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 Patient: Male, 58-year-old
 Final Diagnosis:	 Atypical	hemolytic	uremic	syndrome	•	FEIBA	induced	aHUS
 Symptoms:	 Anemia	•	renal	failure	•	thrombocytopenia
 Medication: —
 Clinical Procedure: —
 Specialty:	 Hematology	•	General	and	Internal	Medicine

 Objective: Challenging differential diagnosis
 Background: Atypical hemolytic uremic syndrome (aHUS) is a set of heterogenous disorders of thrombotic microangiopathy 

defined by thrombocytopenia, hemolytic anemia, and acute renal failure that is not mediated by shiga toxin. 
Factor Eight Inhibitor Bypassing Activity (FEIBA) is a concentrate of inactivated and activated coagulation fac-
tors that is approved for use to establish hemostasis in patients with hemophilia or acquired factor inhibitors. 
However, it has recently been used off-label as an anticoagulant reversal therapy among the general popula-
tion. Additionally, post-market surveillance has shown increased thromboembolic adverse events, whereas mi-
cro-thrombotic complications are rarely described.

 Case Report: A 58-year-old man with a history of hypertension and a single deep vein thrombosis on warfarin presented 
with right upper-quadrant tenderness extending to the right flank. He was found to have a hepatic hematoma 
and was given activated prothrombin complex concentrate (aPCC) of 14 150 units of anti-inhibitor coagulant 
complex at 100 units per kilogram due to concern for active hemorrhage. Subsequently, he developed anemia, 
thrombocytopenia, and renal failure consistent with atypical HUS. He was treated with hemodialysis, cortico-
steroids, plasma exchange, and 4 weekly doses of the anti-C5 antibody eculizumab. The patient subsequent-
ly recovered, demonstrating improved hemoglobin, creatinine, and platelets. He eventually achieved hemodi-
alysis independence. Follow-up showed no evidence of recurrent atypical HUS and the patient has not needed 
maintenance eculizumab.

 Conclusions: Herein, we report the first case of aHUS associated with administration of a single large dose of aPCC for an-
ticoagulation reversal. We postulate a potential mechanism for FEIBA-induced aHUS and report the efficacy of 
a short trial of eculizumab.

 Keywords:	 Blood	Coagulation	Factors	•	Case	Reports	•	Drug-Related	Side	Effects	and	Adverse	Reactions	•	
Hemolytic-Uremic	Syndrome	•	Thrombotic	Microangiopathies	•	Anemia,	Hemolytic	•	Acute	Kidney	
Injury	•	Treatment	Outcome	•	Thrombocytopenia

 Abbreviations: aHUS – atypical hemolytic uremic syndrome; aPCC – active prothrombin complex concentrate; 
FEIBA	–	factor eight inhibitor bypassing activity; HD – hemodialysis; TTP – thrombotic thrombocytopenic 
purpura; PLX – plasma exchange
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Background

Hemolytic uremic syndrome (HUS) is a thrombotic microangi-
opathy (TMA) characterized by thrombocytopenia, microangi-
opathic hemolytic anemia, and renal impairment [1]. It is gen-
erally subdivided into typical or atypical. Shiga toxin-mediated 
TMA (ST-HUS) is caused by shiga toxin-producing Escherichia 
coli or Shigella dysenteriae infection, whereas atypical HUS is 
a heterogenous group of TMA disorders that are both inherit-
ed and acquired, caused by complement dysregulation [2]. It 
has a poor prognosis, with more than half of patients requir-
ing dialysis or experiencing significant renal injury within the 
first year after diagnosis [3].

Factor Eight Inhibitor Bypassing Activity (FEIBA) is an activat-
ed prothrombin complex concentrate (aPCC) composed of ac-
tivated factor VII and inactivated factors II, IX, and X. It is FDA-
approved to control bleeding in those with hemophilia A or B 
with acquired inhibitors or non-hemophiliacs with inhibitors 
to factors VIII, IX, or XI [4,5]. Recently, data have shown its effi-
cacy in off-label emergent use for anticoagulant reversal ther-
apy [6-9]. Herein, we describe the first reported case of atyp-
ical hemolytic uremic syndrome (aHUS) after administration 
of a large dose of FEIBA.

Case	Report

A 58-year-old man taking warfarin for an unprovoked deep vein 
thrombosis presented with a 1-day history of abdominal and 
shoulder pain, which progressed to non-radiating right upper-
quadrant abdominal pain. His past medical history was signif-
icant for hypertension, for which he was taking Lisinopril. He 
was a 15-pack-year smoker without alcohol or illicit drug use. 
His family history was significant for a father with liver cancer.

On physical examination, his vitals were stable, he was afe-
brile, with blood pressure of 130/87 mmHg, heart rate of 67 
beats/minute, respiratory rate of 16 breaths/minute, oxygen 
saturation (SpO2) of >95%, and body mass index of 48 kg/m2. 
He was in mild distress from pain. His lungs were clear to aus-
cultation and a cardiac examination demonstrated regular 
rhythm, with no extra heart sounds or murmurs. On abdom-
inal examination, he had mild right upper-quadrant tender-
ness extending to the right flank. No rashes were found on 
skin examination. His neurologic exam showed no focal neu-
rological deficits. An initial complete blood count and compre-
hensive metabolic panel were unremarkable. His INR was ther-
apeutic at 2.8 with platelet count of 259×109/L, creatinine of 
1.06 mg/dL, and hemoglobin of 12.9 g/dL. An abdominal ul-
trasound and subsequent CT abdomen showed a 10-cm-di-
ameter hepatic hematoma suggestive of active bleeding and 
rupture. Due to concern for potential decompensation, he was 

given 5 mg of intravenous vitamin K and 14 150 units of an-
ti-inhibitor coagulant complex at 100 units per kilogram in-
fused over 1 hour for reversal of therapeutic anticoagulation 
and establishment of hemostasis. He was transferred to our 
institution for further management in the Intensive Care Unit.

Within 24 hours of admission, he became oliguric and labora-
tory studies revealed potassium of 6 mmol/L and creatinine of 
5.51 mg/dL (ref 0.84-1.21 mg/dL). Additional laboratory stud-
ies showed LDH 2618 IU/L, total bilirubin 0.6 mg/dL, platelet 
count of 33×109/L, hemoglobin of 8.0 g/dL, reticulocyte count 
2.4% (absolute 53.7 cells/mm3), haptoglobin of <30 g/dL, fi-
brinogen of 445 mg/dL, C3 of 110 mg/dL (ref 96-185 mg/dL), 
and C4 of 44 mg/dL (ref 18-53 mg/dL). Laboratory trends are 
shown in Figure 1. A blood smear was significant for schisto-
cytes, spherocytes, and anisocytosis. He was started on he-
modialysis for acute renal failure.

Due to presumptive diagnosis of thrombotic thrombocyto-
penic purpura (TTP), he was begun on plasma exchange and 
given IV methylprednisolone 1 mg/kg after ADAMTS-13 level 
was drawn. A stool culture did not grow enterohemorrhagic 
Escherichia coli (EHEC) strains and antigen PCR was nega-
tive for shiga-like toxins 1 and 2. ADAMTS-13 levels returned 
with 74% activity, showing normal activity (ref >20% activi-
ty). Steroids and plasma exchange were discontinued, and he 
was diagnosed with atypical HUS and given 1 dose 900 mg 
of intravenous eculizumab per week for a total of 4 weeks. 
Following administration, his microangiopathic hemolytic ane-
mia improved (Hgb of 8 g/dL), his platelets and LDH correct-
ed toward normal limits (Plts 348×109 and LDH 222 IU/L af-
ter 3 weeks of eculizumab), his total bilirubin was 0.3 mg/dL, 

Figure 1.  Hemoglobin and platelet count over time by day of 
admission during hospital course along with temporal 
relationship of therapeutic interventions (FEIBA, 
Steroids, Plasma Exchange [PLX], and eculizumab). 
Each point represents a lab value measurement.
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and his renal function improved (creatinine 2.96 mg/dL after 
3 weeks of eculizumab), allowing discontinuation of hemo-
dialysis after 2 months. Given the temporal relationship and 
negative stool cultures, the atypical HUS was deemed to be 
due to FEIBA administration. Notably, he had no family histo-
ry of atypical HUS and declined genetic testing due to cost. 
Hypercoagulable work-up after resolution of the acute event 
showed heterozygosity for factor V Leiden mutation and was 
negative for lupus anticoagulant and prothrombin gene mu-
tation and serum levels of protein C and S level within nor-
mal limits. Follow-up over 4 years after hospitalization showed 
no evidence of recurrent atypical HUS and the patient has not 
needed maintenance eculizumab.

Discussion

This is the first report in the literature of an acquired TMA dis-
order/atypical HUS secondary to administration of the aPCC 
FEIBA. Use of aPCCs has been gaining favor over component 
blood products when reversing vitamin K antagonists and di-
rect oral anticoagulants. Several small trials have been con-
ducted that used small doses of 500-1000 units FEIBA infused 
at 1-2 units per minute to achieve good reversal of vitamin 
K antagonist [7,8]. This range of fixed doses is much smaller 
than the therapeutic dose studied in those treated for hemo-
philia or acquired inhibitors at 50-100 units/kg [5].

Common adverse events of FEIBA include diarrhea, nausea, 
and vomiting. However, initial studies using FEIBA for hemo-
philiacs with joint and muscle bleeding [10] or as prophylaxis 
for bleeding in those with inhibitors [5] did not report throm-
botic complications. However, post-marketing surveillance has 
revealed macro-thrombotic complications (strokes, pulmonary 
embolisms, and DVTs) in those receiving aPCC, particularly 
when administered at high doses or increased frequency [4], 
whereas micro-thrombotic complications are rarely described.

There is a single case report of the prothrombin complex con-
centrate K-Centra causing atypical HUS. This patient was treat-
ed in a similar fashion with HD and eculizumab to achieve a 
similarly good result [3]. The mechanism of aHUS is hypothe-
sized to occur from impaired regulation of the terminal com-
mon complement pathway. Terminal complement activation 
leads to endothelial damage and development of thrombosis 
and the 3 features of aHUS: microangiopathic hemolytic ane-
mia, thrombocytopenia, and renal injury [2]. This also explains 
the efficacy of eculizumab, a monoclonal antibody directed 
against complement protein C5 [11], in achieving temporary 
or total remission of atypical HUS in other case reports and 
in our patient. Thus, the mechanism of FEIBA-induced aHUS 
may be due to terminal complement activation.

The intricate interplay between the coagulation cascade and 
complement system is well known; however, the specific phys-
iologic mechanism remains elusive [12]. In vitro assays and 
in vivo mouse studies have shown the ability of thrombin to 
activate complement [12,13]. Furthermore, additional ex vivo 
studies have shown the ability of factors IXa, Xa, XIa, throm-
bin, and plasmin to cleave C3 and C5 into their activated 
forms [14,15]. However, more recently, in vivo baboon stud-
ies have shown that supraphysiologic levels of factor 10 are 
able to induce complement activation, but thrombin and plas-
min did not activate complement in baboons [16]. Taken to-
gether, this demonstrates the potential of coagulation factors 
to activate terminal complement through both thrombin-de-
pendent and thrombin-independent mechanisms. Herein lies 
a possible mechanism by which aHUS can be caused by fac-
tor administration, as in our patient.

Our patient was treated with a very large dose of FEIBA con-
taining coagulation factors II, VII, IX, and X [17]. Therefore, we 
hypothesize the supraphysiologic dose of constituent coagu-
lation factors induced terminal complement activation. The re-
sultant terminal complement activation can serve as the im-
petus for the development of atypical HUS, as illustrated in 
Figure 2. Unfortunately, we were unable to measure C5 levels 
during his treatment and further research would be needed 
to support this mechanism. At the time of this case, our insti-
tution did not have ability to measure C5 levels and to track 
this with treatment. In the setting of emergent anticoagula-
tion reversal therapy with FEIBA in those without hemophilia, 
this case shows the need to consider conservative dosing to 
avoid risk of adverse effects.

In addition, debate remains concerning the optimal dura-
tion of eculizumab treatment due to its financial burden. 

Figure 2.  Proposed mechanism of Factor Eight Inhibitor 
Bypassing Activity (FEIBA)-induced Atypical Hemolytic 
Uremic Syndrome (aHUS).
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Recommendations based on limited case reports and data 
suggest that for secondary aHUS caused by drugs, eculizum-
ab may be discontinued when hematologic remission is estab-
lished [18,19]. In some cases of aHUS, eculizumab has been 
recommended for indefinite use. However, the scarcity of out-
comes data for drug-induced aHUS outside the context of cer-
tain drugs like gemcitabine and tacrolimus universal recom-
mendations cannot be made for all drug-induced aHUS [20]. 
Our case report highlights the efficacy of a limited trial of ec-
ulizumab treatment of FEIBA-induced aHUS.

The lack of complete and serial laboratory testing limits our 
report. Low serum C3 level was observed in a previous case 
report, while initial complement level was normal in our pa-
tient [3]. Low C3 level is not universally observed in the acute 
phase and the comprehensive complement panel was not 
available at our institution at the time [21]. Our report also dif-
fers by the category of agent used, in that K-Centra contains 
no activated factors but FEIBA contains activated factor VII. 
Additionally, work-up for atypical HUS should include genetic 
testing, but this was not covered by his insurance.
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