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Abstract

Thrombotic microangiopathy (TMA) is a severe condition characterized by microangiopathic hemolytic anemia,
thrombocytopenia, and end-organ damage, often involving the kidneys. Complement-mediated hemolytic uremic syndrome
(cHUS), a rare form of TMA, arises from dysregulated alternative complement pathway activation, frequently due to genetic
mutations. We report the case of a 23-year-old male presenting with TMA secondary to a heterozygous mutation in
the membrane cofactor protein (MCP/CD46) gene. The patient exhibited severe renal and cardiovascular complications,
including acute kidney injury requiring hemodialysis, uremic pericarditis, and persistent anemia. Diagnostic evaluation
confirmed complement dysregulation, and management with eculizumab, plasmapheresis, and hemodialysis was initiated.
Renal biopsy revealed classic TMA features, and genetic testing identified the MCP mutation, underscoring the importance
of genetic predispositions in guiding diagnosis and therapy. This case emphasizes the critical role of genetic testing in TMA
evaluation and highlights the potential for improved outcomes through targeted complement inhibition and individualized
care strategies.
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ambiguities in defining the disorder and its overlap with other
TMA variants.

Here, we present a challenging case of TMA triggered by
a heterozygous mutation in the membrane cofactor protein
(MCP/CD46) gene, leading to a complex interplay of renal
and cardiovascular complications. This case emphasizes the
importance of recognizing genetic predispositions in the
context of TMA, as it can significantly impact management
strategies and prognosis.

Introduction

Thrombotic microangiopathy (TMA) is a pathological con-
dition defined by microangiopathic hemolytic anemia
(MAHA), thrombocytopenia, and ischemic organ injury.'
Complement-mediated hemolytic uremic syndrome (cHUS),
also known as atypical hemolytic uremic syndrome (aHUS)
is a severe type of TMA that primarily affects the kidneys,
often leading to end-stage renal disease in the absence of
timely intervention.? Extra-renal manifestations occur in
about 20% of patients with cHUS, with the frequency of
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complications involving specific organ systems varying

widely, from isolated case reports to affecting up to 50% of
documented cases.’ Cardiac complications have also been
reported in 3% to 10% of patients with cHUS.*

Advances in understanding complement genetics have sig-
nificantly reshaped the approach to cHUS and other forms of
HUS. Among these, cHUS is uniquely associated with genetic
susceptibility factors linked to complement regulation.’ These
advances have revolutionized treatment through C5 inhi-
bitors, drastically improving patient outcomes.® However,
timely diagnosis remains a critical challenge, compounded by

A 23-year-old male with a past medical history of hyper-
tension, hyperlipidemia, Bell’s palsy, and nephrolithiasis
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Figure |. Histologic sections of the renal core biopsy demonstrate (H&E images; 400X original magnification) (A) a cross-section of

an interlobular-size artery with intimal thickening and mucoid intimal edema (blue arrow). The smaller arteriole (black arrow) shows
concentric luminal narrowing to the point of occlusion. (B) Smaller arterioles demonstrating concentric luminal narrowing with some red
blood cell fragments in the wall (green arrow) and luminal damage and fibrin deposition (orange arrow).

presented to a regional medical center for evaluation of chest
pain, dyspnea, and syncope. He denied any preceding infec-
tion, fever, diarrhea, or cough. He also denied worsening of
symptoms with exertion. The patient had been experiencing
these symptoms for 1 month before they acutely worsened,
which prompted him to seek treatment. On arrival to the
emergency department (ED), his vital signs were blood pres-
sure (BP) 209/132; heart rate (HR) 93; respiratory rate (RR)
18; and pulse oximetry 98% on room air. Laboratory testing
revealed: hemoglobin 5.9 g/dL; hematocrit 16.7%; platelets
157 mcL; partial thromboplastin time (PTT) 37.5 seconds;
blood urea nitrogen (BUN) 252 mg/dL; creatinine (Cr)
32.5 mg/dL; brain natriuretic peptide (BNP) 2816 ng/L; and
troponin 225 ng/L. Arterial blood gas analysis revealed: pH
7.29; CO, 20.2 mmHg; O, 98.1 mmHg; and HCO, 9.6
mm Hg. Urinalysis showed protein >500 mg/dL and 6 to 10
red blood cells (RBCs). Signs of fluid overload were noted
on physical exam. The patient received clonidine 0.2 mg,
Lasix IVP 80 mg, potassium chloride 40 mg, and 1 unit of
packed RBCs while in the ED.

Upon admission to the intensive care unit (ICU), the
patient’s blood pressure was markedly elevated at 219/130
mm Hg, concomitant with acute kidney injury with a creati-
nine of 31.96 mg/dL and BUN of 247 mg/dL. The patient was
initially started on a nicardipine drip; later, in his stay, a regi-
men of nifedipine 90 mg, carvedilol 12.5 mg BID, and losar-
tan 100 mg was used for blood pressure control. Repeat
laboratory investigations revealed MAHA, with a hemoglo-
bin level of 6.9 g/dL, hematocrit of 20.3%, reticulocyte count
of 11.5%, and a lactate dehydrogenase (LDH) of 619 U/L.
Microcytic hypochromic anemia, anisopoikilocytosis, and
schistocytes were observed on peripheral blood smear exami-
nation. Imaging studies further showed bilateral pulmonary
edema and pericardial effusion, suggestive of fluid overload.

Nephrology was consulted for severe acute kidney injury
(AKI) with high anion-gap metabolic acidosis. A renal ultra-
sound was ordered and found no evidence of renal artery ste-
nosis. Lab workup including C3/C4 levels, ANCA, and
ADAMSTSI13 activity was also ordered and returned with
negative results. The patient’s ADAMSTS13 activity was
slightly decreased at 52% but did not meet the thrombotic
thrombocytopenic purpura (TTP) diagnostic criteria (<10%
activity). Prompt interventions, including initiation of hemo-
dialysis and plasmapheresis, were undertaken following
nephrology consultation. The patient underwent daily hemo-
dialysis and 4 sessions of plasmapheresis during his hospital
stay. Empirical initiation of eculizumab was also commenced
to attempt to slow the progression to end-stage renal disease.

The computed tomography (CT)-guided renal biopsy was
necessitated by negative results from vasculitis workup and
complement assay. Samples were sent to the Ohio State
University revealing active TMA with severe fibro-intimal
thickening and mucoid intimal edema in large vessels. Onion
skin-like intimal thickening was observed in some of the
smaller vessels, nearing luminal obstruction (Figure 1).
Despite these findings, the biopsy was inconclusive regard-
ing the underlying etiology, prompting genetic analysis.
While awaiting the results of genetic testing, the patient con-
tinued to experience anemia with hemoglobin levels ranging
from 6.7 to 10.1 g/dL. He required multiple transfusions
throughout his hospitalization.

Approximately 5 weeks after the patient initially pre-
sented to the hospital, genetic testing results returned and
showed a heterozygous variant in the MCP/CD46 gene, con-
firming a hereditary predisposition to TMA.

Despite therapeutic efforts, the patient’s clinical course
was complicated by worsening pericardial effusion due to
uremic pericarditis, necessitating pericardiocentesis for
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symptom relief. The patient’s hospital stay was prolonged
due to difficulty meeting the transportation requirements that
daily outpatient hemodialysis would pose. He was discharged
once his renal function allowed for 3-times-weekly hemodi-
alysis. Ultimately, the patient also required arteriovenous
fistula creation for ongoing renal support.

Discussion

Thrombotic microangiopathy is a syndrome characterized
by the triad of MAHA, thrombocytopenia, and organ dys-
function, particularly affecting the kidneys.!” Known risk
factors include drugs, hematologic disorders, infections,
genetic predispositions, and pregnancy-related condi-
tions.®1® Genetic susceptibility plays a critical role, with
both inherited and acquired deficiencies in complement
pathway regulators, such as ADAMTS13, factor H, factor I,
MCP/CD46, and thrombomodulin, contributing to dysregu-
lated complement activation. This disruption leads to endo-
thelial injury and the subsequent development of TMA.!!-14
Furthermore, renal biopsy findings are critical for confirm-
ing TMA and differentiating it from other mimicking dis-
orders.!> Histopathological evidence of concentric luminal
obliteration in small vessels substantiated the diagnosis and
highlighted both acute and chronic TMA features.

Complement-cHUS is a rare form of TMA primarily
caused by dysregulation of the alternative complement path-
way. Unlike typical hemolytic uremic syndrome (HUS),
which is triggered by Shiga toxin-producing pathogens such
as Escherichia coli O157:H7 or Shigella dysenteriae, cHUS
arises from alternative mechanisms, including genetic muta-
tions or sporadic factors. It now accounts for about 10% of
HUS cases.!® The annual incidence of cHUS is approxi-
mately 2 per million in adults and 3.3 per million in children
under 18 years old.!” Genetic or acquired defects leading
to uncontrolled activation of the alternative complement
pathway are identified in approximately 60% of cases.'®
Clinically, patients may present with milder or fluctuating
anemia and thrombocytopenia, and a subset may lack overt
renal involvement at diagnosis.!® The condition is associated
with significant morbidity and mortality, with 65% of
patients developing end-stage renal disease or dying within
the first year of diagnosis.'3

The patient’s clinical presentation and laboratory find-
ings prompted consideration of several differential diagno-
ses, including TTP, HUS, disseminated intravascular
coagulation (DIC), malignant hypertension, and Evans syn-
drome.?® Specific diagnostic criteria helped exclude these
conditions. The TTP was ruled out due to the absence of
ADAMTS13 deficiency and vasculitis, despite the presence
of schistocytes indicative of MAHA.* The HUS was
excluded based on the lack of recent gastrointestinal infec-
tions or exposure to Shiga toxin-producing bacteria.!” The
DIC was deemed unlikely due to the absence of systemic

consumptive coagulopathy and the predominance of renal
and cardiovascular manifestations.?! Similarly, malignant
hypertension was ruled out as the patient had no history of
severe, uncontrolled hypertension preceding the
presentation.’

Complement-cHUS was identified as the primary diagno-
sis, supported by the detection of a mutation in the MCP/
CD46 gene, a hallmark of this TMA subtype.'® However, to
understand the pathophysiology of TMA in the context of the
MCP/CDA46 mutation, it is essential to examine complement
dysregulation and endothelial injury. Mutations in CD46 or
CFH, as well as anti-CFH autoantibodies, lead to excessive
activation of the alternative complement pathway, resulting
in endothelial damage and heightened susceptibility to
TMA.? A prominent example of this is the development of
TMA in lupus nephritis (LN), where the activation of the lec-
tin pathway (LP) and alternative pathway (AP) appears to be
a key factor. Patients with LN-associated TMA often exhibit
more severe clinical and pathological features, along with
poorer renal survival outcomes.?

Management with eculizumab, a complement inhibitor,
was initiated due to its role in blocking the cleavage of com-
plement component C5, thus preventing the formation of the
membrane attack complex and subsequent endothelial dam-
age. Menne et al** demonstrated the effectiveness and safety
of eculizumab in managing cHUS, particularly in achieving
and sustaining stable kidney function over 6 years, with a
notably low incidence of TMA. Evidence suggests that dis-
continuing eculizumab may be a safe option in patients with
isolated MCP mutations or specific genetic profiles after
TMA resolution and stabilization of renal function. This can
potentially enhance the care and quality of life for a signifi-
cant number of cHUS patients while also lowering treatment
expenses.?

Outcomes in kidney transplantation for TMA are influ-
enced by the underlying genetic abnormalities,”>?’ with
MCP/CD46 mutations generally associated with a lower
recurrence risk compared with other complement regulatory
protein mutations.?> Given that MCP is a transmembrane
protein abundantly expressed in the kidney,?® transplanting a
healthy kidney can potentially resolve the defect in these
patients.?? In contrast, as complement factor H and factor I
are primarily produced by the liver, kidney transplantation
would not address the underlying genetic defects, increasing
the risk of disease recurrence in the transplanted kidney.?

The clinical course of the 23-year-old male patient with
TMA involved a multifaceted treatment plan, including ecu-
lizumab, plasmapheresis, and hemodialysis. The patient
showed marked improvements in renal function, evidenced
by a decline in creatinine levels. Long-term management
challenges include recurrence risk, the need for ongoing
renal and cardiovascular monitoring, and potential complica-
tions such as graft-versus-host disease (GVHD) in the con-
text of hematopoietic stem cell transplantation.?



Journal of Investigative Medicine High Impact Case Reports

Conclusion

In summary, this case report highlights a challenging presen-
tation of TMA associated with an MCP/CD46 mutation,
revealing the significance of genetic testing in shaping man-
agement approaches. Additional studies are needed to further
clarify the contribution of genetic factors to TMA develop-
ment and to optimize targeted treatment strategies.

Authors’ Note

This work was previously presented in abstract form at CHEST
Annual Meeting held in Boston, MA, October 2024.
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