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ABSTRACT

Extrarenal involvement occurs in approximately 20% of patients with complement-mediated hemolytic-uremic syndrome.
The involvement is usually of the nervous system, and cardiac involvement occurs in 3%-10% of patients. Cardiac mani-
festations vary, including myocardial infarction, cardiomyopathy, and acute decompensated heart failure. Among these
patients, thrombotic microangiopathy-related cardiac dysfunction is mainly due to the continuous activation of the
complement system, which leads to endothelial damage and thrombosis in the coronary microvessels. We wanted
to highlight the importance of cardiac evaluation at the time of diagnosis or during follow-up in thrombotic
micro-angiopathy patients by presenting a case of heart failure with low ejection fraction in a 24-year-old young patient
in whom we detected complement-mediated hemolytic-uremic syndrome, a secondary mutation of complement
factor H receptor. It is still an unknown issue because of the rarity of cardiac involvement in complement-mediated
hemolytic-uremic syndrome patients. Primary myocardial involvement is increasingly recognized as a possible con-
comitant feature of hemolytic-uremic syndrome. Failure to perform a detailed cardiac evaluation both at diagnosis and
during follow-up in complement-mediated hemolytic-uremic syndrome patients can lead to fatal outcomes. Anti-complement
therapy can also lead to good cardiac outcomes in these patients.
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INTRODUCTION

Thrombotic microangiopathies (TMA) are a group of dis-
eases associated with microangiopathic hemolytic ane-
mia, thrombocytopenia, and kidney dysfunction that
can be fatal if not diagnosed and treated early. The most
common TMAs are hemolytic-uremic syndrome (HUS)
following Shiga toxin-producing Escherichia coli infec-
tion, thrombotic thrombocytopenic purpura (TTP), and
complement-associated HUS (CM-HUS/a-HUS), which
is caused by genetic or acquired dysregulation of the
complement system.™? Irregularities in the alternative
complement pathway cause the CM-HUS disease, the
most common cause being a factor H mutation.® With
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the use of eculizumab, a recombinant monoclonal anti-
body developed against human complement factor C5,
a significant reduction in morbidity and mortality rates
has been recorded during treatment.*

Extrarenal involvement occurs in approximately 20%
of patients with CM-HUS. This involvement is usually
related to the nervous system, and cardiac involvement
occurs in about 3%-10% of patients.>® Cardiac mani-
festations vary, including myocardial infarction, car-
diomyopathy, and acute decompensated heart failure.
Thrombotic microangiopathy-related cardiac dysfunc-
tion in these patients is mainly due to the continuous
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activation of the complement system, which leads to endothe-
lial damage and thrombosis in the coronary microvessels.>’

We wanted to highlight the importance of cardiac examination
at the time of diagnosis or during follow-up in TMA patients by
presenting a case of heart failure with low ejection fraction (EF)
in a 24-year-old young patient in whom we detected CM-HUS,
a secondary complement factor-H (CFH) receptor mutation.

CASE PRESENTATION

A 29-year-old female was diagnosed with ulcerative colitis
3 years ago and was treated with methylprednisolone,
budesonide, and 5-aminosalicylic acid. One month before
her, kidney function tests and blood counts were normal.
The patient presented with complaints of diarrhea that had
occurred 4-5 times for a long time. In addition to diarrhea, she
complained of weakness, fatigue, exertional dyspnea, fatigue,
palpitations, and edema of the feet. On physical examination,
the heart rate was 110 beats/min, arterial blood pressure was
100/60 mmHg, and pretibial edema was detected. Except for
pretibial edema, there are no physical examination findings to
suggest hypervolemia. At presentation the biochemical results
were as follows: hemoglobin (Hgb): 4.5 g/dL, platelet count:
88 000 x 10%/uL, creatinine: 6.75 mg/dL, estimated glomerular
filtration rate (e-GFR): 7 mL/min, serum albumin 2.7 g/L, and
spot urine protein/creatinine ratio was 1.2 g. No pathology was
observed in the chest x-ray. When hemolysis parameters were
evaluated for the etiology of anemia, lactate dehydrogenase
(LDH): 692 U/L, haptoglobin < 0.1 g/L, direct-indirect coombs
tests were negative, and the percentage of reticulocytes was
11%. Stool tests and evaluation of viral and autoimmune markers
did not reveal any pathological findings (antinuclear antibod-
ies, anti-phospholipid antibodies, anti-double-stranded DNA,
anti-histone antibodies, and anti-neutrophil cytoplasmic anti-
bodies were negative). The C3 level was low, and C4 was nor-
mal. Tests for leptospirosis and COVID-19 PCR were negative.

The patient with diffuse schistocytes in her peripheral smear
was considered to have thrombotic microangiopathy; inter-
mittent hemodialysis and 5 plasmapheresis sessions were
performed. The patient's disintegrin and metalloproteinase
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« Extrarenal involvement occurs in approximately 20% of
patients with complement-mediated hemolytic-uremic syn-
drome (CM-HUS). Cardiac involvement is rare in patients with
CM-HUS and can often be missed.

+ Primary myocardial involvement is increasingly recognized
as a possible concomitant feature of HUS. Failure to perform
a detailed cardiac evaluation both at diagnosis and during
follow-up in patients with CM-HUS can lead to fatal outcomes.

+ Anti-complementary therapy may also lead to good cardiac
outcomes in these patients.
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with thrombospondin type 1 motif, member 13 level was 61%,
and her thrombocytopenia improved after the plasmapheresis
sessions, whereas hemodialysis was still required. On trans-
thoracic echocardiography, left ventricular ejection fraction
(LVEF) was 30%, pulmonary artery pressure was 40 mmHg, and
right atrial and ventricular sizes were average. There was no
evidence of acute ischemic changes in the electrocardiogram;
only sinus tachycardia was detected. Because of her acute kid-
ney injury, cardiac catheterization was not performed. Heart
failure due to kidney pathologies was not considered in the
patient, who had sufficient urine output in the follow-ups and
did not have findings supporting the diffuse volume overload
and pulmonary edema. Multiplex ligation-dependent probe
amplification analysis performed after genetic testing for
CM-HUS revealed a deletion of complement factor H receptor-1
(CFHR1) and complement factor H receptor-3. After administra-
tion of meningococcal, pneumococcal, and H. influenza vac-
cines, treatment with eculizumab of 900 mg/week (4 weeks)
was started under antibiotic prophylaxis. At follow-up, the
dose was titrated to 1200 mg for 2 weeks. It was observed that
the patient's kidney function tests regressed after the third
dose of eculizumab treatment. After 2 months of treatment, the
patient was weaned off hemodialysis, and hemolysis param-
eters did not deteriorate again. As of the second month of
treatment, serum creatinine was 1.84 mg/dL, Hgb was 11 g/dL,
and platelet count was 456 000 /L. Reticulocyte, haptoglobin,
and LDH levels were also at normal levels. Control echocardio-
grams performed during the third and sixth months of treat-
ment showed improvement. At the control echocardiogram at
month 6, LVEF was 60%, and pulmonary artery pressure was
25 mmHg. The patient was followed at month 12 of eculizumab
treatment, with no need for hemodialysis and no symptoms of
heart failure.

DISCUSSION

In a young patient diagnosed with CM-HUS due to the deletion
of complement factor H receptor, we found severe heart failure
at the time of diagnosis. The patient had no disease other than
TMA that could cause heart failure. We thought that heart failure
was related to the TMA. Under anti-complement therapy, the
patient's heart failure improved during follow-up.

The incidence and clinical impact of cardiac abnormalities in
TTP-HUS are unknown. In several case reports and small ret-
rospective studies, cases of TMA-associated myocarditis, myo-
cardial infarction, and heart failure have been reported. The
only case series to date that examined the incidence of heart
failure in TMA patients was conducted on 220 patients. The
estimated incidence of acute heart failure was 9.5% and was
shown to be one of the significant determinants of mortality
in the early stages of thrombotic microangiopathies.® There is
no study reporting the incidence of cardiac dysfunction only in
CM-HUS patients. Cardiac dysfunction is a condition that is rare
in CM-HUS patients but contributes significantly to morbidity
and mortality.
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These patients' TMA-associated cardiac injury and dysfunction
are mainly due to the complement system's continuous activa-
tion, leading to endothelial damage and thrombosis in coronary
microvessels. Possible mechanisms of cardiac involvement also
include high-flow heart failure secondary to anemia, vasculopa-
thy caused by microangiopathic injury, and cardiomyopathy.>"*

Although anemia and volume overload already contribute
to cardiac dysfunction in TMA, the primary pattern of injury
is thought to be tissue ischemia secondary to microvascular
thrombosis. When the pathological changes due to HUS are
examined, it causes the thickening of arterioles and capillar-
ies, causing swelling and detachment of the endothelium in
the target organ. It may lead to thrombosis and obstruction
of the lamina of the microvessels, causing tissue ischemia.’
Microvascular thrombosis is the main factor responsible for
the occurrence of both renal and extrarenal manifestations.’
Endothelial damage caused by sustained complement activa-
tion may not be limited to arterioles and capillaries, but throm-
bus formation rarely reaches critical dimensions to cause acute
obstruction.* Complement components increase the expres-
sion of adhesion molecules, exerting pro-inflammatory effects
on the endothelium and vessel wall by releasing cytokines,
prostanoids, and leukotrienes that increase leukocyte release,
activation, and transendothelial migration.* All these processes
of complement activation contribute to the formation of micro-
vascular thrombosis leading to tissue ischemia.

Our patient did not have coronary angiography because of
acute kidney injury, and an endomyocardial biopsy was not
performed because the patient did not consent to it. Therefore,
we were unable to detect TMA-related lesions. The etiology of
heart failure associated with CM-HUS was first described in the
case report by Campbell et al*® as acute thrombotic microangi-
opathy involving small intramyocardial arterioles. There is only
1 case in the literature that previously showed cardiac biopsy
and TMA in a typical HUS patient, and there are similar patho-
logical features.! The detection of coronary microthrombi and
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TMA is not uncommon in patients with CM-HUS when there is
clinically significant primary cardiac involvement.*?

There are 5 cases in the literature in which CM-HUS-related car-
diac dysfunction was noted and reported to improve after ini-
tiation of eculizumab treatment (Table 1). Only one of the cases
was diagnosed with heart failure at the time of diagnosis, as in
our case, and in the other cases, heart failure developed during
follow-up. After treatment with eculizumab, cardiac functions
improved at different rates in all cases.

The risk of cardiovascular disease is not the same in all CM-HUS
patients; it varies depending on the molecular defect. Patients
with a genetic or acquired defect in CFH are even more prone
to developing such cardiac complications compared to CM-HUS
patients without the acquired defect.!™® Patients with CFH
mutations, anti-CFH autoantibodies, complement factor B, or
C3 mutations are particularly at risk of developing cardiovas-
cular complications.”" In these patients, echocardiographic
screening, troponin monitoring, and imaging to detect cardio-
vascular changes should be performed on both admissions
and follow-up visits. During hemodialysis, treatment with ecu-
lizumab may prevent severe vascular injury in patients with
complement-associated CM-HUS with angiographic evidence
of vascular changes. It is not clear that cardiac complications
orvascular lesions occur in only <10% of CM-HUS patients. One
reason for this may be that some mutations that cause CFH, C3,
CFB, or high anti-CFH antibody levels cause a high degree of
complement activation in endothelial cells. The fact that a CFH
receptor mutation was detected in our patient also supports
similar data in the literature.

Initiation of treatment with eculizumab in our patient resulted
in improvement in cardiac, hematologic, and kidney functions.
Although there is increasing evidence that eculizumab can be
discontinued in some cases, the persistence of terminal com-
plement activation in our patient suggests that continuation of
therapy is necessary.

Table 1. Cases of CM-HUS with Heart Failure Treated with Eculizumab.

Publication Case Heart Failure Diagnosis Time Cardiac Improvement Genetic mutation
Vilalta et al®® 4-year-old girl | Ejection fraction | 8 weeks after After 2.5 years ejection fraction | Factor H (CFH)
32% diagnosis of CM-HUS | normalized (64%-70%) (heterozygous mutation)

Huetal* 19-month-old | Ejection fraction | At the time of After 15 days, ejection fraction | Factor H (CFH) ¢.2867 C>T
child 30% diagnosis of CM-HUS | improved to 40%-45% (mutation)

Vaughn et al*® 49-year-old Ejection fraction | 1 month after After 7 weeks, ejection fraction | Genetic variants of C3 and
woman 20% eculizumab improved to 40%-45% factor | (CFI) C3 gene and

CFl gene:

Emirovaetal® | 18-month-old | Ejection fraction, | 1 month after After 43 months, ejection Heterozygous mutation in
child 42% diagnosis of CM-HUS | fraction normalized (71%) CFH exon 23

Campbell et al®® | 63-year-old Ejection fraction | 6 weeks after After 3 months, ejection Complement regulator
man 20%-25% eculizumab fraction (60%-65%) protein, CFHR3-1

CFH, complement factor H; CFHR3, complement factor H receptor-3; CM-HUS, complement-mediated hemolytic-uremic syndrome.
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The most important limitation of our study is that cardiac TMA
lesions could not be demonstrated histopathologically because
the patient did not accept tissue biopsy.

CONCLUSION

Because cardiac involvement is rare in CM-HUS patients, there
are still many unknowns. Primary myocardial involvement is
increasingly recognized as a possible concomitant feature of
HUS. Failure to perform a detailed cardiac evaluation in CM-HUS
patients, both at diagnosis and during follow-up, can lead to a
fatal outcome. Anti-complement therapy can also lead to good
cardiac outcomes in these patients.

Informed Consent: Written informed consent was obtained from all
participants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - H.0., Y.0.; Design - H.0.; Supervi-
sion - Y.0.; Materials - H.0., Y.0.; Data Collection and/or Processing -
H.0., Y.0.; Literature Search - H.0., Y.0., Writing - H.0O.; Critical Review
-KT.,H.ZT, NY.S.

Declaration of Interests: The authors declare that they have no con-
flict of interest.

Funding: The authors declare that this study had received no financial
support.

REFERENCES

1. Al-Nouri Z, Reese J, TerrelD, VeselyS, GeorgelJ. Drug-Induced
Thrombotic Microangiopathy: a Systematic Review of Published
Reports. Blood DT-, Journal T. 2015. [CrossRef]

2. Mele C, Remuzzi G, Noris M. Hemolytic uremic syndrome. Semin
Immunopathol. 2014;36(4):399-420. [CrossRef]

3. Loirat C, Frémeaux-BacchiV. Atypical hemolytic uremic syndrome.
Orphanet J Rare Dis. 2011;6(1):60. [CrossRef]

4. Noris M, Mescia F, Remuzzi G. STEC-HUS, atypical HUS and TTP are
all diseases of complement activation. Nat Rev Nephrol. 2012;
8(11):622-633. [CrossRef]

5. Noris M, Remuzzi G. Cardiovascular complications in atypical
haemolytic uraemic syndrome. Nat Rev Nephrol. 2014;10(3):
174-180. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ozer et al. Heart Failure with Complement-Dependent HUS Disease

Gami AS, Hayman SR, Grande JP, Garovic VD. Incidence and prog-
nosis of acute heart failure in the thrombotic microangiopathies.
Am J Med. 2005;118(5):544-547. [CrossRef]

Noris M, Caprioli J, Bresin E, et al. Relative role of genetic comple-
ment abnormalities in sporadic and familial aHUS and their
impact on clinical phenotype. Clin J Am Soc Nephrol. 2010;5(10):
1844-1859. [CrossRef]

Sanders E, Brown CC, Blaszak RT, Crawford B, Prodhan P. Cardiac
manifestation among children with hemolytic uremic syndrome.
J Pediatr. 2021;235:144-148.e4. [CrossRef]

Rigamonti D, Simonetti GD. Direct cardiac involvement in child-
hood hemolytic-uremic syndrome: case report and review of the
literature. Eur J Pediatr. 2016;175(12):1927-1931. [CrossRef]
Campbell CM, Cassol C, Cataland SR, Kahwash R. Atypical haemo-
lytic uraemic syndrome: a case report of a rare cause of reversible
cardiomyopathy. Eur Heart J Case Rep. 2020;4(2):1-6. [CrossRef]
Alexopoulou A, Dourakis SP, Zovoilis C, et al. Dilated cardiomyo-
pathy during the course of hemolytic uremic syndrome. Int J
Hematol. 2007;86(4):333-336. [CrossRef]

Upadhyaya K, Barwick K, Fishaut M, Kashgarian M, Siegel NJ. The
importance of nonrenal involvement in hemolytic-uremic syn-
drome. Pediatrics. 1980;65(1):115-120. [CrossRef]

Vilalta R, Lara E, Madrid A, et al. Long-term eculizumab improves
clinical outcomes in atypical hemolytic uremic syndrome. Pediatr
Nephrol. 2012;27(12):2323-2326. [CrossRef]

Hu H, Nagra A, Hag MR, Gilbert RD. Eculizumab in atypical haemo-
lytic uraemic syndrome with severe cardiac and neurological
involvement. Pediatr Nephrol. 2014;29(6):1103-1106. [CrossRef]
Vaughn JL, Moore JM, Cataland SR. Acute systolic heart failure
associated with complement-mediated hemolytic uremic syn-
drome. Case Rep Hematol. 2015;2015:327980. [CrossRef]
Emirova K, Volokhina E, Tolstova E, Van Den Heuvel B. Recovery of
renal function after long-term dialysis and resolution of cardio-
myopathy in a patient with aHUS receiving eculizumab. BMJ Case
Rep. 2016;2016. [CrossRef]

Dragon-Durey MA, Sethi SK, Bagga A, et al. Clinical features of anti-
factor H autoantibody-associated hemolytic uremic syndrome.
JAm Soc Nephrol. 2010;21(12):2180-2187. [CrossRef]
Abarrategui-Garrido C, Martinez-Barricarte R, LOpez-Tras-
casa M, de Cérdoba SR, Sdnchez-Corral P. Characterization of
complement factor H-related (CFHR) proteins in plasma reveals
novel genetic variations of CFHR1 associated with atypical
hemolytic uremic syndrome. Blood. 2009;114(19):4261-4271.
[CrossRef]

93


https://doi:10.1182/blood-2014-11-611335
https://doi.org/10.1007/S00281-014-0416-X
https://doi.org/10.1186/1750-1172-6-60
https://doi.org/10.1038/NRNEPH.2012.195
https://doi.org/10.1038/nrneph.2013.280
https://doi.org/10.1016/J.AMJMED.2005.02.019
https://doi.org/10.2215/CJN.02210310
https://doi.org/10.1016/J.JPEDS.2021.03.067
https://doi.org/10.1007/S00431-016-2790-Y
https://doi.org/10.1093/EHJCR/YTAA050
https://doi.org/10.1532/IJH97.E0713
https://doi.org/10.1542/PEDS.65.1.115
https://doi.org/10.1007/S00467-012-2276-8
https://doi.org/10.1007/S00467-013-2709-Z
https://doi.org/10.1155/2015/327980
https://doi.org/10.1136/BCR-2015-213928
https://doi.org/10.1681/ASN.2010030315
https://doi.org/10.1182/BLOOD-2009-05-223834

