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Impact of the national venous thromboembolism risk
assessment tool in secondary care in England:
retrospective population-based database study

David Catterick*® and Beverly J. Hunt®

Venous thromboembolism (VTE) is a common and
important cause of death in hospital patients. We therefore
investigated possible associations between the
introduction of the compulsory national VTE risk
assessment tool in England in 2010 and patient outcomes. A
retrospective database study, using data from the Health
and Social Care Information Centre and Office of National
Statistics, was undertaken. The main outcome measures
were VTE-related secondary diagnosis rates, 30-day and
90-day readmission rates and mortality rates. The observed
mean VTE-related secondary diagnosis rate for 2011-2012
was 91% of the rate estimated from a linear regression
model of the data for 2006 -2007 to 2010-2011 (P=0.001).
Similarly, the observed mean 30-day VTE-related
readmission rate for 2011 was 96% of the estimated rate
(P=0.067) and the observed mean 90-day VTE-related
readmission rate for 2011 was 96% of the estimated rate
(P=0.022). The observed annual VTE-related national
mortality rate was 91% of the estimated rate for 2011 and
92% of the estimated rate for 2012. This study shows a
reduction in VTE-related secondary diagnoses and

Introduction

Venous thromboembolism (VTE) consists of two related
conditions, deep vein thrombosis and pulmonary embo-
lism. Hospital-acquired VT'E is a common and important
cause of death [1,2] and is associated with considerable
cost [1,3]. Diagnosis is complicated by the fact that VTE
is often asymptomatic, a large proportion of deep vein
thrombosis displaying no symptoms and death often
being the first sign of a pulmonary embolism. In addition,
nonfatal symptomatic VI'Es occur more frequently than
fatal VI'Es and are associated with significant morbidity,
long-term complications and increased consumption of
healthcare resources [1,2,4,5]. Appropriate use of throm-
boprophylaxis in hospitalized patients at risk for VIT'E
significantly reduces its incidence [6-8], and therefore
has the potential to deliver cost savings and a reduction in
morbidity and mortality.

A series of national policy initiatives has been launched
in England to reduce the burden of VTE. In 2009, the
Department of Health launched a National VTE
Prevention Programme with the goal of reducing avoid-
able death, disability and chronic ill health from hospital-
acquired VTE. At its heart is VI'E risk assessment of
adult patients upon hospital admission, coupled with
appropriate prophylaxis of those at risk. The Department
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readmissions among adults admitted to hospital, and a
reduction in VTE-related population mortality, since the
introduction of a national VTE risk assessment screening
tool in England. Despite some study limitations, this
suggests that the concerted effort made by NHS England to
improve prevention of hospital-acquired VTE has been
successful. Blood Coagul Fibrinolysis 25:571-576 © 2014
Wolters Kluwer Health | Lippincott Williams & Wilkins.
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of Health national VT'E risk assessment tool was updated
and rolled out to all National Health Service (NHS)
Service Providers in England simultaneously in 2010
with the National Institute for Health and Care Excel-
lence (NICE) recommending that: ‘All patients, on
admission, receive an assessment of VI'E and bleeding
risk using the clinical risk assessment criteria described
in the national tool’ [9,10]. To encourage compliance
mandatory risk assessment data collection was intro-
duced, with all providers of NHS-funded acute care
being required to return data, collected locally and
reported centrally, to the Department of Health. This
was linked to the national Commissioning for Quality
and Innovation payment framework for 2010-2011 to
financially incentivize hospital trusts to meet the VTE
risk assessment screening target of 90% of hospitalized
patients. These measures were continued into 2011-
2012 and appear to have achieved the desired effect,
as 93.4% of adult patients admitted to NHS-funded
care between April and June 2012 received a VTE risk
assessment, compared with 52.5% between July and
September 2010 [11]. To date, however, no detailed
assessment of the impact of introduction of the national
VTE risk assessment tool has been carried out to estab-
lish whether this increased rate of risk assessment has
impacted on patient outcomes.
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Therefore, we investigated possible relationships
between increased levels of VT'E risk assessment screen-
ing and relevant patient outcomes. Secondary diagnosis
rates can be used as an indicator of in-hospital compli-
cations and to focus quality improvement efforts [12].
They may therefore measure the impact that risk assess-
ment is having, not only in the identification of at-risk
patients but also on their management. Similarly, we
were also interested in readmission rates, as these are
generally indicative of poor patient management and
are a common measure of hospital quality of care [13].
Finally, as VTE is an important cause of death, mortality
rates were of interest. Our analysis therefore focused on
the impact of the national VTE risk assessment tool on
VTE-related secondary diagnosis rates, readmission rates
and mortality rates.

Materials and methods

Methodological approach

It was not possible to evaluate the effect of VI'E risk
assessment screening by comparing ‘treatment and con-
trol’ groups as the tool was introduced to all hospital trusts
in England simultaneously. We therefore needed an
approach that would assess the impact of a change over
time on an entire population. Accordingly, a literature
review was conducted to identify suitable methodological
approaches. We identified an analysis that was used
to assess whether the high levels of quality of primary
care in England attained after the introduction of pay-
for-performance (P4P) reflected improvements that
were already underway or whether the P4P scheme
had accelerated improvement [14]. As the P4P financial
incentives were introduced simultaneously across the
whole country, no control group was available and scores
for observed quality in 2005 were compared statistically
with those estimated on the basis of the trend observed
between 1998 and 2003. A similar approach could be used
to assess the impact of VT'E risk assessment screening as
secondary diagnoses, readmissions and mortality data
were available before and after the introduction of the
nationwide tool.

Definition of venous thromboembolism

For analysis of readmissions and secondary diagnoses we
defined VTE according to the subset of International
Classification of Diseases 10th revision (ICD-10) codes
used by the UK All Party Parliamentary Thrombosis
Group to question hospitals about VT'E incidence [15],
both for consistency and to capture all possible effects.
For analysis of VI'E-related mortality, VI'E was defined
according to the standard subset of ICD-10 codes used by
the Office of National Statistics (ONS) [16].

We obtained monthly secondary diagnoses, 30-day,
60-day and 90-day readmissions, and admissions data
from the Health and Social Care Information Centre as
Hospital Episode Statistics at NHS hospital trust level,

from financial years 2006—-2007 to 2011-2012. Readmis-
sion and secondary diagnosis analyses were based on
data from 152 hospital trusts in England, which consti-
tutes the majority of these NHS Service Providers. A
small number of trusts were omitted owing to insufficient
data being available to allow for meaningful estimations
and wherever the admission numbers were low, leading
to highly variable numbers of readmissions and secondary
diagnoses.

We obtained general mortality and population data from
the ONS [17,18]. Mid-year population estimates were
used for 2006-2012. Underlying VI'E mortality data
were obtained from the ONS at a national level from
2007 to 2012.

Secondary diagnoses, readmissions and mortality data
were screened for the appropriately defined ICD-10
codes.

For the calculation of VT'E-related secondary diagnosis
rates, it was assumed that any secondary diagnoses
occurred in the same month as admission. Monthly
V'TE-related secondary diagnosis values were combined
to obtain annual VT'E-related secondary diagnosis values
for 2006—-2007 to 2011-2012 for each hospital trust.
VTE-related secondary diagnosis rates (per 100000
admissions) for each year were calculated using annual
admissions data for each hospital trust. We estimated the
VTE-related secondary diagnosis rates expected in
2011-2012 for each hospital trust, based on a linear
regression model of the data from 2006-2007 to 2010—
20/11 against time. We compared the mean estimated
2011-2012 rate with the mean observed data using a
matched-pair, two-tailed 7 test.

The calculation of VT E-related readmission rates posed
a challenge, as the 30-day and 90-day readmissions in any
particular month would not relate to the admissions that
month. Furthermore, readmission values for any particu-
lar month are cumulative, so the 30-day value is con-
tained within the 90-day value. It was therefore assumed
that total monthly admissions and readmissions occurred
at the end of each month. For example, the 30-day
readmissions relating to admissions in April 2006 are
those 30-day readmissions in May 2006. In the same
way, the 90-day readmissions relating to admissions in
April 2006 are those 30-day readmissions in May
2006 + (those 60-day readmissions in June 2006 — those
30-day readmissions in June 2006) 4 (those 90-day read-
missions in July — those 60-day readmissions in July). We
applied these calculations to VIT'E-related readmissions
data for each hospital trust for the years 2006—2007 to
2011-2012.

Monthly VTE-related readmissions values were com-
bined to obtain annual VT E-related readmissions values
for each year for each hospital trust. VI'E-related read-
mission rates (per 100000 admissions) for each calendar
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year were calculated using annual admissions data for
cach hospital trust. The change from NHS financial year
to calendar year is a consequence of the data adjustment
described above, which negates data points between
January and March 2012. We estimated the VT'E-related
readmission rates expected in 2011 for each hospital trust,
based on a linear regression model of the data from 2007
to 2010 against time. We compared the mean estimated
2011 rate with the mean observed data using a matched-
pair, two-tailed 7 test.

VTE-related mortality rates were calculated from VTE-
related mortality and general population data. As ICD-10
coded mortality data were only obtained from the ONS at
a national level, it was not possible to conduct a mean
difference analysis. A simple time trend analysis was
therefore undertaken. The annual VT'E-related mortality
rate (per 100000 of the population) was calculated by
applying the annual population estimates provided by the
ONS to the annual VTE recorded deaths, defined as
those where the underlying cause of death reported on
the death certificate corresponded to one of the prede-
fined ICD-10 codes. Estimation of the expected VTE-
related mortality rates for 2011 and 2012, based on a linear
regression model of the annual mortality rate data for
2007 to 2010 against time, was calculated for comparison
with the observed data. Summary statistics of the 2007 to

Table 1
readmission (2011) rates (per 100000 admissions)

2010 annual data set were produced and the observed
2011 and 2012 VTE-related mortality rates were com-
pared with the 95% confidence interval (CI) around the
estimated 2011 and 2012 rates.

Statistical analysis

Statistical analyses were undertaken using STATA v11.0.
In general, statistical significance is assumed at the 5%
level (P < 0.05), although weak statistical significance is
assumed at the 10% level (P < 0.10).

Results

Secondary diagnoses

The observed mean VTE-related secondary diagnosis
rate for 2011-2012 was lower than estimated, at 91%
of the estimated rate (Fig. 1, Table 1) and the difference
between the observed and estimated rates was statisti-
cally significant (P=0.001).

Readmissions

The observed mean 30-day VTE-related readmission
rate for 2011 was lower than estimated, at 96% of the
estimated rate (P=0.067; Fig. 2, Table 1). The observed
mean 90-day VT'E-related readmission rate for 2011 was
also 96% of the estimated rate (Fig. 3, Table 1) and the

Estimated and observed mean venous thromboembolism-related secondary diagnosis (2011-2012) and 30-day and 90-day

VTE-related Estimated mean rate Observed mean rate Mean difference (95% ClI) P

Secondary diagnosis 133.626 121.285 12.341 (5.173 to 19.509) 0.001
30-day readmission 130.299 124.966 5.333 (—0.377 to 11.043) 0.067
90-day readmission 202.065 193.949 8.116 (1.194 to 15.039) 0.022

Cl, confidence interval; VTE, venous thromboembolism.
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difference between the observed and estimated rates was
statistically significant (P =0.022).

Mortality

The observed annual VT E-related mortality rate for 2011
was 91% of the estimated rate and for 2012 was 92% of the
estimated rate (Fig. 4). The mean (standard deviation)
VTE-related annual mortality rate for the years 2007 to
2010 was 9.825 (0.060) per 100000 of the population.
Based on a simple linear regression of these data against
time, the estimated V'I'E-related annual mortality rate for
2011 was 9.937 per 100000 with a 95% CI of 9.753 to
10.122 per 100000 and the estimated VTE-related

Fig. 3

annual mortality rate for 2012 was 9.982 per 100 000 with
a 95% CI of 9.761 to 10.204 per 100000 (Table 2). The
observed annual VT E-related mortality rates for 2011 and
2012 (9.006 and 9.134 deaths per 100000 of the popu-
lation, respectively) fall well below both the correspond-
ing estimated rates and the lower 95% CI limits of the
estimated ranges.

Discussion

The general trend over the years preceding the introduc-
tion of the national VTE risk assessment tool in 2010 was
one of an increasing proportion of adults receiving a
secondary diagnosis of VI'E after hospital admission,
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together with higher VI'E-related readmission rates. In
the first full year after the introduction of the national
screening tool, reductions were observed in both second-
ary diagnosis and readmission rates. The differences
between the observed and estimated secondary diagnosis
and 90-day readmission rates were statistically significant.
Mortality with VI'E as an underlying cause increased
slowly between 2007 and 2010. There was a reduction in
VTE-related mortality in 2011, both compared with the
estimated rate for 2011 and the actual rates between 2007
and 2010. Indeed, the observed mortality rate for 2011 lay
well below the lower 95% CI limit associated with the
mortality rate estimation. This reduction was then essen-
tially maintained in 2012.

Based on the results of this analysis, with approximately
15 million hospital admissions across England in 2011, we
estimate that around 2000 secondary diagnoses and 1200
90-day readmissions have been avoided. Similarly, with a
population of over 53 million in England in 2011 and
2012, around 940 deaths owing to VTE have been
avoided. Clearly though, an important question is
whether these improvements in patient outcomes can
be attributed solely to the introduction of the national
VTE risk assessment tool or whether there are other
factors at play. In particular, the study is unable to
determine whether a reduction in the mortality rate, in
such a short space of time, can be solely because of the
introduction of the screening tool. In support of a positive

impact of screening, it is known that administration of
appropriate thromboprophylaxis will significantly reduce
the incidence of VIT'E events in patients identified as
being at risk [6—8]. As VTE is a common and important
cause of mortality in hospital patients [1,2], it is possible
that rapid mortality rate reductions may be achievable if
appropriate prophylaxis is administered. It is also inter-
esting to note that there was a consistent and sizeable
reduction between estimated and observed VT E-related
mortality rates in both 2011 and 2012 and that the
reductions observed were higher than those noted in
the age standardized population as a whole [17]. In
addition, after the policy initiatives of 2010, there were
no further significant changes in recommendations for
identification and treatment of patients at risk of VTE
throughout the analysis period. Therefore, it is likely that
our data show the effectiveness of the national VTE risk
assessment screening tool.

"This study has a number of strengths, including the use of
national databases and a large sample size. We also
identified methodology that was designed to compare
observed data with estimations based on observed trends
over time. However, this study also has some limitations.
First, owing to the way in which the VTE risk assessment
tool was introduced simultaneously in 2010 across all
NHS service providers in England, it was not possible
to assess the impact of its introduction in comparison with
a suitable control group. This restricted analyses to a

Table 2 Linear regression of venous thromboembolism-related mortality rate (per 100000 of the population) versus time

Variable Coefficient (95% CI) 2011 MR Est. (95% CI)

2011 MR Obs. 2012 MR Est. (95% Cl) 2012 MR Obs.

Time 0.0451 (0.008 to 0.082) 9.937 (9.753 to 10.122)

9.006 9.982 (9.761 to 10.204) 9.143

Cl, confidence interval; Est, estimated; MR, mortality rate; Obs, observed.
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comparison of estimated versus observed rates based on
trends over time. Secondly, because of the nature of the
data obtained from the ONS, it was not possible to
compare the observed and estimated mortality rates by
statistical analysis of mean differences, further restricting
the analysis to a more naive assessment. Finally, the
mortality data obtained were at a national level. This
will include both hospital and nonhospital VI'E-related
mortality and therefore may not fully reflect the impact
that introduction of the VTE risk assessment tool within
the NHS in England has had.

Conclusion

This study shows reductions in VI'E-related secondary
diagnoses and readmissions among adults admitted to
hospital, and a reduction in VT'E-related mortality, since
the introduction of a national VTE risk assessment
screening tool in England. Despite some study limita-
tions, the findings suggest that the concerted effort that
has been made by NHS England to improve prevention
of hospital-acquired VTE has been successful and
indicates that introduction of compulsory VTE risk
assessment in hospitals positively impacts patient out-
comes.
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