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Abstract

Background: Postpartum hemorrhage is considered a risk factor for pregnancy-

associated complement-mediated hemolytic uremic syndrome (CM-HUS; previously

known as atypical hemolytic uremic syndrome) but has not been systematically

studied.

Objectives: To systematically examine the role of postpartum hemorrhage in precipi-

tating CM-HUS and to describe the characteristics of postpartum hemorrhage-asso-

ciated CM-HUS, its prognosis and recommended management.

Methods: A systematic review of individual participant data from case series and re-

ports in addition to a case series from our institution. Search terms were “thrombotic

microangiopathy,” “atypical hemolytic uremic syndrome,” and “complement mediated”

combined with “pregnancy,” “postpartum,” and/or “postpartum hemorrhage”. Cases of

thrombotic microangiopathy other than CM-HUS were excluded. Outcomes were

clinical and laboratory characteristics of postpartum hemorrhage-associated CM-HUS,

treatment, and outcomes.

Results: Thirty-three studies comprising 48 women with postpartum hemorrhage-

associated CM-HUS and 3 patients from our institution were included in the study.

Most women presented at term (28/45; 62%), delivered by cesarean section (21/41;

51%), and had pregnancy complications, mainly preeclampsia (16/51; 31%) or fetal

demise (9/51; 18%). Hematological and renal abnormalities usually appeared within the

first 24 hours postdelivery. The median platelet count was 46 × 109/L (IQR, 26-72), and

the median maximal lactate dehydrogenase was 2638 U/L (IQR, 1620-3588). Renal

function normalized in 20/23 (87%) women treated with C5 inhibitors with or without

plasma exchange; in 7/11 (63%) women treated with plasma exchange alone, but only

in 3/17 (18%) patients treated with supportive care. Patients treated with C5 inhibitors
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and/or plasma exchange achieved significantly better renal outcomes compared with

supportive care alone (P < .001).

Conclusion: CM-HUS is a rare complication following postpartum hemorrhage and

occurs mainly in women with preeclampsia and/or following cesarean section. Patients

treated with C5 inhibitors and/or plasma exchange had a better renal prognosis

compared with patients who received supportive treatment alone.

K E YWORD S

postpartum hemorrhage, pregnancy, Complement C5 inhibitors, atypical hemolytic uremic

syndrome, thrombotic microangiopathies, pregnancy complications, postpartum period, treatment

outcome, acute kidney injury, Parturition
c syndrome (CM-HUS) is a rare postpartum hemorrhage sequela.

articipants’ data from published CM-HUS cases.

-HUS appeared often after preeclampsia or cesarean sections.

d to better renal outcomes compared with supportive care.
1 | INTRODUCTION

The early postpartumperiod is a known risk factor for different forms of

thrombotic microangiopathy (TMA). This occurs especially following

delivery complications due to complement dysregulation [1–3]. TMA is

caused by endothelial cell injury leading to microangiopathic hemolytic

anemia, thrombocytopenia, andmicrovascular thrombi, whichmay lead

to end-organ damage in the kidneys, the brain, and the heart [4].

The differential diagnosis of postpartum TMA includes hemolysis,

elevated liver enzymes, and proteinuria (HELLP) syndrome, dissemi-

nated intravascular coagulopathy (DIC), immune thrombotic throm-

bocytopenic purpura (iTTP), and complement-mediated hemolytic

uremic syndrome (CM-HUS; previously known as an atypical hemo-

lytic uremic syndrome) [5,6]. The TMA syndromes have an overlapping

clinical presentation yet require different treatment modalities. Sig-

nificant strides have been made in the management of different types

of TMA in recent years. The introduction of C5 inhibitors has revo-

lutionized the outcomes of pregnancy-associated CM-HUS [7–9],

emphasizing the need for an accurate and timely diagnosis [8,10].

However, reaching a diagnosis of CM-HUS remains elusive and re-

quires the exclusion of other causes of postpartum TMA and, there-

fore, may result in treatment delays. This diagnostic challenge is

further confounded by postpartum hemorrhage, which is an inde-

pendent risk factor for DIC and acute kidney injury.

Postpartum hemorrhage is defined as blood loss of 1000 mL or as

hemorrhage associated with signs or symptoms of hypovolemia within

24 hours after delivery [11,12]. The incidence of postpartum hemor-

rhage has been reported to gradually increase in recent decades and is

currently estimated at 1% to 5% of deliveries in high-income countries

[11,13,14]. As a result, it remains a leading cause of maternal mortality

worldwide [13–16].
Significant bleeding has not been suggested to be a precipitating

factor for developing CM-HUS in nonobstetric settings [17].

Inspired by 3 cases occurring in our institution, we aimed to

systematically examine the role of postpartum hemorrhage in

precipitating CM-HUS and describe the characteristics of postpartum

hemorrhage-associated atypical hemolytic uremic syndrome, its

prognosis, and recommended management.
2 | METHODS

2.1 | Case series

We present 3 cases of CM-HUS following postpartum hemorrhage

from a single center in the years 2016-2018 and discuss the diagnostic

process, administered treatments, and outcomes. The study was

approved by the institutional review board in the Rabin Medical

Center, Israel, study number RMC-0200-20. All case series partici-

pants provided written informed consent.
2.2 | Systematic literature review—study design and

search strategies

We performed a systematic review of individual participants’ data ac-

cording to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses of Individual ParticipantData statement [18]; PROSPERO

registration number CRD42021271388. The search strategy aimed to

identify cases of TMA diagnosed following postpartum hemorrhage that

does not correspond to previously described types of TMA, namely

HELLP, DIC, and iTTP. We searched Medline, Cochrane Library,



TA B L E 1 Laboratory parameters of 3 patients with postpartum
hemorrhage-associated complement-mediated hemolytic uremic
syndrome.

Laboratory value Patient 1 Patient 2 Patient 3

Hemoglobin nadir (g/dL) 4.0 8.5 7.8

Platelet count nadir (×109/L) 77 30 15

Creatinine peak (mg/dL) 3.4 4.3 4.9

LDH peak (U/L) 2280 3300 3500

Schistocytes on peripheral

blood smear

Yes Yes Yes

LDH, lactate dehydrogenase.
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ClinicalTrials.gov, Web of Science, and the EMBASE database, restricted

to the English language, using the following terms and their alternative

spellings: “thrombotic microangiopathy,” “atypical hemolytic uremic syn-

drome,” and “complement-mediated hemolytic uremic syndrome” in

combination with “pregnancy,” “post-partum,” and/or “postpartum hem-

orrhage/haemorrhage” [7] (last accessed December 2023).

For each of the identified studies, we manually reviewed individual

participants’ data and selected patients who fulfilled our predefined

inclusion and exclusion criteria, namely patients who experienced

postpartum hemorrhage and presented with hemolytic anemia (elevated

lactate dehydrogenase [LDH], decreased hemoglobin [Hb] and low

haptoglobin, and/or schistocytes on blood smear), thrombocytopenia,

and renal failure (creatinine > 1.5 g/dL and/or oliguria). We further

searched the respective reference lists to identify additional case series

or case reports. Exclusion criteria included other types of TMA con-

current with CM-HUS, namely DIC, HELLP, and iTTP. These were

excluded based on the diagnosis reached in the source publication.
2.3 | Study selection, data collection, and risk of bias

A.G.S. and M.S. used Rayyan [19] to screen and assess all titles and

abstracts for inclusion and consulted G.S. in cases of disagreement.

Articles were excluded if they were not relevant to the study question

or failed to present individual case data. Data recorded from case

reports included the year and type of publication, patient character-

istics (age, medical history, and parity), pregnancy characteristics

(gestational age, mode of delivery, pregnancy, and delivery complica-

tions, particularly preeclampsia), TMA presentation (timing post-

delivery, laboratory values, ADAMTS-13 levels, and genetic testing)

and management (blood products transfusions, plasma-exchange,

corticosteroids, C5 inhibitors, and hemodialysis), and maternal and

neonatal outcomes. Laboratory indices were extracted as peak values

for creatinine and LDH and nadir values for Hb and platelet counts.

Maternal outcomes were determined according to the final report in

the examined manuscript; where it was unclear, we corresponded with

the authors. Unavailable data were listed as not available (NA).

Risk of bias was assessed using the Joanna Brigs Institute critical

appraisal tool for case reports [20] and the Institute of Health Eco-

nomics Quality Appraisal Checklist for Case Series Studies [21]. Sta-

tistical testing was performed using a chi-square test with significance

at P < .05. Data were analyzed using IBM SPSS 25 statistics.
3 | RESULTS

3.1 | Case series

3.1.1 | Patient 1 (2016)

A 32-year-old woman, gravida 3, para 1, with a medical history sig-

nificant for bariatric surgery (2015), presented to the emergency room

at 39 weeks of gestation due to elevated blood pressure (BP) of 170/
110 mm Hg and abnormal fetal monitoring, and was diagnosed with

pregnancy-induced hypertension. No clinical or laboratory signs of

preeclampsia or HELLP were observed. Labor induction was initiated,

but fetal distress led to an emergency cesarean section (CS). Post-

operatively, a drop in Hb level and significantly prolonged clotting

times raised the suspicion of postpartum hemorrhage and DIC. Urgent

laparotomy revealed uterine atony and massive bleeding, and despite

mass transfusion, she remained hemodynamically unstable and anuric,

necessitating a hysterectomy. Oliguria persisted despite the adminis-

tration of fluids, and as Hb and platelet count continued to drop 12

hours after the hysterectomy, she was diagnosed with TMA accom-

panied by severe renal failure (Table 1). At this time, there was no

evidence of active bleeding nor signs of active DIC, BP was normal,

and complement levels were low, supporting the diagnosis of

pregnancy-associated CM-HUS. Levels of terminal membrane attack

complex and complement factor H autoantibodies were NA in our

institution at the time.

The patient underwent hemodialysis once and received 4 cycles

of daily plasma exchange, with gradual improvement in hematological

and renal parameters. The workup for other causes of TMA was

negative. Hb and platelet count stabilized on postoperative day 11,

and plasma creatinine levels returned to normal within 3 weeks. No

antihypertensive medication was required, and she was not treated

with C5 inhibitors due to clinical improvement. Genetic testing was

not performed.
3.1.2 | Patient 2 (2016)

A 29-year-old woman, gravida 4, para 3, with a history of bariatric

surgery and heterozygosity for factor (F)V Leiden, received enox-

aparin and aspirin during pregnancy. Routine BP monitoring was

normal. Oligohydramnios at 36 weeks led to an elective CS performed

at 37 weeks gestation. Postsurgery, she experienced massive vaginal

bleeding requiring a total hysterectomy. On postoperative day 1, she

developed anemia, thrombocytopenia of 30 × 109/L, elevated LDH,

and nonoliguric acute renal failure (Table 1). No coagulation abnor-

malities were noted, and she received 3 packed cell transfusions. With

suspected postpartum TMA, ADAMTS-13 activity was normal; she

http://ClinicalTrials.gov
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underwent daily plasma exchange for 4 days. Workup for paroxysmal

nocturnal hemoglobinuria and antiphospholipid syndrome were

negative. Hemolysis gradually subsided, but renal function continued

to deteriorate despite normal urine output. Dialysis was not indicated.

Renal function normalized 3 weeks post-CS.

The differential diagnosis for acute renal failure, in this case,

included a combination of acute tubular necrosis secondary to hypo-

volemia and contrast nephropathy (after uterine arteries embolization)

or pregnancy-associated CM-HUS. Normal complement levels and the

abrupt onset of renal failure, in combination with a markedly increased

LDH and hematological abnormalities, led us to suspect pregnancy-

associated CM-HUS. Since spontaneous improvement was noted, we

did not initiate eculizumab. Genetic testing was not performed.
3.1.3 | Patient 3 (2018)

A 35-year-old woman, gravida 1, para 0, underwent a termination of

pregnancy at 27 weeks due to a chromosome 8 deletion detected on
756 studies idenƟfied by systemaƟc 
search in MEDLINE, EMBASE, CENTRAL, 

clinicaltrials.gov and Web of Science 
conference proceedings

124 duplicates removed

632 Ɵtles and abstracts screened

319 full text papers obtained

313 excluded 

AŌer abstract and Ɵtle evaluaƟon

51 paƟents from 33 studies included in
the analysis:

6 case-series

27 case reports

3 paƟents from our insƟtuƟon

286 studies excluded aŌer fu

• 32 Insufficient data
• 94 no individual

outcome
• 116 inclusion criter

TMA without PPH)
• 44 TMA other than C

4 papers obtained from cross-
referencing
amniocentesis. Following feticide and labor induction, she experienced

significant vaginal bleeding, and a laboratory diagnosis of DIC was

made based on prolonged clotting times and a steep decrease in

fibrinogen levels. An exploratory laparotomy revealed uterine atony

with signs of hemorrhage from the placental bed. Postsurgery,

fibrinogen levels normalized, but she developed oliguric acute kidney

injury, platelet counts and Hb decreased, and LDH was significantly

elevated. TMA was suspected, and she underwent 3 courses of plasma

exchange. ADAMTS-13 activity was normal, C3 and C4 levels were

low, and testing for Shiga toxin was negative. Urine output improved

following plasma exchange, but hematological and renal laboratory

values worsened (Table 1).

A diagnosis of pregnancy-associated CM-HUS was made, and

eculizumab was initiated at an induction dose of 900 mg/wk, resulting

in an improvement in Hb, platelet count, and LDH. Eculizumab was

continued during a subsequent pregnancy without relapse of CM-

HUS. Eculizumab was successfully tapered down and eventually dis-

continued after 2 years of treatment following negative genetic

testing for complement abnormalities.
ll-text evaluaƟon:

data/no treatment or 

ia not met (postpartum 

M-HUS

F I GUR E 1 Study selection flowchart.

CM-HUS, complement-mediated hemolytic

uremic syndrome; TMA, thrombotic

microangiopathy; PPH, postpartum

hemorrhage.



TA B L E 2 Patients’ characteristics.

Patient

no.

First author

(publication y)

Age

(y) G

Gest.

wk Preeclampsiaa

Delivery type

(indication

for CS)

TMA

diagnosis

(d)

Hgb

(gr/L)

Max

LDH

( μ//L)

PLT

(£109/

L)

Cr max

(gr/dL)

Plasma

exchange Dialysis

C5

inhibitors

Renal outcome, days

to normalization

1 Current study 32 3 38 Yes Emergency CS (fetal distress) POD1 4.1 1726 77 2.95 Yes Yes No CR, POD14

2 Current study 29 4 37 No Elective CS (oligohydramnios) POD1 8.5 3000 30 4.3 Yes No No CR, POD4

3 Current study 35 1 27 No Vaginal Delivery 7.8 2500 35 3 Yes No Yes CR, POD21

4 Catarci et al. (2023)

[22]

35 1 36 No Elective CS POD1 7.1 2356 20 4.7 No No Yes CR, NA

5 Cody et al. (2023)

[23]

13 1 37 Yes Vaginal POD1 7.1 2679 100 2.24 No Yes Yes CKD

6 Harazim et al.

(2023) [24]

35 4 40 No Vaginal POD3 NA 2100 83 7.5 No Yes Yes CKD

7 Ghazanfar et al.

(2022) [25]

36 NA 36 No CS (breech presentation) POD3 6.6 2856 70 6.4 Yes No Yes CR

8 Hasan et al. (2022)

[26]

24 4 39 No Vaginal POD5 7 2051 28 3.6 Yes Yes No Died

9 Markin and

Shatylovych

(2022) [27]

37 4 27 No Vaginal POD2 4.8 1514 70 3.4 Yes Yes Yes ESRD, POD28

10 Guzzo et al. (2021)

[28]

50 1 41 No Elective CS (induction

failure)

POD9 6 1340 102 1.3 No Yes Yes CR, POD60

11 So et al. (2021) [29] 27 1 36 No Emergency CS (obstructed

labor)

Delivery 8.9 3490 87 1.26 No Yes Yes CR, POD28

12 Gackler et al.

(2021) [8]

24 1 38 No Emergency CS (fetal

distress)

POD6 NA NA NA 3.1 NA Yes Yes CR, NA

13 43 1 35 Yes Emergency CS POD1 NA NA NA 0.57 NA Yes Yes CR, NA

14 Fakhouri et al.

(2020) [10]

27 1 33 Yes Emergency CS (fetal

distress)

Delivery 9.8 1120 39 3.8 No No No CR, POD21

15 Wang et al. (2021)

[30]

29 2 40 Yes Emergency CS (HELLP) NA 5.7 3001 23 9.34 Yes Yes No CKD

16 38 2 39 Yes Vaginal NA 4.9 3706 38 10.7 No Yes No ESRD

17 31 1 39 Yes Urgent CS (HELLP) NA 6.7 2020 40 13 No Yes No CKD

18 Kim et al. (2019)

[31]

29 1 39 No Vaginal POD4 NA NA NA Oliguria Yes Yes Yes CR, POD11

19 Nnanoma et al.

(2019) [32]

26 6 NA No Vaginal NA <12 2607 56 4.47 Yes No Yes CR, NA

(Continues)
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T A B L E 2 (Continued)

Patient

no.

First author

(publication y)

Age

(y) G

Gest.

wk Preeclampsiaa

Delivery type

(indication

for CS)

TMA

diagnosis

(d)

Hgb

(gr/L)

Max

LDH

( μ//L)

PLT

(£109/

L)

Cr max

(gr/dL)

Plasma

exchange Dialysis

C5

inhibitors

Renal outcome, days

to normalization

20 Ramachandran

et al. (2019)

[33]

29 NA 38 No NA NA 4.9 3687 8 3.6 No Yes No Died

21 23 NA 30 Yes NA NA 4.5 2045 58 5.1 No Yes No ESRD

22 26 NA 38 No NA NA 7.1 2912 101 1.9 No Yes No CKD

23 29 NA 38 Yes NA NA 8.7 3752 77 4.7 No Yes No ESRD

24 38 NA 35 Yes NA NA 6.9 4031 48 2.6 No Yes No ESRD

25 22 NA 38 No NA NA 7.4 3816 91 3.1 No Yes No ESRD

26 29 NA 38 Yes NA NA 6.4 2046 23 5 No Yes No Died

27 24 NA 38 No NA NA 5.2 8390 35 10 No Yes No ESRD

28 21 NA 36 No NA NA 6.5 1282 22 6 No Yes No ESRD

29 Kumar et al. (2019)

[34]

25 4 39 No Elective CS POD4 6.8 1323 70 4.2 Yes Yes Yes CR, POD35

30 Huerta et al. (2018)

[1]

41 2 NA No Emergency CS (vaginal

bleeding)

POD 28 5.3 1977 60 HD Yes Yes No ESRDb

31 35 1 NA No CS POD 1 5.3 7487 26 HD Yes Yes Yes CR, NA

32 28 1 NA No CS POD 1 5.2 7183 20 4.55 Yes No Yes CR, NA

33 Gaggl et al. (2018)

[35]

20 1 20 Yes CS Delivery <12d NA <150 >1.5 Yes No No CR, POD21c

34 Shivarov and De

Vitta (2018)

[36]

35 NA 37 No Emergency CS (obstructed

labor and fetal distress)

POD1 6.9 1324 62 7.2 Yes Yes Yes CR, POD20

35 Gately et al. (2017)

[37]

32 1 40 No Vaginal Delivery <12 3160 44 >1.5 Yes Yes Yes CR, POD14

36 Chua et al. (2017)

[38]

29 NA 37 Yes Vaginal POD2 6.8 620 70 >1.5 Yes No Yes CR, POD28

37 Frimat et al. (2016)

[39]

39 NA 41 No NA NA 8.7 NA 75 2 No Yes No CKD

38 40 >3 38 No NA NA 6.7 2152 58 3.3 No Yes No CKD

39 33 NA 38 No NA NA 9.3 1324 57 1 No Yes No CKD

(Continues)
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T A B L E 2 (Continued)

Patient

no.

First author

(publication y)

Age

(y) G

Gest.

wk Preeclampsiaa

Delivery type

(indication

for CS)

TMA

diagnosis

(d)

Hgb

(gr/L)

Max

LDH

( μ//L)

PLT

(£109/

L)

Cr max

(gr/dL)

Plasma

exchange Dialysis

C5

inhibitors

Renal outcome, days

to normalization

40 Asif et al. (2017)

[40]

33 NA 33 No Emergency CS (abruptio

placenta)

Delivery 6.7 2670 39 >1.5 Yes Yes Yes CR, POD14

41 Kyung (2016) [4] 37 NA 37 Yes Emergency CS (fetal distress) POD1 <12 >1000 <150 >1.5 No Yes Yes CR, POD14-21

42 Canigral et al.

(2014) [41]

32 1 NA No Urgent CS (anemia,

thrombocytopenia, and renal

failure)

Delivery 7 7183 20 >1.5 Yes No Yes CR, POD 14

43 Zschiedrich et al.

(2013) [42]

31 NA 41 No Vaginal POD3 6.6 2800 30 7.1 Yes Yes Yes CR, NA

44 Dawsari and Jazieh

(2011) [43]

22 3 39 Yes Vaginal POD3 7.6 2756 36 3.9 Yes No Yes CR, POD14

45 Habek et al. (2007)

[44]

37 4 35 No Emergency CS (placenta

percreta, massive vaginal

bleeding)

POD7 6.1 NA 72 4.7 Yes No No CR, NA

46 Yamanaka et al.

(2005) [45]

34 >2 14 No D&C (fetal demise) POD1 7.4 900 10 1.7 Yes Yes No CR, POD14

47 Rosen et al. (2005)

[5]

25 2 38 No Emergency CS (obstructed labor) POD3 7.9 6380 9 6.42 Yes Yes No CKD

48 Anacleto et al.

(2003) [46]

17 1 33 Yes Emergency CS (abruption

placenta)

Delivery 6.7 593 23 11.7 No Yes No CR,

POD43

49 Chen et al. (2002)

[47]

28 1 39 No Emergency CS (fetal distress) POD3 4.2 1440 77 2.4 Yes No No CR,

POD7

50 Wu et al. (2002)

[48]

32 3 34 No Emergency CS (abruptio

placenta)

POD3 6.8 5830 22 6 Yes Yes No CR, POD19

51 Pajor et al. (1993)

[49]

32 2 24 No Vaginal POD1 6.4 2895 80 9.4 No Yes No CR, POD60

CKD, chronic kidney disease; CR, complete remission; Cr, creatinine; CS, cesarean section; D&C, dilatation and curettage; ESRD, end-stage renal disease; G, gravida; Gest. wk, gestational week; HD,

hemodialysis; HELLP, hemolysis, elevated liver enzyme levels, and low platelet levels; Hgb, hemoglobin post TMA diagnoses; LDH, lactate dehydrogenase; NA, not available; PLT, platelets; POD, postdelivery

day; TMA, thrombotic microangiopathy.
aIncluding HELLP syndrome.
bLost 2 renal transplants due to relapses.
cTwo normal subsequent pregnancies with preventative treatment.
dWhere values of anemia, thrombocytopenia, and/or renal injury were not stated, the standard definition appears.
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3.2 | Systematic literature review of individual

participant data

3.2.1 | Description of included studies

We identified 756 studies using our search strategy. Thirty-three ar-

ticles were included, reporting on 48 unique cases of postpartum

hemorrhage-associated CM-HUS. Study search flowchart and reasons

for exclusion are presented in Figure 1. In total, 51 patients were

included in the analysis (48 identified by the systematic review and 3

cases from our institution, described in the case series above). Pa-

tients’ characteristics, presentation, treatment, and clinical course are

summarized in Table 2 [1,4,5,8,10,22–49].
TA B L E 3 Duration of C5 inhibitors treatment.

Patient

no.

Discontinued/

ongoing

Treatment

duration

Renal outcome, last

follow-up

3 Discontinued 36 months

postpartum

CR, NA

4 Discontinued POD40 CR, NA

5 Discontinued 12 months

postpartum

CKD, discharge

9 Discontinueda POD14 ESRD, 12 months

10 Discontinued 6 dosesb CR, 24 months

12 Ongoing POD183 CR, POD183

13 Ongoing POD183 CR, POD183

18 Discontinued POD90 CR, 12 months

35 Ongoing POD20 CR, POD20

36 Discontinued 4 doses CR, POD20

40 Ongoing POD14 CR, POD14

42 Discontinued 6 months

postpartum

CR, 12 months

CKD, chronic kidney disease; CR, complete remission; ESRD, end-stage

renal disease; NA, not available; POD, postdelivery day.
aBy patient’s choice.
bWhen CH50 reached below 10%, and hemodialysis could be

discontinued.
3.2.2 | Patient characteristics and presentation

Patients’ ages ranged between 13 and 50 (median, 31; IQR, 26-35)

years; medical history was available for 25/51 (49%) patients, which

was generally unremarkable, except for 2 cases of obesity requiring a

bariatric surgery (patients 1 and 2), heavy smoking in patient number

3, asthma in patients number 3, 7, and 51, heterozygosity to FV Leiden

(patient number 2), and past abortions in patient number 38. Patient

number 11 had paraplegia due to meningocele and ventriculoper-

itoneal shunt. Two patients (numbers 29 and 33) had a known diag-

nosis of CM-HUS.

Gravida status was provided for 33/51 (64.7%) women, among

which 17 (52%) were nulliparous, 5 (15%) gravida 2, 3 gravida 3

(9%), and 8 gravida ≥ 4 (24%). One patient (number 4) had mono-

chorionic diamniotic twins. Gestational age was provided for 45/51

(88%) patients; most (28/45, 62%) presented at term, and only 2

presented at postterm. The diagnosis of CM-HUS was often pre-

ceded by a pregnancy complication: preeclampsia (including HELLP

syndrome) in 16/51 (31%) patients; abruptio placenta in 4; pre-

mature rupture of membranes and placenta accreta each in 1 pa-

tient; and oligohydramnios and gestational diabetes were each

reported in 1 patient. Ten women presented with fetal abnormal-

ities, namely fetal demise (patients 3, 9, 36, 40, 44, 46, 48, 50, and

51), fetal growth restriction (patient 2), and a chromosomal ab-

normality (patient 3). CS, particularly emergent CS, was the most

common mode of delivery employed in 21/41 (51%) patients where

data were available.

Six patients were documented to receive tranexamic acid (pa-

tients 3-10, 14, and 37-39). Four patients received a loading dose of 2

g (patients 10, 14, and 37-38), and 1 patient received a loading dose

followed by maintenance (10 g/8 h).

Hematological and renal abnormalities appeared within the first

24 hours postdelivery in most patients (20/37; 54%), with 1 patient

presenting as late as 4 weeks postpartum. The median platelet count

was 46 × 109/L (IQR, 26-72), and the median maximal LDH was 2638

U/L (IQR, 1620-3588). ADAMTS-13 was normal for all 25 women

tested (patients 1-13, 15-19, 29, 34-36, 40, and 42-43).
3.2.3 | Risk of bias

Case reports are low in the hierarchy of evidence, as they are inher-

ently predisposed to a high risk of bias, including reporting bias [50].

However, using the Joanna Brigs Institute and the Institute of Health

Economics, we assess the risk of bias as medium-high.
3.2.4 | Treatment and clinical course

In the diagnostic process, 14 women underwent imaging using

computed tomography or magnetic resonance imaging (patients 11,

14, 20-28, and 37-40), and 7 women underwent kidney biopsy (pa-

tients 5, 15-17, 29, 33, and 50). In the imaging group, 12 were diag-

nosed with renal cortical necrosis (RCN; all belonging to the

Ramachandran et al. [33] and Frimat et al. [39] case series; patients

20-28 and 37-39). For both remaining patients (patients 10 and 14),

imaging did not reveal RCN. Among the 7 patients who had kidney

biopsy results, all manifested findings were compatible with TMA.

Plasma exchange was administered for 26/49 (53%) women, with

a number of cycles ranging from 3 to 27 (data available for 13

women). Hemodialysis was performed in 38/51 (74%) patients. Thirty-

eight cases from 26 publications were published after the introduction

of eculizumab in 2011 [1,4,8,10,22–43,51]. Among these, 23 women

were treated with C5 inhibitors (eculizumab = 21, ravulizumab = 2 [8]),

20 of whom achieved complete renal remission. Among the 3



0

5

10

15

20

25

C5 inhibitors +/- plasma echange Plasma exchange Supportive Treatment

Complete Renal Remission

Nu
m

be
r o

f p
at

ie
nt

s

Chronic Kidney Disease End Stage Renal Disease Death

F I GUR E 2 Patient outcomes according to treatment group.

GUREVICH-SHAPIRO ET AL. - 9 of 13
remaining patients, 2 (patients 5 and 6) had impaired renal function at

the time of discharge without follow-up information, and patient 9

chose to discontinue eculizumab shortly after discharge and subse-

quently presented with end-stage renal disease (ESRD). Information

on the duration of eculizumab treatment was available for 12 patients

(Table 3). Of note, 15/23 women treated with C5 inhibitors also un-

derwent plasma exchange. Seven out of 11 (63%) patients treated

with plasma exchange without C5 inhibitors experienced complete

renal remission. One patient (number 8) died. Seventeen patients who

were not treated with either plasma exchange or C5 inhibitors had a

worse outcome (P < .001), with only 3 women (18%) achieving com-

plete normalization of renal function and 12 (70%) patients developing

chronic kidney disease, among which 7 women (41%) progressed to

ESRD, and 2 women (12%) died (Figure 2). Patients treated with C5

inhibitors and/or plasma exchange achieved significantly better renal

outcomes compared with the supportive treatment (P < .001). Pa-

tients treated with plasma exchange alone also achieved better renal

outcomes compared with supportive treatment alone (P = .038). The

addition of C5 inhibitors to plasma exchange did not demonstrate a

statistically significant difference (P = .12). However, the limited group

sizes should be mentioned in this regard.

Of note, 12/17 nontreated patients were presented in 2 case

series studies focusing on patients diagnosed with RCN [33,39].

Overall, among 51 patients, 30 (59%) achieved normal renal function,

9 (18%) remained with chronic kidney disease, 9 (18%) progressed to

ESRD, and 3 (6%) patients died. Hematological response was available

for 41 patients, with stabilization or normalization achieved in all

cases.

Among 15 women tested for genetic complement abnormalities, 7

(46%) exhibited variations. Specifically, in C3 (patients 33 and 29),

complement factor H (patients 6, 30, 33, and 29), and complement

factor I (patients 23 and 35) and modifications of uncertain signifi-

cance (patients 12, 13, and 36).
4 | DISCUSSION

Postpartum hemorrhage is a recognized risk factor for pregnancy-

associated CM-HUS but has not been systematically studied. We
reviewed 51 cases of pregnancy-associated CM-HUS following post-

partum hemorrhage and proposed it as a distinct complication, espe-

cially in the presence of CS and/or preeclampsia. Our review suggests

that treatment with plasma exchange, eculizumab, or both may

improve renal prognosis compared with no treatment. Since early

intervention improves renal prognosis, it is crucial to promptly identify

pregnancy-associated CM-HUS HUS after postpartum hemorrhage

[52].

Our findings diverge from recently published recommendations

by the International Working Group on pregnancy-related thrombotic

microangiopathies. This group concluded that postpartum

hemorrhage-associated TMA is a distinct entity that does not require

treatment and that postpartum hemorrhage should be excluded prior

to diagnosing pregnancy-associated CM-HUS [10]. However, this

recommendation was based on a single retrospective series of 18

patients presenting with RCN following postpartum hemorrhage and

tranexamic acid administration [39], in whom CM-HUS was not

considered in the differential diagnosis [33]. All 12 patients with RCN

in our cohort were from these case series [33,39] and received sup-

portive treatment only, resulting in poor outcomes. Importantly, tra-

nexamic acid, implicated in RCN pathogenesis by Frimat et al. [39],

was administered at higher-than-standard doses in this case series.

RCN is one of the pathological findings associated with CM-HUS

[53,54] but does not typically present with additional clinical and

laboratory findings, such as observed in pregnancy-associated CM-

HUS.

The characteristics of postpartum hemorrhage-associated CM-

HUS in our study resemble those previously described for pregnancy

associated-CM-HUS [1,7,55,56]. The development of TMA in our

cohort was often preceded by preeclampsia and CS and manifested up

to 48 hours postdelivery. Genetic testing identified complement ab-

normalities in 7 of 15 CM-HUS patients, similar to previously pub-

lished rates in pregnancy-associated CM-HUS [1,57,58].

The pathogenesis of the association between postpartum hem-

orrhage and TMA remains unclear, with hypotheses suggesting a

bidirectional influence. Endothelial damage and microvascular stress

from hypovolemia during surgery, including CS, might trigger TMA

[5,59–61], and the removal of the placenta, which inhibits comple-

ment, might also contribute to TMA development [62]. Complement

dysregulation has been implicated in the pathogenesis of preeclampsia

[63,64], suggesting an explanation for the high prevalence of pre-

eclampsia in this and previous cohorts [1,30,33].

The medical background was NA for the majority of patients, but

patients 1 and 3 from our institution both had a history of bariatric

surgery with marked weight reduction, which, although not previously

reported to precipitate TMA, might cause endothelial damage [65].

Eleven cases (24%) occurred following fetal complications, particularly

intrauterine fetal death, in line with the 28% reported by Gupta et al. [7].

Fetal demise is considered a risk factor for DIC [66], but 6 of 9 patients

with intrauterine fetal death in our cohort did not exhibit coagulation

abnormalities, suggesting other factors may contribute as well.

The true incidence of CM-HUS among the postpartum TMAs is

not known. While postpartum hemorrhage is common, postpartum
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hemorrhage associated with CM-HUS is rare. To assist differentiation

between CM-HUS and other causes of TMA, Burwick et al. [67] sug-

gested a higher LDH and a more pronounced renal failure. The median

LDH value we observed was 2638 (230-480 U/L, IQR 1620-3588),

which represents a 5-fold rise compared with the upper limit of LDH

considered normal. Moreover, acute renal failure requiring hemodi-

alysis is rare in iTTP and highly suggestive of CM-HUS [68].

The prognosis of CM-HUS, including pregnancy-associated CM-

HUS, has improved significantly since the introduction of complement

inhibitors [57,69]. Eculizumab [37,57,70] and ravulizumab [8] have

been shown to be safe in pregnancy and the postpartum period, with

no adverse effects reported in the fetus. Eculizumab has never been

found in the milk of the treated mothers, and only small amounts of

eculizumab were found in cord blood in a small percentage of cases

[70–72]. The safety of eculizumab in postpartum, in combination with

the dramatically improved outcomes, further stresses the importance

of an accurate diagnosis of this TMA subtype and timely initiation of

treatment. Kaufeld et al. [73] recently reached similar conclusions

when comparing patients with CM-HUS postpartum with and without

prior postpartum hemorrhage. This is further exemplified by the case

of a woman with known CM-HUS, who had a significant difference in

the rate of both hematological and renal normalization between early

and late initiation of eculizumab in 2 subsequent pregnancies [34].

Of note, patients who were treated with plasma exchange alone

also had improved renal prognosis compared with no treatment.

Plasma exchange is known to benefit approximately 35% of patients

with CM-HUS [74]. This might be due to the role of plasma exchange

in the replacement of mutated with nonmutated factors and the

removal of pathogenic autoantibodies such as antifactor H and other

triggers (eg, cytokines) of endothelial dysfunction and platelet

hyperaggregability [58,75–77].

Several limitations of our study ought to be addressed. We

observed high heterogeneity in diagnostic criteria and treatment ap-

proaches across medical centers. In addition, the cases of postpartum

hemorrhage and CM-HUS in which C5 inhibitors and plasmapheresis

had a beneficial effect are more likely to be reported, contributing to a

publication bias [50]. There is no standard method to estimate the

volume of blood loss during postpartum hemorrhage [78]; as a result,

we could not compare this parameter across publications. The cases

stretch over a period of 20 years, during which multiple changes to

practices in diagnosis and treatment were introduced, and many of the

cases do not report on genetic testing and/or C5 inhibitors. In addi-

tion, most of the patients in the nontreated group originated from 2

case series where patients were diagnosed with RCN. We could not

precisely define risk factors for postpartum hemorrhage-associated

CM-HUS due to the lack of a control cohort of patients with

pregnancy-associated CM-HUS without postpartum hemorrhage or

patients with postpartum hemorrhage without CM-HUS. This com-

parison has recently been applied by Kaufeld et al. [73], who pre-

sented similar findings. Finally, some of the women experienced other

potential triggers of TMA, namely preeclampsia, CS, the administra-

tion of tranexamic acid, and hysterectomy. Despite these limitations,

mainly due to the rarity of this syndrome, our collected studies
represent the best available evidence. Further research is needed to

improve understanding of the possible association between post-

partum hemorrhage and CM-HUS and to optimize management

strategies.
5 | CONCLUSIONS

Postpartum hemorrhage-associated CM-HUS is a life- and kidney-

threatening syndrome. If acute renal failure occurs after postpartum

hemorrhage, consider pregnancy-associated CM-HUS as a potential

diagnosis and conduct the appropriate workup. Recognizing this

complication is crucial for the timely treatment and administration of

C5 inhibitors, which may improve outcomes. Genetic testing can be

considered to detect hereditary pathogenic mutations, allowing for

tailored counseling for the patient and her family regarding future

pregnancies.
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