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patients developed p-aHUS within the first few days of the post- 
partum period. In all females, TMA was preceded by obstetric 
complications or infection that amplify the activity of the com- 
plement system. 

Therapy with eculizumab (at a weekly dose of 900 mg for the 
first 4 weeks, followed by 1200 mg 1 week later, then 1200 mg ev- 
ery 2 weeks) was administered to 56 (65.8%) of 85 females with 
p-aHUS (Table 1 ). Treatment with eculizumab was early (initiated 
within 7 days after disease onset) in 28 patients, delayed (on day 
8 to 20) in 15 patients, and late (on day 21 or more) in 13 pa- 
tients. Fifty-one patients completed the induction therapy with 
eculizumab (four infusions), whereas five patients received only 
one infusion of the complement inhibitor. From 2013 to 2019, we 
used the original eculizumab (Soliris, Alexion Pharmaceuticals 
Inc.), whereas from April 2019 all patients were treated with a 
biosimilar of eculizumab (Elizaria, Generuim) [15 , 16 ]. 

The data were compared using a Mann–Whitney test for con- 
tinuous data and Chi-square test or Fisher’s exact test for cate- 
gorical data as appropriate. The event-free survival was studied 
by the Kaplan–Meier method. The odds ratios (ORs) and 95% con- 
fidence intervals (95% CIs) for the study endpoints were calculated 
by a logistic regression model. 

At 4 months, the primary composite endpoint (death or chronic 
renal failure requiring regular dialysis treatment) was achieved in 
11 (19.6%) of 56 patients treated with eculizumab and in 14 (48.2%) 
of 29 patients treated without eculizumab (OR 0.26; 95% CI 0.10–
0.70; P = 0 011) (Fig. 1 ). In patients who received early, delayed, or 
late complement inhibition therapy, the occurrences of the pri- 
mary endpoint were 0% (0/28), 26.7% (4/15), and 53.8% (7/13), re- 
spectively. ORs of death or end-stage renal disease versus control 
were 0.39 (95% CI 0.10–1.51, P = 0.208) with delayed eculizumab 
and 1.25 (95% CI 0.34–4.64, P = 0.669) with late eculizumab. 

Thirteen (12.9%) of 85 patients with p-aHUS died from pro- 
gressive multiple organ system failure within 2 to 40 days after 
disease onset, including 3 (5.7%) of 53 patients from eculizumab 
group and 10 (34.5%) of 29 patients from the control group (OR 
0.11, 95% CI 0.03–0.43, P = 0.0008). All-cause mortality values were 
0% (0/28), 6.7% (1/15), and 15.4% (2/13) with early, delayed, and 
late eculizumab administration, respectively. ORs of death versus 
control were 0.14 (95% CI 0.02–1.19, P = 0.670) and 0.35 (95% CI 
To the Editor, 
Atypical hemolytic uremic syndrome (aHUS) is a rare disease

caused by uncontrolled activation of the alternative pathway of
complement leading to systemic thrombotic microangiopathy
(TMA) [1 –4 ]. In the Global aHUS Registry, pregnancy was the
cause of aHUS in 9% of 302 female patients [5 ]. Pregnancy is
associated with moderate elevation in the activity of the comple-
ment system that is essential for host defense against infection
and plays an integral role in normal pregnancy [6 ]. Uncontrolled
activation of the complement system can result from interaction
between complement-activating complications of pregnancy,
such as preeclampsia, surgery, or bleeding [7 ], and pathogenic
complement gene variants, which could be detected in 40%–60%
of females with pregnancy-associated aHUS (p-aHUS) [8 ]. Loss
of complement regulatory proteins expressed in placenta may
also facilitate the development of p-aHUS after delivery. p-aHUS
is associated with high perinatal and maternal morbidity and
mortality and frequent transition of acute kidney injury (AKI) to
chronic kidney disease requiring renal replacement therapy [9 ]. 

Eculizumab is a humanized monoclonal antibody that inhibits
the cleavage of complement protein C5 and prevents progressive
TMA-mediated endothelial damage and vascular microthrombo-
sis. Data on p-aHUS treated with eculizumab are limited, although
its efficacy and safety has been supported by case reports and se-
ries and Global aHUS Registry data [10 –13 ]. The objective of this
retrospective study was to evaluate the efficacy of the early and
delayed therapy with eculizumab in females with p-aHUS. 

We enrolled 85 females with the first-episode p-aHUS who were
referred to our tertiary care hospital over the 10-year period from
the regional perinatal medical centers ( Supplementary Table S1).
We used the algorithm proposed by Fakhouri et al. to diag-
nose p-aHUS and to rule out the other potential causes of TMA
in pregnancy ( Supplementary Data) [14 ]. All patients presented
with profound thrombocytopenia, microangiopathic hemolytic
anemia, and severe AKI that usually required therapy with
hemodialysis within the first days after disease onset. Moreover,
95% of patients had various extrarenal manifestations, includ-
ing acute respiratory distress syndrome (54%), coma (20%), acute
heart failure (12%), stroke (6%), and myocardial infarction (1%)
( Supplementary Table S2). As in the previous studies [10 , 11 ], most
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Table 1: Demographic and clinical characteristics of patients treated and not treated with eculizumab 

Eculizumab* 
( n = 56) 

Without eculizumab 
( n = 29) P 

Age, years 28.5 (24.5; 33.0) 29.0 (25.0; 36.0) 0549 
Acute kidney injury, n (%) 56 (100) 29 (100) 0996 
Anuria, n (%) 52 (92.9) 22 (75.9) 0028 
Hemoglobin, g/l 53 (94.6) 22 (75.9) 0028 
Serum creatinine, mmol/l 499.0 (366.5; 640.5) 393.0 (260.0; 490.0) 0011 
Hemoglobin, g/l 62.0 (53.0; 72.0) 67.0 (55.0; 78.0) 0501 
Lactate dehydrogenase (U/l) 2750.0 (1355.0; 4299.0) 2038.0 (843.0; 3062.0) 0105 
Platelet count, ×109 /l 47.0 (27.0; 65.0) 56.0 (36.0; 89.0) 0177 
Multiple organ failure, n (%) 50 (89.3) 26 (89.7) 0965 
Extrarenal manifestations, n (%) 52 (92.9) 29 (100) 0146 

Acute respiratory distress syndrome 27 (48.2) 17 (58.6) 0368 
Mechanical ventilation 27 (48.2) 17 (58.6) 0368 
Coma 8 (14.3) 8 (27.6) 0117 
Stroke 3 (5.4) 2 (6.9) 0558 
Seizures 8 (14.3) 6 (20.7) 0457 
Acute heart failure 7 (12.5) 3 (10.3) 0935 
Liver damage 44 (78.6) 25 (86.2) 0399 

a All patients receiving eculizumab were treated with antimicrobial agents penetrating the blood–brain barrier (e.g. carbapenems, third or fourth generation 
cephalosporins, fluoroquinolones) to prevent serious meningococcal infection and were immunized by Menactra vaccine after recovery. Antibacterials were con- 
tinued for at least 2 weeks after vaccination. Eculizumab was discontinued in 34 (64.2%) of 53 surviving patients immediately after induction period ( n = 12) or 
after maintenance therapy ( n = 22) for a median of 6.0 months (IQR 1.5; 12.0). Median follow-up after discontinuation of the complement inhibition therapy was 
6.0 years (IQR 4.0; 7.0). Nineteen patients continued maintenance treatment with eculizumab for a median of 4.0 years (IQR 3.0; 5.0). There were no recurrencies of 
aHUS both in patients who stopped eculizumab or continued to receive maintenance treatment. 
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Figure 1: Survival without reaching end stage renal disease in patients 
with p-aHUS treated and not treated with eculizumab (Kaplan-Meier 
method). 
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.06–1.87, P = 0.281) with delayed and late complement inhibition
herapy, respectively. 
At day 28 after initiation of eculizumab, hematologic response

platelet recovery and normalization of lactate dehydrogenase ac-
ivity) was achieved in all surviving patients. Platelet count and
erum lactate dehydrogenase were normal on the third day af-
er initiation of complement inhibition therapy in 87.3% (48/55)
nd 14.5% (8/55) patients, on the seventh day in 90.9% (50/55) and
6.4% (31/55) patients, and on the 28th day in 100% (53/53) and
00% (53/53) patients, respectively. 
Among 72 surviving patients, kidney function completely re-

overed in 71.7% (38/53) females treated with eculizumab and
2.6% (10/19) females treated without eculizumab ( P = 0.392),
hereas 15.1% (8/53) and 21.1% (4/19) patients, respectively, de-
eloped end-stage renal disease ( P = 0.035). Recovery of kid-
ey function rates in patients who received early, delayed, or
ate eculizumab therapy were 100% (28/28), 78.6% (11/14), and
4.5% (6/11), respectively, whereas dialysis dependency follow-
ng AKI was observed in 0% (0/28), 21.4% (3/14), and 45.5% (5/11)
ases, respectively. Adverse events requiring discontinuation of
culizumab were not recorded. 
Our findings confirmed the low efficacy of plasma exchange

herapy alone in p-aHUS [17 ]. Approximately half of our patients
reated without eculizumab died from progressive multiple or-
an system failure or developed end-stage renal disease following
KI. However, plasma exchange remains a standard treatment for
hrombotic thrombocytopenia purpura. Rapid differential diagno-
is between p-aHUS and thrombotic thrombocytopenia purpura
ay be challenging in clinical practice, whereas plasma exchange

herapy may be beneficial in a proportion of aHUS patients. There-
ore, we recommend immediate initiation of plasma exchange in
ll females who present with persisting TMA after delivery. 
Induction therapy with eculizumab in 56 patients with p-aHUS

esulted in a 74% reduction in the risk of composite primary end-
oint that included death and end-stage renal disease and an 89%
eduction in the risk of death from all causes as compared to
lasma therapy alone. Complement inhibition therapy was most
ffective in 28 patients, who started eculizumab within the first
eek after p-aHUS presentation. All females from this group sur-
ived and completely recovered kidney function. Later initiation
f eculizumab treatment was not associated with a significant
eduction in the risk of composite primary endpoint. However,
elayed and late complement inhibition therapy was associated
ith a trend to a lower all-cause mortality compared to plasma
herapy alone. 
The limitations of our study were retrospective design and lack

f randomization. The sample size was relatively small limiting
he power of statistical analysis. Nevertheless, we conducted one
f the largest studies evaluating the outcomes and the efficacy of
culizumab treatment in patients with p-aHUS. 
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RA. 
In summary, induction treatment with eculizumab in women
with p-aHUS resulted in rapid hematologic response and a 74%
reduction in the risk of death or end-stage renal disease requiring
regular treatment with dialysis following AKI. Early initiation of
eculizumab within the first week after p-aHUS presentation was
most effective at reducing mortality and preventing progressive
loss of kidney function, even in patients who have already started
therapy with hemodialysis. 

SUPPLEMENTARY DATA 

Supplementary data is available at ndt online. 

ACKNOWLEDGEMENTS 

We would like to thank all the participants who gave their time
to participate in this study. We would also like to thank the
staff at the University Clinical Hospital of Sechenov First Moscow
State Medical University and Eramishantsev City Clinical Hospi-
tal, Moscow. 

AUTHORS’ CONTRIBUTIONS 

Y.K., N.K., and E.S. designed the study. Y.K. and S.M. did the sta-
tistical analyses and drafted the tables and figures. Y.K. and S.M.
wrote the first draft of the manuscript. All authors revised the
article and approved the final version for publication. 

DATA AVAILABILITY STATEMENT 

The data underlying this article will be shared on reasonable
request to the corresponding author. 

CONFLICT OF INTEREST STATEMENT 

None declared. 

ETHICS APPROVAL 

The protocol of the study was approved by the local ethics com-
mittee of the Sechenov University. 

REFERENCES 

1. Fakhouri F, Zuber J, Frémeaux-Bacchi V et al. Haemolytic
uraemic syndrome. Lancet North Am Ed 2017; 390 :681–96.
https://doi.org/10.1016/S0140-6736(17)30062-4

2. Noris M, Caprioli J, Bresin E et al. Relative role of genetic com-
plement abnormalities in sporadic and familial aHUS and their
impact on clinical phenotype. Clin J Am Soc Nephrol 2010; 5 :1844–
59. https://doi.org/10.2215/CJN.02210310

3. Michael M, Bagga A, Sartain SE et al. Haemolytic uraemic syn-
drome. Lancet North Am Ed 2022; 400 :1722–40. https://doi.org/10.
1016/S0140-6736(22)01202-8

Received: November 25, 2023; Editorial decision: February 19, 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of the E

All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
4. George JN, Nester CM. Syndromes of thrombotic microan- 
giopathy. N Engl J Med 2014; 371 :654–66. https://doi.org/10.1056/
NEJMra1312353

5. Schaefer F, Ardissino G, Ariceta G et al. Global aHUS Registry.
Clinical and genetic predictors of atypical hemolytic uremic 
syndrome phenotype and outcome. Kidney Int 2018; 94 :408–18.
https://doi.org/10.1016/j.kint.2018.02.029

6. Smith-Jackson K, Harrison RA. Alternative pathway activation 
in pregnancy, a measured amount “complements” a success- 
ful pregnancy, too much results in adverse events. Immunol Rev 
2023; 313 :298–319. https://doi.org/10.1111/imr.13169

7. Korotchaeva Y, Kozlovskaya N, Shifman E et al. Complement- 
activating conditions as potential triggers of pregnancy- 
related atypical haemolytic uraemic syndrome. Clin Kidney J 
2021; 14 :2620–2. https://doi.org/10.1093/ckj/sfab163

8. Fakhouri F, Frémeaux-Bacchi V. Thrombotic microangiopathy 
in aHUS and beyond: clinical clues from complement ge- 
netics. Nat Rev Nephrol 2021; 17 :543–53. https://doi.org/10.1038/
s41581-021-00424-4

9. Kozlovskaya NL, Korotchaeva YV, Bobrova LA. Adverse out- 
comes in obstetric-atypical haemolytic uraemic syndrome: a 
case series analysis. J Matern Fetal Neonatal Med 2019; 32 :2853–9.
https://doi.org/10.1080/14767058.2018.1450381

10. Huerta A, Arjona E, Portoles J et al. A retrospective study of
pregnancy-associated atypical hemolytic uremic syndrome. Kid- 
ney Int 2018; 93 :450–9. https://doi.org/10.1016/j.kint.2017.06.022

11. Bruel A, Kavanagh D, Noris M et al. Hemolytic uremic syn-
drome in pregnancy and postpartum. Clin J Am Soc Nephrol 
2017; 12 :1237–47. https://doi.org/10.2215/CJN.00280117

12. Gupta M, Govindappagari S, Burwick RM. Pregnancy-associated 
atypical hemolytic uremic syndrome: a systematic re- 
view. Obstet Gynecol 2020; 135 :46–58. https://doi.org/10.1097/
AOG.0000000000003554

13. Fakhouri F, Scully M, Ardissino G et al. ·Pregnancy-triggered atyp- 
ical hemolytic uremic syndrome (aHUS): a global aHUS Reg- 
istry analysis. J Nephrol 2021; 34 :1581–90. https://doi.org/10.1007/
s40620-021-01025-x

14. Fakhouri F, Scully M, Provôt F et al. Management of throm-
botic microangiopathy in pregnancy and postpartum: report 
from an international working group. Blood 2020; 136 :2103–17.
https://doi.org/10.1182/blood.2020005221

15. Kulagin A, Ptushkin V, Lukina E et al. Randomized multicenter 
noninferiority phase III clinical trial of the first biosimilar of 
eculizumab. Ann Hematol 2021; 100 :2689–98. https://doi.org/10.
1007/s00277-021-04624-7

16. Gusarova V, Degterev M, Lyagoskin I et al. Analytical and func- 
tional similarity of biosimilar Elizaria® with eculizumab refer- 
ence product. J Pharm Biomed Anal 2022; 220 :115004. https://doi.
org/10.1016/j.jpba.2022.115004

17. Padmanabhan A, Connelly-Smith L, Aqui N et al. Guidelines on 
the use of therapeutic apheresis in clinical practice—evidence- 
based approach from the Writing Committee of the American 
Society for Apheresis: the eighth special issue. J Clin Apheresis 
2019; 34 :171–354. https://doi.org/10.1002/jca.21705

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae068#supplementary-data
https://doi.org/10.1016/S0140-6736(17)30062-4
https://doi.org/10.2215/CJN.02210310
https://doi.org/10.1016/S0140-6736(22)01202-8
https://doi.org/10.1056/NEJMra1312353
https://doi.org/10.1016/j.kint.2018.02.029
https://doi.org/10.1111/imr.13169
https://doi.org/10.1093/ckj/sfab163
https://doi.org/10.1038/s41581-021-00424-4
https://doi.org/10.1080/14767058.2018.1450381
https://doi.org/10.1016/j.kint.2017.06.022
https://doi.org/10.2215/CJN.00280117
https://doi.org/10.1097/AOG.0000000000003554
https://doi.org/10.1007/s40620-021-01025-x
https://doi.org/10.1182/blood.2020005221
https://doi.org/10.1007/s00277-021-04624-7
https://doi.org/10.1016/j.jpba.2022.115004
https://doi.org/10.1002/jca.21705
mailto:journals.permissions@oup.com

	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	ETHICS APPROVAL
	REFERENCES

