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Abstract: Atypical Hemolytic Uremic Syndrome is a very rare condition that can be triggered
in predisposed patients. It can remain undiagnosed and can result in a life-threatening event
or permanent renal failure. We report a case of a 36-year-old pregnant woman who developed
atypical hemolytic uremic syndrome postpartum. She underwent an emergency caesarean section
due to abruptio placenta, and she developed biochemical alterations suggestive of a thrombotic
microangiopathy. Due to worsening of renal function after plasma exchange therapy, we decided to
start therapy with eculizumab. Therapy was carried out with a weekly dose of 900 mg IV for five
weeks. An improvement of clinical and biochemical parameters was rapidly observed, and her renal
function completely recovered. The therapy was continued for six months, with a dose of 1200 mg
of eculizumab every two weeks. One year after discontinuation of the therapy, her blood pressure
and renal function were still normal. Our case confirms that it is important to promptly identify
a pregnancy-related thrombotic microangiopathy and that early therapy can be life-saving for the
patient and can preserve renal function, avoiding dialysis.

Keywords: atypical Hemolytic Uremic Syndrome; postpartum; abruptio placenta; thrombotic
microangiopathies

1. Introduction

Thrombotic microangiopathies (TMAs) are conditions characterized by thrombocy-
topenia, microangiopathic hemolytic anemia, and organ dysfunction, involving several
districts, such as the brain, kidneys, eyes, heart, pancreas, liver, lungs, and skin. TMAs
mainly include Hemolytic Uremic Syndromes (HUSs) and Thrombotic Thrombocytopenic
Purpura (TTP) [1]. These conditions are both characterized by consumptive thrombo-
cytopenia, mechanical hemolysis, and organ failure, but they have different underlying
causes; they are classically associated with the thickening and inflammation of arterioles
and capillaries, the detachment and swelling of endothelial cells, subendothelial widening,
the accumulation of proteins and cellular debris, or platelet thrombi that block the vascular
lumen [1-4]. Particularly, atypical HUS (aHUS) is characterized by the dysregulation of
the complement system, leading to TMA, thrombosis, and organ dysfunction. Therefore, it
might be triggered by conditions with increased complement activation, such as pregnancy,
systemic lupus erythematosus, malignant hypertension, and hematopoietic stem cell trans-
plantation [1,5,6]. It has been reported that up to 20% of cases of aHUS develop during
pregnancy or postpartum [7]. Pregnancy-related TMAs are very rare, with a reported
frequency of 1:25,000 births. They are obstetrical emergencies, and a prompt diagnosis
and appropriate therapy are necessary to improve maternal and fetal outcomes [8]. Even
if pregnancy-related TMAs occur very rarely, obstetricians are often the first specialist
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facing these emergencies, and it is important to highlight elements that could help in
differential diagnosis.

We report a case of postpartum aHUS, highlighting difficulties that health-care providers
encountered in the diagnosis and management of this case.

2. Case Report

A 36-year-old pregnant woman, I gravida, was admitted to the Mother and Child
Department of University Hospital of Naples Federico II, at 31 + 4 weeks of gestation. She
did not have any chronic conditions; her singleton pregnancy was spontaneously conceived,
and she referred to us that the pregnancy was uneventful until the time of admission. She
presented abdominal pain and heavy vaginal bleeding. Clinical examination revealed a
fixed contraction of the uterus, increased heart rate (105 bpm), and low blood pressure
(100/60 mmHg); diarrhea and fever were absent.

Combined blood tests presented alterations suggestive of TMA: thrombocytopenia
(51,000/mL), anemia (hemoglobin 8.1 gr/dL), and signs of hemolysis (total bilirubine:
1.79 mg/dL [0.2-1.1]; LDH: 1100 U/L (227-450) and reticulocyte counts amplified. The
haptoglobin consumption (undetectable [0.3-2.0 g/L]) and the presence of schistocytes in
the blood smear confirmed the diagnosis.

The direct Coombs test was negative, D-dimer was slightly elevated
(1.5 mg/L [0.1-0.6]), and plasma coagulation tests were within normal range. Increased
serum creatinine (sCr: 2.3 mg/dL [0.6-1.1]) and elevated liver enzymes (AST: 127 U/L
[0-34]) were evidenced.

Due to suspicions of an abruptio placenta, a prompt emergency caesarean section (CS)
was performed, and the finding of a retro placental hematoma involving 2/3 of the placenta
confirmed our suspicions. The newborn was born in cardiac arrest and was promptly
reanimated by the neonatologist. The birth weight was 1350 g and the APGAR score was
0 at1min and 4 at 5 min.

Soon after the CS, the patient underwent an eclamptic crisis (mean blood pressure
value of 185/110 mmHg), and therapy with magnesium sulphate was started. She was
admitted to the intensive care unit. A CT scan was performed due to the persistence
of neurological symptoms (headache, scotomas, and confusion), and an intracerebral
hemorrhage was detected, as seen in Figure 1.

AN

Figure 1. CT and MRI scans. (a) The CT scan revealed the presence of intracerebral hemorrhage

(arrow). (b) The MRI scan (Axial T2-weighted image) revealed the presence of cerebral edema that is
suggestive of PRES.
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The day after, the patient referred to us a new onset of headache and visual dis-
turbance; therefore, an MRI was performed, showing vasogenic cerebral edema, specifi-
cally in the axial T2-weighted images, suggestive of posterior reversible encephalopathy
syndrome (PRES).

A sudden worsening of thrombocytopenia and renal function was observed, and
suspicions of pregnancy-related TMA were posed. ADAMTS-13 testing was not performed
due to unavailability in our hospital, making it difficult to make the differential diagnosis
between TTP and a-HUS. A single plasma exchange was carried out with fresh frozen
plasma (FFP, 50 mL/kg), corresponding to the patient’s circulating plasma volume, without
improvement of the clinical and biochemical status. C3 and C4 were normal. Factor H
antibody levels were not tested due to unavailability.

Due to the worsening of renal function after plasma exchange, an empiric diagnosis of
aHUS was made, and therapy with eculizumab (900 mg IV) was initiated four days after
the CS. Therapy was carried out with a weekly dose of 900 mg IV for four weeks. Due to
temporary unavailability, the patient received the anti-meningococcal A, B, C, W135, and
Y vaccination before discharge only and was covered meanwhile by a six-week therapy
with Ceftriaxone 2 gr daily until 14 days after the vaccination under strict clinical and
laboratory monitoring.

An improvement of clinical and biochemical conditions was suddenly observed
(Figures 2 and 3).

The patient was discharged after the fifth injection.

At that time, her blood pressure was well controlled with methyldopa (500 mg twice a
day), and the sCr and platelets count were normal (0.7 mg/dL and 224,000/mL, respec-
tively). Proteinuria was 300 mg/24 h.

The therapy was continued for six months with a dose of 1200 mg of eculizumab every
two weeks.

Genetic analysis (mutations in complement factor H, membrane cofactor protein, and
complement factor I) revealed that she had no pathogenic sequence variants identified.

Three years after the discontinuation of the therapy, her blood pressure and renal
function persisted normally.

ECULIZUMAB
900 mg IV
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900 mg IV
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Figure 2. Patient’s creatinine trend after CS. We observed a progressive increase in sCr after CS and no
improvement with plasma exchange; sCr started decreasing soon after the first dose of eculizumab.
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Figure 3. Patient’s platelet count trend after CS. We observed a progressive thrombocytopenia,
not responsive to plasma exchange. The platelet count increased after eculizumab infusion, and it
remained stable after the second injection.

3. Discussion

We reported a case of aHUS that developed in postpartum and was successfully
treated with eculizumab.

HUS is classically divided into typical (shiga-toxin mediated or STEC) HUS and aHUS.
It is characterized by a dysregulation of the alternative complement pathway, which is
responsible for complement-mediated endothelial damage, leading to TMA and organ
injuries [9].

Pregnancy is reported to be an important trigger of TMAs [10]. The first complication
observed in our patient was abruptio placenta, as reported in a previous case of aHUS [11].
However, it is difficult to establish whether, in our case, aHUS developed as a complication
of preeclampsia (as it has occasionally reported an overlap between these two conditions)
or if the trigger was the pregnancy itself, the abruptio, or the CS [12]. Our case provides us
with some point of discussion. Firstly, even if pregnancy-related TMAs are very rare events,
with a reported incidence of around 1 in 25,000 pregnancies [11], all physicians should be
aware of this possibility during pregnancy or postpartum. Indeed, when it occurs, it is very
important to make a prompt diagnosis because an early start with the appropriate therapy is
fundamental to save the patient and to avoid permanent renal failure. It has been estimated
that, in case of TMAs, the early recognition and initiation of specific therapy substantially
reduces the mortality rate to 10-20% [13]. Moreover, differentiating between TTP and aHUS
is important because the therapy is completely different; in the first case, plasmapheresis
is a lifesaving procedure, while it can be only temporarily or partially effective in aHUS,
with no recovery of renal function in up to 80% of cases [14]. However, diagnosis can be
very tricky because pregnancy itself can amplify the complement activity, and there are
many conditions, such as hemolysis, elevated liver enzymes, and low platelets (HELLP)
syndrome or preeclampsia, which are characterized by laboratoristic abnormalities of TMA,
but they are pregnancy-related, and they generally recover after delivery [8]. We identified
different elements that could help us in the diagnosis. Firstly, according to our experience,
all cases that could imitate TMAs improved in 72 h postpartum. This was the only case that
was characterized by a worsening of clinical and laboratoristic conditions in the postpartum
period. Moreover, aHUS, just as it happened in our case, is more common in the postpartum
period compared to other TMAs due to the loss of production of complement regulating
proteins by the placenta [12]. It has been reported that up to 79% of aHUS develops in the



J. Clin. Med. 2022, 11, 6957

50f 10

postpartum period [11], while HELLP occurs more frequently during the third trimester
and TTP during the second and third trimester. Finally, in aHUS, renal involvement is more
severe compared to HELLP syndrome and TTP [8].

Moreover, ADAMTS-13 testing could have been very helpful in our case in order to
formally exclude TTP, but it was not available in our hospital at that time. Indeed, we could
avoid the use of plasmapheresis that could be an invasive procedure leading to several
complications [12]. ADAMTS-13 is very important to differentiate between aHUS and TTP;
ADAMTS-13 activity <10% is diagnostic of TTP, while it is above this value in cases of
aHUS or HELLP syndrome. We strongly believe that a tertiary hospital should gear up for
the activation of this test.

It has been suggested that screening for complement dysregulation includes routine
complement measures, genotyping, and autoantibody testing [15]. In our case, C3 and
C4 were normal; indeed, it has been reported that routine complement measures are
not specific and have a low sensitivity [15]. Low serum C3 in pregnancy-related aHUS
has been reported in around 39% of cases, and it seems more common (up to 60%) in
patients with CFH or C3 variants. Other complement components, such as CFH, FI, or
FB, had a low serum level in a lower percentage of cases (0-15%) [16]. Regarding genetic
analysis, our patients had no pathogenic sequence variants identified. However, genetic
analysis included only mutations in complement factor H, membrane cofactor protein, and
complement factor I, while we did not perform other analyses. aHUS in pregnancy and
postpartum has been associated with pathogenic sequence variants in 50-59% of the cases,
mainly in complement factor H and complement factor I [16]. Factor H antibody testing
has not been performed due to unavailability; it is recommended especially in case of the
homozygous deletion of CFHR1 or CFHR3 [17]. However, a previous cohort study reported
that the presence of factor H antibodies is not a common finding among pregnancy-related
TMAs. In a series of 21 patients with pregnancy-related aHUS, no anti-factor H antibodies
were detected in any of the patients [12]. These results give important information on the
long-term prognosis and risk of relapse; indeed, patients with pathogenic complement
gene variants or a high level of factor H autoantibodies are at an increased risk of TMA
recurrance and long-term sequelae [15]. Even if these elements are important for the
diagnosis and to orientate the prognosis, they are not available quickly enough; therefore,
therapy is often empiric and based on clinical manifestation.

The overlap in the clinical and biochemical manifestation of pregnancy-related aHUS
and preeclampsia or HELLP syndrome has been reported in previous case reports that are
summarized in Table 1. In all these cases, the difficulties in differential diagnosis among
these conditions were highlighted.



J. Clin. Med. 2022, 11, 6957

6 of 10

Table 1. Case reports of postpartum aHUS reporting overlap among aHUS, Preeclampsia (PE), and Hemolysis, Elevated Liver Enzymes Low Platelet Count (HELLP)

syndrome.
Number Gestational Age at Genetic Laboratoristic
Reference of Age Diagnosis of Diagnosis of aHUS Analvsis Findines Treatment Outcome
Pregnancy PE/HELLP y 8
Factor I and H,
Postpartum, based on ADMTS-13 activity, Normal renal
Shanmug- First disproportionately impaired thrombophilic screen function two
alingam et al., 27'ys 32 + 2 weeks . Normal Eculizumab
2018 [18] pregnancy renal function, followed by were normal. months
renal biopsy MCP/CD45 postpartum
was reduced.
Postpartum, based on
Plante et al First deterioration in her mental Hemodialysis
v 18 ys 38 weeks status and acute kidney N/A N/A Plasmapheresys For persistent
2002 [19] pregnancy . . .
injury; renal biopsy renal failure
7 ws postpartum
Postpartum, worsening of Hemodialysis
Yamanaka et al., Second 28 ys 34 weeks thrombocytopenia, N/A N/A Plasma exchange for persistent
2005 [20] (CASE1)  pregnancy . .
and hemolysis renal failure
Evidence of a
polymorfic .
. variant of the Thr(_)mbophlhc Plasma exchange, Persistance of
Iannuzzi et al., Second Postpartum, based on screening, Factor H, .
2006 [21] reenanc 37ys 35 weeks biochemical alterations HF1 gene ADAMTS-13 methylprednisolone moderate renal
preg y (C-257T ACE-inhibitor insufficiency
were normal
promoter
region)
Antihypertensive
Aspirin
.. Furosemide . .
. Postpartum, based on clinical . Hemodialysis
Zhou etal, First 20ys 34 weeks and biochemical conditions, N/A N/A Methylprednisolone for persistent
2012 [22] pregnancy . Intravanous .
followed by renal biopsy . . renal failure
immunoglobulin

Plasma exchange
Fresh frozen plasma
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Table 1. Cont.
Number Gestational Age at Genetic Laboratoristic
Reference of Age Diagnosis of Diagnosis of aHUS Analvsis Findines Treatment Outcome
Pregnancy PE/HELLP y &
. CFH . Plasma exchange
Song et al., 2015 Postpa.r tum, b.ased on C.h.mcal (p-Y402H) Anh_CFH. or CFI Hemodialysis End-stage
N/A 36 ys 39 weeks and biochemical conditions, negative - .
(Case 1) [23] followed by renal biops CFH ADAMTS-13 normal Prednisolone renal disease
y psy (p.G936A) Methylprednisolone
Plasma exchange
Song et al., 2015 Postpa‘rtum, b_ased on c}l_mcal CFH (p.V62I) Antl-CFH_ or CFI Hemoc_halys'ls Complete
(Case 2) [23] N/A 33ys 39 weeks and biochemical conditions, CFH negative Plasma infusion remission
followed by renal biopsy (p.G936A) ADAMTS-13 normal Prednisolone
Methylprednisolone
Kourouklaris Postpartum, based on clinical Plasma exchange
N/A 23ys 31 weeks and biochemical conditions, N/A ADAMTS-13 normal Hemodialysis Remission
etal., 2014 [24] . X
followed by renal biopsy Eculizumab
Heterozygous
carrier for a
CD46 (MCP
membrane
Saad et al., Second 19 vs 39 weeks Postpartum worsening of cofactor ADAMTS 13 normal Plasmapheresis Remission
2016 [25] pregnancy y laboratory investigations protein) Low C3 and C4 Eculizumab
sequence
variant
(p.T383L;
c.1148C > T)
homozygous
Pos?part‘um, mental stat'e mutation of ADAMTS 13 a, C3, C4,
. . deterioration and worsening the gene Normal renal
Yamaguchi et al., First . o . CH50 were normal .
25ys 37.5 weeks of laboratory investigations. encoding . Plasma exchange function at
2016 [26] pregnancy . Negative factor .
Partial response to complement o discharge
H antibodies
plasma exchange factor H

(pR1215G)
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In Table 2, we report factors that helped in the differential diagnosis in our case.

Table 2. Factors that helped in the differential diagnosis in our case [18,27].

Preeclampsia/HELLP TTP aHUS
Third trimester (69%)
Onset Postpartum. (31%) Secon.d and third Postpartum (76%)
Rarely in trimester
second trimester
Liver

Orean involvement Nervous central Nervous central Kidney

& system system (NCS) Rarely NCS (12%)
(NCS) Kidney
Acute kidney injury Absent or mild Absent or mild Severe
Postpartum Absence of Absence of improve-

Improvement in 72 h

evolution improvement ment/worsening

HELLP, Hemolysis, Elevated Liver Enzymes Low Platelet Count; TTP, Thrombotic Thrombocytopenic Purpura;
aHUS, atypical Hemolytic Uremic Syndrome.

Secondly, we think that the good outcome of the reported case was related to the
early therapeutic decision to use eculizumab. Eculizumab is a humanized IgG2/4 kappa
anti-C5 antibody that acts by blocking the enzymatic cleavage of C5 to C5a and C5b. Its
safety and efficacy as therapy for aHUS have been established in previous prospective
studies [11], and it has been approved for the treatment of aHUS and paroxysmal nocturnal
hemoglobinuria. Prompt therapy with this antibody was associated with the normalization
of renal function in other previous cases of pregnancy-related aHUS [11,25,27-34].

Thirdly, unfortunately, it is still uncertain how long the therapy should be prolonged
with this antibody, and this is a challenge considering the high cost of eculizumab. We
discontinued the therapy after six months, with the patient having normal renal function
for more than three months, as suggested by Laurence [35], and our patient has not been
had any relapse so far. However, prolongation of the therapy should be individualized,
and discontinuation should be carefully monitored.

Finally, it is important to provide information to the patient regarding the risk of
relapse in a subsequent pregnancy. A large French series reported that, even if the risk is
higher in the first pregnancy, it remains relatively high in subsequent pregnancies, and
the patient should be aware of such a risk [16]. However, evidence related to the safety
of eculizumab in pregnancy [34] could give the chance of a good outcome in future preg-
nancies; indeed, many clinicians do not recommend against subsequent pregnancies [16].
However, further studies are needed to clarify this aspect.

4. Conclusions

Even if pregnancy-related TMAs are very rare events, it is important to train physi-
cians to distinguish among different TMAs and to organize a multidisciplinary group
including an obstetrician, nephrologist, hematologist, and anesthetist in order to optimize
patients’ management.

Author Contributions: Conceptualization, D.R. and M.G.; methodology, M.G.; resources, M.G.;
data curation, L.S., P.C.; writing—original draft preparation, L.S.; writing—review and editing, P.C.,
A.C.,,D.R. and G.T; visualization, M.G.; supervision, M.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.



J. Clin. Med. 2022, 11, 6957 9 of 10

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Azoulay, E.; Knoebl, P.; Garnacho-Montero, J.; Rusinova, K.; Rusinova, G.; Eggimann, P.; Abroug, EF,; Benoit, D.; von Bergwelt-
Baildon, M.; Wendon, J.; et al. Expert Statements on the Standard of Care in Critically Ill Adult Patients with Atypical Hemolytic
Uremic Syndrome. Chest 2017, 152, 424-434. [CrossRef] [PubMed]

Aigner, C.; Schmidt, A.; Gaggl, M.; Sunder-Plassmann, G. An updated classification of thrombotic microangiopathies and
treatment of complement gene variant-mediated thrombotic microangiopathy. Clin. Kidney J. 2019, 12, 333. [CrossRef] [PubMed]
Loirat, C.; Frémeaux-Bacchi, V. Atypical hemolytic uremic syndrome. Orphanet. ]. Rare Dis. 2011, 6, 60. [CrossRef] [PubMed]
Franchini, M. Atypical hemolytic uremic syndrome: From diagnosis to treatment. Clin. Chem. Lab. Med. 2015, 53, 1679-1688.
[CrossRef]

Noris, M.; Mele, C.; Remuzzi, G. Podocyte dysfunction in atypical haemolytic uraemic syndrome. Nat. Rev. Nephrol. 2015, 11,
245-252. [CrossRef]

Tanimoto, T.; Oshima, Y.; Kami, M. Eculizumab in atypical hemolytic-uremic syndrome. N. Engl. |. Med. 2013, 369, 1378-1379.
Fakhouri, F; Vercel, C.; Frémeaux-Bacchi, V. Obstetric nephrology: AKI and thrombotic microangiopathies in pregnancy. Clin. J.
Am. Soc. Nephrol. 2012, 7, 2100-2106. [CrossRef]

Sarno, L.; Stefanovic, V.; Maruotti, G.M.; Zullo, F.; Martinelli, P. Thrombotic microangiopathies during pregnancy: The obstetrical
and neonatal perspective. Eur. ]. Obstet. Gynecol. Reprod. Biol. 2019, 237, 7-12. [CrossRef]

Moake, J.L. Thrombotic microangiopathies. N. Engl. . Med. 2002, 347, 589—-600. [CrossRef]

Dashe, ].S.; Ramin, S.M.; Cunningham, F.G. The long-term consequences of thrombotic microangiopathy (thrombotic thrombocy-
topenic purpura and hemolytic uremic syndrome) in pregnancy. Obstet. Gynecol. 1998, 91, 662—668.

Asif, A.; Nayer, A.; Haas, C.S. Atypical hemolytic uremic syndrome in the setting of complement-amplifying conditions: Case
reports and a review of the evidence for treatment with eculizumab. J. Nephrol. 2017, 30, 347-362. [CrossRef]

Fakhouri, F; Roumenina, L.; Provot, E; Sallée, M.; Caillard, S.; Couzi, L.; Essig, M.; Ribes, D.; Dragon-Durey, M.-A;
Bridoux, F; et al. Pregnancy-Associated Hemolytic Uremic Syndrome Revisited in the Era of Complement Gene Mutations. J. Am.
Soc. Nephrol. 2010, 21, 859-867. [CrossRef]

Kappler, S.; Ronan-Bentle, S.; Graham, A. Thrombotic microangiopathies (TTP, HUS, HELLP). Emerg. Med. Clin. N. Am. 2014, 32,
649-671. [CrossRef]

Yeter, H.H.; Derici, U.; Arinsoy, T.; Altok, K.; Erten, Y.; Guz, G. Discontinuation of Eculizumab treatment after hematological
remission in patients with atypical and drug-induced hemolytic uremic syndrome. Rom. J. Intern. Med. 2022, 60, 56—65. [CrossRef]
Timmermans, S.A.M.E.G.; van Paassen, P. The Syndromes of Thrombotic Microangiopathy: ACritical Appraisal on Complement
Dysregulation. J. Clin. Med. 2021, 10, 3034. [CrossRef]

Bruel, A.; Kavanagh, D.; Noris, M.; Delmas, Y.; Wong, E.K.S.; Bresin, E.; Provot, F; Brocklebank, V.; Mele, C.; Remuzzi, G.
Hemolytic uremic syndrome in pregnancy and postpartum. CJASN 2017, 12, 1237-1247. [CrossRef]

Jozsi, M,; Licht, C.; Strobel, S.; Zipfel, S.L.; Richter, H.; Heinen, S.; Zipfel, P.E.; Skerka, C. Factor H autoantibodiesin atypicalhe-
molytic uremic syndrome correlate with CFHR1/CFHR3 deficiency. Blood 2008, 111, 1512-1514. [CrossRef]

Shanmugalingam, R.; Hsu, D.; Makris, A. Pregnancy-induced atypical haemolytic uremic syndrome: A new era with eculizumab.
Obstet Med. 2018, 11, 28-31. [CrossRef]

Plante, L.A.; Ortega, E. Cystic fibrosis and hemolytic uremic syndrome coexisting during pregnancy. Obs. Gynecol. 2002, 99,
930-932. [CrossRef]

Yamanaka, Y.; Takeuchi, K.; Oomori, S.; Oda, N.; Ashitani, N.; Maruo, T. Two cases of clinically suspected thrombotic thrombocy-
topenic purpura/hemolytic uremic syndrome in the puerperium. Acta Obs. Gynecol Scand. 2005, 84, 920-921. [CrossRef]
Iannuzzi, M.; Siconolfi, P.; D" Angelillo, A.; Capuano, M.; Tufano, L.; Macri, M. A post-partum hemolytic-uremic-like-syndrome in
a patient with pre-eclampsia: Description of a clinical case. Transfus. Apher. Sci. 2006, 34, 11-14. [CrossRef] [PubMed]

Zhou, G.Y. Postpartum hemolytic uremic syndrome with multiple organ involvement in a severe case. Nefrologia 2012, 32, 408—410.
[CrossRef] [PubMed]

Song, D.; Yu, X.J.; Wang, EM.; Xu, B.N.; He, Y.D.; Chen, Q.; Wang, S.; Yu, E; Song, W.; Zhao, M. Overactivation of complement
alternative pathway in postpartum atypical hemolytic uremic syndrome patients with renal involvement. Am. . Reprod. Immunol.
2015, 74, 345-356. [CrossRef]

Kourouklaris, A.; Ioannou, K.; Athanasiou, I.; Panagidou, A.; Demetriou, K.; Zavros, M. Postpartum thrombotic microangiopathy
revealed as atypical hemolytic uremic syndrome successfully treated with eculizumab: A case report. |. Med. Case Rep. 2014,
8, 307. [CrossRef] [PubMed]

Saad, A.F; Roman, J.; Wyble, A.; Pacheco, L.D. Pregnancy-Associated Atypical Hemolytic-Uremic Syndrome. Am. J. Perinatol.
Rep. 2016, 6, €125-e128.

Yamaguchi, M.; Hori, M.; Hiroshi, N.; Maruyama, S. Postpartum atypical hemolytic uremic syndrome with complement factor H
mutation complicated by reversible cerebrovascular constriction syndrome successfully treated with eculizumab. Thromb. Res.
2017, 151, 79-81. [CrossRef]


http://doi.org/10.1016/j.chest.2017.03.055
http://www.ncbi.nlm.nih.gov/pubmed/28442312
http://doi.org/10.1093/ckj/sfz040
http://www.ncbi.nlm.nih.gov/pubmed/31198225
http://doi.org/10.1186/1750-1172-6-60
http://www.ncbi.nlm.nih.gov/pubmed/21902819
http://doi.org/10.1515/cclm-2015-0024
http://doi.org/10.1038/nrneph.2014.250
http://doi.org/10.2215/CJN.13121211
http://doi.org/10.1016/j.ejogrb.2019.03.018
http://doi.org/10.1056/NEJMra020528
http://doi.org/10.1007/s40620-016-0357-7
http://doi.org/10.1681/ASN.2009070706
http://doi.org/10.1016/j.emc.2014.04.008
http://doi.org/10.2478/rjim-2021-0034
http://doi.org/10.3390/jcm10143034
http://doi.org/10.2215/CJN.00280117
http://doi.org/10.1182/blood-2007-09-109876
http://doi.org/10.1177/1753495X17704563
http://doi.org/10.1016/s0029-7844(02)01933-6
http://doi.org/10.1111/j.0001-6349.2005.0414c.x
http://doi.org/10.1016/j.transci.2005.09.007
http://www.ncbi.nlm.nih.gov/pubmed/16427809
http://doi.org/10.3265/Nefrologia.pre2012
http://www.ncbi.nlm.nih.gov/pubmed/22592434
http://doi.org/10.1111/aji.12404
http://doi.org/10.1186/1752-1947-8-307
http://www.ncbi.nlm.nih.gov/pubmed/25219386
http://doi.org/10.1016/j.thromres.2017.01.013

J. Clin. Med. 2022, 11, 6957 10 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

De Sousa Amorim, E.; Blasco, M.; Quintana, L.; Sole, M.; de Cordoba, S.R.; Campistol, ].M. Eculizumab in pregnancy-associated
atypical hemolytic uremic syndrome: Insights for optimizing management. J. Nephrol. 2015, 28, 641-645. [CrossRef]

I Disordini Ipeertensivi in Gravidanza: Classificazione, Diagnosi, Terapia. Raccomandazioni di Buona Pratica Clinica AIPE.
2021. Available online: https://www.sigo.it/wp-content/uploads/2020/11/RaccomandazioniAIPE-Disordini_Ipertensivi_
Gravidanza.pdf (accessed on 29 September 2022).

Mussoni, M.P.; Veneziano, F.A.; Boetti, L.; Tassi, C.; Calisesi, C.; Nucci, S.; Rigotti, A.; Panzini, I.; Ardissino, G. Innovative
therapeutic approach: Sequential treatment with plasma exchange and eculizumab in a pregnant woman affected by atypical
hemolytic-uremic syndrome. Transfus. Apher. Sci. 2014, 51, 134-136. [CrossRef]

Zschiedrich, S.; Prager, E.P.; Kuehn, E.-W. Successful treatment of the postpartum atypical hemolytic uremic syndrome with
eculizumab. Ann. Intern. Med. 2013, 159, 76. [CrossRef]

Carr, R,; Cataland, S.R. Relapse of aHUS after discontinuation of therapy with eculizumab in a patient with aHUS and factor H
mutation. Ann Hematol. 2013, 92, 845-846. [CrossRef]

Ardissino, G.; Ossola, M.W.; Baffero, G.M.; Rigotti, A.; Cugno, M. Eculizumab for atypical hemolytic uremic syndrome in
pregnancy. Obstet. Gynecol. 2013, 122, 487-489. [CrossRef]

Canigral, C.; Moscardo, F.; Castro, C.; Pajares, A.; Lancharro, A.; Solves, P; de la Rubia, J.; Carpio, N.; Sanz, M.A. Eculizumab for
the treatment of pregnancy-related atypical hemolytic uremic syndrome. Ann. Hematol. 2014, 93, 1421-1422. [CrossRef]

Sarno, L.; Tufano, A.; Maruotti, G.M.; Martinelli, P.; Balletta, M.M.; Russo, D. Eculizumab in pregnancy: A narrative overview. J.
Nephrol. 2019, 32, 17-25. [CrossRef]

Laurence, J. Defining Treatment Duration in Atypical Hemolytic Uremic Syndrome in Adults: A Clinical and Pathological
Approach. Clin. Adv. Hematol. Oncol. 2020, 18, 221-230.


http://doi.org/10.1007/s40620-015-0173-5
https://www.sigo.it/wp-content/uploads/2020/11/RaccomandazioniAIPE-Disordini_Ipertensivi_Gravidanza.pdf
https://www.sigo.it/wp-content/uploads/2020/11/RaccomandazioniAIPE-Disordini_Ipertensivi_Gravidanza.pdf
http://doi.org/10.1016/j.transci.2014.08.027
http://doi.org/10.7326/0003-4819-159-1-201307020-00023
http://doi.org/10.1007/s00277-012-1622-z
http://doi.org/10.1097/AOG.0b013e31828e2612
http://doi.org/10.1007/s00277-013-1970-3
http://doi.org/10.1007/s40620-018-0517-z

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

