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Abstract We managed perioperative hemostasis for a 72-year-old man with hemophilia A and low
inhibitor titers (3 BU/mL), who underwent osteosynthesis for supracondylar fracture of the
left humerus. He was treated perioperatively using the combination of high doses of factor
VIII (FVIII) with recombinant human Factor VIII Fc fusion protein (rFVIIIFc), followed by
emicizumab. On the day of surgery (day 0), hewas administered bolus infusion of 150 IU/kg
rFVIIIFc, followed by continuous infusion at a dose of 4 IU/kg/h. Emicizumab, 3 mg/kg, was
injected subcutaneously onceaweek, ondays 5, 12, 19, and26. Inhibitorsweredetectedon
day 6 at a titer of 4 BU/mL and FVIII:C decreased to below assay sensitivity limits on day 10.
The rate of increase in inhibitor titers was high, with inhibitors increasing to 343.4 BU/mLon
day 14. The transition of thrombin production by thrombin generation assay (TGA) showed
temporary decrease in thrombin production on day 7, although it was restored by day 10,
i.e.,fivedays after commencementof emicizumab therapy. Rotational thromboelastometry
displayed consistent results with TGA, showing that clotting time was prolonged and the
alpha angledecreased to less thanmeasurable levelsonday6, although theywere improved
by day 10. There were no bleeding-related events or other adverse events throughout the
perioperative period. In conclusion, emicizumab was effective for the management of
perioperative hemostasis after development of an anamnestic response in a patient with
hemophilia A with inhibitors. Combination therapy with high doses of FVIII followed by
emicizumab could be a workable alternative for patients with hemophilia A with inhibitors.
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Introduction

Bypassing therapy using bypassing agents and/or administra-
tion of high doses of factor VIII (FVIII) products have been used
to manage severe bleeding or perioperative hemostasis in
hemophilia A patients with inhibitors.1–3 Generally, high-
dose FVIII administration is preferred over bypassing therapy
for patients with low titers of inhibitors, because the hemo-
static effects are more stable than those with bypassing thera-
py.4 However, an anamnestic response that develops several
days after high-dose FVIII administration makes continuation
of this therapy difficult. Hence, the combination of high-dose
FVIII therapy followed by bypassing agents has been employed
during the perioperative period ofmajor surgery, although the
timing for changing from high-dose FVIII administration to
bypassing therapy is difficult to judge.

Emicizumab is a newagent for the prevention of bleeding in
hemophilia A patients with inhibitors. This humanized bispe-
cific antibody binds FIXa and FX, acting as a substitute for the
hemostatic effects of FVIII products.5However, whether or not
emicizumab can be used in the perioperative management of
hemophilia A patients has not been elucidated. We describe a

hemophilia A case in which we used emicizumab in combina-
tion with high-dose FVIII therapy in the perioperative period.

Case Presentation

Wemanagedperioperativehemostasis for a 72-year-oldman
with hemophilia A and low inhibitor titers (3 BU/mL), as
estimated using Bethesda assay, who underwent osteosyn-
thesis for supracondylar fracture of the left humerus. Hewas
treated perioperatively using the combination of high doses
of FVIII with recombinant human FVIII Fc fusion protein
(rFVIIIFc), followed by emicizumab.

The patient’s clinical course is shown in ►Fig. 1. On the
day of surgery (day 0), hewas administered bolus infusion of
150 IU/kg rFVIIIFc, followed by continuous infusion at a dose
of 4 IU/kg/h. Emicizumab, 3mg/kg, was injected subcutane-
ously once a week, on days 5, 12, 19, and 26 (►Fig. 1A).

Transition of FVIII:C and inhibitors: Inhibitors were
detected on day 6 at a titer of 4 BU/mL and FVIII:C decreased
to below assay sensitivity limits on day 10 (►Fig. 1A). The
rate of increase in inhibitor titers was high, with inhibitors
increasing to 343.4 BU/ml on day 14. These results indicate
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Fig. 1 The patient’s clinical course and results of thrombin generation assay (TGA) and rotational thromboelastometry (ROTEM). Chromogenic substrate
assay for FVIII:C and theBethesdaassay for FVIII inhibitorsweremodified to avoid the influenceof emicizumab.7 Inhibitorswerebelowmeasurement sensitivity
ondays 1,3, and5andweredetectedonday6, at a titer of 4BU/mL. FVIII:C decreased tobelowassay sensitivity limits onday10, in spiteofcontinuous infusion
of rFVIIIFc. Emicizumabwasfirst administeredonday5atadoseof 3mg/kg, this dosebeingadministered four timesatweekly intervals, followedby1.5mg/kg
weekly. (A) TGA: TGAwas performedusing citrated platelet-poor plasma (PPP) from the patient, extracted usinga PPP reagent. The procedurewas performed
using calibrated automated thrombography (Thrombinoscope BV; Finggal link, Tokyo, Japan), in accordance with the manufacturer’s instructions. We
monitored reactions for1hour, usinga FluoroskanAscentFLmicroplatefluorometer (ThermoFisherScientific, Tokyo, Japan), set at anexcitationwavelengthof
390nm and an emission wavelength of 460nm, and Thrombinoscope software (Thrombinoscope BV). The wave shapes of TGA and an explanation of the
parameters are shown in►Supplementary Fig. S1. (B) ROTEM: The NATEMmodewas used in this study, which is reportedlymore informative than EXTEM
and INTEMmodes in patients being treatedwith emicizumab.8 Blood sampleswerecollected ina tubecontaining3.2% trisodiumcitrate.Wholeblood (300µL)
wasmixed with 20 µL of star-TEM (CaCl2; final concentration, 12.5mM), then analyzed using a whole-blood hemostasis analyzer. The coagulation processwas
assessed using clotting time (CT; time from start of measurement until detection of clot firmrmness at 2-mm amplitude), α angle (angle of the tangent
between 0mmand the curve when the clot firmness is 20mm), andmaximumclot firmness (MCF, firmness of the clot and clot quality) (C). CT, clotting time;
ETP, endogenousthrombinpotential;HSP,humanstandardplasma;MCF,maximumclotfirmness;PTS,pretreatment state; rFVIIIFc, recombinanthuman factor
VIII Fc fusion protein; ROTEM, rotational thromboelastometry; TGA, thrombin generation assay; ttPeak, time to peak.
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that the effect of high-dose FVIII administration was
completely negated by inhibitors by day 10, although the
continuous infusion of rFVIIIFc was continued up to day 11.
This suggests that the coagulation and hemostatic effects
solely depended on emicizumab on and after day 10.

Assessment by thrombin generation assay (TGA) (►Fig. 1B):
On day 3, FVIII:C levels were 95.1% and inhibitor titers were
less than assay sensitivity limits with high-dose FVIII therapy.
Lag time, peak, and time to peak were significantly improved
compared with the pretreatment state. In particular, lag time
was equal to that of human standard plasma. On day 7, all
parameters except for endogenous thrombin potential wors-
ened, with lag time and time to peak being even longer than in
the pretreatment state. On days 10 and 27, the peak signifi-
cantly improved again, although lag time and time to peak
were comparable to those on day 7.

Assessment by rotational thromboelastometry (ROTEM)
(►Fig. 1C): All parameters were significantly improved by
administration of high doses of FVIII on days 3 and 5
compared with the pretreatment state. Although clotting
time was prolonged and the α angle decreased to less than
measurable levels on day 6, these parameters were signifi-
cantly improved on day 10. Further, the data on and after
day 21 were almost comparable to those of day 10, with only
a decrease in the α angle on day 24.

There were no adverse events and symptoms suggesting
worsening of hemostatic effects, such as decrease in hemo-
globin levels, throughout the perioperative period. Hence,
blood transfusions and additional treatment with bypassing
agents were not required.

Discussion

The transition of FVIII:C and FVIII inhibitors in this case
indicated that high-dose FVIII administration became ineffec-
tivebetweendays6and10. The results ofcoagulation tests, TGA
and ROTEM, supported these observations, indicating worsen-
ingofcoagulationondays6and7,whichmighthavebeendueto
an anamnestic response and failure of high-dose FVIII adminis-
tration. However, since there was no worsening of hemostasis
clinically, additional infusion of bypassing agents was not
required. Further, these results improved on day 10, probably
as a response to emicizumab, because the effect of high doses of
FVIII seemedtobeweak, if any, dueto thehigh titersof inhibitor.

In terms of pharmacokinetics, emicizumab reportedly
requires about 4 weeks to reach a steady state with weekly
infusions.6 However, no reports have elucidated the relation-
ship between emicizumab concentration and coagulation
effects. Additionally, in our patient, all coagulation test param-
eters on and after day 10 were broadly comparable. This
indicates that the coagulation effect ofemicizumabhad almost
reached a steady state by day 10, 5 days after commencing
emicizumab therapy. These results suggest that if emicizumab
hadbeen startedearlier, for example, onday2or so,worsening
of the coagulation effect by the anamnestic response could
have been avoided. Further, if the commencement period of
emicizumab is precisely optimized, the combination of high-
dose FVIII therapy followed by emicizumab might provide a

workable alternative for patients with hemophilia A with
inhibitors, thus eliminating the need to juggle the timing of
changing thetherapy fromhigh-doseFVIII tobypassingagents.

However, there is considerable doubt whether emicizu-
mab can be used in the management of major surgery as a
substitute for high-dose FVIII therapy, because in a compari-
son of the results of coagulation tests between high-dose
FVIII administration and emicizumab, high doses of FVIII
displayed more favorable results for most parameters, indi-
cating that high-dose FVIII therapy can produce more stable
coagulation effects than emicizumab.

In conclusion, emicizumab was effective for the manage-
ment of perioperative hemostasis after development of an
anamnestic response in a patient with hemophilia A with
inhibitors. Combination therapy with high doses of FVIII
followed by emicizumab could be a workable alternative
for patients with hemophilia A with inhibitors.
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