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Venous thromboembolism (VTE) 
remains a signifi cant cause of po-
tentially preventable morbidity and 

mortality following total hip arthroplasty 
(THA), total knee arthroplasty (TKA) and hip 
fracture surgery. The decision for chemopro-
phylaxis is balanced with the consequences 

of an increased risk of bleeding. Additional 
measures, such as mechanical prophylaxis 
also reduce the risk of post-operative VTEs.1 
Current multimodal techniques involve a 
multidisciplinary approach towards reduc-
ing total VTE load.

ABSTRACT
AIM: The incidence of venous thromboembolism (VTE) following arthroplasty and hip fracture surgery 
remains an important metric for quality and financial reasons. An audit at our institution between 
2006–2010 showed a higher VTE rate than international data did at the time. This study aims to determine 
rates of DVT and PE in patients undergoing hip and knee arthroplasty and hip fracture surgery at Waitemata 
District Health Board (Waitemata DHB) between 1 January 2013 and 31 December 2016.

METHODS: This study is a retrospective review of all VTE within three months of elective hip or knee 
replacement or hip fracture surgery. Data were identified for the period between 2013 and 2016 from 
Waitemata DHB patient databases, including a dedicated VTE database.

RESULTS: The current rates of deep vein thrombosis (DVT) and pulmonary embolism (PE) at our institution 
following hip or knee arthroplasty or hip fracture surgery are 1.5% and 0.6% respectively, a lower rate 
than 2.3% and 0.9% respectively in 2006–2010. DVTs were significantly more prevalent a� er hip fracture 
surgery than a� er elective hip or knee arthroplasty, and 71% of DVTs were confined to the distal veins. 
Of the patients undergoing surgery, 93% received post-operative chemoprophylaxis, mainly aspirin or low 
molecular-weight heparin (LMWH).

CONCLUSION: There has been a significant reduction in VTE rates following elective hip and knee joint 
replacement and hip fracture surgery between the time periods. This occurred over a period when 
Waitemata DHB introduced a multi-modal, interdisciplinary team approach to VTE prophylaxis utilising 
enhanced recovery a� er surgery (ERAS) pathways. These measures may therefore have contributed to the 
reduction in VTEs.
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The rates of VTE without chemical or 
mechanical prophylaxis are high; DVTs 
develop in 39–74% of patients undergoing 
THA,2 with the majority of these being 
asymptomatic. Half of all proximal DVTs, 
that is, those occurring in the popliteal 
vein or more proximally, are associated 
with PE,3 and up to half of patients with a 
proximal DVT will develop post-thrombotic 
syndrome.4 Fatal PEs occur after 0.4% of 
hip and knee arthroplasties in the absence 
of prophylaxis.5 Age and medical comor-
bidities, including a history of thrombosis, 
previous and/or family history of VTE, 
congestive heart failure, varicose veins, 
obesity and hypertension, add to the risk of 
VTE .6 This risk is estimated at 1–3% a year.7

The American Association of Orthopaedic 
Surgeons (AAOS),8 American College of Chest 
Physicians,9 National Institute for Health 
and Care Excellence (NICE)10 and The New 
Zealand National Policy Framework: VTE 
Prevention11 have guidelines promoting the 
routine use of VTE thromboprophylaxis, 
although the chemoprophylactic agent 
of choice remains debatable. Guidelines 
recommend using one of several agents 
including heparin products, vitamin K 
antagonists, antiplatelet drugs and novel 
oral anticoagulant agents such as rivar-
oxaban, with the choice of agent left to the 
clinician. Mechanical prophylaxis such as 
intermittent compression devices and grad-
uated stockings are now routinely used in 
combination with chemoprophylaxis.12

International literature suggests that the 
incidence of symptomatic VTE following 
lower limb arthroplasty or hip fracture 
surgery in patients taking prophylaxis 
ranges from 1.0%13 to 2.7%.14 Although 
most DVTs and PEs occur within the fi rst 10 
days of operation,15 due to shorter average 
lengths of stay, most events occur after 
discharge from hospital.16 

This study examines the incidence of DVT 
and PE in patients undergoing hip arthro-
plasty, knee arthroplasty and hip fracture 
surgery at Waitemata DHB between 1 
January 2013 and 31 December 2016. This 
audit is a follow-up to an audit performed 
over the time period 2006–2010 in our insti-
tutions, as previously published.15

Materials and 
methods 

In 2004, a VTE database was established 
at Waitemata DHB by consultant haema-
tologists to collect data on all VTE events at 
time of occurrence covering the entire DHB 
population, which now totals over 600,000 
people. This is linked to the Waitemata DHB 
electronic database, which includes all inpa-
tient data and was used for data collection 
and analysis. 

We included all patients with radiolog-
ically diagnosed symptomatic DVT and/
or PE occurring within three months of 
lower-limb arthroplasty and hip fracture 
surgery between 1 January 2013 and 31 
December 2016. Only symptomatic patients 
are scanned, as Waitemata DHB does not 
routinely screen asymptomatic postop-
erative patients. Waitemata DHB uses 
whole-limb ultrasound to diagnose DVTs, 
and computed tomography pulmonary 
angiography (CTPA) or V/Q scan to diagnose 
PEs—with some, but not all PE diagnoses 
being followed with subsequent lower-limb 
ultrasound. Lower-limb DVT included distal, 
proximal and bilateral DVT. As virtually 
all VTE events within Waitemata DHB 
are referred to haematology thrombosis 
services, this would capture nearly all inpa-
tient and outpatient VTEs occurring.

We excluded portal vein thromboses, 
upper limb thromboses, subsegmental PE 
and all VTEs following surgery at other insti-
tutions in order to provide comparable data 
to 2006–2010.15 In addition, all VTE event 
data were reviewed to ensure there were 
no duplicate patient entries in the database. 
The focus on THA, TKA and hip fracture 
surgery enabled comparison with our 
earlier audit performed at Waitemata DHB.15 
Chemoprophylaxis data was extracted from 
the Pyxis® automated drug dispensing 
cabinet (Becton Dickinson, New Jersey, US).

Statistical analysis was performed using 
SAS version 9.4. DVT and PE rates were 
compared between procedure groups, and 
between the study period (2013–2016) and 
a previous audit period at Waitemata DHB 
(2006–2010).15 DVT and PE outcomes were 
analysed using logistic regression modelling 
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and included procedure group in the model. 
Analyses were adjusted for sex, age and 
American Society of Anaesthesiologists’ 
(ASA) score. 

Results
There were 6,379 THA, TKA and hip 

fracture surgical procedures performed at 
Waitemata DHB between 2013 and 2016. 
Of the patients, 3,698 were female (58%) 
and 2,681 male (42%), with average ages 
of 73.8 and 72.4 years respectively. There 
were fewer males than females in the hip 
fracture group (32.3%) compared to THA 
(45.2%) and TKA (45.6%). There was no 
signifi cant difference in age between men 
and women. Patients in the hip fracture 
group were on average a decade older 
(80.7) than the knee arthroplasty (69.2) or 
hip arthroplasty (69.8) groups.

A total of 135 VTEs were identifi ed as 
occurring within three months of surgery. 
These included 98 lower-limb DVTs and 37 
PEs (see Table 1). Most DVTs were confi ned 
to the distal veins (71.4%). Proximal DVTs 
occurred more frequently after THA and 
hip fracture surgery (47.1% and 41.5% of all 

DVTs respectively) than after TKA (7.5% of 
all DVTs). 

The overall DVT rate in this audit was 
1.5%,  a statistically signifi cant reduction 
from 2.3% in 2006–201015 (OR 0.68, 95% CI 
0.51–0.89; p=0.006) when adjusted for sex, 
age and ASA score (see Table 2).

The reduction in DVT rate was signifi cant 
for THA (OR 0.49, 95% CI 0.26–0.92; p=0.025) 
and TKA (OR 0.44, 95% CI 0.29–0.67; p=0.001). 
The increase in DVT rate after hip fracture 
surgery from 2.0% to 2.5% was not statisti-
cally signifi cant (see Table 2). There were 
signifi cantly more DVTs occurring in both 
hip fracture (OR 2.94, 95% CI 1.53–5.65; 
p=0.001) and TKA patients (OR 2.13, 95% CI 
1.20–3.78: p=0.01) compared to THA patients, 
calculated with adjusted logistical regression.

The overall PE rate in this audit was 
0.6%. There was a statistically signifi cant 
reduction in the adjusted rate of overall PE 
from 0.9% in 2006–2010 to 0.6% in 2013–
2016 (OR 0.63, 95% CI 0.40–0.98: p=0.041), 
although the procedure-specifi c rates for 
THA, TKA and hip fracture surgery did not 
reach statistical signifi cance at the p<0.05 
level (see Table 3).  

Table 1: Comparison of VTE rates after type of surgery 2013–2016. 

Procedure n Male (% of 
total)

Female (% of 
total)

PE Distal 
DVT 

Proximal 
DVT 

Total 
DVT

THA 2,280 1,031 (45.2%) 1,249 (54.8%) 11 (0.5%) 9 (0.4%) 8 (0.4%) 17 (0.7%)

TKA 2,442 1,114 (45.6%) 1,328 (54.4%) 18 (0.7%) 37 (1.5%) 3 (0.1%) 40 (1.6%)

Hip fracture 
surgery

1,657 536 (32.3%) 1,121 (67.7%) 8 (0.5%) 24 (1.5%) 17 (1.0%) 41 (2.5%)

Total 6,379 2,681 (42.0%) 3,698 (58.0%) 37 (0.6%) 70 (1.1%) 28 (0.4%) 98 (1.5%)

THA, total hip arthroplasty; TKA, total knee arthroplasty; n, number; DVT, deep vein thrombosis; PE, pulmonary embolism.

Table 2: Comparison of DVT rates between 2006–2010 and 2013–2016 by procedure.

Surgery type 2006–2010 2013–2016 OR 95% CI p value

THA 1.5% 0.7% 0.49 0.26–0.92 0.025

TKA 3.6% 1.6% 0.44 0.29–0.67 0.001

Hip fracture surgery 2.0% 2.5% 1.20 0.76–1.87 0.436

Overall 2.3% 1.5% 0.68 0.51–0.89 0.006

THA, total hip arthroplasty; TKA, total knee arthroplasty, OR, odds ratio; CI, confidence interval.
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DVT rates following hip fracture surgery 
were higher than DVT rates following THA 
or TKA, but there were no differences in PE 
rates between the three surgical groups.

The chemoprophylaxis data available 
were limited to a binary outcome of whether 
prophylactic agents were prescribed while 
patients were in hospital, and did not allow 
analysis of specifi c regimens, doses and 
duration of treatment. Overall, 92.6% of all 
patients (5,909 out of 6,379) and 92.6% of 
those who developed a post-operative VTE 
(125 out of 135) received inpatient chemo-
prophylaxis. This included 94.7% of THA 
patients, 86.7% of TKA patients and 94.7% 
of hip fracture surgery patients, with stable 
year-to-year trends across 2013 to 2016. 
Patients receiving more than one agent 
were included in each drug category, so 
were counted more than once overall. The 
agent used was most commonly LMWH, 
then aspirin, with smaller numbers of 
patients receiving direct oral anticoagulants, 
warfarin or unfractioned heparin. LMWH 
was prescribed in 60.7% of hip arthroplasty, 
50.9% of knee arthroplasty and 57.0% of 
hip/femur fracture surgeries. Aspirin was 
used in 41.9% of THAs, 53.0% of TKAs and 
49.5% of hip fracture surgeries. In total, 470 
patients (7.6%) received no chemoprophy-
laxis, and 10 of these went on to develop a 
VTE (2.1%), which is the same VTE rate as 
the total surgical sample, and those who 
did not receive chemoprophylaxis. Case 
numbers are too small to allow any further 
analyses. In comparing the use of LMWH 
and aspirin in patients with VTE, LMWH use 
increased from 35% to 73%, while aspirin 
use slightly decreased from 59% to 57% 
from 2006–2010 to 2013–2016. 

One patient died within three months 
of surgery, giving an all-cause mortality 
of 0.74%—compared with three patients 

and mortality rate 1.8% in the previous 
audit.15 Unfortunately, data are unavailable 
regarding the cause of death; however, 
this occurred after discharge from hospital 
following surgery.

Discussion 
VTE rates following hip and knee surgery 

vary over time and between different 
institutions. Published rates range from 
2.1–2.8%14,16 in older studies, to 0.64–1.2% 
in more contemporary research.13,17,18 
Confounding variables occurring between 
institutions, population demographics and 
changes in practice can make comparisons 
diffi  cult.

There was a signifi cant fall in VTE rates 
between audits, with reductions in DVT from 
2.3% to 1.5% and PE from 0.9% to 0.6%. The 
authors of the 2006–2010 audit15 concluded 
that their VTE rate was higher than that 
found in literature at the time, attributed 
to suboptimal chemical and mechanical 
prophylaxis. Direct comparison of throm-
boprophylaxis rates for all surgical patients 
is not possible as the earlier audit only 
presented this data for VTE cases. However, 
in this subgroup we note that in 2006–2010, 
14% of postoperative VTE patients had 
received no chemoprophylaxis, compared to 
7.4% in the current audit. This limited data 
may suggest increased rates of chemopro-
phylaxis over time. 

This audit included a variety of surgical 
procedures, performed for different indi-
cations in a heterogeneous population. 
This heterogeneity can lead to a variation 
in VTE rate between types of procedure 
or indication for surgery. Bjørnarå et al 
found comparable rates of DVTs after hip 
fracture surgery to that of TKA and THA 
in the same era as our initial audit.14 In 
comparison, our current adjusted DVT 

Table 3: Comparison of PE rates between the 2006–2010 and 2013–2016 periods by procedure.

Surgery type 2006–2010 2013–2016 OR 95% CI p value

THA 0.8% 0.5% 0.68 0.30–1.53 0.354

TKA 1.0% 0.7% 0.62 0.30–1.26 0.183

Hip fracture surgery 1.0% 0.5% 0.55 0.23–1.29 0.167

Overall 0.9% 0.6% 0.63 0.40–0.98 0.041

THA, total hip arthroplasty; TKA, total knee arthroplasty, OR, odds ratio; CI, confidence interval.
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rates were higher in the acute hip fracture 
surgery group compared to the elective THA 
and TKA groups. Compared to the previous 
audit, the current hip fracture DVT rate 
did not decrease and remained above 2%. 
However, DVT rates in the elective THA 
and TKA groups fell (p=0.025 and p=0.001 
respectively). 

The DVT rates include both proximal and 
distal DVT, and the relative proportion of 
these varied within procedure groups with 
higher proportions of distal DVTs after 
TKA compared to THA. Compared to the 
2006–2010 audit,15 there was a reduction 
in the overall rate of distal DVTs for THA 
patients (0.9% to 0.4%), but a relatively 
stable rate of proximal DVTs (0.3% to 0.4%). 
This had the effect of reducing the relative 
proportion of distal DVTs following THA 
between audits (from 77.8% to 52.9%). In 
contrast, in the TKA group, it was the rate 
of proximal DVTs that fell between audits 
(from 0.6% to 0.1%), resulting in an increase 
in the relative proportion of distal DVTs 
(from 86% to 92.5%). This is also consistent 
with the established association of TKA with 
more distal DVTs.19 In the acute hip fracture 
surgery group, the proportion of proximal 
to distal DVT did not change between the 
two audits. With the three groups pooled, 
overall proximal DVT rate declined from 
0.6% to 0.4% between the current period 
and 2006–2010.15 PE rates declined across all 
three groups in the subsequent audit when 
pooled (0.9% to 0.6% p=0.041) but not as 
individual treatment groups, likely due to 
the small number of these events occurring. 
Given that not all PE patients receive subse-
quent ultrasound to assess clot burden (but 
some do), we acknowledge the possibility 
that some pulmonary emboli may not be 
thrombotic in origin but may be from other 
sources such as bone or debris produced 
perioperatively.

The reasons for the unchanged DVT rate 
in hip fracture patients are likely multifac-
torial, such as older age, poor nutritional 
and hydration status pre-operatively, slower 
post-operative mobilisation and rehabil-
itation, poor pre-operative function and 
mobility, and delays in rehabilitation due 
to medical issues and investigations. Addi-
tionally, despite reductions in time to theatre 
as discussed below, hip fracture patients 
remain preoperatively immobilised for 

longer periods than elective THA and TKA 
patients. This group had signifi cantly longer 
inpatient stays, with an average length of 
stay of 21 versus 4 days. We did not have 
suffi  cient data to include these factors in 
multivariate analysis. The appointment of 
an orthogeriatrician at the start of 2018, 
with a dedicated focus on the pre-operative 
and post-operative management of neck 
of femur fracture patients will medically 
optimise these patients and may help reduce 
their rates of VTE.

Considerable changes have occurred at 
Waitemata DHB between the time periods 
of the two audits, which we believe may 
have contributed to reductions in VTE rates 
in hip and knee arthroplasty patients. They 
are improved collaboration, enhanced 
recovery after surgery (ERAS) and VTE risk 
assessment.

Clinical leads have been set up in the 
orthopaedic surgery and haematology 
departments to facilitate liaison and 
provide feedback, along with input and 
analysis from a public health physician. 
Case study evaluation occurs between 
the disciplines on a regular basis, with an 
increase in dialogue between surgeons and 
physicians regarding more complex indi-
vidual cases. There is heightened awareness 
of the implications of therapeutic anti-coag-
ulation of a proven VTE soon after surgery, 
with haematology clinical nurse specialists 
providing a consistent point of contact 
for the investigation and management of 
these patients. Regular discussion of all 
proven VTE cases and their subsequent 
management occurs within the ortho-
paedic department every three months, and 
regular VTE meetings have been scheduled 
into standard teaching commitments to 
provide emphasis on the importance of VTE 
prophylaxis to junior staff. 

ERAS protocols21 are a bundle of evidence-
based multimodal interventions aimed at 
improving post-operative recovery and 
reducing complications by aggregating 
marginal gains in care before, during and 
after surgery. ERAS protocols were intro-
duced during the current audit. Adherence 
to these protocols was easier in THA and 
TKA patients, taking longer to implement 
for hip fracture surgery and for this group, 
only being in effect towards the end of 
this audit. Hip fracture protocols focused 
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particularly on reducing time to surgery, 
improving peri-operative analgesia enabling 
earlier postoperative mobilisation (within 24 
hours), and cohorting patients in dedicated 
wards. Other data from Waitemata DHB 
indicates that there has been a reduction 
in average hours to theatre for hip fracture 
patients from 39 hours in 2010 to 29 hours 
in 2016, a decrease in the median hours 
to mobilisation from 44 to 24 hours, and 
an associated reduction in crude 30-day 
mortality rate from 10.2% to 5.7%.22 

Although ERAS protocols do not make 
specifi c recommendations regarding the use 
of chemoprophylaxis, other ERAS measures 
such as early post-operative mobilisation 
and early hospital discharge have been 
linked to reduced VTE rates after ortho-
paedic surgery.23 A recent cohort study 
showed a signifi cant reduction in median 
length of stay after elective hip and knee 
arthroplasty after implementing ERAS 
protocols without an increase in compli-
cations.24 However, the link between ERAS 
and reduced VTE rates is controversial, with 
other authors reporting no link between 
ERAS protocols and VTE rates after arthro-
plasty despite reductions in overall death 
rates, rates of myocardial infarctions and 
strokes.21,25The National Policy Framework 
“DVT/PE Prevention in Hospitalised Patients 
in New Zealand guidelines”11 recommends 
the routine use of chemoprophylaxis after 
hip arthroplasty, knee arthroplasty and hip 
fracture surgery. The rate of chemopro-
phylaxis use was 92.6% and was identical 
between both the denominator and the 
numerator groups for diagnosed VTE. This 
is an improvement from the 86% numerator 
rate in 2006–2010.15 No VTE risk stratifi -
cation tools were used in Waitemata DHB 
during the audit period, although VTE risk 
stratifi cation is done for all orthopaedic 
patients since 2018. Chemoprophylactic 
agents were more widely prescribed after 
THA and hip fracture surgery (both 94.7%) 
than in TKA (86.7%), with LMWH and 
aspirin the most commonly used agents. 

Some studies show aspirin to be as effi  -
cacious for VTE prophylaxis after hip and 
knee arthroplasty as LMWH,13,26–29 but this 
remains contentious.9 The AAOS and ACCP 
have now endorsed aspirin as a viable 
chemoprophylaxis agent in low-risk groups 

undergoing arthroplasty.30 The use of novel 
anticoagulants such as rivaroxaban and 
dabigatran is increasing, both within the 
general population and as prophylaxis 
following surgery, particularly after TKA. 
This, along with an increased use of aspirin, 
appears to coincide with less use of LMWH 
in TKA after 2013 in our audit.

Warfarin, dabigatran and rivaroxaban 
were utilised more in acute hip fracture 
patients compared to THA and TKA 
patients in this audit. This was most likely 
a refl ection of these patients being more 
comorbid and being on these medications 
prior to admission and surgery. 

The strengths of this study were that 
there were no exclusions of any patient 
and the numbers audited are large for a 
public hospital in New Zealand. The limita-
tions with this audit relate mainly to data 
collection. In addition, there may be addi-
tional VTEs in this post-operative population 
that cause death prior to radiographical 
diagnosis. By their nature, these would not 
be included in our data. The chemopro-
phylaxis data was collated from PYXIS. It 
collates the rate of inpatient prescription, 
but not the timing (fi rst or subsequent 
doses), the dosage or the duration of prophy-
laxis. There are no data about the patients 
that were not given chemoprophylaxis, 
either the reasons for this or alternative 
medications or measures taken.

Patients who received more than one 
agent were included in each drug category, 
so were counted more than once. We are 
unable to say how many dual therapy 
patients were in each group. Data are 
unavailable regarding the type and duration 
of mechanical prophylaxis. A mixture of calf 
compression devices, foot pumps and TED 
stockings were used, both intra-operatively 
and post-operatively. Documentation of 
mechanical prophylaxis is poor compared 
to chemoprophylaxis. Electronic prescribing 
was in place at Waitemata DHB by the end 
of 2016, so future audits can collect accurate 
and detailed data regarding inpatient 
dosing and timing of VTE chemoprophy-
laxis and TED stockings. Similarly, electronic 
discharge summaries and electronic records 
of community dispensing can record chemo-
prophylaxis after discharge.
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Conclusion
There has been a signifi cant reduction in 

post-operative VTE rates at our institution 
following hip and knee arthroplasty and hip 
fracture surgery, from 3.2% (2006–2010)15 to 

2.1% (2013–2016). We believe that this has 
been contributed to by a multidisciplinary 
approach with improved collaboration, the 
introduction of ERAS protocols and VTE 
risk assessment tools, and an increase in 
chemo-prophylaxis rates.
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