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ABSTRACT

The main objectives of therapeutic trials in venous thromboembolism (VTE) are to prevent recurrent VTE, major
bleeding and death. While these outcomes are indeed highly relevant, they are also rare and do not fully capture
the overall functional outcome of VTE patients. Importantly, functional limitations after VTE are prevalent after
both deep vein thrombosis and pulmonary embolism occurring in up to 50% of patients. These post-VTE syn-
dromes are associated with a decreased quality of life, higher risk of depressive disorders, unemployment and
increased utilization of healthcare resources. Because of the major impact of functional limitations on individual
patients and society as a whole, development of tools able to capture functional outcomes in clinical trials are
urgently needed. We anticipate that a standardized post-VTE functional status scale will aid in demarcating
effective and ineffective VTE therapies on functional outcomes in trials with appropriately powered sample sizes,
as well as pave the road for value-based healthcare. The scale that we have in mind covers the entire spectrum of
functional outcomes ranging from no symptoms to death. Moreover, it focuses on both limitations in usual
activity as well as changes in lifestyle. The scale is not meant to replace current diagnostic or prognostic scores
for post-VTE syndromes, but to be used as an outcome measure to evaluate the overall consequences of VTE on
functional status. This review is a call for action to the VTE community to join forces and support further

development of the proposed scale, a process of which we summarize the necessary steps.

1. Introduction

Where the post-thrombotic syndrome (PTS) has been long re-
cognized as a relevant complication of deep vein thrombosis (DVT), the
post-pulmonary embolism (post-PE) syndrome has been recognized as a
potentially invalidating long-term consequence of acute PE only in re-
cent years [1-8]. Both post-venous thromboembolism (VTE) syndromes
have been reported to occur in up to 50% of patients despite adequate
anticoagulation therapy, range from mild to severe symptoms, and in-
volve a major impact on functional outcome, quality of life and health
care costs [1-5,9-20]. Because of its relevance to the individual patient
and society as a whole, prevention and treatment of post-VTE syn-
dromes should be the object of focused interventional studies in VTE,
whereas the occurrence of post-VTE syndromes can be included as an
important outcome parameter in addition to ‘standard” ones, i.e. re-
current VTE, anticoagulant treatment-associated bleeding and death.
Indeed, several recent trials have specifically focused on PTS prevention
with varying degrees of success [21-24]. If chronic thromboembolic

pulmonary hypertension (CTEPH) as rare and most extreme presenta-
tion is not taken into account, studies on the prevention or treatment of
the post-PE syndrome are scarce [25-30]. One of the main reasons for
this discrepancy is the relative unawareness of physicians and stake-
holders for the post-PE syndrome, as well as the lack of a clear and
widely accepted definition.

2. Measuring (the impact of) post-VTE syndromes

The essence of both PTS and post-PE syndrome is anxiety, pain,
discomfort or exercise intolerance leading to functional limitations,
decreased quality of life, and increased use of healthcare resources.
Current diagnostic and prognostic tools for PTS are primarily oriented
to measure or determine the presence of signs and symptoms of PTS
rather than at establishing their impact on functional outcomes:
therefore, they fall short to fully capture the heterogeneity of VTE
consequences [31-33]. For post-PE syndrome, validated diagnostic
tools are simply lacking. Quality of life questionnaires have been
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developed for both DVT and PE, but while those were designed to
provide an overall judgement on wellbeing, they do not target func-
tional outcomes and were not designed to rank patients in meaningful
categories [10,34-36]. The New York Heart Association (NYHA) func-
tional classification measures the extent of heart failure and it is
therefore not useful to study the impact of PTS. Moreover, functional
limitations due to pain or anxiety can be hardly quantified. Finally,
NYHA lacks a category for symptoms that exert an impact on patients”
life even in the absence of objective and measurable functional lim-
itations. As such, there is great need of a new, robust and easy-to-assess
objective measure of functional outcome that can be used to evaluate
the impact of VTE in the setting of clinical trials as well as in clinical
practice.

Such a measure should ideally: 1) target outcomes that are relevant
for the individual patient surviving after an episode of acute VTE and its
early complications (e.g. bleeding), i.e. capture the dimensions of daily
living, 2) be designed as an ordinal, rather than binary, outcome to be
able to assess the full range of limitations and thus better capture the
heterogeneity of post VTE syndromes, 3) serve as a scale rather than a
score to make sure there is only one way to be classified into a certain
category (in contrast to a composite approach) making the interpreta-
tion of results unequivocal, 4) be equally meaningful for both PE and
DVT patients, and 5) represent an easy and reproducible tool.
Moreover, the measure should capture changes in or worsening of the
functional state without overtly differentiating between the potential
provoking causes, which may include post-VTE syndrome, physical
deconditioning, anxiety or depressive disorder, or newly diagnosed
concomitant diseases such as cancer. We postulate that the measure
reflected by such scale should not be designed to screen for, diagnose,
or grade the severity of post-VTE syndromes per se, nor to exclusively
measure VTE-specific complications. The latter would rule out using the
measure in patients with comorbidities as is often the case in non-se-
lected VTE patients.

Major advantage of such a functional status scale would be the
possibility to standardize evaluation of (new) treatment approaches by
detecting more subtle, but clinically relevant, differences in patient-
relevant outcomes. Moreover, it will likely reduce the number of pa-
tients needed in outcome studies, as more information is used to detect
differences. However, considerations of power and sample size should
not be the only drivers in the decision for dichotomized versus ordinal
analyses, as the questions that are answered are substantially different.
Ordinal analyses answers the clinically relevant question whether the
treatment brings any meaningful improvement for the patient as mea-
sured by the scale, whereas dichotomized analyses answers whether
treatment can prevent certain events from occurring. One additional
advantage of an ordinal scale is that it can be linked to so called
health-utilities, useful indicators of general health status, and thus
providing more detailed information for the economic evaluations of
new treatments [37]. Moreover, availability of such a tool is absolutely
necessary for introducing value-based healthcare which will be the
standard of care in the near future. Value-based healthcare is a
healthcare delivery approach which aims to increase the value that is
derived from the resources available for a population. Lastly, if the scale
is sequentially applied in practice, it may even help to monitor persis-
tence or worsening of poor functional status, which could be a way to
detect severe VTE complications such as CTEPH earlier [38,39].

Disadvantages of the proposed approach are that the ratings of
functional outcome are by definition subjective, at least to some extent.
To limit interobserver variability, specific training to perform the in-
terviews during which the functional status is assessed would be re-
commended or even necessary. Also, it may be impossible for some
patients to go to a less severe functional class because of pre-existing
morbidity, e.g. a wheelchair-bound patient who develops VTE is very
unlikely to become fully independent for activities of daily living after
VTE-specific treatment.
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3. Lessons learned from stroke

The modified Rankin Scale (mRS) is a 7-level ordinal categorical
scale capturing levels of patient functional independence following a
stroke. The scale was initially described by Rankin in 1957 to assess the
outcome of cerebrovascular accidents and slightly modified in 1988
[40]. Despite its subjective character, the mRS has a high interobserver
agreement (weighted kappa between 0.8 and 0.9), especially when
study personnel is trained and guided by structured interview questions
[40-42].

The mRS has become the golden standard in seminal acute stroke
trials like ECASS-III [43] and MR-CLEAN [44], despite the necessity of
an interview (by telephone or in person) for a reliable assessment of the
functional status. Although initially the mRS was often dichotomized in
the primary outcome of clinical trials, the field has moved slowly to
adopting ordinal analyses as the (co)primary endpoint in major trials.
By adopting this approach, an interest in the specifics of ordinal data
analyses in clinical studies grew over time in order to minimize the loss
of information due to dichotomization and more sophisticated statis-
tical approaches continue to be developed to this day [45-47]. The
experiences in stroke research show that the use of an ordinal outcome
in VTE, or more specifically the ordinal analyses of such a scale, is not
necessarily a substitution for the more traditional approaches, but
should be seen as useful and meaningful addition to the toolbox of a
clinical researcher [48].

4. A new scale to quantify functional outcome in VTE patients

The scale that we have in mind closely resembles the mRS used in
stroke research and contains several elements of and integrates the
main concepts of the NYHA functional classification scale, as applying
experiences from the mRS and NYHA will jump start our efforts to have
a clinical meaningful scale for VTE studies. In fact, only some minor
changes that shift the focus from limitations in motor function of mRS
to a focus on cardiorespiratory function are necessary. We have pro-
vided a first suggestion of such a scale in Table 1 that focuses on re-
levant aspects of daily life related to the consequences of VTE or its
complications (e.g. discomfort, breathing problems and/or pain). This
post-VTE functional status scale is to be assessed during a short struc-
tured interview with the patient, either by phone or in the office, and
categorizes the level of physical functioning with reference to pre-VTE
activities. Our first draft of a post-VTE functional status scale has a
couple of underlying characteristics, i.e. the scale is ordinal, has 7 steps
with 0 indicating no symptoms and 6 being death, and covers the entire
range of functional outcomes and focuses on both limitations in usual
activity and changes in lifestyle. Its categories are intuitive and can be
easily grasped by clinicians and patients. Classes 1 and 2 are reserved
for patients with nuisance symptoms or slight functional limitations,
which, however, do no prohibit or limit doing all usual activities either
at work or at home; the same are performed at a lower intensity in class
2. Importantly, it is intended to assess whether usual activities could be
carried out, preventing overestimation of the severity of symptoms in
patients who have chosen to abandon certain activities in the course of
a VTE diagnosis or simply never performed certain activities. Class 3
involves moderate functional limitations relevant for patients who were
forced to modify usual duties at work or at home as a consequence of
the VTE, VTE-related complications, or VTE treatment. Class 4 and 5
describe patients with moderate to severe functional limitations that
necessitate assistance with some (class 4) or most (class 5) activities of
daily living, e.g. preparing a meal, personal/toilet hygiene, functional
mobility or basic household chores. We suggest that -after further de-
velopment- the post-VTE functional status scale is assessed at the mo-
ment of hospital discharge and after 90 days following a VTE diagnosis.
This later timepoint is chosen as the functional status has stabilised in
most patients. Also, it corresponds with a routine visit to the treating
physician for determination of the duration of anticoagulant treatment.
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Table 1
Post-VTE functional status scale.
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Scale category Description

No functional limitations

No significant functional limitations
Slight functional limitations

Moderate functional limitations
Moderate to severe functional limitations
Severe functional limitations

Dead

No symptoms/discomfort.

U NWN = O

Dead

Able to carry out all usual activities at the same level of intensity, despite some symptoms/discomfort.

Some usual activities are carried out at a lower level of intensity due to symptoms/discomfort.

Able take care of activities of daily living unassisted, but with modified duties at work/activities at home.

Requires help for activities of daily living or cannot work; breathlessness at rest.

Unable to carry on activities of daily living without assistance, breathlessness at rest. Requires nursing care and attention.

Note: The Post-VTE functional status scale is assessed during a short structured interview with the patient, either by phone or in the office. Breathlessness at rest is
comparable to NYHA class IV and differentiates between classes 1-3 and class 4-5. For class 1 and 2, it is intended to assess whether usual activities could be carried
out and refers to “usual activities” as any activity that patients used to undertake on a monthly basis or more frequently. Class 3 is intended to capture any VTE-
associated reason for modification of the usual duties at work/at home. For class 4, it should be indicated that assistance with some activities of daily living, e.g.
preparing a meal, personal/toilet hygiene, functional mobility or basic household chores, is absolutely essential. For class 5, it should be indicated that assistance with
most/all activities of daily living is absolutely essential. Nursing care here not necessarily administrated by a certified nurse, but indicates that patients cannot be left
alone for longer period of times. When in doubt between two adjacent alternatives on the scale even despite that both appearing equally valid, the worse option should be

chosen.

Table 2

Proposed steps of development of performance outcome instruments, and current status of the Post-VTE functional status scale.

Steps of development

Status of the scale

1 Review of evidence for functional scales and tools assessing functional status in patients with VTE (current manuscript) v
2 Identification of the key characteristics of the modified Rankin Scale for patients with stroke in order to draft measure and item specifications, and fields v

of applicability which may be relevant for patients with venous thromboembolism (current manuscript)
3 Assemble a dedicated multidisciplinary work group (including patients, and physicians, nurses, and representatives of major societies) to achieve

consensus on the instrument (aim of current manuscript)

N O U

Dissemination and implementation

Formal rounds of review of the proposed categories of the ordinal scale from the dedicated multidisciplinary work group (Delphi analysis)
Formal assessment of reliability and validity of the scale in different settings and patient populations
Formal assessment of feasibility (e.g. logistics and costs) of the scale in a major trial

Despite having a strong similarity to the well-studied and widely
implemented mRS, our first draft of a post-VTE functional status scale
should only be used in the context of studying the scale itself. It is only
after formal evaluation that our score could be used as the primary
outcome of clinical studies. The steps of this evaluation are described in
Table 2.

5. Conclusion

We propose a first draft of a post-VTE functional status scale to
assess VTE-associated functional limitations in a standardized manner.
The scale is still in a preliminary stage and not meant to replace current
diagnostic or prognostic scores for PTS or post-PE syndrome, but to be
used as an outcome measure to evaluate the overall consequences of
VTE on functional status. After further development, it could be used to
test new treatment strategies on patient relevant outcomes beyond
bleeding and recurrent VTE, to increase awareness of PTS and the post-
PE syndrome and possibly to identify patients that benefit from targeted
interventions such as cardiopulmonary rehabilitation programs or en-
dovascular procedures to restore venous outflow of the extremities.
Considering how the introduction of the mRS has demarcated effective
and ineffective acute stroke therapies in trials with appropriately
powered sample sizes, we anticipate that a formally developed and
validated post-VTE functional status scale will help refining the designs
of trials in the VTE field with a more prominent focus on patient-re-
levant functional outcome, and ultimately improve prognosis. By this
review, we call upon the VTE community to join forces and support
completing the necessary steps of development of this VTE performance
outcome instrument.
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