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Abstract
Introduction: Surgery in people with haemophilia and factor VIII inhibitors is typi-
cally managed with perioperative administration of haemostatic agents to prevent or 
control the occurrence of bleeding events. Practical experience of surgery in patients 
with inhibitors who are receiving treatment with emicizumab is growing; however, the 
novelty of the situation means that standardised guidelines are lacking with regard to 
the concomitant administration of haemostatic agents, including dose and laboratory 
monitoring.
Aim: To review approaches to haemostatic management during major and minor inva-
sive procedures in patients with haemophilia A and inhibitors, and to provide recom-
mendations for controlling bleeding events.
Methods: A search was conducted, limited to the past 4 years (January 2016-April 
2020), pertaining to published evidence of surgery for patients receiving emicizumab. 
Publications identified from the search were manually reviewed to determine studies 
and case reports relevant for inclusion.
Results: Identified literature and practical experience of the authors were used to 
build a consensus of practical recommendations for the concomitant administration 
of haemostatic agents during the perioperative period for elective surgery in patients 
with inhibitors who are receiving emicizumab.
Conclusions: The current evidence base indicates that surgery can be successfully 
performed in patients with inhibitors who are receiving emicizumab and that bypass-
ing agents can be used concomitantly. Data from prospective studies are required 
to further support recommendations for haemostatic management of surgery in pa-
tients receiving emicizumab.
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1  |  INTRODUC TION

People with haemophilia A may experience recurrent bleeding ep-
isodes into the joints that can result in chronic synovitis, progres-
sive arthropathy, increased pain and reduced mobility.1 For people 
with haemophilia who have severe joint impairment, surgical proce-
dures may help to restore joint function and improve quality of life 
in cases where conservative intervention has failed.1,2 Surgeries in 
people with haemophilia are typically managed with perioperative 
doses of factor concentrate, requiring planning from a specialised 

multidisciplinary team to prevent prolonged or excessive bleeding 
and optimise outcomes.3,4

The development of inhibitory antibodies to factor VIII (FVIII) is 
the most significant complication of haemophilia treatment and can 
result in increased morbidity, bleeding risk, joint damage and indi-
cation for surgical intervention.5,6 For people with haemophilia and 
FVIII inhibitors, bypassing agents (BPAs)—including activated pro-
thrombin complex concentrates (aPCC) and activated recombinant 
factor VII (rFVIIa)—and antifibrinolytic agents may be used during 
surgical procedures to maintain haemostasis.6,7 The choice of BPA 

Expert opinion recommendations for major orthopaedic surgery in patients with inhibitors, based on published evidence 
and clinical experience: 

1.	Recommendations in the context of major surgery require individualisation of doses based on the historical bleeding phenotype 
of the patient, experience of the surgical centre for treating patients receiving emicizumab, local guidelines and anticipated level 
of bleeding associated with the procedure. 

a.	 The requirement for administration of BPAs in combination with antifibrinolytics, or administration of antifibrinolytics alone, 
will also be dependent on these variables.

b.	 Treatment principles for major surgery are applicable to both orthopaedic and non-orthopaedic procedures.
2.	Administration of emicizumab: 

a.	 Emicizumab should be dosed as per the prescribed maintenance regimen throughout the pre-, peri- and post-operative period.
b.	 Caution regarding emicizumab administration should be taken when more than one-third of whole blood volume is lost during 

surgery, because the distribution of emicizumab into the third extracellular compartment has not been described in detail.
c.	 Further research should investigate the availability and/or benefit of re-dosing emicizumab during major procedures that re-

quire a transfusion.
3.	Preoperative dosing recommendations for concomitant haemostatic agents: 

a.	 90–120 µg/kg rFVIIa (single dose) + tranexamic acid 10 mg/kg intravenous (i.v.) (×4 doses) (OR tranexamic acid 25 mg/kg oral 
administration [×4 doses]).

4.	Perioperative dosing recommendations for concomitant haemostatic agents: 
a.	 90 µg/kg rFVIIa every 2 h.
b.	 Adjust dosing according to bleed volume. 
	▪.	In the event of excessive bleeding, increase the rFVIIa dose (maximum single dose should not exceed 270 µg/kg) or shorten 

the duration between rFVIIa doses.
	▪.	 In the absence of bleeding, or presence of very minor bleeding, consider reducing rFVIIa dose (90 µg/kg every 3–4 h).

5.	Post-operative dosing recommendations: 
a.	 Days 1–2 (0–48 h) post-procedure: 90 µg/kg rFVIIa every 2–3 h + tranexamic acid 10 mg/kg i.v. (×4 doses).
b.	 Days 3–4 (48–96 h) post-procedure: 90 µg/kg rFVIIa every 4 h + tranexamic acid 10 mg/kg i.v. (×4 doses).
c.	 Days 5–7 (96–168 h) post-procedure: 90 µg/kg rFVIIa every 6 h + tranexamic acid 10 mg/kg i.v. (×4 doses).
d.	 In the event of excessive post-operative bleeding, increase the rFVIIa dose (maximum single dose should not exceed 

270 µg/kg) or shorten the duration between rFVIIa doses.
e.	 In the absence of bleeding, consider reducing the frequency of rFVIIa dosing.

6.	Management of post-operative bleeds when patients are not responsive to rFVIIa: 
a.	 Individualised aPCC (<50 IU/kg per dose) every 8–12 h until bleeding is controlled. 
▪.	 The safety and efficacy of concomitant administration of aPCC and tranexamic acid have been demonstrated previously in 

patients with inhibitors.24 However, the prescribing information of aPCC advises that there is a possibility of thrombotic events 
if the agents are used together.25 Therefore, until further research supports it, the use of concomitant aPCC and tranexamic 
acid to manage post-operative bleeds in patients receiving emicizumab who are not responsive to rFVIIa should be avoided if 
possible.

b.	 If inhibitor titre is low (<5 Bethesda Units [BU]), high doses of FVIII could be used to achieve haemostasis.
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to manage bleeding episodes may be influenced by access, safety, 
patient age and historical haemostatic response to treatment.7 Both 
aPCC and rFVIIa have demonstrated haemostatic efficacy for the 
treatment of patients with inhibitors who are undergoing surgery.7 
However, there is a lack of standardised laboratory assays that have 
been demonstrated to effectively monitor haemostatic response to 
BPAs, and protocols for the dose and administration of BPAs vary 
between procedures and treatment centres.7

Emicizumab (Hemlibra®, F. Hoffmann-La Roche) is a bispecific 
monoclonal IgG4 antibody that bridges activated factor IX (FIXa) and 
factor X (FX) to mimic the co-factor activity of FVIII and restore hae-
mostasis in patients with FVIII inhibitors.8,9 Although emicizumab 
prophylaxis has demonstrated efficacy for controlling haemostasis, 
the level of protection it offers means that patients may require ad-
ditional administration of BPAs or clotting factor to control bleeding 
episodes and provide haemostatic cover during the perioperative 
period.10–12

The scarcity of published reports of surgery in patients treated 
with emicizumab, and the occurrence of thrombotic events follow-
ing cumulative doses of aPCC in the HAVEN 1 emicizumab trial,13 
prompted The United Kingdom Haemophilia Centre Doctors’ 
Organisation and the National Hemophilia Foundation's Medical and 
Scientific Advisory Council to release interim guidelines to mitigate 
the risk of adverse events when administering BPAs.10,12 These rec-
ommendations for the treatment of breakthrough bleeds with BPAs 
suggest to avoid concomitant administration of aPCC unless no al-
ternative BPA is available.10,12 More recently, a practical guidance 
publication from Castaman et al.14 for the management of patients 
with inhibitors on emicizumab prophylaxis in the emergency setting 
advised that low doses of aPCC may be considered to manage break-
through bleeds in cases where patients do not respond to first-line 
treatment with rFVIIa. Furthermore, several French haemophilia 
networks collaborated to publish proposals for the management of 
bleeding and invasive procedures in patients with inhibitors treated 
with emicizumab, but acknowledged the lack of published evidence 
to provide formal guidelines.15

The number of patients treated with emicizumab is increasing, 
and with it, the need to provide guidance regarding the dose, admin-
istration and laboratory monitoring of BPAs in this situation. This 
article aims to review the evidence base around haemostatic cover-
age for patients with haemophilia A and inhibitors who are receiving 
emicizumab and undergoing surgery and provide practical recom-
mendations in this area, informed by the published literature and the 
clinical experience of the authors.

2  |  METHODOLOGY

2.1  |  Literature search

To identify sources relevant for this review, a literature search 
was conducted pertaining to surgery in people with haemophilia A 
who received treatment with emicizumab. Corresponding with the 

first approval of emicizumab in December 2017,16 a search of pub-
lications from 1 January 2016 to 31 April 2020 was performed in 
the electronic database PubMed (https://www.ncbi.nlm.nih.gov/
pubmed), using the search term “emicizumab AND (“invasive” OR 
“procedure” OR “surg*”)”. The results were manually reviewed for 
relevance, and reference lists of the publications were reviewed 
to identify further articles related to the topic. To incorporate 
additional published evidence and further support recommenda-
tions for surgery in patients treated with emicizumab, a search 
of publications from global haemophilia congresses (the European 
Association for Haemophilia and Allied Disorders [EAHAD]; the 
International Society on Thrombosis and Haemostasis [ISTH]; 
the ISTH Scientific and Standardization Committee [ISTH SSC]; 
the World Federation of Hemophilia [WFH]; and the American 
Society of Hematology [ASH]) in the range 1 January 2016–31 
April 2020 was performed, using the search term “emicizumab”. 
The results were manually reviewed for relevance. A separate 
search of PubMed and global haemophilia congresses was per-
formed to identify articles related to laboratory monitoring of 
emicizumab.

2.2  |  Classification of ‘major’ vs ‘minor’ surgery

Surgical interventions in people with haemophilia are typically cate-
gorised as ‘major’ or ‘minor’ interventions, reflecting the anticipated 
bleeding risk associated with the procedure.17 Owing to the varia-
tion in definitions for ‘major’ and ‘minor’ surgery between individual 
publications, the influence of the historical bleeding phenotype of 
the patient on surgery outcomes, and the anticipated duration and 
intensity of the procedure,17 a decision was taken to classify inter-
ventions as ‘major’ or ‘minor’ procedures for this review as follows: 
‘major surgery’: arthroplasty (including joint replacement, fusion and 
endoprosthesis), open reduction and internal fixation, abdominal 
surgery, thoracic surgery, neurological surgery,’–ectomy’ procedures 
and ‘–otomy’ procedures and ‘minor surgery’: central venous access 
device (CVAD) insertion/replacement/removal, haemorrhoid re-
moval, biopsies of surface area, circumcision, dental procedures and 
radiosynovectomies.

3  |  LITER ATURE SE ARCH RESULTS

The literature search initially identified 20 articles and 13 abstracts 
that were deemed potentially relevant for review and inclusion 
(Figure S1). The majority of publications identified from the litera-
ture search reported surgery in people with haemophilia and inhibi-
tors. This is likely to be attributed to the majority of patients in the 
emicizumab clinical trials programme having an inhibitor and the 
initial regulatory approval of emicizumab being for use in inhibitor 
patients only. Orthopaedic procedures were the only type of major 
surgery for which published evidence in patients with inhibitors re-
ceiving emicizumab was available.

https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
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4  |  RECOMMENDATIONS FOR SURGERY 
IN PATIENTS RECEIVING EMICIZUMAB

4.1  |  Major surgery

Use of haemostatic agents to manage major orthopaedic surgery was 
observed during the HAVEN 1–4 trials, where the majority (15/18; 
83.3%) of major surgeries (including five arthroplasty and three syn-
ovectomy procedures) were managed with prophylactic coagulation 
factor,18 although it is unclear what proportion of these patients had 
inhibitors. During the HAVEN 1 trial assessing once-weekly emici-
zumab prophylaxis in patients ≥12 years with inhibitors, two patients 
underwent major orthopaedic surgery (total hip arthroplasty and knee 
arthroscopy), where rFVIIa was also used perioperatively.19

Procedures classified as ‘major surgery’ for which there were 
published reports in the literature in patients with inhibitors receiv-
ing emicizumab included the following orthopaedic interventions: 
arthroplasty (including joint replacement, fusion and endoprosthe-
sis) and open reduction and internal fixation (n = 10; Table 1). The 
majority of these procedures were managed with a preoperative 
dose of between 90 and 200 µg/kg rFVIIa to maintain haemosta-
sis. During the post-operative period, rFVIIa was often administered 
every 2–3  h at doses of between 80 and 100  µg/kg, followed by 
tapered rFVIIa doses over 2 weeks in the absence of bleeding. For 
procedures where swelling or bleeding events occurred, administra-
tion of further doses of rFVIIa or rescue with FVIII (in patients with 
low-titre inhibitors) was used to resolve bleeding.20–23

There were several cases for which bleeding was managed with 
haemostatic agents other than rFVIIa. A patient undergoing total 
hip arthroplasty was managed with pre- and post-operative doses 
of plasma-derived FVIII. There were no adverse events; however, 
the use of FVIII in this patient led to an increase in inhibitor titre and 
the cessation of plasma-derived FVIII treatment. Therefore, FVIII 
may have a role for surgery management in patients with low-titre 
inhibitors.21 One surgery case administered alternating doses of 
90 µg/kg rFVIIa and 5000 IU aPCC every 6 h for a total of 45 doses 
to resolve a post-operative bleed. Despite discontinuing treatment 
with emicizumab 30 days prior to surgery, a thrombotic microangi-
opathy event occurred in association with aPCC use.23 This outcome 
supports guidance from MASAC to apply a 6-month risk-mitigation 
period following emicizumab discontinuation to reduce the risk of 
aPCC interacting with residual plasma levels of emicizumab.12,23

4.2  |  Minor surgery

Procedures classified as ‘minor surgery’ for which there were pub-
lished reports in patients with inhibitors receiving emicizumab in-
cluded the following interventions: CVAD insertion/replacement/
removal (n = 15), circumcision (n = 4) and dental procedures (n = 6; 
Table 2). Further evidence for minor surgery was observed during 
HAVEN 1, where a total of 11 minor surgeries (including dental 
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procedures, CVAD procedures, radiosynovectomy and endoscopy) 
were performed that required perioperative administration of 
rFVIIa.19

4.2.1  |  Central venous access device procedures

Insertion, removal or replacement of a CVAD are common proce-
dures for patients requiring regular infusions of FVIII or BPA. Most 
patients receiving emicizumab undergoing CVAD replacement/re-
moval received management with antifibrinolytic agents, and few 
experienced post-operative bleeds. Furthermore, Barg et al. reported 
two minor surgeries of central venous line extraction in paediatric 
patients with inhibitors that were managed without BPAs.26 Surgery 
cases in patients with inhibitors from HAVEN 1 and interim reports 
from HAVEN 2 reported a total of nine CVAD insertion/replacement/
removal procedures in seven patients. Of these, four procedures 
were managed with BPAs, of which none had post-operative bleed-
ing. The remaining five procedures were managed without BPAs, and 
post-operative bleeds were observed in one of them.27

4.2.2  |  Circumcision

There are various cultural and medical indications for circumcision. 
In the context of haemophilia, circumcision can be challenging due to 
increased bleeding risk with a procedure that is carried out predomi-
nantly in paediatric patients.28 Case studies for patients with inhibi-
tors receiving emicizumab suggest that circumcision may be managed 

with tranexamic acid alone. For a patient with low-titre inhibitors, the 
procedure was managed with two single doses of 100 IU/kg rFVIII.29 
However, one circumcision in a paediatric patient <6 months old with 
inhibitors was complicated by substantial post-operative bleeding 
that required management with blood transfusions and rFVIIa.26

4.2.3  |  Dental surgery

Maintenance of oral health is important for people with haemophilia, 
as routine dental treatments often induce bleeding, which can lead 
to more severe complications.30,31

Existing guidelines may influence how invasive dental proce-
dures are managed in people with bleeding disorders, including hae-
mophilia.31 The case reports and retrospective reviews identified 
suggest that the requirement and dose of BPAs and antifibrinolytic 
agents for the management of dental surgery vary between invasive 
procedures.

For dental procedures, the HAVEN 1 trial and interim data 
from the HAVEN 2 trial of emicizumab prophylaxis in paediatric 
patients with inhibitors reported a total of six tooth extraction 
procedures in five patients. Of these six procedures, two were 
managed with BPAs, with one patient experiencing post-operative 
bleeding. The remaining four surgeries were managed without 
BPAs, with post-operative bleeding observed for three of them.27 
This variability in treatment reflects the range of complexity of 
dental procedures, which may sometimes be classified in the liter-
ature as ‘major’ surgery, depending on type and number of teeth 
being operated on.17

Expert opinion recommendation for minor surgery in patients with inhibitors, based on published evidence and clinical 
experience: 

1.	Recommendations in the context of minor surgery require individualisation of doses based on the historical bleeding phenotype 
of the patient, experience of the surgical centre for treating patients receiving emicizumab, local guidelines and anticipated level 
of bleeding associated with the procedure. 

a.	 The requirement for administration of BPAs in combination with antifibrinolytics, or administration of antifibrinolytics alone, 
will also be dependent on these variables.

2.	Administration of emicizumab: 
a.	 Emicizumab should be dosed as per the prescribed maintenance regimen throughout the pre-, peri- and post-operative period.

3.	Preoperative dosing recommendations for concomitant haemostatic agents: 
a.	 Administration of BPAs should be considered on an individual basis, and in some cases, no BPAs may be required.
b.	 If BPAs are required, use of 90 µg/kg rFVIIa (single dose) and/or tranexamic acid 10 mg/kg i.v. (×4 doses) is recommended.

4.	Post-operative dosing recommendations: 
a.	 90 µg/kg rFVIIa (single dose) and/or tranexamic acid 10 mg/kg i.v. (×4 doses).
b.	 In the event of excessive post-operative bleeding, an additional 90 µg/kg rFVIIa may be considered.
c.	 If very minor post-operative bleeding or no bleeding is observed, no intervention may be required.

5.	Management of post-operative bleeds when patients are not responsive to rFVIIa: 
a.	 Individualised low doses of aPCC (<50 IU/kg per dose) every 8–12 h until bleeding is resolved.
b.	 If inhibitor titre is low (<5 BU), high doses of FVIII could be used to achieve haemostasis.
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4.3  |  Emergency surgery

Patients on emicizumab prophylaxis may present with trauma or 
excessive bleeding that requires emergency intervention. The au-
thors are in agreement with previous recommendations developed 
by Castaman et al.14 for emergency surgical management in people 
with haemophilia A and inhibitors who are receiving treatment with 
emicizumab. These guidelines advise the emergency unit to immedi-
ately contact the haemophilia treatment centre (HTC) for guidance 
on the administration of haemostatic agents to manage emergency 
surgery. Dosing recommendations include immediate administration 
of rFVIIa before contacting the HTC in the event of major trauma or 
urgent surgery, avoidance of aPCC use unless no alternative option 
is available, and maintenance of the therapeutic schedule of emici-
zumab unless advised otherwise by the HTC.14

5  |  MONITORING

Despite some guidelines recommending that regular laboratory 
monitoring of emicizumab activity may not be required during emi-
cizumab prophylaxis,12 it is advisable to monitor the haemostatic 
potential of emicizumab and concomitant administration of BPAs in 
the context of surgery and breakthrough bleeds to mitigate the risk 
of adverse thrombotic events.32,33 Due to the lack of structural and 
functional homology to FVIIIa, emicizumab is expected to demon-
strate different interactions on coagulation assays, compared with 
native FVIII.34

5.1  |  Measuring FVIII activity and inhibitor titre

Emicizumab interferes with one-stage assays and chromogenic as-
says designed with human proteins, making these less suitable for 
the measurement of FVIII activity.32,34–38 The WFH Guidelines 
(3rd Edition, 2020) instead recommend the use of a chromogenic 
FVIII assay containing bovine FX to measure FVIII activity and 
inhibitor levels in patients receiving emicizumab.39

5.2  |  Thrombin generation assay

The thrombin generation assay (TGA) has been assessed for 
its ability to estimate the haemostatic activity of emicizumab in 
comparison with FVIII.34 Two case reports of surgery in patients 
receiving emicizumab described successful use of the TGA to 
determine the clinical course of surgery and individualisation of 
BPA use.11,40 However, the major orthopaedic surgery reported by 
Santagostino et al.20 concluded that the TGA was unable to predict 
the clinical course of bleeding. The conflicting results reported in 
the literature suggest that further assessment into the validity of 
using the TGA to tailor treatment in patients receiving emicizumab 
is required.

5.3  |  Clot waveform analysis

An adjusted clot waveform analysis with mixed reagents of pro-
thrombin time/aPTT demonstrated the ability to quantify the 
coagulation potential of emicizumab alongside concomitant use 
of FVIII or BPAs.41 In the context of surgery, verification of this 
technique may allow for closer monitoring of haemostatic poten-
tial of emicizumab and concomitant agents to mitigate the risk of 
thrombotic events.

6  |  CONCLUSIONS

The evidence base for surgery in patients who are receiving treat-
ment with emicizumab continues to grow, which may be due to more 
widespread availability of emicizumab and its approval for use in 
patients with haemophilia A both with and without inhibitors.16,42 
Despite the potential requirement for administration of additional 
haemostatic agents to prevent and control bleeding, surgery should 
be available to all patients receiving emicizumab. The recommenda-
tions presented here for dosing and administration of BPAs during 
the perioperative period build on previous guidelines for patients 
treated with emicizumab and are based on published evidence and 
the practical experience of the authors.10,12,14,15,38 At variance with 
previous guidelines, the primary focus of this publication is for 
elective surgery in people with haemophilia and inhibitors who are 
treated with emicizumab.

Although clinical experience with emicizumab is increasing, the 
recommendations presented here are limited by the majority of sur-
gical procedures performed in the HAVEN programme not being 
published in full at the time of the analysis. More extensive evi-
dence is required to further support recommendations and help to 
develop international consensus guidelines for the management of 
surgery in patients receiving emicizumab. Prospective data collec-
tion from existing registries of patients receiving emicizumab or the 
establishment of a new registry endorsed by an international hae-
mophilia organisation should generate further evidence for surgery 
in the real-world setting. Furthermore, a standardised protocol for 
the measurement of surgery outcomes and data collection in pro-
spective trials would allow meaningful comparison of data between 
studies and case reports.

In the absence of tools for monitoring the haemostatic activity of 
BPAs, recommendations for effective dosing and administration of 
BPAs during the surgery period have been reliant on experience in 
published case reports and clinical data. Investigation into the utility 
of the TGA to assess emicizumab activity is required to verify its 
performance and as a predictor of bleeding complications. It should 
be emphasised within the scientific community that aPTT values are 
shortened in the presence of emicizumab, and aPTT-based coagula-
tion tests may be misinterpreted due to an overestimation of FVIII 
activity. In the context of our current understanding of emicizumab, 
a universal laboratory monitoring tool should be developed to stan-
dardise measurement of the haemostatic potential of emicizumab 
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alongside concomitant administration of BPAs, to mitigate the risk 
of adverse events.

Although further research is required to validate the dose, ad-
ministration and laboratory monitoring of BPAs, the current evi-
dence base suggests that surgery can be successfully performed in 
patients with haemophilia A and inhibitors who are receiving treat-
ment with emicizumab.
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