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Case report

Eculizumab, a novel potential treatment for acute
kidney injury associated with preeclampsia/HELLP

syndrome

Hatem Elabd, "> Mennallah Elkholi,® Lewis Steinberg,* Anjali Acharya®

SUMMARY

The kidney is one of the major organs affected in
preeclampsia. There is evidence suggesting a role for
excessive complement activation in the pathogenesis of
preeclampsia. We describe a case of preeclampsia with
severe features, including HELLP syndrome (hemolysis,
elevated liver enzymes, low platelets) and acute kidney
injury (AKI) that developed following caesarian section.
The patient required renal replacement therapy.

A trial of daily plasma exchange was not effective.

The patient received a single dose of eculizumab, a
humanised monoclonal IgG antibody that binds to
complement protein C5. One week post administration
of eculizumab, there was significant improvement

in haematologic, hepatic and renal function. Blood
pressure had normalised and renal replacement therapy
was discontinued. The use of eculizumab may have
contributed to recovery of kidney function further
supporting the role of complement activation in the
pathogenesis of preeclampsia and associated AKI.
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BACKGROUND

Preeclampsia is a pregnancy-related disorder and is
a major cause of maternal and neonatal morbidity
and mortality." In addition, preeclampsia is the
most common reason for intensive care unit (ICU)
admission among the obstetric emergencies.?
Preeclampsia with severe features was defined in
the American Congress of Obstetricians and Gyne-
cologists executive summary on hypertension in
pregnancy.” The HELLP syndrome (hemolysis,
elevated liver enzymes, low platelets) probably
represents a subtype of preeclampsia with severe
features and was defined based on either Missis-
sippi or Tennessee criteria.*

In preeclampsia, excessive apoptotic feto-pla-
cental debris in the maternal circulation leads to
systemic inflammation and angiogenic dysregula-
tion.”” The complement system appears to play a
pivotal role in this systemic inflammation. Excessive
complement activation can result from endothelial
damage caused by angiogenic imbalance. Animal
and human studies have suggested that inhibiting
the complement system may mitigate and reverse
renal pathology associated with preeclampsia.*'*

This case report highlights the potential benefit
of complement inhibition to treat preeclampsia
with severe features that developed in the post-
partum setting.

CASE PRESENTATION

A 29-year-old woman G3P2002 was diagnosed
with preeclampsia at 36 weeks gestation based on
persistently elevated blood pressure and protein-
uria (urine protein to creatinine ratio (PCR)
1005.5 mg/g). Given her mild clinical findings, it
was elected to defer delivery. She did not return
to medical attention until 40 weeks gestation with
ruptured amniotic membranes, meconium staining
and fetal bradycardia. Her blood pressure was
persistently greater than 170/100 mm Hg.

She received intravenous magnesium. Emergency
caesarian section was performed with delivery of a

viable neonate. The delivery was complicated by
excessive bleeding, resulting in transient intraoper-
ative hypotension. A massive transfusion protocol
was initiated, with stabilisation of blood pressure.
Vasopressors were not required.

She was transferred to the ICU. Two days
post-delivery, she was noted to have oliguria and
AKI. A nephrology consultant noted that she was
requiring mechanical ventilation with high oxygen
requirements and hypertension was being managed
with labetalol. The abdomen was firm, distended
and diffusely tender. There was bilateral lower
extremity oedema.

Laboratory evaluation indicated deterioration of
kidney and liver function, thrombocytopenia and
evidence of microangiopathic changes on blood
film (tables 1 and 2). Urine microscopy showed
microscopic hematuria, pyuria and innumerable
muddy brown casts. The urine PCR rose to 10g/g.
Complement levels were reduced (table 1).

Chest X-ray revealed pulmonary vascular conges-
tion. Ultrasound demonstrated an intra-abdominal
fluid collection anterior to the liver. Abdominal
CT revealed a subcapsular haematoma in the right
hepatic lobe.

DIFFERENTIAL DIAGNOSIS

Thrombotic thrombocytopenic purpura.
Atypical haemolytic uremic syndrome.
Systemic lupus erythematosus.
Anti-phospholipid syndrome.
Preeclampsia/HELLP.

MRS

TREATMENT

Despite adequate resuscitation and stabilisation
of blood pressure, she remained oliguric with
progressive worsening of renal function. This led
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Table 1

Urinalysis

Laboratory parameters on admission

Cloudy, large blood,

protein >1000 mg, leucocyte esterase
negative, nitrite negative.

Leucocyte 20-50/hpf, red blood cell
21-50/hpf, innumerable muddy brown

Urine microscopy

casts.
Urine protein to creatinine ratio (< 84mg/g) 10068
Leucocyte count (3.9-10.6x10%/L) 14.9
Haemoglobin (125-155g/L) 109
Platelets (150-440x10%/L) 198
Reticulocyte (0.5%—1.5%) 2.2
Haptoglobin (34-200 mg/dL) <20
Peripheral blood smear Spheroctytes, 2-3 schistocytes/hpf
Prothrombin time (11-14s) 13.9
Interntional Normalized Ratio (INR) (0.9-1.1) 1.2
Partial thromboplastin time (20-405) 36.5
Fibrinogen (150-350 mg/dL) 147
Blood urea nitrogen (8-21mg/dL) 20
Creatinine (0.5-1.2 mg/dL) 1.1
Albumin (3.5-5.0g/dL) 1.8
Aspartate aminotransferase(5-30 U/L) 2593
Alanine aminotransferase(5-30 U/L) 2184
Lactate dehydrogenase, blood (50-150U/L) 5064
Total bilirubin (0.1-1.2 mg/dL) 1.4
Complement C3 (90-180 mg/dL) 43
Complement C4 (10-40mg/dL) 6.6
Complement C6 (32-57 mg/dL) <4
Complement total, CH50 (42—60 U/mL) 19
Erythorcyte sedimentaion rate (ESR) 79
(10-15mm/h)
C reactive protein (CRP) (<5mg/L) 214

A disintegrin and metalloproteinase witha ~ Normal

thrombospondin type 1 motif, member 13
(ADAMTS 13 activity)

Antinuclear antibody titer

Anti-Sjogren's-syndrome-related antigen
SSA/SSAIndx (<99) AU/mL)

Anti-Sjogren's-syndrome type B SSB/SSBIndx Negative/8

Homogenous, 1:80
Negative/13

(<99) AU/mL)

Anti-Smith antibody SM/SMIndx (<99) AU/ Negative/10
mL)

anti-U1 ribonucleoprotein RNP/RNP Indx Negative/9
(<99) AU/mL)

dsDNA/dsDNAIndx (<99) IU/mL) Negative/8
Centromere Indx (<99) AU/mL) Negative/5
Lupus anticoagulant Negative
Anticardiollpin 19G (<19.9) 3.2
Anticardiolipin IgM (<19.9) 6.3

Laboratory values in parentheses depict the normal range for that test.

to initiation of continuous venovenous hemodiafiltration and
subsequent transitioning to intermittent hemodialysis.

As the differential diagnosis included both preeclampsia
with severe features and primary thrombotic microangiopathy
(TMA) (ie, TTP), plasma exchange was administered for four
consecutive days using fresh frozen plasma as replacement fluid.
There was no improvement in haematologic or renal function
following plasma exchange.

On hospital day 3, she received a single dose of eculizumab
900 mg.

OUTCOME AND FOLLOW-UP
Following treatment with eculizumab, there was a gradual clin-
ical improvement. Within 3 days of administration, she was
extubated and labetalol was switched to oral administration. At
7 days post eculizumab, there was improvement in liver func-
tion tests and lactate deyhydrogenase (LDH), and normalisation
of haematologic parameters and complement levels (table 2).
Renal function was improved and hemodialysis discontinued
(figure 1). Two weeks post eculizumab, blood pressure was
normal, and liver and kidney function had normalised. Urine
PCR had improved (now 2.6 g/g).

Analysis of common gene mutations associated with comple-
ment-mediated TMA revealed no abnormalities (table 3).

DISCUSSION

Preeclampsia is a multi-system progressive disorder characterised
by new onset hypertension and proteinuria (protein excretion
of >300mg/24 hours), or hypertension and end-organ dysfunc-
tion with or without proteinuria, after 20 weeks of gestation
or postpartum in previously normotensive women.” Its patho-
genesis has not been fully clarified. Delivery of the fetus and
placenta is the only curative treatment, which carries risks of
prematurity and its associated complications.

Current evidence suggests the role of complement system acti-
vation in the pathogenesis of preeclampsia.>'* In a normal preg-
nancy, the ongoing complement activation is strictly regulated
by membrane regulators decay-accelerating factor, membrane
cofactor protein and CDS59 located on the trophoblast cells
of the placenta. A highly activated complement response that
escapes the regulatory mechanism can lead to adverse conse-
quences, such as preeclampsia or recurrent miscarriages.’

Derzsy et al found that healthy pregnant women had signifi-
cantly higher complement activation proteins level such as C4d,
C3a, soluble membrane attack complex (sC5b-9), C3, C9, factor
H and C1 inhibitor, as opposed to non-pregnant women.” The
levels of C4d, C3a, C5a and C5b-9 were increased in pre-ec-
lamptic women as compared with normal pregnancies. Addi-
tionally, low C3 levels were reported in the pre-eclamptic
women.” '” Recently, increased activity of the alternative comple-
ment pathway (ACP) was found in HELLP serum compared with
normal pregnancy and non-pregnant controls using modified
Ham test."

The kidney involvement in preeclampsia is attributed to
glomerular endothelial damage, which is due to an imbalance
between pro-angiogenic and anti-angiogenic factors.”® '* An
increase in the anti-angiogenic factor soluble fms-like tyrosine
kinase 1 (sFlt-1) can prevent the vascular endothelial growth
factor from maintaining the renal endothelium, leading to
endothelial damage.'* ¥ Injured fenestrated glomerular endo-
thelium can activate the complement cascade.'® Penning et al
demonstrate that the glomeruli of pre-eclamptic women stained
predominantly positive for C4d deposits, a marker of comple-
ment activation, In contrast, C4d deposits were significantly less
present in non- hypertensive pregnant women and non-pregnant
women with chronic hypertension groups.'” This supports the
role of the complement activation in initiating and/or main-
taining renal damage in preeclampsia.

Eculizumab, a monoclonal antibody inhibitor of C5, reduces
the generation of complement components C5a and C5b-9
and their downstream effects. Eculizumab appears to be safe in
pregnancy as demonstrated by its use in paroxysmal nocturnal
hemoglobinuria' ' and atypical hemolytic uremic syndrome
(aHUS)."”!
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Table 2 Trend of hemolytic markers, hepatic and kidney functions, complement levels and proteinuria in relation to plasma exchange and

eculizumab therapy during hospitalisation until 1 week post discharge

Day 2 Day 4 Day 7 Day 14 Day 22 Day 29
(Renal (Post-plasma  (2days post-  (9days post-  (Date of (A week post-
Laboratory test Hospital day 1 Consult) exchange) eculizumab)  eculizumab)  discharge) discharge)
Haemoglobin (125-155g/L) 109 82 58 71 82 83 1M
White cell count (3.9-10.6x10° /L) 14.9 10.6 8.3 1.4 12.9 6.8 6.6
Platelet count (150-440x10%/L) 198 83 35 59 260 403 364
Blood urea nitrogen (8-21mg/dL) 20 20 34 67 60 21 15
Creatinine (0.5-1.2 mg/dL) 1.1 1.4 3.1 3.2 3.1 1.0 0.9
Total bilirubin (0.1-1.2 mg/dL) 1.4 2.1 2.6 4.6 3.1 1.5 1.5
Alkaline phosphatase(30-115 U/L) m 94 17 238 308 310 225
Aspartate aminotransferase (5-30 U/L) 2593 4211 8974 170 64 49 36
Alanine aminotransferase (5-30 U/L) 2184 2976 6572 175 Al 39 26
Lactate dehydrogenase, blood (50-150 U/L) 5064 5484 6572 1879 1460 1135
Haptoglobin (34-200) mg/dL <20
Reticulocyte count (0.5%—2.0%) 2.2 9.3
Complement C3 (90-180 mg/dL) 43 63 127
Complement C4 (10-40mg/dL) 6.6 11.9 275
CH50 (42-60 U/mL) 19 50
Urine protein to creatinine ratio (<84 mg/qg) 1005 10068 2618 2718

Burwick et al administered eculizumab to a 35-year-old primi-
gravida at 26 weeks gestation with severe preeclampsia and the
HELLP syndrome. The patient experienced clinical improve-
ment with normalisation of liver enzymes and platelet levels.>

In this case report, there was postpartum worsening of
preeclamsia/HELLP leading to multi-organ failure, including
AKI and requirement for renal replacement therapy. Following
failure of plasma exchange, the patient received a single dose
of eculizumab (on postpartum day 35) to interrupt complement
activation. Within 1week of administration, there was evidence
for improvement in haematologic/hepatic/renal function leading
to cessation of renal replacement therapy.

e

]

While spontaneous recovery of organ function following
delivery cannot be excluded, the case findings suggest that eculi-
zumab administration may have played a role in her recovery.
The normalisation of complement levels following treatment
with eculizumab is consistent with interruption of complement
activation via targeting of C5 by eculizumab.

The differentiation between HELLP and pregnancy-associated
atypical hemolytic uremic syndrome (P-aHUS) is often tricky as
they share biochemical features.”® Atypical HUS is mainly char-
acterised by microangiopathic haemolytic anaemia (MAHA)
and AKIL' % Contrarily, this case presented with multi-organ
dysfunction including non-cardiogenic pulmonary oedema,
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Figure 1 Platelet and Cr trends related to PLEX, eculizumab and RRT.
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Table 3  Atypical Hemolytic Uremic Syndorme genetic testing panel

CFH Negative
c Negative
CFB Negative
CFI Negative
MCP Negative
CFHR1/CFHR3 Negative
DGKE Negative
THBD Negative

CFH, complement factor H; CFB, complement factor B; CFl, complement factor I; CFHR1/
CFHR3, complementfactor H related protein 1 and 3; MCP, membrane cofactor protein;
DGKE, diacylglycerol kinase-¢; THBD, thrombomodulin.

subcapsular hepatic haematoma and impaired liver functions
in addition to AKI and MAHA, which is more consistent with
preeclampsia with severe features/HELLP.

Renal biopsy in our case was not feasible because it would
have been hazardous in a thrombocytopenic patient. Histology
may show thrombotic microangiopathy and endothelial injury in
preeclampsia/HELLP and P-aHUS and not differentiate between
the two.

The common genetic mutations associated with the ACP
were not detected in our patient, but genetic testing is negative
in 40%-50% of patients with aHUS and 20%-36% of HELLP
may have mutations.'! ** HELLP and P-aHUS may be part of a
spectrum.”?

Additional studies are needed to validate this small number of
case reports, concomitant with animal research to demonstrate
the mechanism of injury. At this point, however, we should be
rethinking our approach to treat severe preeclampsia/HELLP.

Learning points

» Complement dysregulation may play a central role in the
pathogenesis of preeclampsia/hemolysis, elevated liver
enzymes, low platelets (HELLP).

» Inhibiting the terminal complement cascade is a potential
therapeutic target to treat severe preeclampsia/HELLP either
intrapartum or postpartum.

» The use of eculizumab, despite its cost, may improve kidney
function in Preeclampsia/HELLP and be cost effective by
preventing chronic kidney disease and the need to renal
replacement therapy.
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