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ABSTRACT
Graduated compression stockings carry a potential risk
of pressure, vascular and other complications. Current
understanding of deep vein thrombosis (DVT) risk
leaves it uncertain whether patients with hip fracture
should wear stockings on both legs.
Objectives: To determine the association between the
side of the hip fracture and the subsequent occurrence
of symptomatic lower limb DVT.
Setting: Single tertiary trauma centre, Wales.
Participants: All 3657 patients presenting with hip
fracture between 2007 and 2013 were identified from our
unit’s National Hip Fracture Database. We excluded 404
patients (11.0%) resident outside our catchment area,
leaving a total of 3253. Median age was 83 years (±12.4).
Primary/secondary outcome measures:We cross-
linked patient details with Medical Physics records, to
identify 634 (19.5%) who had undergone one or more
lower-limb Doppler-ultrasound scans at some point during
the study period. The distribution rates of DVT were
calculated from this resulting data set.
Results:Many of the total 634 scans were unrelated to
the hip fracture, including 225 (35.5%) performed prior to
the fracture. We calculated a baseline rate of DVT of
3.7/1000 patients per year, for the 3-month period
immediately before the hip fracture. Scans performed
following hip fracture showed DVT risk to be highest in the
3-month period after fracture (35.7/1000 patients per
year). This resulted from a six-fold increase in DVTs on the
side of the fracture (29.5/1000 patients per year, p<0.01).
We found only a very small non-significant increase in
DVT on the contralateral leg (6.1/1000 patients per year)
Conclusions: The additional risk of DVT after hip
fracture is essentially confined to the fractured limb—the
leg to which it is most painful to apply stockings. There
appears little justification for the cost and potential risk of
using stockings on the contralateral leg.

INTRODUCTION
Virchow’s triad1–3 proposes deep vein throm-
bosis (DVT) to occur as a result of alterations
in blood flow, vascular endothelial damage
and alterations in the constituents of the
blood.

A combination of older age, lower limb
trauma, hospitalisation, immobility and
orthopaedic surgery puts hip fracture
patients at high risk (OR>10) of venous
thromboembolism (VTE), with symptomatic
pulmonary embolism (PE) affecting 6% of
patients following hip fracture surgery in the
absence of thromboprophylaxis.4–8 VTE is a
life changing event even in patients who
survive acute PE, postphlebitic syndrome can
cause chronic leg ulceration, and recurrent
thromboembolism carries a risk of pulmon-
ary hypertension and death.9

Chemical prophylaxis significantly reduces
the incidence of DVT.8 Anticoagulants can
target the hypercoagulability element of
Virchow’s triad, but do not influence venous
stasis.
Evidence that this element of increased

risk can be reduced by mechanical prophy-
laxis remains poor,10 11 but the National
Institute for Health and Care Excellence
(NICE) advocates the use of mechanical
measures to reduce venous stasis as part of a
dual approach.12

This recommendation is broadly followed
by units across the UK, but compression
stockings are difficult to apply to a fractured
limb. Staff working in trauma wards will be

Strengths and limitations of this study

▪ The study is the first of its kind to examine the
tendency of deep vein thrombosis to lateralise to
the hip fracture side.

▪ This has not been described in the literature
before and has significant therapeutic implica-
tions especially in terms of targeting mechanical
thromboprophylaxis to the high-risk limb.

▪ Further study is necessary to determine the cost-
effectiveness of application of below knee anti-
embolic stocking to the lower limb contralateral
to the hip fracture and determine the relative
risk–benefit ratio.
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familiar with the sight of a frail or confused elderly
patient wearing a stocking on their ‘good leg’, but not
on the painful limb in which they have a hip fracture.
Experience in patients with stroke exemplifies a

further concern. National guidelines now recommend
against using compression stockings after stroke,12 13

earlier presumptions as to their benefit having been
revised when the CLOTS2 trial defined the extent of vas-
cular and pressure complications that result from their
use.14

Similar concerns may prove relevant to the equally
frail, older patients who typically present with hip frac-
ture. Many will have local vascular or skin contraindica-
tions to the use of stockings. Even when not
contraindicated, compliance and persistence with
wearing stockings is poor, not least because over half of
the patients have dementia or delirium.11 Such consid-
erations mean that it is unlikely that a trial equivalent to
CLOTS2 will ever be possible within this population.
Risk of clinical DVT is poorly described in the current

era where expedited hip fracture surgery, early post-
operative mobilisation and the use of chemicals are
increasingly routine.
None of the published evidence has considered the

relative benefits of applying stockings to the affected
limb and unaffected leg following hip fracture, despite
the potential risks of this intervention, the costs of stock-
ings and nursing time.
Vessel wall injury is more prevalent in the vicinity of

the fractured, operated hip, so our primary aim was to
determine the association between the side of the hip
fracture and the subsequent occurrence of symptomatic
lower limb DVT.

METHODS
This study considers the risk of clinical DVT in a popula-
tion that routinely received chemical but not mechanical
prophylaxis.
Our departmental approach to chemical thrombopro-

phylaxis after hip fracture changed following publication
of the NICE guideline in 2010.12 Before this date our
policy was to consider aspirin in all patients,15 but this
changed to routine consideration of enoxaparin from
June 2010. A number of local audits have confirmed the
reliable provision of aspirin or enoxaparin to all patients
in whom these were not contraindicated, but concern
over potential for pressure and ischaemic complica-
tions14 meant that rates of mechanical prophylaxis
remained below 10% across the whole study period.
As part of our departmental clinical governance pro-

gramme we used locally held National Hip Fracture
Database (NHFD) data at our teaching hospital to iden-
tify all patients admitted with hip fracture between
March 2007 and December 2013. The NHFD data set
included patient case-mix, admission dates and the side
of hip fracture. Ethical approval was obtained as part of
this local clinical governance process.

All patients who had undergone lower limb Doppler
ultrasound scans during the same study period were identi-
fied in a search using their hospital identifiers to extract
records from our Department of Medical Physics. These
records included the dates and results of the Doppler scans.
These two databases were cross-referenced and data

linked using the patient’s hospital identifier as the
primary key. A proportion of patients who presented
with hip fracture were normally resident outside our
catchment area. Since these people might present with
DVT either to our hospital or to other hospitals, we
excluded them from further analysis.

RESULTS
The combined NHFD and Doppler data set included
3657 patients. Four hundred and four (11%) of these
were resident outside our catchment area, and were
excluded from further analysis.
The remaining 3253 (89%) patients’ had a median

age of 83 and 2349 (72.2%) were women (table 1). Hip
fracture was non-significantly more common on the left
(53.5%).
A total of 634 lower limb Doppler ultrasound scans

were performed. This equates with approximately one
scan for every five patients (19.5%) during this 7-year
time period.
Many of these scans were unrelated to the index hip

fracture, including 225 (35.5%) which were performed
prior to the admission with hip fracture. A total of 278
(43.8%) were performed within the 6-month period
immediately following admission with hip fracture.
In the 6 months immediately following admission,

positive scans showed a significant tendency for DVTs to
occur on the same side as the hip fracture, p<0.001
(table 2).
We considered the rate of DVT for 3-month intervals

before and after admission. The standardised rate of

Table 1 Demographics of patients included in the study

Age (median±SD) 83±12.44

Sex (% female) 2349 (72.2%)

Side of hip # (% left) 1741 (53.5%)

Type of hip fracture

Intertrochanteric 1129 (34.7%)

Intracapsular—displaced 1503 (46.2%)

Intracapsular—undisplaced 316 (9.7%)

Subtrochanteric 173 (5.3%)

Other 124 (3.8%)

Type of operation

Hemiarthroplasty 1243 (38.2%)

Total hip replacement 196 (6.0%)

Internal fixation (IM Nail) 365 (11.2%)

Internal fixation (Screws) 270 (8.3%)

Internal fixation (SHS) 1032 (31.7%)

Non-operative 120 (3.7%)

Total number of patient-episodes 3253

IM, intramedullary; SHS, sliding hip screw.
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DVT was highest (35.7/1000 patient-episodes per year)
in the 3 months immediately after the fracture. This was
significantly higher than in the preceding or succeeding
quarters, and showed a marked tendency (82.8%,
p<0.001) to occur in the same limb as the hip fracture
(figure 1).
We examined the rate of DVT in the 6 months imme-

diately after hip fracture (table 3), and found a non-
significant fall in the rates after our departmental policy
change from the use of aspirin to enoxaparin in June
2010 (16.2 vs 9.4/1000 patients per year, p=0.082).
There was no statistically significant difference in patient
demographics for those who sustained hip fracture
before and after June 2010.
Finally, we observed that the increased risk of DVT was

confined to the 6 months after hip fracture. Beyond this
time point the rate of DVTs fell below pre-fracture levels
(figure 1). The very limited number of referrals for
Doppler scans meant that this fall was not significantly dif-
ferent from the baseline pre-fracture rate, but perhaps
indicates that clinicians are reassured when a patient has
reached this time after injury, or are reluctant to refer frail
and immobile patients once they have left hospital.

DISCUSSION
In the hands of an experienced operator, Doppler has
been reported to have a sensitivity of 100%, specificity of

98% and accuracy of 98% for lower limb DVT when
compared with venography.16 In our hospital, Doppler is
standard practice and has replaced venography. None of
our patients was found to have a DVT when repeat scans
were performed after an initial negative Doppler result.
We have shown that a significant increase in risk of

symptomatic, Doppler proven DVT only occurs in the
limb affected by the hip fracture. This suggests that local
vessel compression and injury are more important than
immobility and general hypercoagulability in causing
DVT after hip fracture.
This observation has not previously been described in

this patient group. A study of venous stasis in 126 hip frac-
ture patients used strain gauge plethysmography before
and 6 weeks after surgery. Venous outflow and venous cap-
acitance were significantly reduced in both legs postopera-
tively compared with preoperatively, with a significantly
greater reduction in the ipsilateral limb.17 This suggested
that this element of DVT risk persists for several weeks
after surgery for hip fracture. The role of extended chem-
ical thromboprophylaxis in patients with hip fracture was
supported by the recent SAVE-HIP3 study, which found a
79% relative risk reduction in VTE or all cause death
(18.6% vs 3.9%, p<0.001) if patients were provided with
extended duration chemical thromboprophylaxis.18

No other published studies have considered the lat-
erality of symptomatic DVT in relation to hip fracture.
However, in a study of 76 patients with acute onset
stroke causing hemiplegia or paresis, DVT occurred in
53% of the paralysed legs and 7% of the non-paralysed
legs, this difference was highly statistically significant.19

Patients with hip fracture or stroke tend to be demo-
graphically comparable, and although hip fracture does
not cause hemiplegia, it will result in pain and reduce
movement in the lower limb.
Our findings may not be surprising, but they have sig-

nificant clinical implications.

Table 2 Doppler scans and deep-vein thrombosis (DVT)

results

Doppler scans (%) 634 (19.5%)

Relevant scans (≤180 days from

admission)

278 (43.8%)

No DVT 237 (85.3%)

Ipsilateral DVT 31 (75.6%) p<0.001

Contralateral DVT 10 (24.4%)

Pre-admission scans 225 (35.5%)

No DVT 200 (88.9%)

Right-sided DVT 16 (64.0%) p=0.162

Left-sided DVT 9 (36.0%)

Table 3 The effect of change of practice ( June 2010) on

DVT rates

Relevant Doppler scans

≤180 days from admission (%)

278 43.8%

Doppler scans performed

pre-2010

150 54.0%

No DVT 125 83.3%

DVT 25 16.7%

Ipsilateral DVT 19 76.0% p<0.009

Contralateral DVT 6 24.0%

Doppler scans performed

post-2010

128 46.0%

No DVT 112 87.5%

DVT 16 12.5%

Ipsilateral DVT 12 75.0% p<0.046

Contralateral DVT 4 25.0%

Difference between pre-2010 and

post-2010 DVTs

p=0.082

DVT, deep vein thrombosis.

Figure 1 The three monthly rate of deep vein thromboses

(DVTs) before and after hip fractures (*p<0.05).
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There is very limited evidence to support mechanical
thromboprophylaxis in the form of antiembolic stock-
ings. Randomised controlled trials (RCTs) show that
compression stockings can reduce the occurrence of
DVT in hospitalised patients, but evidence for this in
patients with hip fracture is limited.20 None of the
studies included in this Cochrane review of 18 RCTs con-
sidered patients with hip fractures. Only five of the
included studies were of orthopaedic patients—undergo-
ing elective hip or knee arthroplasty.21–25 Such patients
tend to be younger and fitter than those who undergo
hip fracture surgery, and it may be incorrect to general-
ise these findings to patients with hip fracture.26

Another option for mechanical thromboprophylaxis
in patients with hip fracture is calf or foot compression.
These approaches may be effective in reducing the inci-
dence of DVT,27 28 but the size and weight of the pumps
make them difficult to use, and they can prove to be a
limitation to mobility, a falls risk and a source of confu-
sion among frailer patients.
In our study, fewer than one-fifth of symptomatic DVTs

occurred in the contralateral, un-fractured lower limb
(6.1/1000 patients with hip fracture per year, figure 1).
This was not significantly higher than the background rate
of DVT per lower limb (3.7/1000 per year) seen in the
same patients before hip fracture. Even if a much larger
study confirmed this difference to be statistically signifi-
cant, then the most generous possible assumptions (that
all patients are 100% compliant and that stockings halve
the risk of DVT20) would imply that 800 patients would
need to wear a stocking on their contralateral leg to
prevent one clinical DVT. This numbers needed to treat
(NNT) figure of 800 stands in dramatic contrast to the
numbers needed to harm (NNH) of 20 for skin complica-
tions described in the CLOTS2 study after stroke.14

Despite the high sensitivities and specificities that have
been described in the literature for the expert use of lower
limb Doppler studies to detect DVT,16 in real-life terms, it
is difficult to guarantee that all operators can achieve this
level of accuracy consistently. In addition, it is not possible
to use this technique to detect pelvic deep vein thrombi,
which in any case would not be affected by any mechanical
thromboprophylaxis measures.
It is important to set any possible benefit of using anti-

embolic stockings in the unfractured lower limb against
risks such as pressure ulceration. In addition, stockings
carry a significant cost, particularly in respect of the
nursing time associated with excluding contraindications
before their application, and with ensuring they are prop-
erly applied and remain correctly positioned without com-
plications.29 30 Further study is necessary to determine the
risk–benefit ratio and cost-effectiveness of compression
stockings for the contralateral leg following hip fracture.

CONCLUSION
We have shown that symptomatic lower limb DVT is sig-
nificantly more likely to occur in the lower limb

ipsilateral to the hip fracture. We suggest mechanical
thromboprophylaxis strategies be developed to target
this. Our finding that enoxaparin had no benefit over
aspirin on the outcome of symptomatic DVT requires
further evaluation in prospective studies in patients with
hip fracture.
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