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A B S T R A C T

Hip arthroscopy (HA) has increased exponentially over the last decade. A recent systematic review found that
the risk of venous thromboembolism (VTE) is 2%. This was higher than previous reports which may have under-
estimated the true incidence of VTE in HA. Thus, protocols to mediate VTE may be more necessary than previ-
ously thought. The aim of this article is to present a VTE prevention protocol and evaluate its subsequent efficacy.
This is a prospective study of 880 consecutive HA cases. All patients were treated according to a predetermined
VTE protocol which classified patients as high (�1 risk factors) or low (no risk factors) risk for post-operative
VTE. In high-risk patients, the protocol followed that of low-risk patients but additionally included rivaroxaban
for 2 weeks post-operatively. The incidence of VTE was recorded and analysed in this study. A total of 880 HA
cases at an average age of 35.4 years were evaluated, with 76.6% (n¼ 674) undergoing labral repair and concomi-
tant cam and/or pincer resection, 17.2% (n¼ 151) of cases for isolated labral tear repaired, and 6.1% (n¼ 55)
classified as other. The overall incidence of VTE was 0.45%. The incidence of VTE was 1.2% and 0.16% in high-
and low-risk groups, respectively. Oral VTE prophylaxis was not associated with post-operative complications.
This study demonstrated a lower rate of VTE in both risk groups. It highlights the value of a predetermined risk-
adjusted protocol to VTE prophylaxis. Rivaroxaban prophylaxis is safe and efficacious in HA with a low associated
morbidity.

I N T R O D U C T I O N
Venous thromboembolism (VTE) is a well-recognized and
preventable complication of orthopaedic surgery, often
associated with significant morbidity and financial burden
[1, 2]. VTE comprises a spectrum ranging from asymp-
tomatic deep vein thromboses (DVT) to life-threatening
pulmonary emboli [3]. Post-thrombotic syndrome is a
common significant sequelae of VTE occurring in 20–50%
of cases and is associated with significant long-term chronic
pain, hyperpigmentation, oedema, pruritis, paraesthesia
and/or ulceration [1, 2, 4]. VTE may further burden
patients and the health care system by resulting in VTE

recurrence, chronic thrombotic pulmonary hypertension
and complications associated with the treatment of VTE
[1, 4]. A conservative estimate in 2016 suggested that VTE
cost the US healthcare system $7–10 billion, with 375
000–425 000 cases each year in total [5].
Orthopaedic surgery is a pertinent risk factor for VTE, with in-
cidence estimates of 40–60% for all major orthopaedic proce-
dures when no form of prophylaxis is used [6, 7].
Comparatively, the incidence is 10–30% in medical and gen-
eral surgery patients [3, 7]. Considering this, VTE prophylaxis
guidelines have been developed for certain specific orthopaedic
procedures in order to tailor prophylaxis for high-risk and low-
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risk patients [8]. No formal VTE prophylaxis guidelines cur-
rently exist for hip arthroscopy (HA) [8, 9].

The demand for HA has increased exponentially, with
increased incidence rates of 727% between 2002 and 2013
and a predicted increases of 1338% by 2023 [10]. HA has
become a common technique used in the treatment of hip
pathology with good clinical outcomes, low rates of com-
plications and shorter rehabilitation periods in comparison
to open surgery [11–13]. Overall complication rates of HA
have been reported as 3.3%, with VTE being an important
recognised complication [14]. Significant differences in
VTE rates following HA have been published. In a 2017
systematic review of 36 761 cases, Nakano et al.’s [14] sys-
tematic review reported the rate of PE and DVT at 0.01%
and 0.09%, respectively. In contrast, in 2016, Fukushima et
al. described that VTE complicated 6.9% of HA [11, 14].
Despite the low general complication rate, the increased
number of HA procedures being performed has come in
tandem with a rapid evolution of the surgical instrumenta-
tion and an expansion of potential surgical indications. No
accepted formal guidelines currently exist for VTE prophy-
laxis in HA, with the NICE guidelines or EFORT Open
Reviews making no recommendations [7, 15].

A paucity of literature regarding VTE complicating HA
exists. This study subsequently aimed to establish the inci-
dence of VTE following HA through a prospective trial
which enrolled all consecutive HA performed by a single
surgeon at a high-volume centre from 2012 to 2018 using
a novel, standardized VTE prophylaxis protocol.

E T H I C A L A P P R O V A L
This research has been approved by The South African
Medical Association Research Ethics Committee—Hip
Arthroscopy Registry Rev: II 25-08-10.

M A T E R I A L S A N D M E T H O D S
We conducted a prospective study outlined by a predeter-
mined protocol which comprised 880 HA performed be-
tween 2012 and 2018 by a single, high-volume orthopaedic
surgeon in 646 patients. In patients where bilateral staged
HA were performed, each HA was counted as an index pri-
mary HA. A manual review of all patients’ standardized
clinical data collection forms was performed by two
reviewers (WAMV and JRTP). The following demographic
data were captured for all patients: age (years), weight
(kg), height (m), body mass index (kg/m2), ASA grade,
medical co-morbidities (including history of previous VTE,
diabetes, hypertension, epilepsy, asthma and heart disease),
and current chronic medication.

All patients included in this study were followed up for
a minimum of 1-year post-operatively, with a 100% follow-

up rate. All patients were seen by the senior surgeon at
routine clinical follow-up at 3 weeks, 6 weeks, 3 months, 6
months, 9 months and 1-year post-operatively. Both med-
ical and surgical complications were recorded and tabu-
lated. The Clavien–Dindo Classification System was also
used to describe the post-operative complications [16].

All patients were clinically evaluated by the senior sur-
geon at least 6 weeks prior to surgery. An magnetic reson-
ance imaging arthrogram of the index hip was mandatory
within 30 days of the case. Patients were stratified into
high-risk and low-risk patients for VTE based on their pre-
operative work-up. The risk stratification system was based
on the Scottish Intercollegiate Guideline Network risk as-
sessment tool [17]. All patients with one or more risk fac-
tors for VTE were treated as high-risk cases.
Correspondingly, the patients with no risk factors were
treated as low-risk cases. Risk factors screened for can be
found in the Supplementary Appendix S1 [18]. This deter-
mined whether the patients received pharmacological VTE
prophylaxis or not. All low-risk patients (no risk factors)
were treated with a standardized protocol, as outlined in
Table I, which comprised a preoperative work-up, fascia
illiaca block, limited traction time and early post-operative
mobilization. All high-risk patients (one or more risk fac-
tors) received 10 mg of rivaroxaban orally post-operatively
for 2 weeks in addition to following the standard VTE pre-
vention protocol which was followed by all low-risk
patients.

Preoperative diagnosis was confirmed intraoperatively
and correlated with history, clinical findings and radio-
graphic evidence. Patients were classified according to diag-
noses as listed in Table II.

All anaesthetics were given by one of two senior anaes-
thesiologists. The anaesthetic was performed as a general
anaesthetic and was complimented by a fascia illiaca block,
using a 50 ml 0.25% Macaine with adrenaline. All patients
were positioned in the supine position on a traction table
with a post to aid joint distraction. Total traction time was
<120 min in all cases.

Post-operatively, all patients were given 12 h of ice pack
dressing and were mobilised by a physiotherapist within
24 h post-operatively. Rehabilitation was initiated within
24 h starting in hospital, followed by a home exercise pro-
gram, and out-patient physiotherapy program 5 days post-
operatively.

All patients were thoroughly educated about the risks
and, subsequently, the signs and symptoms of VTE.
Patients were instructed to follow-up urgently with the sur-
geon should these symptoms arise. At all standardized
follow-up visits (at 3 weeks, 6 weeks, 3 months, 6 months
and 1 year post-operatively) signs, such as calf pain,
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increasing calf circumference, the presence of Homan’s
sign, shortness of breath, blood-streaked sputum, and/or
chest pain, prompted further investigation immediately
[19]. Any suspected symptomatic VTE following HA was
confirmed by a combination of clinical examination, sero-
logical investigations, duplex doppler and, if indicated,
contrast-enhanced computed tomography of the pulmon-
ary vasculature. All confirmed VTE cases were referred to a
physician for VTE management. Patients with both symp-
tomatic features and corresponding confirmatory tests
were considered as a positive VTE in this study.

R E S U L T S
A total of 880 HA were performed, which comprised 646
primary unilateral HA, 134 bilateral procedures completed
at separate sittings and 100 revision hip arthroscopies (25
revision cases where the initial arthroscopy was performed
elsewhere) between January 2012 and December 2018.
The average age was 35.1 years with 40.6% and 59.4% split
between males and females, respectively. The follow-up
rate for the study was 100%. The average body mass index
was 24.4. A spectrum of pathology was seen (Table II)
with 76.6% of the cases being femoroacetabular impinge-
ment (FAI) related and 23.3% being non-FAI related. The
total operative time was 95 6 8.3 min, while the traction
time was 71 6 4.7 min. Positive VTE risk factors found are
listed in Table III. The most common risk factor was the
combined oral contraceptive (COC) pill in 17.7%, fol-
lowed by patients with a body mass index (BMI) >30 at
6.7%. Patients with a previous history of VTE and a family
history of VTE were 2.5% and 2.4%, respectively.
Hormone replacement therapy was observed in 1.7% and
diabetes mellitus in 1.25%. The other risk factors found
within the population were <1%.

Table IV summarizes the complications found while the
protocol was instituted and classifies the complications
according to the Clavien–Dindo Classification System
[16]. We noted a total VTE incidence rate of 0.45% (confi-
dence interval, 0.010–0.899). The DVT incidence rate was
0.34%, and the PE incidence rate was 0.11%. Three VTE
cases were noted in the high-risk patient group and one in
the low-risk patient group. This equated to VTE risks of
1.2% and 0.16% in the high- and low-risk groups, respect-
ively. No cases of significant post-operative bleeding
occurred. No other major complications were noted with
non-VTE related rates consistent with the findings stated
in the literature [14].

The cases of VTE within the group are displayed in
Table V. Four cases of VTE were found, each with varying

Table I. Venous thromboembolism preventative measures

Pre-operatively Extensive preoperative history and workup—looking specifically for risk factors of VTEs

A physician work-up for any patients with a known co-morbidity for optimization prior to surgery

Operatively Fascia Illica block prior to the procedure—allowing for effective analgesia post operatively to encourage
post-operative mobility within 24 h

A maximum traction time of 2 h

Post-operatively Early mobilization with physiotherapy assistance within 24 h after surgery

Two weeks of Rivaroxaban 10 mg orally daily post-operatively in patients with one or more VTE risk
factors

Table II. Demographics and spectrum of pathology

Demographics Number (% of total)

Total 880 (100%)

Primary HA 780 (88.6%)

Revision HA 100 (11.4%)

Age 35.14 (13–65)

Gender (M/F) 357 (40.6%)/523 (59.4%)

BMI 24.4 (15.2–39.4)

Diagnosis

Cam and pincer 242 (27.5%)

Cam and labrum 218 (24.74%)

Cam only 147 (16.7%)

Pincer and labrum 67 (7.6%)

Labrum only 151 (17.2%)

Other 55(6.1%)

Surgical time (min) 95 6 8.3

Traction time (min) 71 6 4.7
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risk factors. Two cases of VTE developed despite rivaroxa-
ban prophylaxis. Two revision cases that developed VTE
(1 DVT and 1 PE) had an uneventful primary HA per-
formed more than 12 months previously where the same
prophylaxis protocol was used.

Table VI shows the VTE rate based on the number of
risk factors identified. This study observed an increased
rate of VTE with increasing risk factors for VTE. One case
of VTE was observed out of 629 patients with no risk fac-
tors (0.16%) in comparison to 1 in 20 (5%) and 1 in 6
(16.7%) for patients with 2 and 3 risk factors, respectively.

D I S C U S S I O N
The overall rate of VTE in 880 elective HA was 0.45%
(0.16% in low-risk patients and 1.2% in high-risk patients).
Moreover, the incidence of DVT and PE was 0.3% and
0.1%, respectively. All surgical procedures were performed
by a single, high-volume surgeon in a single institution.

Table VI. Complications

Complications Cases
(% of total)

Complications on VTE
prophylaxis (high
VTE risk group)

Complications without
VTE prophylaxis (low
VTE risk group)

Deep vein thrombosis 3 (0.3%) 2 1

Pulmonary embolism 1 (0.1%) 1 0

Myocardial infarction 0 (0%) 0 0

Constant irritation not otherwise specified 3 (0.3%) 0 3

Neuropraxia/sciatica 4 (0.5%) 0 4

Scar-related complications 2 (0.2%) 1 1

Stiffness 5 (0.6%) 2 3

Sepsis (local and systemic) 3 (0.3%) 1 2

Post-operative bleeding 0 (0%) 0 0

Ankle pain 1 (0.1%) 1 0

Clivien–Dindo classification

I 15 5 10

II 6 3 3

IIIa 0 0 0

IIIb 0 0 0

IVa 1 1 0

IVb 0 0 0

Table III. Risk factors for VTE

Risk factors Primary
HA

Revision
HA

Total

Combined oral contraceptives 122 24 156 (17.7%)

Obesity (BMI >30) 50 9 59 (6.7%)

Previous VTE 16 6 22 (2.5%)

Family history 18 3 21 (2.4%)

Hormone-replacement therapy 15 0 15 (1.7%)

Diabetes mellitus 11 0 11 (1.3%)

Known cardiac pathology 4 0 4 (0.4%)

Known malignancy 6 0 6 (0.7%)

Steroids: anabolic 2 0 2 (0.2%)

Age (>65) 1 0 1 (0.1%)
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VTE is a common peri-operative complication and poses a
greater risk in surgical than medical patients [7]. VTE
remains a significant, but preventable, cause of both mor-
bidity and mortality after orthopaedic surgery [15, 20].
The problem with VTE in major or more-invasive ortho-
paedic procedures are well-documented [7, 15, 21, 22].
However, issues regarding the incidence and prevention of
DVT and PE after HA remain a diagnostic and therapeutic
challenge palpably less clear due to a lack of complete de-
finitive investigations on this topic [9].

The incidence of VTE in HA is reported in the litera-
ture as 0–6.94% [9, 23, 24]. Haldane et al. [9] published a
systematic review that included 21 studies which included
studies using clinical and ultrasound surveillance, and they
stressed that information regarding VTE and HA remains
limited. The incidence of DVT was reported to be 2% in
patients where VTE prophylaxis was used and 2.3% in the
group of patients who did not take VTE prophylaxis.

Several studies in the literature have described the inci-
dence of VTE in HA in patients who did not receive any
prophylaxis, neither mechanical nor pharmacological. Salvo
et al. [25] reported an incidence of clinically symptomatic
DVTs of 3.7%. Similarly, in a prospective analysis of 115
elective HAs which excluded high-risk patients, Mohtadi et
al. [24] used clinical examination and duplex Doppler
ultrasonography to report a DVT rate of 4.3%. These
authors stressed the need for routine screening and/or
VTE prophylaxis of all patients undergoing HA. Alaia et al.
[26] reported that the incidence of VTE was 1.4% in a
four surgeon series of 139 patients. High-risk patients were
excluded and post-operative ultrasonography found no
asymptomatic DVTs.

It is controversial whether patients undergoing HA
should receive VTE prophylaxis. Bolia et al. [27] per-
formed a meta-analysis of 4572 cases from 38 studies and
evaluated the incidence of VTE in low-risk patients under-
going HA for FAI. The incidence of DVT and PE was
1.18% and 0.59%, respectively. Once a correction for publi-
cation bias was made, the proportion for DVT was actually
2.02%. No mention in this study was made of prophylaxis.
However, a multi-centre study reported an overall post-
operative complication rate of 8.35% with a clinically deter-
mined incidence of VTE of 0.2% in 1502 patients [28].
DVT prophylaxis consisted of compression stockings and
early mobilization for most patients. However, high-risk
patients were identified as those with a previous history of
VTE, clotting disorder or need to fly within 3 weeks of sur-
gery and treated with aspirin prophylaxis of 650 mg daily
for 2 weeks [28]. Similarly, our study aimed to identify
patients at risk for VTE and treat appropriately with

chemoprophylaxis and compare the incidence of VTE
thereafter.

A number of risk factors for VTE have been reported.
The Scottish Intercollegiate Guidelines Network (SIGN)
[18] listed the following risk factors for VTE: age, obesity,
varicose veins, a family history of VTE, thrombophilia,
COC, hormone replacement therapy (HRT), anti-
oestrogens, central venous catheters and immobility [18].
Known risk factors for VTE in patients undergoing other
arthroscopic procedures include COC use, smoking, obes-
ity and increasing age [29]. Haldane et al. [9] reported a
greater likelihood of DVT after HA in patients older than
45 years old, diabetics and those with chronic pulmonary
disease. Khazi et al. [29] retrospectively reported that the
incidence of post-operative VTE in 9477 HAs from a large
national database was 0.77% and 1.14% at 30 and 90 days.
The study reported that smoking, obesity and diabetes
were significant risk factors for VTE [29]. Both gender and
COC did not have any noteworthy bearing on VTE, how-
ever [29].

Overall, VTE prophylaxis is reported as 13–70% and
considerable variation in protocols exist between surgical
procedures, institutions and even countries [7, 30, 31]. To
the authors’ knowledge, this article is the first to document
selective VTE prophylaxis for HA using rivaroxaban.
Despite this study, a paucity of literature exists regarding
the optimal role of these modalities and best interventional
strategies for VTE prophylaxis in HA.

Much debate exists over the ideal chemical anti-
coagulant for VTE prophylaxis. A good balance between
efficacy and a low-side effect profile is essential.
Rivaroxaban was chosen as it allowed for a fixed, oral,
once-daily dose with no subsequent monitoring required
[7]. Rivaroxaban acts as a direct inhibitor of activated fac-
tor Xa [7]. During protocol development, the choice of
rivaroxaban over aspirin was made based on numerous
guidelines for VTE prevention in orthopaedic surgery. The
SIGN guidelines published in 2010 stated that other drugs
are more effective for the prevention of VTE, as such as-
pirin was not recommended for VTE prophylaxis in ortho-
paedic patients [18]. As this study progressed, the use of
aspirin in VTE prophylaxis has gained traction, with the
AAOS and the ACCP in 2016 recommending aspirin for
arthroplasty VTE prophylaxis, however a metanalysis by
An et al. [32] in 2016 stated that the evidence available is
of limited quality and still remains controversial regarding
dosage and duration of therapy. Aspirin for VTE prophy-
laxis has also been controversial and was published after
the protocol for this study was established. Collins et al.
[33] in 2015 prescribed a daily dose of aspirin 325 mg for
2 weeks after HA and reported a 6.9% rate of VTE. A lower
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rate of DVT and PE, 0.5% and, 0.2% respectively, was
described by Domb et al. [34] after administering aspirin
325 mg twice daily after HA for 2 weeks. In the absence of
accurately defined guidelines for aspirin use and with rivar-
oxaban approved for VTE prophylaxis in arthroplasty, all
high-risk patients were treated with 2 weeks of oral
rivaroxaban.

A limitation of the use of rivaroxaban is the cost differ-
ence between aspirin and rivaroxaban, rivaroxaban being
significantly more expensive. Wells et al. [35] published a
paper in CHEST, in 2018, which found that rivaroxaban
per patient per month (PPPM) was $24 higher in compari-
son to aspirin; however, aspirin had three times higher clin-
ical event costs per patient per month in comparison to
rivaroxaban in $123 versus $381, respectively.

In our study, there were no cases of wound drainage or
bleeding post-operatively and subsequently no related 30-,
60- or 90-day readmissions.

The description of post-operative DVTs is poorly
defined [36, 37]. Mostly, they arise within the first week
after surgery but may occur up to 3 months post-
operatively [36, 38]. The risk of VTE may, therefore, per-
sist beyond the first month after index surgery [39, 40].
Khazi et al. [29] reported that the incidence of VTE almost
doubled from the first 30 days to 90 days post-operatively.
Despite research generally reporting that the causal rela-
tionship between surgery and DVT is tenuous after as little
as 4 weeks, our study continued to clinically evaluate
patients for evidence of VTE, at set clinical time points, up
to 1 year post-operatively.

Limitations
A weakness of this study is that it only evaluated the inci-
dence of symptomatic, clinically relevant VTEs. No post-
operative imaging was performed for asymptomatic VTE
as no guideline body has ever recommended it. In a retro-
spective analysis of 72 HAs managed peri-operatively with-
out VTE prophylaxis, Fukushima et al. [11] reported five

symptomatic, post-operative DVTs (6.94%). No further
asymptomatic DVTs were described despite ultrasound
surveillance and D-dimer level comparisons pre- and post-
operatively [11]. Studies for DVT diagnosis demonstrate
that a negative ultrasound result does not completely rule
out the possibility of an asymptomatic DVT [41].
Symptomatic DVTs are more common [3, 36] and their
clinical outcome far more important than those of asymp-
tomatic DVTs [22, 42, 43]. Asymptomatic DVTs have a
good prognosis irrespective of anticoagulation therapy [22,
42]. Asymptomatic DVTs also infrequently cause PEs.
Alternatively, 40–50% of untreated symptomatic DVTs
will progress to pulmonary emboli [44].

The ninth edition of the ACCP guidelines do not rec-
ommend routine peri-operative screening for asymptomat-
ic patients in orthopaedic surgery, as no clinical benefit has
been reported [22, 42, 43, 45]. In arthroplasty cases, the
ACCP states that routine doppler ultrasound following
joint replacement prior to discharge is no longer recom-
mended and it does not make any recommendation
regarding routine follow-up screening imaging for asymp-
tomatic surveillance [22]. The authors, however, do con-
cede that asymptomatic DVTs may have existed and were
not included in this analysis, possibly underestimating the
proportion of VTE. Future research could establish the
risk of asymptomatic VTE diagnosed on ultrasound, com-
paring rivaroxaban versus other agents as a methods of
anticoagulation following HA.

The authors acknowledge an inherent surveillance bias,
linked in part to the controversy regarding optimal DVT
screening. This study aimed to limit this bias by coupling
comprehensive patient education with routine, regular sin-
gle surgeon clinical follow-up and examination of all cases
at pre-determined points over 1 year. This method of VTE
surveillance has been used and accepted in prior studies
tracking VTE complicating both HA and other major
orthopaedic procedures [24, 46–48]. Previous research has
reported that due to the dire and lethal outcome of

Table VI. The rate of VTE based on preoperative risk factors

Preoperative risk factors
(risk category)

Total cases VTE rate based on the number of risk
factors (number of cases)

VTE rate based
on risk category

Total VTE rate

0 (low risk) 629 0.16% (1) 0.16% 0.45%, CI:0.010–0.899

1 (high risk) 225 0.44% (1) 1.2%

2 (high risk) 20 5% (1) 1.2%

3 (high risk) 6 16.7% (1) 1.2%

4 (high risk) 0 0 (0) 1.2%
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complications of VTE, an incidence rate of 1–2% cannot
be ignored in clinical practice [27]. Our article, however,
supports the knowledge that VTE after HA is low, and cer-
tainly comparably less than in other common arthroscopic
procedures [34, 49]. We suggest that the incidence of VTE
can be decreased safely and effectively using a risk-adjusted
approach, by identifying patients with risk factors for VTE
and subsequently treating high-risk patients for 2 weeks
with an oral anticoagulant. Further clinical trials should be
established to investigate these proposed preventative
measures to improve current VTE prophylaxis guidelines
in HA, with the recognition that each patient needs to be
evaluated on a case-by-case basis.

C O N C L U S I O N
This study demonstrates the value of a formalised risk-
adjusted VTE protocol. A reduced rate of VTE in both
low-risk (no prophylaxis) and high-risk (chemoprophylaxis
used) individuals was shown with a VTE incidence of
0.16% and 1.2%, respectively. Particular attention to
females on the COC and patients with more than one risk
factor for VTE needs to be considered. Oral VTE chemo-
prophylaxis (rivaroxaban) for 2 weeks in high-risk patients
(with one or more risk factors for VTE) is safe and effect-
ive for VTE prophylaxis with a low side-effect profile.
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