and she was not on any treatment including steroids, hydroxychloroquine, mycophe-
nolate mofetil, or tacrolimus at the time of initial presentation. 

She presented with leukocytosis (white blood cell count of 18,600/μL), anemia (hemo-
globin of 6.4 g/dL), and thrombocytopenia (platelet count of 94,000/μL), alongside oliguric 
AKI with hyperkalemia of 5.2 mmol/L and elevation of blood urea nitrogen at 57 mg/dL (7–
25). Reticulocytes were 3%, suggesting bone marrow replacement of erythrocytes. The pro-
thrombin time and international normalized ratio was 13.3 s and 1.01, respectively. The acti-
vated partial thromboplastin time was 42 s. Lactate dehydrogenase was 523 U/L, supporting 
a suspicion of active hemolysis. Preeclampsia and HELLP (hemolysis, elevated liver enzymes, 
low platelet count) syndrome were not suspected based on her early gestational age and clin-
ical course without hypertension or elevation of liver enzymes. The liver function test results 
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were as follows: aspartate transaminase, 17 U/L; alanine transaminase, 8 U/L; alkaline phos-
phatase, 72 IU/L; and total bilirubin, 0.6 mg/dL (which were within normal limits). 

Evaluation of anemia revealed evidence of microangiopathic hemolytic anemia with hap-
toglobin <30 mg/dL (below detection range of assay), presence of 1 or more schistocytes, with 
normal vitamin B12 and 62% ADAMTS13 activity (>5%). A direct Coombs test was negative. 
Urinalysis was notable for proteinuria (>500 mg/dL), but negative for leukocyte esterase and 
bacteria. There were between 20 and 66 red blood cells/high-power field, but no red blood 
cell casts captured on manual urinalysis with microscopy done by the treating nephrologists. 
The SLE was characterized by fatigue, alopecia, oral ulcer, malar rash, pleuropericarditis, pos-
itive ANA of 1:320 speckled pattern, high titer positive anti-dsDNA, positive Smith antibody, 
positive RNP antibody, positive SSA/SSB antibodies, and hypocomplementemia (C3 was low 
at 45 mg/dL, C4 was low at 4 mg/dL, and the total complement level [CH50] was normal at 
112 mg/dL). Antiphospholipid lipid antibodies (cardiolipin, β2-glycoprotine, and lupus anti-
coagulant) were negative. 

Hemodialysis was initiated on hospital day 1 for pulmonary edema resulting from oliguric 
AKI. After extensive discussion with the patient, the decision was made to terminate preg-
nancy to expedite optimal treatment for SLE. She was managed with methylprednisolone, hy-
droxychloroquine, and mycophenolate mofetil, with minimal signs of renal recovery and an 
eventual switch to cyclophosphamide. She subsequently underwent renal biopsy. Figure 1 
shows the trend of renal function and platelets versus time. 

The renal biopsy (Fig. 2) contained approximately 39 glomeruli (1 globally sclerotic) and 
demonstrated a diffuse active proliferative glomerulonephritis represented by diffuse endo-
capillary hypercellularity composed of swollen endothelial cells, leukocytes, frequent neutro-
phils/karyorrhectic debris, focal necrotizing lesions, focal large cellular crescents (~18% glo-
meruli involved), and rare large subendothelial (wire loop/hyaline pseudothrombus type) de-
posits. The majority of capillary loops showed capillary loop double contour formation. There 
was patchy mild interstitial inflammation and edema as well as acute tubular injury. There 
was <10% interstitial fibrosis and tubular atrophy. There was frequent necrotizing arterio-
litis, often at glomerular hila, as well as focal necrotizing arteritis. Arteries also exhibited en-
dotheliosis and focal fibrinoid necrosis. At least one artery exhibited necrotizing vasculopathy 
without inflammation. Occasional arterioles showed luminal fibrinogen suggestive of 
thrombi. 

Immunofluorescence microscopy demonstrated global granular glomerular capillary 
wall and mesangial region staining with IgG (2+), IgA (2+), IgM (2+), C1q (3+), C3 (4+), and 
kappa (1–2+) and lambda (2+) light chains. Tubular basement membranes exhibited patchy 
staining with IgG and C1q. Arteries exhibited granular mural staining with IgG and C1q. Tissue 
anti-nuclear antibody staining was present. Arterioles exhibited luminal staining with fibrin-
ogen. At least 2 glomeruli exhibited segmental fibrinogen staining in areas of necrosis. Elec-
tron microscopy studies demonstrated finely granular electron-dense (immune complex) de-
posits in segmental subepithelial, mesangial, intramembranous, and subendothelial locations. 
There was frequent endothelial separation from basement membranes with interposition of 
cell processes, electron-lucent flocculent material, rare fibrin tactoids, and very early ne-
omembrane formation associated with segmental mesangiolysis. 

The pathologic diagnoses where (a) diffuse lupus nephritis (ISN/RPS class IV) with an 
activity index of 12 and chronicity index of 1, (b) necrotizing lupus vasculitis, and (c) features 
suggestive of chronic active TMA. Due to features of TMA on biopsy, an aHUS genetic panel 
(Machaon Diagnostics) revealed a pathogenic homozygous CFHR1–3 deletion without CFH 
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autoantibodies. The decision was made for complement inhibition with eculizumab (C5 mon-
oclonal antibody) to target renal-limited TMA, given the poor renal recovery with cyclophos-
phamide. Figure 1 shows the platelet count and serum creatinine for our presented case. 

Her serum creatinine, which peaked at 6 mg/dL, decreased to 3.6 mg/dL on hemodialysis. 
This allowed transition to incremental twice-weekly dialysis, showing a partial renal response 
to the combination of alkylating therapy, continuation of hydroxychloroquine, oral and intra-
venous corticosteroids, and complement blockade. Prior to complement blockade, the patient 
had several rehospitalizations for extrarenal complications of lupus, including lupus cerebritis 
and diffuse alveolar hemorrhage. She was then treated for 1 week with therapeutic plasma 
exchange 1 month after her initial hospitalization when she presented with diffuse alveolar 
hemorrhage; at that time, no intravenous immunoglobulin was given. After completion of 7 
treatments every 2 weeks of eculizumab, the patient maintained a TMA event-free status, in-
cluding no decrease in platelet count of >50%, no plasma exchange, and no recurrence of lupus 
cerebritis. 

Discussion 

The activation of the alternative pathway of the complement system in hemolytic uremic 
syndrome has been known since 1975 [1–3]. The complement system plays an important part 
in the adaptive and innate immune systems and consists of more than 40 plasma and mem-
brane-associated proteins [1]. aHUS has been demonstrated to be caused by hyperactivation 
of the alternative complement pathway with mutations in complement regulators (CFH, CFI, 
and CFHR proteins), shown to create a predisposition to aHUS. In nearly two-thirds of aHUS 
cases, there has been a clear mutation in proteins that downregulate the alternative pathway 
activity (factor H, factor I, membrane cofactor protein, or thrombomodulin), or with an acti-
vating mutation in C3 or factor B that renders them constitutively overactive [9]. Our patient 
was homozygous for the pathogenic CFHR1–3 deletion associated with aHUS, which leads to 
the loss of two genes, CFHR1 and CFHR3, which encode factor H-related proteins 1 and 3, re-
spectively [10]. Pregnancy and SLE are complement-amplifying conditions which may un-
mask a diagnosis of aHUS, particularly in those with a complement mutation, as seen with our 
patient. Complement genetic variants, including the homozygous CFHR1–3 deletion, have 
been reported in 56–64% of pregnancy-associated aHUS cases, and the diagnosis is often con-
firmed when the condition worsens rather than improves after delivery [11, 12]. 

As seen in the literature, carriers of CFHR1–3 may remain well for years before presenting 
with aHUS following an initiating trigger, but our patient had a homozygous CFHR1–3 dele-
tion, which makes it a rare entity with few reported cases. Complete loss of complement reg-
ulators CFHR1 and CFHR3 may lead to increased activation of terminal complement pathways 
[13]. Similar CFH gene mutations have been shown in the literature to accelerate the predis-
position to aHUS and the development of lupus nephritis in accurate mouse models (MRL-lpr 
mice) [8]. Diagnosis of aHUS is done after exclusion of other microangiopathic hemolytic ane-
mias and with possible findings of a pathologic variant mutation or deletion [3]. Traditional 
therapies include plasma exchange, glucocorticoids, and immune therapies, but recent clinical 
trials have shown complement inhibition with eculizumab to induce remission of acute epi-
sodes of aHUS and prevention of TMA events refractory to plasma therapy. 

Eculizumab is a humanized monoclonal antibody that binds to complement protein C5 
and inhibits cleavage to C5a and C5b, thereby preventing activation of the terminal membrane 
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attack complex [9]. The duration of therapy remains controversial, but given the genetic find-
ing of CFHR 1,3 homozygous deletion, the patient will need to remain on complement block-
ade for a long duration in hope of sustained renal improvement and to prevent extrarenal 
thromboembolic events [4, 5]. A notable clinical controlled trial by Legendre et al. [14] has 
shown that eculizumab use in aHUS for both progressive TMA and longstanding TMA results 
in improvement in renal function, TMA event-free status for at least 12 weeks duration, and 
improvement in health-related quality of life. Similar trials have shown that early intervention 
with eculizumab leads to improved clinical outcomes and reversal of organ damage [14]. 

Conclusions 

Our case emphasizes the need for a high degree of clinical understanding and awareness 
surrounding complement-mediated TMA [6], as well as an association with pregnancy and 
SLE as primary drivers of the disease [7, 11]. Although plasma-based therapeutics can be ini-
tiated, clinicians should have a low threshold for moving to terminal-complement inhibition 
with eculizumab, particularly if ADAMTS-13 activity is detectable. 
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Fig. 1. Trend of serum creatinine (mg/dL), estimated glomerular filtration rate (mL/min), and platelet 

count versus time in the presented patient. Green line = serum creatinine (mg/dL) (left y axis); black  

line = eGFR (mL/min) (left y axis); red line = platelet count (×1,000/μL) (right y axis); black box = peripar-

tum thrombotic microangiopathy/atypical hemolytic uremic syndrome presentation; black arrow = date 

of therapeutic abortion; red arrow and box = start and duration of cyclophosphamide treatment; green 

box = start and duration of eculizumab treatment. 
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Fig. 2. Renal biopsy findings. a, b Light microscopy images demonstrating global endocapillary hypercellu-

larity and crescent formation (a) and necrotizing arteritis (b). Periodic acid Schiff stain. ×400. c, d Immu-

nofluorescence microscopy images demonstrating a global granular capillary wall and mesangial IgG stain-

ing (c) and luminal fibrinogen staining in glomeruli and hilar arterioles (d). ×400. e, f Electron micrographs 

demonstrating detachment of endothelial cells from basement membranes with interposition of electron-

lucent material suggestive of active thrombotic microangiopathy. 
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