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Introduction

Prolonged intra- and post-operative immobilisation results in deep venous stasis due to inactivity of the
calf muscle pump, leading to increased risk of deep venous thrombosis (DVT)[1]. Surgical trauma and
systemic inflammatory responses predispose to endothelial injury and hypercoagulability respectively[2],

following the principles of Virchow’s triad.

Venous thromboembolism (VTE) represents a significant clinical and socioeconomic burden, contributing
to at least 100,000 deaths per year[3]. Even for survivors, VTE adversely affects quality of life with chronic
sequelae such as post-thrombotic syndrome and chronic thrombotic pulmonary hypertension, with an
estimated direct healthcare cost of $5-10 billion per annum[4]. Preventive interventions aimed at
reducing the incidence of DVT in high-risk patients have demonstrated to be cost-effective[5], and

consequently have become an important aspect of inpatient care[6].

Current standard peri-operative DVT prophylaxis includes early mobilisation[7], chemoprophylaxis with
low-molecular weight heparin (LMWH)[8], graduated compression stockings[9] and intermittent
pneumatic compression devices[10]. These interventions are cost-effective in reducing DVT rates and are
standard practice as part of national guidance[6]. However, standard prophylaxis is unsuitable for some
patients. For example, early mobilisation may be contraindicated in critical patients and those who suffer
from polytrauma, LMWH is unsuitable in coagulopathic patients due to the risk of intracranial
haemorrhage and graduated compression stockings may be poorly tolerated in those with peripheral
arterial disease. Similarly, intermittent pneumatic compression devices cannot always be used in patients

who have recently undergone lower limb reconstruction.



Several alternative physical treatments that recruit or replace the calf muscle pump function have been
proposed, including bandaging, massage therapy, physical activity and electrostimulation of calf muscles.
A recent Cochrane systematic review evaluated neuromuscular electrostimulation of calf muscles for DVT
prevention and found it to be inferior to low-molecular weight heparin, but showed a reduction in DVT
rates when compared to no intervention. The authors concluded that the quality of evidence to support
these conclusion was low, with a high-risk of bias[11]. However, this review did not appraise other forms
of alternative physical treatments for perioperative DVT prophylaxis. Despite the very limited evidence,
electrostimulation devices have been licensed for DVT prophylaxis in high risk patients in whom standard

prophylactic strategies are contraindicated[12].

The aim of this systematic review is to identify reported alternative active and passive physical
treatments for the prophylaxis of deep venous thrombosis in trauma and surgical patients, and appraise

their clinical utility.



Materials and Methods

The PRISMA statement was used as a guideline for the planning, conduction and reporting of this
systematic literature review[13]. Before performing any searches, clear inclusion and exclusion criteria
were defined, focusing on studies on physical modalities to reduce the risk of DVT in surgical patients

(Table 1). A protocol for this systematic review was registered with PROSPERO (CRD42019133684).

In order to include all forms of physical treatments in the literature, a combination of free search terms

VN4 n u n u

were used, including: “exercise therapy”, “physical therapy modalities”, “isometric contraction”, “electric
stimulation therapy” and “muscle stretching”. These were combined with the terms “venous thrombosis”
and “venous thromboembolism”, along with “lower extremity and “lower limb”. This search strategy was
used to scrutinise MEDLINE and EMBASE, without any filters. A senior librarian with expertise in

systematic reviews aided in the design of the definitive search strategy that was conducted on the 27t of

July 2019, including all studies published prior to that date. Eligibility was not limited by language

(Appendix 1).

Retrieved publications were managed using EndNote X8 (Clarivate Analytics, Pennsylvania, USA)
software. Duplicate entries were identified and discarded. Two authors (JB and IK) independently
screened the titles and abstracts first for eligible articles. Eligible studies then underwent full-text review
to ascertain compliance with the predefined inclusion and exclusion criteria. The senior author (AJ) was

nominated to resolve any arising disputes.



The complete articles were independently scrutinised by two authors (JB and LG). A pre-established data
collection proforma was used to collect demographic, treatment characteristics and outcome data. The
risk of bias for each individual study was assessed either by using the Cochrane risk of bias tool for
randomised controlled trials (RoB2)[14] or the National Institute of Health (NIH) Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies[15], depending on study design. A final assessment
of the quality of evidence was reported for each study using the Grading of Recommendations,

Assessment, Development and Evaluations (GRADE) framework[16].



Results

The systematic search strategy retrieved a total of 272 articles, of which 159 were acquired from EMBASE
and 113 from MEDLINE. A PRISMA flow-chart illustrating the study selection process can be found in
Figure 1. After removal of 93 duplicate entries, a list of 179 articles was obtained, of which ten met

inclusion criteria.

These 10 studies, published between 1988 and 2019, included 7 randomised controlled trials (RCT) and 3
non-randomised cohort studies. Seven studies were conducted on orthopaedic patient cohorts, with the

remaining three on neurosurgical, general surgery and trauma surgery patients.

A total of 1,136 patients were reported in the publications, with a median age of 58 years (range 18-79
years). Five studies evaluated the use of calf muscle electrostimulation therapy for reducing DVT
incidence in surgical patients, with two of these involving post-operative stimulation only[17,18], one
study utilising this modality intra-operatively only[19] and two studies using this modality throughout the
peri-operative period[20,21]. Each of the remaining five studies looked at different interventions. The
first described post-operative use of a modified Robert Jones bandage[22], the second a regime of active
toe movements for lower limb trauma treated with casting[23], another blood flow restriction exercises
after surgery[24], the fourth manual calf massage and passive range of motion exercises post-
operatively[25], finally one reported the use of a portable calf compression device post-operatively[26].

Preoperative VTE risk-assessment was not consistently reported in these articles.



Even for studies looking at similar physical modalities, the treatment protocols were variable. Four out of
the 10 eligible articles reported use of standard prophylaxis therapy, including LMWH and graduated
compression stockings, in both control and treatment groups. Eight studies used duplex ultrasound
scanning to diagnose DVT. There was one study that relied on clinical diagnosis only and a second study
utilised phethysmography followed by venogram to confirm the presence of DVT. Despite that the exact
timing was inconsistent, all the included articles except one reported the incidence of DVT within two
weeks after surgery or trauma. A summary of the main findings for each article can be found in Table 2.
Four studies reported a statistically significant reduction of DVT rates between their control and
intervention arms: two using electrostimulation, one by means of calf muscle massage and passive ankle

movements and the last one utilising a portable intermittent pneumatic compression device.

Interestingly, all the studies that reported a significant reduction in DVT rates included the administration
of LMWH post-operatively in both the treatment and control groups. Of the six articles that failed to
show a beneficial effect of the studied physical treatment, in all except one, LMWH was not given as an

adjunct.

GRADE assessments were Moderate and Low for all of the studies included in our review. A detailed risk
of bias assessment for the eligible randomised controlled trials included in this review can be found in
Figure 2. Due to the heterogeneity in study designs, it was not possible to meta-analyse the data

obtained in this systematic review.



Discussion

Deep venous thrombosis prophylaxis is standard care for all patients admitted with traumatic injuries or
undergoing surgery. The use of prophylactic LMWH, along with physical interventions such as early
mobilisation, graduated compression stockings and intermittent pneumatic compression, have proven
efficacy in reducing DVT and associated complications [27]. However, these prophylactic strategies can be
contraindicated in specific groups of high risk patients. Early mobilisation may not be possible for patients
unable to transfer to a chair, or weightbear as a result of their condition. Although LMWH has a more
predictable effect than unfractionated heparin, it can still lead to an increased risk of surgical site
bleeding[28] and is contraindicated in patients at high risk of bleeding[29]. Similarly, graduated
compression stockings cannot always be used following recent surgery to the lower extremity, limiting

their applicability following foot and ankle surgery and lower limb reconstruction.

This review demonstrates that a variety of alternative, non-pharmacological, physical treatments exist for
the prophylactic management of DVT. Physiological studies have demonstrated that electrostimulation of
calf muscles is able to optimise venous return[30,31] and this was the most commonly studied
intervention included in this review. Izumi et al[21] and Lobastov et al[18] both investigated the use of
calf muscle electrostimulation devices, demonstrating statistically significant reduction in DVT rates when
compared to control groups. Prevot also reported similar findings, although his study did not test the
statistical significance. All these three studies contained methodological flaws that put their results at risk
of bias. Therefore, we consider that these should be appraised with care, especially considering that the
other two electrostimulation studies by Goyal et al[19] and Velmahos et al[17] did not demonstrate any

benefits (GRADE: Low).



Postoperative manual calf massage[25] and automated intermittent pneumatic compression delivered
with a portable device[26] also demonstrated significant reduction in DVT rates. It has been proposed
that these interventions act by replacing the action of calf muscles, obtaining a similar haemodynamic
effect by external compression. Both these studies were assessed as having a more robust
methodological design with a lesser risk of bias (GRADE: Moderate). Overall, the four studies that
reported significant benefits also had some methodological flaws in terms of risk of bias. The RCTs
conducted by Sobieraj-Teague[26] et al and Izumi et al[21] were considered to have “some concerns” in
their risk of bias analysis, while the cohort studies by Lobastov et al[18] and Imai et al[25] were rated as

“fair”.

All alternative physical treatments identified in the present review facilitate central venous return via
displacement of blood from both superficial and deep venous systems. This establishes a proximal-distal
pressure gradient across the lower extremity, which reduces both venous stasis and venous hydrostatic
pressure[32]. The use of the modified Robert Jones bandage[22], active toe movements[23] and lower
extremity exercises under tourniquet control[24] failed to demonstrate a significant DVT risk reduction.
This may be in part explained by inherent heterogeneity in the study interventions, although it can also

be considered that these interventions failed to adequately facilitate central venous return.

There are limited data on which to make any recommendations in relation to the use of these
alternatives to standard DVT prophylaxis in surgical patients. Electrostimulation to activate calf muscles
could have a beneficial role, but it is not possible to ascertain this based on studies published to date due

to their high risk of bias. Other options, such as intensive massage or miniaturised pneumatic



compression devices have shown promising results so far; however, better designed randomised
controlled trials, with clear and reproducible prophylaxis protocols implemented in well-defined

representative patient cohorts are required to demonstrate efficacy.

Our main finding was that, in the reviewed studies, alternative physical treatments were only of benefit
when used in conjunction with LMWH. However, there is insufficient good-quality evidence to determine
if they work well in the absence of anticoagulants. This contradicts the conclusion reached by Hajibandeh
et al in their 2017 Cochrane Review[11]. This could be explained due to differences in search strategies
and inclusion criteria, as our systematic review was broader and not limited to electrostimulation only.
Physical modalities may act synergistically with LMWH by addressing different different components of
Virchow’s triad - while LMWH reduces the hypercoagulability state associated with surgery and trauma,
physical treaments may improve venous return and reduce stasis. There was not a clear association

between the timing of administration of physical modalities and efficacy.

The benefits of early mobilisation and graduated compression stockings for surgical and trauma patients
is well stablished for preventing DVT[6,7]. However, for patients who have a contraindication for these
modalities, the evidence base for using alternative physical treatments as a prophylactic measure is
limited. Evidence from individual studies suggests a role for electrostimulation devices, intermittent
pneumatic compression and manual calf massage in reducing the incidence of DVT when used in
conjunction with post-operative LMWH. Hence, the current available evidence is insufficient to support
the use of these modalities for patients with contraindications for standard therapy, such as higher risk of

bleeding. There is no evidence to support the role of physical modalities alone for DVT prophylaxis.
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Figure 1: PRISMA flow-diagram depicting article screening process.
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Figure 2: Cochrane risk-of-bias tool for randomised trials (RoB 2) assessment for included studies.
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Table 1: Inclusion and exclusion criteria for systematic review

Inclusion

Exclusion

Studies on surgical and trauma patients

Animal or pre-clinical studies in healthy individuals

DVT rates recorded as an outcome

Studies focusing only on standard prophylaxis
modalities, such as: early mobilisation and
graduate compression stockings

A defined physical therapy was used for DVT
prophylaxis




Table 2: Summary of findings on studies included in systematic review along with their quality of evidence
assessment.

Number of patients

DVT incidence

. . N . GRADE
Reference Lead author Study Surgery type / Mean Intervention Control Standard DVT diagnostic Quality of certaint
alt type Trauma age treatment treatment prophylaxis modality evidence ti
specialty Intervention Control Intervention Control y rating
Pornrattan . :
Primary total Post-operative Non Lo
T&0 . o High risk of
:rgn:tnzlewo RCT 35 35 knee 70 Robert-Jones compressive None Clinical 0% 0% Igbi;lz o Low
20192 arthroplasty bandage dressing
Hickey et T&O RCT 39 39 Foot and ankle 37 Post-trauma active No additional None Duplex USS 339% 20.5% Low risk of Modera
al., 2017% fractures toe movement therapy bias te
Knee Post-operative Exercise .
T t et T&O . N Ls k of Mod
a‘en;\g;ﬂi RCT 10 7 arthroscopic 37 Blood flow without blood None Duplex USS 0% 0% owbir;ss o oteera
v procedures restriction flow restriction
Post-operative calf Post-operative
Imai et al., T&O Pri hij d No additional .
mal etal, Cohort 138 126 rimary hip 62 massage an 0 acditiona GCS and LMWH Duplex USS 0.79%* 6.25%* Fair Modera
2017 arthroplasty passive ankle therapy
) for 10 days te
motion
Intra and post-
N Primary total operative . GCS and post-
Izum\“et al, T80 RCT 45 45 knee 76 transcutaneous No additional operative Duplex ,USS and D- 11%* 31%* Some
2015° N therapy ) dimer concerns Low
arthroplasty fibular nerve fondaparinux
stimulation
Intra-
Lobastovﬂet General Cohort 20 20 abdominal gnd 65 Post-operativ‘e No additional LMWH Post- Duplex USS 2.5%* 259%* Fair Low
al., 2014’ surgery neurosurgical electrostimulation therapy operatively
operations
Goya]lget al., T&O RCT 100 100 Hip tra‘uma 54 \ntra-o;‘)erativ‘e No additional None Duplex USS 2% 6% High »risk of Low
2012 operations Electrostimulation therapy bias
?::'EL:JQ; Neurosurge Cranial and Pﬁt::r’:\ietrtaetr:\:e No additional LMWH and GCS at Some
8 2 8 RCT 75 75 spinal 62 . discretion of Duplex USS 3%* 14%* Modera
al., 2012 ry . compression therapy concerns
operations N neurosurgeon te
device
Velmahos GCS and LMWH
Trauma Major trauma Post-trauma No additional post-operatively Duplex USS and Some
etal, RCT 21 16 39 ) . 27% 28.5%
20054 surgery (1SS >9) electrostimulation therapy when no longer venography concerns Low
contraindicated
" . . . Physiotherapy and
Pi t et Hip t Peri- ti No addit | . Pleth hy
revo em T80 Cohort 75 75 P trauma N/R eri-operative 0 additiona calcium ethysmography 4% 20% Poor Low
al., 1988 operations electrostimulation therapy and venography

DVT- Deep venous thrombosis; GRADE- Grading of Recommendations, Assessment, Development and Evaluations; RCT- Randomised controlled trial; T&O- Trauma and Orthopaedics; ISS- Injury Severity Score;
USS- Ultrasound scan; *statistically significant (p-value<0.05)




Appendix 1: Systematic search strategy used.

# A Searches

10

1

12

13

14

15

16

17

18

19

21

23

24

25

26

27

28

3

exp ELECTRIC STIMULATION THERAPY/
exp ISOMETRIC CONTRACTION/
PHYSICAL THERAPY MODALITIES/
EXERCISE THERAPY/
"electrostimulat™ ab,ti.

"electric stimulation* ".abti.

(muscle* and stimulat*).ab, ti.

(muscle* and contract*).ab ti.

(isometric and contract*).ab,ti.

(isometric and muscle*).ab ti.

(isometric and calf).ab, ti.

(Voluntary and contract*).ab, ti.

(voluntary and exercis*).ab,ti.

(movement* or motion* or massag*).ab,ti.
1or2or3ord4or5or6or7or8or9or10or11or12or13or 14
exp LOWER EXTREMITY/

exp LEG/

exp FOOT/

exp ANKLE/

("lower extremit™ or "lower limb*" or leg or legs or calf or calves or foot or feet or toe
or toes or ankle*).abti.

16 or 17 or 18 or 19 or 20

exp MUSCLE STRETCHING EXERCISES/
exp MUSCLE,SKELETAL/

(muscle* or muscular).abti.

22 or23 or 24

VENOUS THROMBOEMBOLISM/
VENOUS THROMBOSIS/

("venous thrombo™" or VTE).ab ti.

("deep vein thrombo™" or DVT).abti.

26 or 27 or 28 or 29

15 and 21 and 25 and 30



