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Abstract
Agents that control bleeding and the usage of bypassing agents have made surgery an option to consider in people with
hemophilia. However, the lack of consistent definitions for major or minor surgery may lead to inconsistencies in patient
management. This literature review has evaluated how surgical procedures in people with hemophilia were categorized as major
or minor surgery and assessed the consistency across publications. After screening 926 potentially relevant articles, 547 were
excluded and 379 full-text articles were reviewed. Ninety-five articles categorized major or minor surgical procedures; of these,
35 publications categorized three or more major or minor surgical procedures and were included for analysis. Seven (20%)
publications provided varying criteria for defining major or minor surgery, five of which defined surgery according to the level of
surgical invasiveness. Across all 35 publications, there was considerable variance in the categorization of major and minor surgical
procedures and some overlap in surgical nomenclature (eg, type of synovectomy, arthroscopy, and central venous access device
insertion/removals). The lack of consistent guidance when referring to major or minor surgery in people with hemophilia needs to
be addressed. Clear and consistent definitions, achieved by consensus and promoted by relevant international hemophilia
committees, are desirable, to provide guidance on appropriate treatment, to increase the accuracy of trial data and may confound
the interpretation of surgical outcomes.
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Introduction

The availability of clotting factor concentrates and bypass-

ing agents has made elective surgery an option to consider

in people with hemophilia. This, combined with increased

life expectancy, is resulting in an increase in the proportion

of surgical interventions undertaken in people with hemo-

philia to address medical conditions other than hemophilia-

related complications.1

In general, surgery procedures in people with hemophilia

have been categorized traditionally as major or minor. While

this categorization is often used to indicate the predicted bleed-

ing risk associated with the procedure, a preliminary literature

search revealed no standard definitions for major or minor

surgery in people with hemophilia.2 As a result, clinicians have

little preoperative guidance as to whether a surgical procedure

should be considered as major or minor surgery, which would

enable them to plan an appropriate level of support. Further-

more, procedures that may be designated “minor” in the gen-

eral population may be considered “major” for people with

hemophilia, in whom other factors may confound the categor-

ization (eg, severity of disease, presence of inhibitors, and

other comorbidities). In addition, this lack of standardization,

particularly in clinical trials, may confound the interpretation

of surgical outcomes.

Our pilot study indicated that while some guidance does

exist, the criteria are not standardized and their application is

not consistent, particularly in clinical trials. The World Feder-

ation of Hemophilia (WFH) guidelines define major surgery as

procedures that require hemostatic support for more than 5

consecutive days.3 Latin American guidelines for the diagnosis

and treatment of hemophilia with inhibitors considered all

types of surgical procedures, but criteria were defined for
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minor surgery only.4 Australian guidance considered

“abdominal, intracranial, and orthopedic” procedures as

being major surgery but did not provide actual definitions

for major or minor surgery.5 A consensus paper that focused

only on orthopedic surgery agreed on a three-way classifi-

cation of major, intermediate, and minor surgery based upon

surgical procedures but did not provide definitions for each

type of surgery.6

We find it surprising that there are no consistent defining

criteria for major or minor surgery in people with hemophilia.

Without such definitions, the categorization of surgical proce-

dures inevitably becomes more subjective, which may result in

inconsistencies in the conduct of clinical trials and in the daily

management of people with hemophilia requiring/undergoing

surgery, potentially impacting the evaluation of surgical and

hemostatic outcomes. Consequently, we have further reviewed

the published literature to identify accurately how major and

minor surgeries are categorized and to assess the consistency

across publications.

Methods

Literature Search

A predetermined search strategy designed to find a high pro-

portion of relevant studies was developed and agreed by all

authors. Following a pilot study,2 search terms were refined

and expanded, and new searches were conducted in PubMed

(incorporating MEDLINE) and Embase on November 11,

2015, for articles and abstracts published entirely in English

between January 1, 1990 (by which time recombinant activated

factor VII [rFVIIa] was available) and November 11, 2015. The

composite search term was constructed based on the format

(hemophilia search term) AND (surgery search term minor

or major), where each term was itself a composite of individual

phrases (see Supplemental Table 1). The use of “wildcards” in

the surgery search terms (eg, “surg*,” “proced*,” or

“operat*”) yielded too many references to analyze (approxi-

mately 13 500). No limits by sex, age, and ethnicity of study

participants or by study type were imposed.

Inclusion and Exclusion Criteria

Clinical studies reporting minor or major surgical procedures

were included, together with clinically related articles discuss-

ing major or minor surgical procedures, as well as congress

abstracts. Articles were excluded if they were nonclinical

(eg, animal models, in vitro and ex vivo experimental studies)

or were unrelated to hemophilia. Also excluded were articles

that only reported percutaneous procedures (eg, radiosynovec-

tomies, central venous access device [CVAD] insertion/

removal, angiographic embolization, transjugular liver biop-

sies), however, where these procedures were reported in more

general articles, the data were extracted and included in our

analysis. Articles citing earlier data analyses were also

excluded to avoid oversampling.

Literature Review

The literature review followed Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidance

wherever possible.7 At all stages of the review process, all

authors had access to the search results and full papers for

review and analysis. Following removal of duplicate articles

in both PubMed and Embase, titles and abstracts were

reviewed. For articles that could not be screened using the

title and abstract, screening was carried out using the full-

text article. Articles were considered relevant and retained

for full evaluation if they met the inclusion criteria and met

none of the exclusion criteria; all other articles were

excluded. Full-text articles were reviewed for inclusion and

were also reviewed to identify any additional publications

that categorized major and minor surgery in people with

hemophilia that had not been captured in the search strategy

used. As there were a high number of articles reporting 1 or

2 procedures, only those publications that categorized �3

surgical procedures as being either major or minor were

included in a final review, to analyze the consistency across

any reported definitions and categorizations. During full arti-

cle review, cited articles were checked against our literature

search, and any articles not captured in the search were then

evaluated for inclusion. Additional searches by author name

were not carried out. We did not formally rank articles based

on the quality of evidence, as we did not feel that such

quality assessment would add value to our review given the

expected heterogeneity of eligible studies in terms of

selection and the number and classification of cases. A

meta-analysis was not conducted; a narrative synthesis of

our findings is presented.

Data Extraction

The selected citations were collated and summarized using an

Excel® (Microsoft Corp, Redmond, Washington) spreadsheet.

The original data sources and the extraction tables were made

available to all authors for review and analysis. The data

extracted were incorporated in this review to analyze reported

definitions for major and minor surgery, the categorization of

surgical procedures as major or minor, and to assess the con-

sistency across publications.

Results

Literature Search Results

The literature search yielded 926 potentially relevant articles.

After screening titles and abstracts, 547 articles were

excluded, and 379 full-text articles were reviewed (Figure 1).

Of these, 95 articles categorized surgical procedures. Those

that categorized 3 or more surgical procedures—35 articles

(32 peer-reviewed articles, 3 congress abstracts) in total—as

being either major or minor surgery were evaluated further.

Of these 35 articles, only two8,9 referred to published gui-

dance (the Perez-Bianco 2008 Latin American guidelines) in
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order to define or categorize major or minor surgery. Two

articles defined major surgery in a similar way to WFH gui-

dance (requiring at least 5 consecutive days of hemostatic

support) but did not cite the WFH guidance.10,11

Articles That Defined Major and Minor Surgery

Seven (20%) publications provided formal prespecified def-

initions for major or minor surgery (Table 1).8,10-15 Five of

these publications used the level of surgical invasiveness as

a defining factor for major surgery,8,10,13-15 with criteria

including: a requirement for a general or spinal anesthetic,

provision of respiratory assistance, abdominal surgery,

penetration of a major body cavity, orthopedic surgery

(joints), and extraction of more than 3 teeth. One publica-

tion defined major surgery as any procedure estimated to

require daily treatment with FVIII concentrate for at least a

week11 with preoperative target FVIII: C levels of 0.5 to 1.0

and 0.2 to 0.5 IU/mL for major and minor surgery, respec-

tively. The remaining publication broadly defined major

surgery as being wisdom teeth extraction and all other

surgeries.12

Consistency Between Surgical Procedures Classified as
Major or Minor Surgery

Across all 35 publications, there was a wide range of surgical

procedures categorized as being major or minor (Tables 1

and 2).9,16-42 Two articles defined surgical specialties (eg,

orthopedic, cardiothoracic, neurosurgical), rather than individ-

ual procedures, as being major or minor.18,40 In general, major

surgical procedures were more likely to have been carried out

under general anesthetic, while minor surgical procedures

tended to be carried out under local anesthetic (Table 2). Dental

extractions were often categorized based upon the complexity

of the procedure (eg, by the number of teeth </�3 or the tooth,

such as third molar, wisdom tooth, etc, being extracted). Nota-

ble exceptions classed as minor surgery were excision of sple-

nic tumor, excision of ear, excision of axillary mass,

tonsillectomy, and inguinal hernia repair. Across publications,

there was some overlap in the categorization of surgery; for

example, some articles categorized synovectomy, arthroscopic

synovectomy, arthroscopy, and CVAD insertion/removals as

minor surgery, while other articles considered them major sur-

gery. The most common major surgical procedures were gen-

eral “-ectomy” procedures, joint replacements or arthroplasties,

926 potentially relevant papers screened
by titles and abstracts

195 duplicate references removed

aIncludes case reports, single operations, superseded articles, not human
bIncluding single case reports, single operations, superseded data
cDuring full text article review
dIncludes three congress abstracts

547 publications excluded:
325 not surgery; 162 not hemophilia;
60 othera

284 publications excluded:
70 did not categorize surgery;
67 provided no data; 32 reviews;
32 not hemophilia; 83 otherb

95 publications categorized specific operations
as being major/minor

379 full text articles reviewed for inclusion

2 additional publications identifiedc

that categorized >3 specific operations
as being major/minor

35 publications categorized
>3 specific operations as being major/minor

(PubMed: 21; Embase: 12d; other: 2)

58 publications excluded that only
categorized <2 specific operations

1,121 records identified
during major/minor surgery in hempohilia search

(PubMed: 363; Embase: 758)

Figure 1. Flow diagram showing results of the literature search and screening process for hemophilia surgery.
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Table 2. Articles That Categorized �3 Operations as Being Major and/or Minor, in People With Hemophilia (n ¼ 27).

# Publication Data Source
Surgery
Category

No. of
Procedures Examples of Procedures in the Surgical Category

Peer-reviewed journal publications
38 Balkan et al16 Retrospective single-center study Major 11 Evacuation of subdural hematoma þ

ventricoperitoneal shunt, ventricoperitoneal
shunt revision, open synovectomy, antegrade
esophageal dilatation (for corrosive liquid
intake), molar teeth extraction

Minor 42 Radioisotope synovectomy, circumcision
54 Berkouk-Redjimi et al17 Retrospective multicenter study Major 228 Synovectomy, osteotomy or arthrodesis, joint

replacement with a prosthesis
Minor 98 Synoviorthesis

59 Bhushan et al18 Retrospective and prospective
single-center study

Major 26 Orthopedic, general surgery, cardiothoracic and
vascular, neurosurgical, obstetric or
gynecological, plastic surgery

Minor 30 Dental extractions, excision of splenic tumor,
epulis excision and dental scaling with curettage;
wound debridement, biopsies, circumcision,
hematoma decompression, urethrotomy, and
Hickman-line insertion

112 Caviglia et al9 Retrospective single-center study Major 15 Arthroscopic synovectomy, pseudotumor removal,
osteotomy, arthroscopy, arthrotomy, articular
drainage, fracture osteosynthesis

Minor 25 Chemical/radioactive synovectomy, embolization
(angiographic/joint)

928 Dimichele and Negrier19 Retrospective, multicenter,
postmarketing surveillance
study

Major 4 Ankle fusion, lower leg fasciotomy and split
thickness graft, laparoscopic cholecystectomy,
knee arthroplasty

Minor 12 Central line insertion, dental extraction, full mouth
rehabilitation, skin graft, cataract removal,
radionuclide synovectomy, subclavian port
replacement

256 Goudemand et al20 Retrospective single-center study Major 9 Nephrectomy, osteosynthesis, prostatectomy,
total hip prosthesis

Minor 4 Not described
451 Lusher et al21 Randomized, blinded, multicenter

study, open-label study, and a
compassionate-use program

Major 21 Herniotomy, tracheotomy, laparotomy,
synovectomy, skin grafting, bone fractures,
abscess/cyst extirpation

Minor 57 Central line insertion, arterioventricular shunt,
punctures, injections, dental

544 Negrier et al22 Retrospective, multicenter study Major 8 Bilateral knee arthroplasty, musculocutaneous
plasty, prostatic adenomectomy, complete
dental extraction, forearm amputation, bilateral
tibial osteotomy and splenectomy

Minor 19 Synoviorthesis, arthroscopic synovectomy, knee
arthroscopy

549 Negrier et al23 Prospective, open-label,
multicenter study

Major 22 Hip replacement, knee/ankle/shoulder arthroplasty
Minor 35 Ulnar nerve transposition, ankle/knee/elbow

synovectomy, vasectomy, circumcision,
tonsillectomy, transjugular liver biopsy, excision
of ear, axillary mass excision

596 Pérez-Garrido et al24 Retrospective, multicenter study Major 10 Laparotomy, appendectomy, neck lipoblastoma
tumor resection, ankle osteophyte resection and
filling with bone substitute, cement-free hip
arthroplasty, knee arthroplasty, knee osteotomy,
humerus osteosynthesis, septoplasty for
chondrovomerian fracture

(continued)
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Table 2. (continued)

# Publication Data Source
Surgery
Category

No. of
Procedures Examples of Procedures in the Surgical Category

Minor 5 Implant of Ahmed glaucoma valve, cataract, ankle
arthroscopy for osteophyte resection, implant of
synthetic bone, hematoma drainage, and
reconstruction.

611 Polyanskaya et al25 Retrospective, single-center case
series

Major 16 Knee endoprosthesis, hip osteotomy,
pseudotumor removal, knee arthrolysis,
osteosynthesis, leg amputation

Minor 7 Achilloplasty, synoviorthesis
630 Quintana-Molina et al26 Retrospective, single-center

study
Major 10 Placement of hip/knee prosthesis, knee arthrodesis,

femur fracture, craniotomy, pyloroplasty,
appendectomy, corneal transplant

Minor 54 Central catheter/Hickman line insertion,
radiosynoviorthesis, dental extractions, cataract
operations, lipoma removal

645 Rangarajan et al27 Retrospective, multicenter case
series

Major 18 Orthopedic: hernia repair, hip fracture repair, knee
replacement or synovectomy, ankle fusion or
arthrodesis, hemiarthroplasty

Other: AV fistula, spinal stenosis surgery,
hepatectomy, colectomy, skin grafts, fasciotomy,
debridement

Minor 8 Needle aspiration of knee, bone-marrow
aspiration, endoscopic
cholangiopancreatography, subungual hematoma
washout, catheter insertion

647 Rea et al28 Retrospective single-center study Major 3 Total knee replacement, laparotomy, and a cerebral
tumor resection

Minor 8 Not described
673 Rodriguez-Merchan

et al29
Retrospective, single-center case

series
Major 13 Orthopedic surgeries (total knee/hip arthroplasty,

fixation of bone fracture, ankle arthrodesis,
thoracotomy (lobectomy), craniotomy,
pyloroplasty, appendicectomy, corneal
transplant

Minor 79 Radiosynovectomies and central catheter
placements, dental extractions, inguinal hernia,
lipoma, hydrocele, cataract

675 Rodriguez-Merchan
et al30

Retrospective, single-center
orthopedic case series

Major 7 Knee/hip arthroplasty, bone fracture fixation,
ankle/knee arthrodesis

Minor 20 Radiosynovectomies
679 Rodriguez-Merchan

et al31
Retrospective, multicenter

elective orthopedic surgery
case series

Major 20 Knee/hip arthroplasty, fracture fixation, removal of
pseudotumor, hip osteotomy (varus osteotomy),
removal of osteosynthetic material, ankle
arthrodesis; elbow synovectomy, forearm
fasciotomy, and knee arthroscopic debridement

Minor 88 Radiosynovectomies (knees, elbows, and ankles)
704 Santagostino et al32 Prospective, open-label,

multicenter study
Major 11 Knee arthroplasty, femoral osteosynthesis, plastic

surgeries, prosthesis of jejunostomy,
polypectomy plus hemorrhoidectomy

Minor 14 AV fistula, wound revision, tooth extraction, Port-
A-Cath insertions and removal

743 Serban et al33 Prospective, open-label,
multicenter surgery study

Major 5 Liver biopsy, dental extraction >3 teeth, bilateral
synovectomy

Minor 7 Synovectomy, undercutting of frenulum tongue,
dental extraction �3 teeth

754 Shapiro et al34 Prospective, double-blinded,
multicenter study

Major 11 Synovectomy, hip arthroplasties, knee joint
manipulation, cartilage repair, bone graft,
laparoscopic renal biopsy

(continued)
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and dental extraction (Table 3). The insertion and removal of

CVADs, synovectomies, dental extraction, and cataract opera-

tions were the most common minor procedures.

Major or Minor Surgery Defined According to Dosage
Regimen in People With Hemophilia

Two publications described dosages of either plasma-derived

FVIII (pdFVIII)39 or rFVIIa29 in people with hemophilia

undergoing major or minor surgery. Wolf et al reported that

the preoperative dose of pdFVIII required by previously treated

patients with severe hemophilia A without FVIII inhibitors

(<0.6 BU mL) was between 48 and 65 IU/kg (16 to 40 infu-

sions) for major surgery or between 42 and 57 IU/kg (1 to 2

infusions) for patients undergoing minor surgery.39 In people

with hemophilia who had inhibitors, Rodriguez-Merchan et al

reported preoperative rFVIIa dosage regimens of 120 mg/kg for

major surgery and 90 to 120 mg/kg for minor surgery.29 Fol-

lowing major surgery, 120 mg/kg rFVIIa was administered

every 3 hours on days 1 to 5, and then 90 to 120 mg/kg rFVIIa

was administered every 6 hours on days 6 to 14. Following

minor surgery, 2 to 4 infusions of 90 to 120 mg/kg rFVIIa were

Table 2. (continued)

# Publication Data Source
Surgery
Category

No. of
Procedures Examples of Procedures in the Surgical Category

Minor 18 Central venous catheter placement and removal
763 Siboni et al35 Retrospective, single-center case

series
Major 4 Knee/hip replacements, arthroscopy
Minor 2 Carpal tunnel treatment, hand surgery for trigger

finger
929 Tagariello et al36 Prospective, single-center study Major 35 Cholecystectomy, arthroscopic synovectomy,

sigmoidectomy, lumboperitoneal shunt
placement

Minor 21 Suture removal, port placement, dental
824 Tjonnfjord et al37 Prospective, single-center case

series
Major 7 Knee/hip arthroplasty, nephrectomy/splenectomy,

sigmoidectomy, wound rupture revision
Minor 17 Dental extraction, cataract removal and lens

implantation, trephine biopsy, Hickman line
insertion, circumcision, tongue laser coagulation,
cystoscopy/pyelography, endoscopic treatment
of eroded vessel in esophageal ulcer, prepatellar
burse excision, toenail excision

893 Windyga et al38 Prospective, open-label,
multicenter study

Major 11 Residual femur fracture nail removal, joint
replacement, open synovectomy, abdominal
hernia, dental extraction (third molar),
neurofibroma excision

Minor 3 Dental extraction (first molar), intra-articular
injection

901 Wolf et al39 Major 10 Knee/hip arthroplasty, neck lipoma excision
requiring general anesthetic

Minor 7 Dental extractions, onychia
Congress publications
80 Brand et al40 Prospective, open-label,

multicenter surgery study
Major 11 Orthopedic, dental, cardiovascular, abdominal
Minor 4 Orthopedic, dental, endoscopy, and dermatological

579 Oldenburg et al41 Surgery subanalysis from a
prospective, open-label,
multicenter study

Major 14 Joint replacements, ankle fusion, pseudotumor
extirpations, foreign body excision, elbow
capsular release and ortholysis, ulnar nerve
neurolysis, compartment syndrome splitting,
cholecystectomy, hemorrhoidectomy, and
dental extractions

Minor 46 Not described
924 Zulfikar et al42 Retrospective, single-center case

series
Major 12 Circumcision, bilateral knee arthroscopy, unilateral

knee arthroscopy, osteotomy of the knee, port
catheters placement, central venous catheter
placement, resection of iliopsoas pseudotumor,
resection of iliopsoas pseudotumor, hamstring
release, achilloplasty

Minor 63 Orthopedic procedures, dental procedures,
gastroscopy, port catheter removal, puncture of
hematoma from finger, extraction of cataract,
and biopsy of oral leukoplakia
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administered every 3 to 6 hours every day on days 1 to 5. While

a dosage regimen for FEIBA administration to cover minor

surgery was described (initial dose of 100 IU/kg preopera-

tively, followed 6 hours later by 50 IU/kg every 12 hours for

at least 4 days), regimens to cover major surgery were not.29

Discussion

Even though it is often difficult to define a surgical procedure as

being major or minor, the usage of these terms, however, impre-

cise, is firmly established in the surgical lexicon. Our literature

review has highlighted the considerable variance in the categor-

ization of surgical procedures. While definitions for minor and

major surgery in people with hemophilia have been published,

there is no consistency across them, and our literature search has

found that they are not widely used. Only 2 (6%) of 35 analyzed

articles followed published guidance for defining major or minor

surgery. Our literature review also shows that while some pro-

cedures are consistently classified—for example, joint replace-

ment and dental extraction were the most common major and

minor surgical procedures cited, respectively—there was over-

lap in the categorization of some procedures (eg, synovectomy,

arthroscopic synovectomy, arthroscopy, CVAD insertion/

removals) as either major or minor. This overlap may reflect the

clinical situation: Factors that may drive a minor procedure to be

considered as major surgery include the severity of the patient’s

hemophilia, potential duration and intensity of surgical hemor-

rhage, a wound drain, and longer postoperative treatment and

rehabilitation. Interestingly, despite the difficulties in classifica-

tion, 1 consensus article on surgery in people with hemophilia

with inhibitors considered it essential to include an intermediate

type of surgery,6 although only 2 of 35 analyzed articles included

an intermediate category.17,33 We do not consider that criteria

for intermediate surgery are necessary as it would be unlikely to

change aspects of management for patients about to undergo

surgery and would most probably create confusion among

clinicians.

At present, despite a lack of definitions, major and minor

surgeries are undertaken safely and effectively in people with

hemophilia. Current national and international recommenda-

tions and guidelines are based on data from observational,

uncontrolled studies,3-6 and as our literature review has found,

very few publications refer to, or use, these guidelines. The

variability in the use of consensus definitions inevitably results

in inconsistencies in reporting and interpreting surgical out-

comes and clinical trial results, particularly when considering

the effectiveness of a product used during surgical procedures.

For example, the categorization of synoviorthesis as being a

minor surgical procedure remains a topic of discussion (Luigi

Solimeno, personal opinion). One area of concern might be

where articles report surgical efficacy without describing the

procedures adequately: for example, reports describing the effi-

cacy of bypassing agents in “surgery” that actually relate to

data derived from mostly chemosynovectomies or radiosyno-

vectomies (21 of 40 surgical procedures).9 The complexity of

categorizing surgery in patients with hemophilia can be illu-

strated by the fact that open synovectomy and arthroscopic

synovectomy can both be considered major surgery, but arthro-

scopic treatment for a meniscal tear may be considered minor

surgery, even though similar instruments and surgical approach

are used for all procedures. (Luigi Solimeno, personal opinion).

In addition, despite the placement of central venous catheters

(or Hickman lines) requiring open cutdown and a general anes-

thetic, we consider this a minor surgical procedure, as with

other CVAD insertion/removal.

It is may be reasonable to consider that minimal hemostatic

levels and optimal durations for replacement therapy in people

with hemophilia undergoing surgery may help define a proce-

dure as either minor or major. However, only 1 publication in

our review defined major surgery according to the duration of

FVIII replacement, with preoperative target FVIII: C levels for

major and minor surgery,11 while 2 articles reported replace-

ment therapy dosage regimens according to major or minor

surgery.29,39 In their 2014 article, the ISTH Definitions Com-

mittee provide consensus definitions in many areas such as

classification, inhibitors, and response to therapy including

surgical hemostasis. However, they provide only limited gui-

dance on surgical procedures (similar to that of the WFH3)

suggesting only that they may be classified as major or minor

depending on whether the planned duration of hemostatic sup-

port is more or less than 5 consecutive days.43 In fact, planning

for factor replacement needs to consider the surgery being under-

taken, plasma factor levels, inhibitor status, and intra-operative

and postoperative conditions.33 In an ideal world, all surgery

would involve multidisciplinary teams that include a hematol-

ogist, an experienced surgeon, a physical therapist, and other

trained health-care professionals (eg, nurses, pharmacist) to

assist with the management and to assess the level of bleeding

risk and laboratories that can reliably monitor factor levels.

Nevertheless, we believe that standardized categorizations of

Table 3. The Most Common (Cited �5 times) Surgical Procedures
Classified as Either Major or Minor.

General Surgery Orthopedic Surgery Other

Major “-ectomy”
procedures

Osteotomy/arthrodesis Dentala

“-otomy”
procedures

Joint replacement/
arthroplasty

Pseudotumor Synovectomy/arthroscopic
synovectomy

Bone fracture reduction
Osteosynthesis
Arthroscopy
Amputation

Minor Central line
insertion/removal

Chemical-/radio-/
arthroscopic
synovectomy

Dentalb

Cataract
removal/
insertion

aSome defined as �3 teeth; third molar extraction.
b<3 teeth.
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major and minor surgery would support those involved in

patient care and researchers attempting to assess and improve

surgical outcomes.

Our literature analysis provides an accurate view of the

current situation concerning the way that surgery is currently

categorized in people with hemophilia. However, we do

recognize that there are limitations in our analysis. We did

not adopt all PRISMA guidelines: For example, there was no

formal protocol, although an extensive pilot study2 provided

the basis for the methodology of our literature search and

review. In addition, there was no qualitative analysis,

although we do not feel that this would have improved the

review. Focusing on articles published after 1990 could limit

our analysis, as major and minor surgical categorizations were

in general use long before that date. However, focusing upon

the last 25 years (the era of recombinant replacement factors

and the period during which surgery in people with hemophi-

lia has increased) should represent more current experience.

Excluding articles that did not report �3 procedures might

potentially limit our analysis, but we think that this cutoff

resulted in a stronger data set (as the inclusion of articles

reporting �2 procedures could potentially skew the results),

and we do not feel that the inclusion of these articles would

benefit our analysis. Although searching both PubMed and

Embase helped to minimize publication bias, we may have

missed relevant reports (eg, institutional or association guide-

lines) stored within other databases or prepared in languages

other than English.

Our literature review suggests a lack of consensus for the

categorization of major and minor surgery in people with hemo-

philia. We believe that it is essential that the definitions for major

and minor surgery are accurate and relevant for people with

hemophilia and should be developed by consensus between

hemophilia specialists, surgeons, and anesthetists. Several fac-

tors need to be considered to achieve this: The classification

must be simple and easy to understand; it must be applicable

across all surgery types; and it should be flexible so that new

surgical techniques can be included. Moreover, definitions of

minor and major surgery for people with hemophilia should be

modified for those patients who have developed inhibitors, as

surgery in these patients is more challenging, and so, the risks of

uncontrolled bleeding are increased.

In conclusion, clear and consistent definitions, achieved by

consensus and promoted by relevant international hemophilia

committees, are desirable, to provide guidance on the appro-

priate treatment regimen to be administered preoperatively,

perioperatively, and postoperatively, to increase the accuracy

of trial data being reported and to help standardize the inter-

pretation of surgical outcomes.
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