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Abstract: Venous thromboembolism (VTE) remains an important consideration within surgery,
with recent evidence looking to refine clinical guidance. This review provides a contemporary
update of existing clinical evidence for antithrombotic regimens for surgical patients, providing
future directions for prophylaxis regimens and research. For moderate to high VTE risk patients,
existing evidence supports the use of heparins for prophylaxis. Direct oral anticoagulants (DOACs)
have been validated within orthopaedic surgery, although there remain few completed randomised
controlled trials in other surgical specialties. Recent trials have also cast doubt on the efficacy of
mechanical prophylaxis, especially when adjuvant to pharmacological prophylaxis. Despite the
ongoing uncertainty in higher VTE risk patients, there remains a lack of evidence for mechanical
prophylaxis in low VTE risk patients, with a recent systematic search failing to identify high-quality
evidence. Future research on rigorously developed and validated risk assessment models will allow
the better stratification of patients for clinical and academic use. Mechanical prophylaxis’ role in
modern practice remains uncertain, requiring high-quality trials to investigate select populations
in which it may hold benefit and to explore whether intermittent pneumatic compression is more
effective. The validation of DOACs and aspirin in wider specialties may permit pharmacological
thromboprophylactic regimens that are easier to administer.

Keywords: antithrombotics; anti-coagulants; anti-platelets; cardiovascular disease; ischaemic heart
disease; atrial fibrillation; venous thromboembolism; thromboembolic risk prevention; bleeding
risk management

1. Introduction

Venous thromboembolism (VTE), an umbrella term encompassing deep venous throm-
bosis (DVT) and pulmonary embolism (PE), still represents a major cause of morbidity and
mortality within the United Kingdom (UK) [1]. An astounding 20 to 50% of DVT cases
go on to develop post-thrombotic syndrome due to venous insufficiency, resulting in leg
oedema, pain, and impaired mobility [2]. VTE events also cause a significant economic
impact, with an estimated cost of £640 million per annum when considering both hospital
and community care [3].

Hospital-associated thrombosis, defined by VTE occurring within 90 days of hospital
admission, is still relatively common with 60.4 cases per 100,000 hospital admissions in
2020 within the National Health Service (NHS) in England, failing nine cases per 100,000 in
the last decade [1,4]. Surgery is a known risk factor for VTE, with major surgical procedures
and orthopedic surgery known to be particularly high risk (odds ratio (OR) > 10), which is
contrasted with laparoscopic surgery having a smaller risk (OR < 2) [5].
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Since the Health Select Committee’s 2005 report on the rate of VTE incidence within the
UK, the prevention of VTE around the time of surgery has dramatically improved. Mechan-
ical and pharmacological interventions remain the two key paradigms in VTE prevention.
Mechanical thromboprophylaxis largely consists of either graduated compression stockings
(GCS) or sequential compression devices, such as intermittent pneumatic compression
(IPC) devices, whereas pharmacological intervention typically involves low-molecular
weight heparins (LMWH) or direct oral anticoagulants (DOAC).

In addition, wider systematic changes to the peri and post-operative care have also
reduced the risk of VTE. The introduction of the Enhanced Recovery After Surgery (ERAS)
protocols, ranging from early ambulation to improved surgical and anaesthesia regimens,
have contributed to a reduction in VTE occurrence [6]. In addition, the systematic use
of Risk Assessment Models (RAM) within healthcare prompt patient assessment, raise
awareness, and direct the prescription of appropriate prophylaxis in individuals who
previously may have otherwise been overlooked.

Current National Institute for Health and Care Excellence (NICE) guidance, published
in 2018, advises that the thromboprophylaxis regimen be based on the patient’s risk of VTE
according to the Department of Health (DoH) RAM, which incorporates known risk factors
of thromboprophylaxis and the type of procedure being undertaken [4].

However, current clinical guidance around VTE prevention in surgical patients does
not entirely align with evidence from recent randomised-controlled trials nor existing evi-
dence in the literature. We aim to provide a summary of the contemporary state of evidence
in addition to suggesting future directions for clinical practice and clinical research.

2. Current Clinical Practice in the UK

Current practices are guided by the NICE guidelines NG89, published in 2018 [4].
Surgical patients within the UK are risk stratified upon admission, or as soon as possible,
should clinical circumstance not permit it. Within the UK, NICE guidelines recommend
the use of the DoH RAM for all patients admitted, with 95% of patients admitted to NHS
hospitals being assessed for VTE risk [7].

Within the score, assessors screen for any risk factors listed. Should a patient have a
single risk factor with no contraindications, thromboprophylaxis is prescribed, with the
specific regimen tailored subjectively to patients’ risks of VTE and bleeding alongside
individual specialty guidance. Within the guidelines, no preference is given to either
GCS or IPC for mechanical thromboprophylaxis. Blanket mechanical thromboprophylaxis
is currently recommended for abdominal, thoracic, spinal, and bariatric surgery, with
recommendation to consider its use in cardiac, cranial, vascular, head and neck, elective
joint replacement and ear, nose, and throat (ENT) surgery. Blanket pharmacological
prophylaxis is recommended for several orthopaedic and bariatric procedures. Use beyond
these fields is considered based on individual patient risk factors.

3. Risk Assessment Models

RAMs have been an attractive option for clinicians, potentially allowing for tailored
regimens to patient’s individual risk but also highlighting patients who require prophylaxis.
From an academic standpoint, they permit risk quantification, allowing better comparison
between similar patient groups.

However, current RAMs do have limitations, as previously critiqued [8]. The DoH
RAM, used within the UK, does not provide different weighting per risk factor, despite each
risk factor having varying risk for VTE development. Furthermore, the score provides no
indication on the severity of risk, requiring the assessor to use their subjective assessment,
leading to potential variation from best practice.

Other tools, such as the Caprini and Padua RAMs, are used in other countries, but
these were deemed to be of low or very low quality in a literature review by NICE [4].
Whilst these scores utilise a graded system and provide a risk estimate, previous literature
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found using such scores resulted in overtreatment of patients deemed at low risk of VTE
and undertreated patients deemed at high risk [9].

It is surprising that the weighting of individual risks differs between various RAMs,
perhaps representing that such models may not be generalisable to all patient populations.
For example, the Padua RAM was developed within a single centre in Italy, and the Kucher
score was derived from a group with 80% cancer patients, who have an intrinsically higher
risk of VTE [10–12].

Furthermore, whilst several models are used in clinical practice, their validation and
application to wider clinical practice varies (Table 1). The DoH model remains unval-
idated despite more than a decade of use [8]. The Caprini model has been validated
through various retrospective studies for several specialties, such as general, vascular,
ENT, and urology surgery patients, as well as in critically ill surgical patients, where the
score was able to discriminate patients’ risk of VTE development [13–15]. The Padua,
Kucher, and Intermountain RAMs were externally validated within acutely ill medical
inpatients in the United States, where the authors found the model discrimination to be
poor (c-index range 0.58–0.64) and noted the limited training population used, such as
largely cancer patients (Kucher), or single centre with a small sample size (Padua) [12].
The International Medical Prevention Registry on Venous Thromboembolism (IMPROVE)
RAM was externally validated in 19,217 medical inpatients, where the authors noted good
discrimination (Receiver Operating Characteristic Curve 0.70) and calibration [16].

Table 1. Existing Risk Assessment Models (RAMs) development and validation.

Risk Assessment
Model

Data Derived or
Expert Derived

Risk Factor Score
Assignment

Validation

Internal or
External

Validation
Demographics Sample Size Accuracy

Department of
Health, UK NR No validation

study - - -

Caprini Expert External

General, vascular,
urology; ears, nose

and throat; and
critically ill surgical

patients

8216; 2016; 4844

Higher risk groups
significantly more
likely to develop

VTE [13–15]

Kucher Expert External Acutely ill medical
inpatients 63,458

Harrell’s c-index
0.563 (95% CI

0.558–0.568) [12]

Padua Expert—adapted
from Kucher External Acutely ill medical

inpatients 63,458
Harrell’s c-index

0.600 (95% CI
0.594–0.606) [12]

Intermountain Data External Acutely ill medical
inpatients 63,458

Harrell’s c-index
0.611 (95% CI

0.605–0.618) [12]

International
Medical

Prevention
Registry on Venous

Thromboem-
bolism

(IMPROVE)

Data
External Acutely ill medical

inpatients 63,458
Harrell’s c-index

0.570 (95% CI
0.565–0.576) [12]

External Medical inpatients 19,217 ROC 0.70 [16]

CI—confidence interval; NR—not reported; ROC—Receiver Operator Characteristic.
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4. Current Clinical Guidelines

In 2012, the American College of Chest Physicians (ACCP) guidelines were published,
dividing surgical patient groups into orthopaedic and non-orthopaedic groups, due to
orthopaedic surgery being intrinsically more prothrombotic. Table 2a,b summarise the
guidance for non-orthopaedic patients [17].

Within non-orthopaedic groups, an important distinction of ACCP guidelines com-
pared to NICE guidelines is that patients are stratified in accordance with their risk, through
either estimated percentage likelihood of VTE, or the Rogers (very low < 7, low 7–10, mod-
erate > 10) or Caprini score (very low 0, low 1–2, moderate 3–4, high ≥ 5).

In general and abdomino-pelvic surgery, those at, and above, a low risk of VTE are rec-
ommended mechanical prophylaxis, with IPC preferred over GCS. For those at, and above,
a moderate risk of VTE, pharmacological prophylaxis using LMWH or low-dose unfraction-
ated heparin is recommended, unless the patient is at a high risk of bleeding complications.

Table 2. A summary of current ACCP guidelines for non-orthopaedic surgery [17].

(a)

Patient Group

Thoracic Craniotomy Spinal Major Trauma

Risk of
VTE Moderate High - -

Very high
(e.g.,

malignant
disease)

- High - High -

Risk of
bleeding Not High Low High -

Adequate
haemosta-

sis
achieved

-

Adequate
haemosta-

sis
achieved

- -
CI to

LMWH
and

LDUH

Regimen Either MP
or PP

Both MP
and PP MP only MP only Both MP

and PP MP only Both MP
and PP

Either MP
or PP

Both MP
and PP MP only

MP IPC (2C)
Either

GCS or
IPC (2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to
GCS(2C)

PP
Either

LMWH or
LDUH

(2C)

Either
LMWH or

LDUH
(1B)

Nil (2C) Nil (2C)
No

preference
given (2C)

Nil (2C)
No

preference
given (2C)

Either
LMWH or

LDUH
(2C)

No
preference
given (2C)

Add once
no longer
CI or risk
reduces

(2C)

(b)

Patient Group

General or Abdominal–Pelvic Surgery Cardiac

Risk of
VTE Very Low Low Moderate Moderate High High High

(Cancer)

Normal
post-op
course

Prolonged post-op
course

Risk of
bleeding - - Not High High Not High High Not High - -

Regimen Nil MP only Either MP
or PP MP only Both MP

and PP MP only PP only MP only Both MP and PP

MP Nil (2C)
IPC

preferred
to GCS

(2C)

IPC
preferred

to GCS
(2C)

IPC
preferred

to GCS
(2C)

Either
GCS or

IPC (2C)

IPC
preferred

to GCS
(2C)

-
IPC

preferred
to GCS

(2C)

IPC preferred to GCS
(2C)

PP Nil (1B) -
Either

LMWH or
LDUH

(2B)
-

Either
LMWH or
LDUH for
4 weeks

(1B)

-
4 weeks
LMWH

(1B)
Nil (2C) Either LDUH or LMWH

(2C)

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) score for each recommendation is noted
in brackets within the table. VTE—venous thromboembolism; MP—mechanical prophylaxis; PP—pharmacological prophy-
laxis; LMWH—low molecular weight heparin; LDUH—low-dose unfractionated heparin; IPC—intermittent pneumatic compression;
GCS—graduated compression stockings; CI—contraindications.

For orthopaedic patients, those undergoing total hip or knee arthroplasty and hip
fracture surgery are recommended pharmacological prophylaxis, preferably LMWH, or
IPC for 10 to 14 days [18]. Those undergoing major orthopaedic surgery are suggested to
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have both pharmacological prophylaxis up to 35 days and IPC during the hospital stay. For
isolated lower-limb injury requiring immobilisation, no prophylaxis is advised.

In 2018, the European Society of Anaesthesiologists (ESA) expanded upon the ACCP
guidelines by producing guidance for specific clinical scenarios [19]. Table 3 summarises
their recommendations for day-case/short-stay surgeries [20]. As in the ACCP guidelines,
they do recommend the use of the Caprini score alongside the risk of the surgical procedure
in determining the thromboprophylaxis regimen, although no recommendations are made
for patients or procedures at moderate risk of VTE. Despite being less effective in VTE
prevention than LMWH, aspirin is suggested to have a role in low VTE risk orthopaedic
patients due to its reduced risk of bleeding. For mechanical prophylaxis, the ESA advise
GCS should be used in conjunction with pharmacological prophylaxis, and that IPC
is preferred over GCS. They also suggest combined mechanical and pharmacological
prophylaxis for those at a very high risk of VTE [21].

Table 3. ESA VTE guidelines for thromboprophylaxis in day-case or short-stay surgery [20].

VTE Risk

Low patient and procedure risk Either high patient or procedure risk Both high patient and procedure risk

Regimen No prophylaxis LMWH ± IPC
Orthopaedics: aspirin ± IPC LMWH ± IPC

Adapted from Venclauskas et al. [20]. LMWH—low molecular weight heparin; IPC—intermittent pneumatic compression.

5. Current Evidence Base for Moderate and High VTE Risk Surgical Patients

Patients from a variety of surgical disciplines may be deemed to be at moderate to
high risk of VTE. Whilst both forms of prophylaxis are historically known to reduce the
chance of VTE compared to no intervention [22,23], the optimal regimen for specific patient
groups remains uncertain.

Currently, general surgical procedures are considered to be moderate to high VTE risk
events, should the operative and anaesthetic length be more than 90 minutes, the operation
cause significant immobility, or the condition requiring surgery be associated with an acute
inflammatory condition. Other patient-specific factors, such as obesity and cancer, may
individually or cumulatively constitute to a moderate VTE risk or higher.

5.1. Pharmacological Prophylaxis

Given the increasing volume of day-case procedures and early mobilisation following
modern surgery, pharmacological prophylaxis remains further pertinent, especially with
the lower efficacy of mechanical prophylaxis [24], alongside its potential impedance of
mobilisation with IPC. Whilst heparins have traditionally been used as the mainstay for
pharmacological prophylaxis, DOACs have been increasingly researched given the ease
of administration.

A number of trials have investigated DOACs in either total hip or total knee arthro-
plasty patients, validating its use within joint replacement. The RECORD 1 and RECORD
4 trials compared rivaroxaban to enoxaparin in total hip and knee arthroplasty patients
respectively, finding rivaroxaban to be significantly more effective in VTE prevention, with
a comparable risk of bleeding [25,26]. Similar findings were also found for apixaban within
the ADVANCE-2 and ADVANCE-3 trials. Dabigatran was non-inferior to enoxaparin for
VTE and bleeding risk in the RE-MODEL and RE-NOVATE trials [27–30].

Outside of orthopaedic surgery, there remains a paucity of high-quality evidence. In
2020, an RCT investigated the use of argatroban in laparoscopic gynaecological malig-
nancy surgery, randomising 307 patients to either half-dose LMWH, full-dose LMWH, or
argatroban for 28 days [31]. The authors noted the incidence of DVT (n = 2) to not be statis-
tically different between the various groups (0% vs. 0% vs. 2.38%, respectively). However,
the trials results are limited by low numbers of participants and by being powered for
superficial venous thrombosis rather than DVT. Several trials have also been initiated in var-
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ious other patient groups, including colorectal cancer surgery, cardiac surgery, and breast
reconstruction surgery, which may validate DOAC’s use outside of orthopaedics [32–34].

Aspirin has also been hypothesised to provide similar VTE prophylaxis to LMWH,
whilst being easier to administer, inexpensive, and affording a potentially lower bleeding
risk [35]. The EPCAT-II trial randomised 3424 hip and knee arthroplasty patients to
receive either a 35-day course of rivaroxaban or a 5-day course of rivaroxaban followed
by 30 days of aspirin [36]. The extended aspirin course was found to be non-inferior to
the rivaroxaban course for VTE prevention (0.64% vs. 0.70%, p < 0.001 for non-inferiority),
with no significant difference in the incidence of major bleeding (0.47% vs. 0.29%, p = 0.42).
Importantly, relatively few patients included were at a higher risk of VTE, potentially
limiting these results to lower risk elective arthroplasty patients [35].

Historic trials have also investigated the use of aspirin for the entire duration of
pharmacological prophylaxis. In 2000, the Prevention of pulmonary embolism and deep
vein thrombosis with low dose aspirin: Pulmonary Embolism Prevention (PEP) trial
randomised 13,356 hip fracture surgery patients from multiple countries to receive either
aspirin or placebo, finding aspirin to reduce both DVT by 29% (p = 0.03) and PE by 43%
(p = 0.002), without any significant rise in death from excess bleeding. However, post-
operative transfusion was significantly higher in the aspirin group [37]. A meta-analysis of
13 RCTs comparing aspirin to other forms of pharmacological prophylaxis in total hip or
knee arthroplasty showed no statistically significant difference in DVT and PE rates [38].
Importantly, the risk of bleeding was not significantly different. These findings remained
the same in sub-group analyses by year of publication, types of anticoagulants used as
comparators, and excluding trials that had a hybrid course of another anticoagulant and
then aspirin.

Further evidence is awaited from the EPCAT-III and the Comparative Effectiveness
of Pulmonary Embolism Prevention After Hip and Knee Replacement (PEPPER) trials,
providing the latest evidence to determine the efficacy of aspirin as a standalone VTE
pharmacological thromboprophylaxis intervention [39,40].

Pharmacological prophylaxis is contraindicated if the risk of bleeding is high, such
as in spinal or neurosurgical patients. A meta-analysis of heparin prophylaxis in cran-
iotomy patients estimated that if 1000 patients were treated with heparin, between nine
and 18 symptomatic VTE events would be prevented, at a cost of seven patients experi-
encing intracranial haemorrhage [41]. Considering the potentially catastrophic effects of
intracranial haemorrhage, only mechanical prophylaxis is currently advised in both ACCP
and NICE guidelines [4,17].

5.2. Mechanical Prophylaxis

Recently, there is increasing evidence questioning the role of mechanical prophylaxis in
the context of wider improvements to VTE prophylaxis, particularly when pharmacological
prophylaxis is in place.

In 2015, a systematic search assessing the added benefit of GCS when pharmacological
prophylaxis was in place found the evidence base to be poor. The authors noted significant
heterogeneity prohibiting pooled meta-analysis, with only one RCT identified investigating
this specific comparison [42]. This trial investigated 874 hip surgery patients, which failed
to demonstrate any significant difference in VTE incidence when GCS was added to a
five-to-nine-day course of fondaparinux (combined vs. fondaparinux only, 4.8% vs. 5.5%,
OR 0.88, 95% Confidence Intervals (CI) 0.46–1.46, p = 0.69) [43].

The GAPS trial, a multi-centre UK trial randomising 1905 moderate to high VTE risk
elective surgical patients, aimed to investigate this uncertainty [44]. The trial found that
GCS did not significantly reduce the incidence of VTE when pharmacological prophylaxis
was already in place (1.4% vs. 1.7%, p < 0.001 for non-inferiority), further suggesting that
GCS has limited benefit in these patients. It is important to note that the GAPS trial noted
a surprisingly low incidence of VTE in comparison to historic data. These findings may
represent the global improvement in VTE prevention outside of mechanical and phar-
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macological intervention, thus confounding the assessment of the use of GCS in modern
surgical practice. These findings were also replicated in a recent single centre propensity
matched study, further suggesting that GCS may hold minimal benefit if pharmacological
prophylaxis is used [45].

There may be several reasons explaining the apparent lack of benefit in recent evi-
dence. First, the overall incidence of DVT is reducing. As such, any potential VTE risk
reduction from GCS has a minimal absolute reduction of VTE incidence. This is particularly
compounded when pharmacological prophylaxis is in place, further reducing the VTE
incidence. Secondly, GCS are thought to work by improving venous blood flow through
replicating the calf-muscle pump mechanism. Given that patients mobilise much earlier
than in the past, any adjunctive venous flow return may not be clinically sufficient to
prevent DVT in acute surgical patients.

Outside of surgery, further doubt has been cast on the efficacy of GCS. The CLOTS1
randomised 2518 acutely admitted stroke patients to either GCS or no intervention, finding
no significant difference in the incidence of proximal DVT’s, despite previous research
suggesting GCS’s efficacy [46]. Whilst these results question GCS, they may not necessarily
apply to surgical patients. In contrary to surgical patients, stroke patients received GCS
later on once their mobility is reduced, perhaps limiting the trial results to medical patients.

The role of IPC in adjunct to pharmacological prophylaxis has seen conflicting ev-
idence. A Cochrane meta-analysis compared IPC, pharmacological prophylaxis, and a
combination of both, identifying 22 trials in various surgical specialties, although mostly
within orthopaedic surgery [47]. The authors found combined IPC and pharmacological
prophylaxis to be more effective than each intervention individually. However, the more
recent PREVENT trial investigated 2003 critically ill patients, finding that combined IPC
and pharmacological prophylaxis had no significant benefit in proximal DVT incidence
compared to pharmacological prophylaxis alone (3.9% vs. 4.2%, relative risk (RR) 0.93, 95%
CI 0.60–1.44, p = 0.74) [48]. The discrepancy between past and recent data may, again, be
due to the wider improvement in VTE prevention leading to underpowering of the study,
though it continues to question the use of mechanical prophylaxis when pharmacological
prophylaxis is already in place.

Conversely, the addition of pharmacological prophylaxis to IPC was not found to
have a benefit in a recent trial [49]. In 2020, 448 patients undergoing laparoscopic surgery
for gastric and colorectal malignancies within Japan were randomised, with no significant
difference found for the total incidence of VTE (IPC vs. combined, 4.8% vs. 3.3%, p = 0.453).
With regard to bleeding complications, 10 minor and one major were observed within
the combined group (5.4%, 95% CI 3.1–9.5%), whereas none occurred within the IPC-only
group. It is important to note that all VTE events were asymptomatic and were diagnosed
by active screening as per the trial protocol.

For patients who have contraindications to pharmacological prophylaxis, mechanical
prophylaxis currently remains the mainstay compared to no intervention. Whilst histori-
cally both GCS and IPC are thought to hold benefit in surgical patients, recent data have
suggested IPC to be more efficacious. The CLOTS 1 and 3 studies investigated GCS and
IPC compared to placebo in acutely admitted stroke patients, respectively [46,50]. IPC was
found to reduce VTE, whereas GCS had no such benefit. Previous meta-analyses have also
found IPC to be more effective in critically ill and medically unwell patients [51,52].

This finding may be explained by comparing the modalities of compression. Intermit-
tent compression is more comparable to the lower limb muscle pump physiology, perhaps
resulting in this clinical difference [53]. However, it is important to note that IPC hinders
mobility in comparison to GCS, resulting in either increased care needs to remove and then
reapply IPC or delayed patient mobilization.

Neuromuscular electrical stimulation (NMES) is a novel form of mechanical prophy-
laxis that is yet to enter widespread clinical use, given the popularity and availability of
GCS and IPC. NMES uses electrical impulses to stimulate leg muscle contraction, thereby
improving venous blood flow. In 2014, NICE performed a medical technology assessment
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approving the use of the device for those in which other forms of mechanical prophylaxis
are not suitable [54]. A meta-analysis performed in 2018 noted the existing evidence from
RCTs to be limited by poor trial quality and heterogeneity in design [55]. NMES was
found to be effective in DVT reduction compared to no intervention (OR 0.29, 95% CI
0.13–0.65, p = 0.003), inferior to heparin (OR 2.00, 95% CI 1.13–3.52, p = 0.02), and no added
benefit when used in addition to heparin therapy (OR 0.33, 95% CI 0.10–1.14, p = 0.08). A
subsequent Cochrane review also found NMES to reduce the risk of total VTE compared to
no prophylaxis, although it was noted that there was no difference for symptomatic DVT
nor PE and the evidence was also of low quality [56].

6. Current Evidence Base for Low VTE Risk Surgical Patients

Limited evidence exists for VTE prophylaxis regimens within low VTE risk surgical
patients. Pharmacological prophylaxis use is not advised by the ACCP guidelines, as
the risk of non-fatal major bleeding with LMWH (24 per 1000) is higher than the risk of
non-fatal symptomatic VTE (five per 1000), whilst the risk of fatal PE and bleeding is low
with or without LMWH (0–3 per 1000) [17].

Given that mechanical prophylaxis was previously shown to provide benefit compared
to non-intervention [22,57], current VTE regimens within the ACCP guidelines suggest
mechanical prophylaxis only, in the hope of reducing VTE risk without affecting bleeding
risk. Despite this being common practice, evidence for mechanical prophylaxis in low
VTE risk surgical patients is currently poor. A recent systematic review investigating GCS
compared to no intervention failed to identify any such RCTs, identifying a single RCT
arm, which compared the efficacy of GCS to LMWH in this patient demographic [58].
In this trial, 660 patients for knee arthroscopy received GCS, with 29/660 experiencing
VTE (4.4%), which is higher than expected for a low VTE risk procedure [59]. Sub-group
analysis revealed that those with meniscectomy were more likely to have VTE, which was
possibly due to the longer immobility associated with the meniscal pathology.

Importantly, the extrapolation of data for mechanical prophylaxis from moderate to
high VTE risk surgical patients is unlikely to be applicable to a low VTE risk group. The
low incidence of VTE within the low VTE risk group may mean any potential reduction in
VTE risk leads to a small absolute risk reduction in these patients, although it is noteworthy
that procedures in this population represent very large numbers annually. Furthermore,
lower risk patients are more likely to have minimally invasive and day-case surgery, re-
sulting in nominal immobility. Given that mechanical prophylaxis is thought to counteract
venous stasis associated with immobility, the reduction in VTE development may not
be as apparent as in other patient groups who are immobile for longer periods of time
post-operatively.

7. Future Clinical Practices in VTE Prevention for Surgical Patients

With a reduction in the number of VTE events occurring, future practice will likely
utilise risk stratification to ensure that the appropriate VTE prophylaxis regimen is further
tailored according to the risk of the patient.

For those deemed to be at low risk of VTE, prevention will likely consist of early
mobilisation and locoregional anaesthesia as part of ERAS protocols without the need for
mechanical prophylaxis. The use of GCS in this patient group is currently uncertain, but
given the mounting evidence base questioning its efficacy in higher risk patients, its use
may decline.

In patients deemed to be at medium or high risk of VTE, the use of pharmacological
prophylaxis is justified if the risk of bleeding is not unacceptably high. Alternatives to
LMWH are likely to emerge should appropriate clinical trials support, allowing easier
administration of VTE prevention. DOACs have been validated within joint arthroplasty
surgery. Ongoing trials are assessing whether aspirin is safe within orthopaedic patients
and DOACs are safe within certain fields of surgery. The efficacy of IPC also remains
unclear, with recent conflicting evidence emerging in the PREVENT trial, yet the trial
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by Kamachi et al. suggesting IPC to be a sufficient standalone intervention for VTE
prevention [48,49]. However, it is likely to be used in conjunction with pharmacological
prophylaxis in those with a particularly high risk or as a standalone intervention in those
with a high risk of bleeding.

The use of GCS, in addition to pharmacological thromboprophylaxis, has recently
been suggested to have no added benefit. Although GCS are largely safe, they can be
associated with adverse events such as skin breaks and vascular compromise; hence, their
use is in the balance in this context. Where mechanical prophylaxis may be required, such
as those at high risk of bleeding or very high-risk patients, IPC will likely be selected over
GCS, given that IPC is thought to be more effective.

8. Future Research in VTE Prevention for Surgical Patients

The development of RAMs for both risk of VTE and risk of bleeding would permit
the ability for further personalisation of care. Such scores will need to be derived from a
balanced population, so as to hold generalisability for wider use. Ideal scores would be
both easy and quick to use, relying on factors elicited from a patient history. They would
also require external validation in various patient groups to ensure their accuracy for
clinical practice. However, it is important to be cautiously pessimistic in their development.

Any validation study undertaken in a RAM will inherently be confounded by the
indication for thromboprophylaxis. In order to assess their true predictive value, all
participants would have to receive the same treatment to balance a therapeutic effect.
There will never be ethical approval for a truly unbiased validation of a RAM either
abstaining from or treating all with equal thromboprophylaxis, and hence, research in this
area is plagued.

However, utilising such scores would also allow further stratification of patient pop-
ulations, allowing trials to focus on more clinically similar patient groups. This may
potentially counteract the overtreatment of those who may not require particular VTE
interventions, allowing both a reduction in iatrogenic harm and healthcare cost savings.

Clinical data are additionally required to assess the role of mechanical prophylaxis. In
particular, assessing the role of GCS in low VTE risk patients is particularly pertinent, due
to its high national cost. Given the unit cost of stockings being £20.36 per patient, and there
being ≈1 million operations compatible with being a day-case procedure within the NHS
in England in the year 2018–2019, this would transpire to a cost of up to ≈£20 million per
annum spent on GCS for patients deemed to be at low risk for VTE [60,61].

For IPC, its role within VTE prophylaxis regimens remains unclear. IPC is thought
to have better efficacy than GCS, and so theoretically, it may hold use for patient groups
at increased risk of VTE but for whom the risk of bleeding from pharmacological prophy-
laxis is not justifiable. In light of this rationale, ACCP guidelines advocate for an RCT
investigating a comparison between pharmacological and IPC prophylaxis [17].

Initial evidence, despite being low quality, does suggest that NMES reduces the
rates of DVT. However, NMES requires high-quality RCT data comparing it with existing
regimens, including IPC and pharmacological prophylaxis of patients at various VTE risks.
Cost analysis will also be needed to determine if NMES is cost-effective for widespread
clinical practice.

Assessing the role of DOACs and aspirin outside of non-orthopaedic surgical pa-
tients is also needed to validate its wider use through well-constructed and appropriately
powered RCTs. Such pharmacological prophylaxes are easy to administer, potentially
improving compliance and cost-efficiency.

Future research may also investigate specific high VTE risk patient groups to allow
for strong recommendations in such populations. For example, the ESA VTE task force
identified surgery in obese patients as lacking in robust clinical evidence, with few RCTs
identified in the literature and no RCTs outside of bariatric surgical patients, who are a
fraction of the total obese surgical population [62].
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Finally, whilst much emphasis is placed on determining pharmacological and me-
chanical regimens, improvement in the wider delivery of surgery has also improved VTE
prevention. Researching into developing and applying systematic improvements will allow
for a multi-faceted approach to preventing VTE.
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