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Abstract 

Abstract 

In this thesis I discuss a number of issues related to the evaluation of healthcare 

technologies for the treatment of venous leg ulcers. I begin by describing the current 

process of technology assessment for medical devices in wound care and point out 

some of the challenges healthcare decision makers face when trying to ascertain the 

value for money of these technologies. The main case study used in this thesis is 

then introduced (the VenUS I study). This is followed by a description of the evidence 

base concerning the clinical, cost-effectiveness and impact on health related quality of 

life of therapeutic medical devices in wound care, of which venous leg ulcers are an 

aspect. Two methods to enhance postal follow-up data collection in randomised 

controlled trials are then proposed and tested in two opportunistic studies. Previously 

identified methodological shortcomings associated with existing evidence of the 

clinical and cost-effectiveness of wound care interventions are addressed in the 

context of the largest randomised controlled trial of two compression systems for the 

treatment of venous leg ulcers. Robust statistical methods that acknowledge relevant 

characteristics associated with the primary clinical and economic measures of health 

benefit and costs are used to analyse data from VenUS I. The potential contribution 

of a recently proposed methodological framework based on Bayesian decision 

analytic modelling and Bayesian value of information analysis is investigated. Finally I 

present a discussion of the contribution of this body of work, and its impact on 

research activity, and conclude making some recommendations for future research. 
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Introduction 

Introduction 

Publicly funded healthcare systems are under increasing financial and political 

pressure. Policy makers are expected to optimise the allocation of their limited 

healthcare resources in a way that maximises society's health benefit and ensures a 

fair distribution of the benefits. To this end, several jurisdictions have set up formal 

healthcare evaluation processes to establish whether new technologies are good 

value for money. [1-3] In England and Wales the National Institute for Health and 

Clinical Excellence (NICE) has responsibility for issuing recommendations regarding 

the adoption of healthcare technologies, informed by evidence regarding their clinical 

and cost-effectiveness. [4] The availability of high quality evidence is fundamental for 

the successful completion of this process. 

This thesis discusses a number of issues associated with the assessment of medical 

devices for wound care specifically indicated for venous leg ulcers (VLUs). Unlike 

pharmaceuticals, for which a stringent evaluation process is in place, the introduction 

of therapeutic medical devices into the European market requires only evidence of 

safety and technical performance. [5] This limited requirement for evidence of 

therapeutic benefit results in the introduction of a myriad of products with similar 

indications and unproven differential effectiveness. This is true with respect to wound 

care products, most of which are licensed and marketed with relatively weak clinical 

and cost-effectiveness evidence. 

The limited incentives to demonstrate clinical and cost-effectiveness of medical 

devices provided by the current licensing system has resulted in the widespread use 

of case studies and case series as the evidential basis for marketing. Such is the 
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Introduction 

case for all wound care products including those indicated for VLU treatment. 

However, observational studies are widely regarded as providing lower quality 

evidence of clinical effectiveness than well conducted randomised controlled trials 

(RCTs). [6] Whilst the number of therapeutic RCTs in VLUs has increased during the 

last decade, most of them still have important methodological limitations. [7-9] These 

limitations are detailed in Appendix B- to describe them briefly here, they include: i) 

inappropriate comparisons; ii) small samples unsupported by a priori sample size 

calculations; iii) inadequate duration of follow-up ; iv) between group imbalances in 

prognostic factors at baseline; v) use of intermediate and sub-optimal outcome 

measures (for a more detailed description of these shortcomings, see Appendix B). 

Most economic evidence on the cost-effectiveness of VLU treatments is accrued from 

RCTs, and consequently the validity of any trial-based evaluation is entirely 

dependent on the quality of the RCTs. [10] Similarly, the validity of the results of 

model based economic evaluations depends on the quality of the evidence used to 

populate the model and the suitability of its structure. [1 1; 12] The generally weak 

evidence base in VLUs has therefore resulted in severe limitations associated with 

existing trial and model-based economic evaluations. Moreover, the methodological 

quality of these evaluations does not adhere to existing guidelines. [13] Frequently 

encountered shortcomings include: i) use of uninformative intermediate outcomes; ii) 

estimates of cost only based on unit cost of treatments; iii) use of medians rather than 

means to estimate average health benefits and costs (for a detailed discussion see 

Appendix B). 

It can be argued that in general the poor methodological quality of the clinical and 

cost-effectiveness evidence for medical devices generates an additional hurdle for the 

assessment of these technologies. The Health Technology Assessment (HTA) 

2 



Introduction 

process has been defined as "the evaluation of the properties, effectiveness and the 

direct and indirect impacts of health technologies. "[14] In the absence of a fixed set of 

activities to be performed as part of an HTA process, activities are determined 

according to the primary aim of the evaluation which may vary and include an 

assessment of: the effectiveness of a health technology in specific populations; its 

cost; any intended or unintended consequences of a health technology for individuals, 

families, healthcare system, and society. [14] A graphical representation of HTA 

processes with a range of different objectives is described in Figure 1. The HTA 

processes in both the UK National Health Service HTA Programme (UK NHS HTA) 

and NICE primarily focus on the clinical and cost-effectiveness of health technologies 

from the perspective of the UK NHS and Personal Social Services. [4; 13] As 

represented in Figure 1, the HTA process is an iterative approach with different 

primary objectives which are intrinsically interconnected. [14; 151 

The overall aim of the research described in the published papers discussed in this 

thesis is to produce high quality research evidence to inform / facilitate HTA in VLUs. 

Specifically, this research concentrates on two aspects of HTA: the assessment of the 

clinical and cost-effectiveness of health technologies (single activities involved in this 

process with a note of those informed by our findings are listed in Figure 1) and 

methodological issues in primary research. To achieve my overall aim I pursued the 

following objectives: i) to improve the measurement of effectiveness in VLU using final 

and composite outcomes that can also be used to measure health benefit from an 

economic perspective (e. g. QALYs); ii) to optimise the collection of primary outcome 

data using postal surveys in elderly populations; iii) to rigorously assess the clinical 

and cost-effectiveness of high compression systems for VLU; and iv) to test the 
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Introduction 

potential contribution of a recently proposed framework for the evaluation of 

healthcare technologies. 

In 1998, the UK NHS HTA programme commissioned a multicentre pragmatic RCT 

comparing the effectiveness of two high compression bandage systems for the 

treatment of VLUs (the VenUS I Study). The question addressed by this trial had 

been generated by a Cochrane review. [16] VenUS I constitutes the main research 

base for the development of this thesis (see Section 3.1 for a detailed description). 

Interestingly, following the commissioning of the VenUS I study, a number of 

industry-funded RCTs on high compression systems for VLUs were also conducted in 

the UK and Europe. [17-22] These concurrent RCTs had significantly smaller sample 

sizes and follow-up periods than the VenUS I study, and hence their findings were 

published whilst VenUS I was underway. In order to preserve a sense of the 

chronology of events and in the iterative spirit of the HTA process, I discuss the 

clinical (Section 1.4.1) and economic evidence (Section 1.6.2.1) on high compression 

for VLUs at two points in time, prior to the conception and funding of the VenUS I 

study in 1998 (Section 1.4.1) and from that point up to January 2006 (Section 5.1.3). 

VenUS I was also the first study in which preference-based HRQoL scores were used 

to estimate health benefit in an economic analysis. During its conduct, however, a 

number of cross sectional and interventional studies investigated the impact of VLUs 

from clinical and economic perspectives using personal interviews and disease 

specific and generic health related quality of life (HRQOL) instruments. [23-25] The 

results of VenUS I are set in the context of this emerging body of evidence in Section 

5.1.2 and the evidence prior to VenUS is discussed in Section 1.5.2. 

4 
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This integrative chapter is divided into five sections. Section I provides a general 

overview of the state of the art in the area of VLUs. Section II addresses the topic of 

HRQoL: its measurement using disease specific and generic instruments; the impact 

of VLUs; and its use as a measure of effectiveness in RCTs (papers 1,2 and 3 in 

Appendix A). Section III is dedicated to the analysis of the clinical and 

cost-effectiveness of two alternative systems of high compression for VLUs (papers 4 

and 5 in Appendix A). The application of a recently proposed framework for the 

evaluation of healthcare technologies to the area of VLUs is tested in Section IV 

(paper 6 in Appendix A). Finally, a discussion of the main findings, limitations of the 

work and its contribution to knowledge are the subject of Section V. 

5 
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Section l: General overview of the area of VLUs 

Section I. 

1 General overview of the area of VLUs 

1.1 Chronic leg ulcers 

Chronic leg ulcers have been defined as... 99 a loss of skin below the knee on the leg or 

foot that takes more than six weeks to heaf'. [26] The chronicity of the disease is 

determined by an underlying health condition, frequently venous insufficiency, that 

causes the skin to breakdown by some unknown mechanism. Effective treatments for 

venous insufficiency are not well developed, hence the chronic nature of the sequelae, 

including ulceration. 

1.2 Epidemiology 

Leg ulcers are mainly present in ageing populations, with women being more 

frequently affected than men. [27] The extent of leg ulceration in the UK has been 

investigated in a number of epidemiological studies which suggest that the prevalence 

of this condition in the British adult population is between 0.045% to 1.8%. [28; 29] The 

largest UK based study suggests that approximately 25% of the identified chronic leg 

ulcers were active (i. e. open) at any point in time. [30; 31]. Uncomplicated venous 

disease has been identified as the main underlying cause of leg ulceration with 

venous disease being apparent in 43% to 81 % of leg ulcers. [27; 29; 32; 32; 33] VLUs 

are typically a recurring condition. 

7 



Section l: General overview of the area of VLUs 

1.3 Aetiology of venous leg ulcers 

The aetiology of VLUs is only partially understood. Deep vein thrombosis (DVT), 

which results in damage to the deep veins leading to venous insufficiency, has been 

identified as a risk factor for the development of VLUs. [34] The cellular mechanisms 

involved in the breakdown of the skin of the leg, however, have not been fully 

explained. [35] Browse and Burnand found evidence that venous insufficiency was 

associated with back flow of blood and an increased hydrostatic pressure in the 

superficial veins. [36] It is in an attempt to reduce the hydrostatic pressure in the veins 

and to aid venous return that external compression therapy is applied to the ulcerated 

leg. 

1.4 Treatment 

The first line treatment of VLUs comprises the application of wound dressings and 

external compression (standard wound care). [37; 37] The application of external 

compression through bandages, hosiery (stockings, socks, tights) or combinations of 

these, is also used to prevent further skin breakdown. [38] Standard wound care 

treatment can be complemented by use of pharmacological drugs, topical agents, 

debriding agents, laser treatment, therapeutic ultrasound, skin grafting, and venous 

surgery. [39] Prognosis and the patient's initial response to treatment should 

determine departures from the "standard treatment". For example, VLUs that fail to 

heal whilst in compression may require an adjunct therapy, such as pentoxifylline, to 

expedite the healing process. [40] 

8 



Section l: General overview of the area of VLUs 

When all the alternative methods for compression and wound dressings indicated for 

VLUs in the British National Formulary (BNF)[41] are taken into account, there are 

approximately 130,000 potentially different clinical treatment pathways for VLUs. This 

may unnecessarily complicate healthcare decision making in VLUs. In Table 1, I have 

described all the interventions indicated for the treatment of VLUs in the UK, their 

indication, the available RCT evidence and potential different classes of products, as 

described in the BNF and Clinical Evidence. [38; 41 ] The latter is a BMJ internet based 

publication, the mission of which is to "... summarise the current state of knowledge 

and uncertainty about the prevention and treatment of clinical conditions, based on 

thorough searches and appraisal of the literature. [... ] It describes the best available 

evidence from systematic reviews, RCTs and observational studies where 

appropriate,... "[38] 

The clinical effectiveness evidence in this field is generally weak for the reasons 

outlined in the introduction and described in Appendix B. 

1.4.1 Effectiveness of compression therapy (prior to VenUS 1) 

In 1997 the evidence base for external compression in the treatment of VLUs was 

synthesised in a Cochrane systematic review [16], which indicated that, in the 

absence of arterial disease: i) compression was more effective than no compression; 

ii) high compression was more effective than low compression; iii) there was 

insufficient evidence of a differential effect associated with different high compression 

systems (multi-layered, single layered, elastomeric, non-elastomeric). To address 

these issues the review concluded by recommending the conduct of well designed 

RCTs accompanied by economic evaluation analyses. 

9 



Section l: General overview of the area of VLUs 

1.4.2 Effectiveness of other treatments (up to date) 

Wound dressings are typically applied directly to the open ulcer underneath 

compression bandages. The superiority of any wound dressing over another has not 

been demonstrated. [7; 38] Similarly, a paucity of evidence on the effectiveness of 

other therapies indicated for the treatment of VLUs has been identified (see Table 1). 

Evidence of the clinical effectiveness of pentoxifylline, a vasodilator drug, as an 

adjunct to compression in the treatment of VLUs, was identified in a systematic 

review. [40] Indirect evidence of the effectiveness of compression hosiery to prevent 

recurrent VLUs was provided in two RCTs of compression stockings for the prevention 

of VLUs. [42; 43]. In the view of the methodological weaknesses associated with these 

studies their findings should be used / interpreted with caution. 

1.5 Health related quality of life (HRQoL) 

In 1947 the World Health Organisation defined health not only as the absence of 

disease or infirmity but as "a state of complete physical, mental and social 

well-being. "[44] Ever since, "health related quality of life" (HRQoL) has become a 

frequently used umbrella concept that encompasses a number of different dimensions 

/ domains of health. To date there is no universally accepted definition of HRQoL, 

although a range of descriptions are available in the literature. It has been argued that 

existing definitions vary depending on both, "the aims and perspective of the research 

and the instruments that are developed and applied to attain such aims. "[45] In health 

services research, measurements of HRQoL are often made from a clinical or an 

economic perspective. 

10 



Section l: General overview of the area of VLUs 

1.5.1 HRQoL from a clinical and economic perspective 

This concept has been used from a clinical perspective to explore the impact of a 

health condition on specific dimensions of health, such as: daily routine, physical, 

social, intellectual, emotional, psychological functioning, economic status, health 

status, well-being or life satisfaction, among others. Such research has used both 

quantitative and qualitative approaches. In health economics, the concept of HRQoL 

has been closely associated with "utility", [10] an economic term that describes the 

strength of preference of individuals, in this case, preference for a health outcome or 

health status under conditions of uncertainty, relative to two health states: perfect 

health and death. The more preferable a health status or health outcome, the greater 

the utility expected to be associated with it. Unlike clinical / psychometric 

measurements of HRQoL, "utility measurements" allow comparisons of the HRQoL 

impact associated with a range of different health outcomes, hence their relevance for 

HTA. 

In a clinical context, measurement of HRQoL is usually conducted in a certainty 

framework through the administration of psychometric instruments often using scaling 

methods such as rating scales, category scaling, visual analogue scales or ratio 

scales. In economics, measurement methods based on "choice under uncertainty" 

(i. e. standard gamble) are the only ones deemed to measure utility. [46] Difficulties 

with the practical implementation of standard gamble make it a less popular 

alternative than choice methods under certainty such as time trade off, paired 

t: 

11 



iw 
ýr 

u 
C, 
0 
rn 
C, r ß 
U 

U 

V 
C 
d 

ü 
Ui 

C 
0 

ß 
c) 

C 

0) 
O 
O 
C 

t 
C. ) 
w I 

r 
_ý Cu 
d 

2 

r- 10, T- CD 
ýMý - OONN '-'- N ýý ýM tt 

r 
T 

Ü U) (0 
UU 

F- Cl) (A ý-. - -- 

ODUU 

F- U) GA . -ý (, ý_i. 
VUU ~ 

F- 
h"'F-'~~ (, ~ 

ý c r UUUU (ý v Q. ' of 0 (-) cý' c. ý c. ý (-) (. ) v C) c)ý 0 O0 O 
N N't -NN_ _NN r- N l(i r T- _ r- r- 

QQCO <Com. m0 CD C) 13 UU UU0oooo ooui 0 (OUCO 

C 
O 

C) C ä 

-C C0 o ö 
3V 

L C) 
OÖ 

:3 0N :3 co 
> 

v-- 
NUC 
to U) L 

O C O 
C O C 

0) L- 
NOA O "a "a "O 

p - cß O 
O 

:3 :3 
OO 

>o ca 0) p c (D 3 33 
U) C C c a3 oo cu E EE 
Ü L- _ 

"N E 
O OO 

L C p ý' C v- v- v- 
O "a O 

p 
M QO 

XpO 
U) O 

N 
ON 
N O 

N V NO 
0 

C v) 
V ) 

v) co C 
O CU O O >' C) p 

E 
C 0 

U UU 
0 

ý"O O O O'5 p O m :_ -- - c ß 
( C C _E U) X" C C O OO L C 

O O " C 
>U 
` 

' ý 
p 
. «- 

p- C4 
.-0` (D 

O O 
C) 

N 
C 

NN 
CC 

4) O 
C) 

,2 -0 
O > O 'O - 070 " 

(a 

4- 
O 

>, ,CCC -p 
N-OC C) C) C) O) C) C) C) C) O C) O) O) C) C) 

C 
Cß 

C C 
co (ß 

4) a) L) 
0) ) E E ý ý cccCCCCCý ü c cccc 

5 C 
v cc c o ý ý ý LC .. .-.. .- .- .-. . - ý i L- .- .- .-= C) rnrn i _ . - 

Oj U c0 cß -O CpO c0 c6 Co cß c6 M (ß 
a) 

cß "- 
Q) o N ""'' cß ( cß cß c0 O "- L cß c6 

ON O C Cp >+ (- -C L 
.CL .CLL C 

UOLC 
. CC 

C. 
C F -Fn N in - O L= 

"' Q C U U c0 m- m d) ON 4) N 4) O U) 2 
"O 

Ö U) NN 

p 0000000 0 Q) 70 0 0000 
a) 

00 - m Ö Ö 0 , 0 

N 
L O 

0 
cn -C a 

rý. 

N 

C 2 
a- 
E O 

C) 

0 -O O C N 
C 
O U 

W C 
- N O Ö U 

_ 
>> C 

>, 
N 
O 

.. 

EN UO p >, 
0 

UO `) (p" E O 
C CD I -OU (n co 

X 
co U) ý'' 0 E 

c: 0. 
ý 

(1) m 

L- cß O 
tm 

.C >, C 
U) 

OC> Ö 
Q- CO) (ß CU p "ß 2 13) XO 

(n 
ONd RT o 

N 
CC 

fl- 
+ý+ 

N C- j 
(n 

r"" 
Q 

-0 0 m a- 
C13 

L 
i"ý C 

p CO 
p , 

Z5- >oaoOU U_ U 0 
"ý 

Tp 
r- M "U O 

C 0) C (ß 
"C O 

0 
(0 7 X cß O cn 7LC E cC 

O ,UNO ` p) E pý, 'p ýp ,U L Ur tC O" 
L- 
y 

Y aU 
C 

L Q O p E L pN Cß N 
.. 

N V 
.. C = 

U , 
_ 0L 

NpO U O _ c0 51 OCMO 
r+ CO O E 0 cß (6 c4 C (ß mmmmm 

LLLLLL in c0 L _ C 75 :O a) NQ 
0 L .. -QL 4- X m 

r-+ ý ü 
O55, 

L 
o 

000000 
>5 O 

(D 1 00 ýZ <Ö 
co 

Cn 
Y :3m 

C' O( 
ii co (1) ý 5 Li- < L 3 U) ý- < l > J n )J 

0 
C) 

w 

U 
C 

0 

C 

N 

J 

0 

N 
C 
d 

E 
0 
L 

r 

Qý 

ß 
H 

0 
Z 
II 

W 
ÜC 

N f4 
Ü= 

Wc 
Nc 

_N 

(n ö rn 
= a_ Ü 

Ow> 
(O UO 

ýO 
aO 

Z 0" c 

CQ0 

N 
-c > CJ 

C 
cN 

X O- 
W> 

w 
.N- C)M= r 

EEc: 

:3 
(. n Q> C/) 
MYýc 

N II 
oU 
L cv 

2'E 
CNa D_ 

>O 
Dl' 

NNr 
ý_"' C 

-0 Lo 

öäýoai 

0 rna): = 
14- 
o Ca, Oaý 

ED oc 

`Q 
C>" II 

mm 
.. 

öE. ýo 
N aý 
IV 

C) Ü 
"C-Ö 
Q F, 

N 
OCOC 
FO O7 O 
ONE0 

-N3> Oa) 
Jýýu 

V 
-r 

Ü 

NOC 
N `-' O > 70 

70 > 

Q) (U N LU 
ÜJOý 

U 
NN 

_C 
UN 

C0 
Npý 

N 

NN 

Q 
.. O 

N 
ECCw 

-`C>, CU OO 
c0 O 

` C: 0 CEO 
XCg 

> J1 u) (0 
1D0N 

N 



Section l: General overview of the area of VL Us 

comparison, and person trade off. [1 1] While a correlation between clinical and 

economic measurements of HRQoL is apparent, an analytically explicit description of 

the association might not be known. Thus it is relevant to consider both types of 

measurements in the context of HTA, as discussed further in Section 2. 

1.5.2 The impact of VLU on HRQoL (prior to VenUS 1) 

By 1998 three disease specific instruments had been claimed as suitable for the 

measurement of the HRQoL of individuals with VLUs. The 34-item Hyland is the only 

instrument that has specifically been developed to measure the HRQoL of individuals 

with a VLU. [47] The chronic lower limb venous insufficiency questionnaire (CIVIQ)[48] 

and the Freiburger questionnaire of quality of life in venous disease (FLQA)[49] aim to 

measure HRQoL in people with venous insufficiency who do not necessarily have an 

ulcer. The CIVIQ is a 20-item scale which measures four dimensions of HRQoL 

(psychological, physical, and social functioning and pain) with good reliability and 

validity (face, content and construct). The CIVIQ is also reported to be sensitive to 

changes in venous insufficiency status after two months. [48] The FLQA comprises 83 

items within seven scales (physical complaints, everyday life, social life, emotional 

status, therapy, satisfaction, occupation) and was associated with good validity and 

sensitivity to changes in venous insufficiency status after three months. To date, 

however, an English translation of this instrument is not publicly available. 

Prior to VenUS I, HRQoL in people with and without leg ulcers had been reported in 

two studies. Flett et al found that leg ulceration was associated with greater problems 

with activity and mobility, more pain, lower levels of self-esteem, and higher levels of 

13 



Section I. General overview of the area of VLUs 

negative affect. [50] Roe et al observed poorer scores for pain, energy, life satisfaction 

and depression reported by individuals with leg ulcers. [51] 

1.6 Economics of VLUs 

VLUs are extremely costly; annual treatment costs to the UK NHS were estimated at 

between £230 and £650 million, at 1990-1991 prices. [52] 

1.6.1 Economic evaluation 

Economic evaluation analyses of health technologies have been recognised as a tool 

to inform the decision making process in healthcare. [4] In the context of HTA, 

economic evaluation has been defined as "the comparative analysis of competing 

alternative courses of action in terms of both the costs and benefits associated with 

them. "[10] In full economic evaluation the estimates of incremental cost and 

incremental health benefit are combined in a single measure of cost-effectiveness, 

such as the incremental cost-effectiveness ratio or the incremental net benefit. [10; 53] 

There are three different analytical approaches used in full economic evaluations of 

healthcare technologies. The main differences between these arise from the way in 

which health benefits associated with the alternative treatments under comparison are 

measured. In cost-effectiveness analyses (CEA), health benefits are measured using 

natural units (e. g. ulcer free days, absolute and relative reductions in ulcer size). 

Evaluations in which health benefits are measured using a composite measure that 

weights life expectancy with a preference-based utility score, such as EQ-5D, to 

estimate quality adjusted life years are known as cost-utility analyses (CUA). The 

14 



Section l: General overview of the area of VLUs 

ability of CUA to compare interventions for different indications has made it the 

preferred method of evaluation by NICE. [13] In cost-benefit analysis (CBA), health 

benefits are measured in monetary terms; recently this has been done using discrete 

choice methods. [54] 

Cost-consequences analyses (CCA) are partial economic evaluations in which the 

health benefits and costs associated with the alternatives are not combined in a single 

measure of cost-effectiveness. [10] 

1.6.2 Economic evaluations in VLUs 

The economic evaluations in the area of VLUs discussed in this section were 

identified in a systematic review conducted in 2004 as a basis for an update of the 

Royal College of Nursing Guidelines for the Management of VLUs. [39] The electronic 

search strategy used, as well as a QUORUM flowchart of the evidence identified 

(Figure 2), are described in Appendix C. [55] 

In general, the validity of the economic evaluations identified is compromised by 

methodological shortcomings associated with the clinical studies on which they are 

based and by the absence of rigour in the measurement of overall treatment cost and 

health benefits. 

1.6.2.1 Cost-effectiveness of compression systems for VLU (prior to VenUS I) 

As recently as 1998, the cost-effectiveness of high compression systems for VLU had 

only been explored in one trial-based cost-consequences study[56] which claimed 
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Section l: General overview of the area of VLUs 

Unna's boot (a device used mainly in the USA) was associated with higher healing 

rates and less costs than hydrogel dressing. 

1.6.2.2 Cost-effectiveness of other treatments for VL U (up to date) 

In spite of the paucity of evidence on the clinical superiority of any wound dressing 

(Section 1.4.2), several studies have claimed the cost-effectiveness of hydrocoliloids 

relative to saline gauze based on reductions in weekly nursing contacts. [57-60] 

Opportunistic CCAs have been conducted in an attempt to justify both the 

cost-effectiveness of larval therapy to remove sloughy / necrotic tissue (debride); [61] 

and the cost-effectiveness of managing VLU patients in co-ordinated community VLU 

clinics using multi-layer high compression versus community care. [62-65] Evidence of 

the value for money of compression stockings and an educational programme versus 

"do-nothing" to prevent future VLUs was found in a model based cost-utility 

analysis. [66] As mentioned in the introduction the evidence from these studies is 

associated with the shortcomings discussed in Appendix B, and hence their findings 

should be used / interpreted with caution. 
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Section ll: Measuring the impact of VLU on HRQoL 

Section II 

2 Measuring the impact of VLU on HRQoL 

2.1 Background 

The Hyland questionnaire is the only disease specific instrument that claims to be able 

to measure HRQoL in individuals with VLUs. [47] As mentioned in Section 1.5.2, other 

disease specific HRQoL instruments used in this population focus primarily on venous 

insufficiency (a sequela of which is venous ulceration). The Hyland, while constructed 

using sound psychometric methodology, was developed in a relatively small sample of 

50 people with VLUs. The VenUS I study provided an ideal opportunity to validate 

and further investigate the properties of this instrument in a larger population of 

individuals with VLUs, prior to recommending its use in treatment evaluations. 

A comprehensive investigation of HRQoL in any given population as well as the use of 

HRQoL as an outcome measure within therapeutic RCTs often requires both generic 

and disease specific instruments. However, the inclusion of multiple HRQoL 

instruments in one survey can result in lengthy questionnaires with often poor 

response rates. [67] Similarly, postal surveys have been associated with poorer 

response rates than telephone or personal interviews. [68; 69] In spite of this, postal 

surveys are often the only feasible method for collecting follow-up clinical and 

economic data in RCTs. Using any other survey methodology (e. g. personal or 

telephone interviews) within RCTs may be inefficient since it would require substantial 

human and financial resources. Furthermore, it has been argued that the quality of 
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Section ll: Measuring the impact of VLU on HRQoL 

responses to postal surveys could be enhanced by ensuring the face validity 

(readability) of HRQoL instruments. [67] 

During the implementation of the VenUS I trial a small pilot study was conducted to 

verify the readability of a HRQoL booklet to be used as a data collection tool. The 

booklet initially contained the VLU specific Hyland questionnaire, two generic 

instruments (EQ-5D and SF-12) and the McGill pain questionnaire. [70-72] The SF-12 

and the EQ-5D are both well known generic HRQoL instruments that allow the 

investigation of HRQoL from a clinical and economic perspective, respectively. Over 

a period of 2 consecutive days, one of the VenUS I Research Nurses asked all her 

scheduled VLU patients to complete these four HRQoL instruments. 

Eight consecutive individuals (mean age 74 years) with VLU agreed to participate. As 

an observer during these consultations I made written comments about the 

interviewees' individual reactions and their comments about the booklet. All the 

participants stated that they found the survey took longer than they initially expected. 

In addition, it was noted that the layout of the SF-12 was confusing. Three of the eight 

interviewees missed or only partially responded to questions with a "steam and leaf' 

format in the SF-12. This suggested the readability of specific items within a 

questionnaire could differ according to variations in the question layout and the 

specific characteristics of the population of interest. 

Based on the results from the eight initial interviews, it was considered that potential 

future respondents may find it difficult to complete this long and complex 

questionnaire. As a result, the McGill pain questionnaire was removed from the 

booklet and the original layout of the SF-12 modified by the candidate into twelve 

single closed questions; see paper 2 in Appendix A. This new booklet was re-tested 
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Section ll: Measuring the impact of VLU on HRQoL 

in the three older participants who had had difficulties with the previous one and 8 new 

participants. The quality of the responses to this second version of the HRQoL 

booklet improved. The three participants who previously failed to provide adequate 

responses now provided complete responses to the second version of the booklet. 

This small pilot study suggested a shortened questionnaire with a simplified layout 

might be more acceptable to participants in the VenUS I study. It was important, 

however, to investigate these findings in larger studies as it was not possible to test, 

statistically, the reliability of the new measure or its expected overall completion rates 

on such a small sample. Large RCTs in populations similar in age to that of the 

participants in the VenUS I trial were necessary to formally investigate both: i) the 

reliability of this alternative-form (layout) of the SF-12, its overall response rates and 

quality of responses; and ii) whether longer questionnaires did adversely affect 

response rates in older participants. 

To optimise the collection and measurement of HRQoL data from individuals with 

VLUs in postal surveys conducted as part of RCTs, the following research questions 

were tested: 

a) Does the length of a questionnaire affect the rates of overall and partial 

responses to health related surveys? [73] (see paper 1 in Appendix A) 

b) Does a simpler layout for the SF-12 have a positive impact on the overall and 

partial responses to this instrument? [74] (see paper 2 in Appendix A) 

c) Is the Hyland a reliable and valid instrument to measure VLU specific 

HRQoL? [75] (see paper 3 in Appendix A) 
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d) What are the properties of the Hyland, SF-12 and EQ-5D in measuring HRQoL 

in individuals with VLUs? [75] (see paper 3 in Appendix A) 

e) What is the impact of VLUs on HRQoL from both a clinical and an economic 

perspective in a UK population? [75] (see paper 3 in Appendix A) 

2.2 Methods 

The first two hypotheses were tested in opportunistic (piggy backed) studies in 

populations similar in age to that of the participants in the VenUS I trial (women aged 

70 and over) conducted during the recruitment stage of a large RCT of Hip Protectors 

for the prevention of fractures. [76] 

2.2.1 Opportunistic Study I (paper 1 in Appendix A) 

A quasi-randomised trial was conducted in women age 70 years and over recruited 

from a general practice (GP) in North Yorkshire, England, to investigate whether the 

inclusion of multiple HRQoL instruments, on top of a clinical questionnaire of 

osteoporotic risk factors, was detrimental to the overall response rates of postal 

surveys within RCTs. 

Four different survey booklets were compared. The first contained the clinical 

questionnaire; the second the EQ-5D and clinical questionnaire; the third contained 

the clinical questionnaire, EQ-5D and SF-12; and the fourth booklet was the same as 

third but the SF-12 had the alternative layout described in Section 2.1. A table 

describing the way in which the "steam and leaf' questions in the SF-12 were modified 

is provided in paper 2 in Appendix A. [74] 
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Section ll: Measuring the impact of VLU on HRQoL 

A total of 856 questionnaires were sent to a GP in Yorkshire where staff labelled and 

posted the questionnaires to women potentially eligible to participate in the Hip 

Protector Study. [76] Alternation was used to produce equivalent groups since there is 

evidence that, if strictly adhered to, alternation is as effective in preventing selection 

bias as random allocation. [77] In this instance we can be assured that alternation was 

adhered to, as the opaque envelopes were delivered to the practice staff and they had 

no knowledge that the survey was also testing questionnaire length. 

2.2.2 Opportunistic Study // (paper 2 in Appendix A) 

The second quasi-randomised trial investigated whether the two different layouts of 

the SF-12 had a differential effect on overall response rates in a large sample. One 

thousand five hundred questionnaires were mailed out; 750 questionnaires with the 

original layout of the SF-12 and the EQ-5D; and 750 with the EQ-5D and an 

alternative layout of the SF-12. Alternation was used again to produce equivalent 

groups. Sealed envelopes were sent to the participating UK GPs, where they were 

labelled and posted. 

2.2.3 VenUS / HRQoL data (paper 3 in Appendix A) 

Formal investigation of the third and fourth aims required data from a population with 

VLUs. Data from VenUS I were used to investigate the validity of the Hyland 

questionnaire and the discriminative and responsive characteristics of the EQ-5D, 

SF-12 and Hyland HRQoL instruments (see Section 3.1 for further details of the 

VenUS I study). 
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2.3 Results 

The results from the first pilot study suggested that shorter postal surveys are more 

likely to have higher overall response rates. Increasing the length of a questionnaire 

from five to seven pages reduced overall response rates from 49% to 40% (an 

absolute difference of 9%, 95% Cl 0.3% to 16.6%) in a population of women aged 70 

years and over. The findings from the second pilot study indicated that while similar 

overall response rates were associated with the two layouts of the SF-12 

questionnaire, partial responses were statistically significantly reduced with the 

simplified layout of the SF-12. 

Baseline HRQoL data from the 387 participants in the VenUS I study suggested a 

two-factor solution for the third section of the Hyland. Factor one related to practical 

limitations, and factor two to emotional perceptions. Both factors were negatively 

affected among individuals. At baseline, detriments in the practical and emotional 

components of 47% and 36% were observed. 

No statistically significant differences in Hyland (practical and emotional), EQ-5D and 

SF-12 (physical and mental) scores between bandage groups were observed, hence 

the evaluative and responsive characteristics of these instruments were investigated 

combining the data from both groups. The Hyland questionnaire was associated with 

small and moderate ability to discriminate individuals according to age, mobility, initial 

ulcer size and ulcer duration. 

The SF-12 and EQ-5D had good evaluative properties; both instruments were 

sensitive to changes in HRQoL after ulcer healing at 3 months. During the one-year 

follow-up, improved HRQoL was reported quarterly by individuals whose VLU had 
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healed in the EQ-5D and SF-12. The difference in quarterly EQ-5D scores between 

healed and unhealed individuals was statistically significant in all four quarterly 

measurements. The conclusion of an episode of VLU was associated with an 

improvement relative to baseline scores on the mental component on the SF-12 and 

stabilisation of the physical component. EQ-5D scores suggested a statistically 

significant improvement in HRQoL associated with healing relative to active ulceration. 

High levels of bodily pain were reported in the SF-12 questionnaire, whilst only minor 

ulcer related discomfort was reported in the Hyland. 

2.4 Conclusions 

The importance of ensuring a thorough consideration of patient data collection 

instruments to be used in postal surveys within RCTs was confirmed by the results of 

the two opportunistic studies described here. The first study provided evidence that 

lengthy questionnaires and those with poor readability (face validity) are likely to have 

poorer overall response rates and a higher proportion of partial responses (missing 

items). A systematic review of best practice to design and use patient and staff 

questionnaires in health services research acknowledged a paucity of evidence on the 

impact of questionnaire appearance and design on response rates. [67] Out of 11 

identified studies on the effect of questionnaire length only two were on health-related 

topics. [78; 79] Evidence of a negative relationship between length of questionnaire 

and response rates was provided by these studies albeit non-statistically significant. 

The second opportunistic study indicated that readability can play an important role in 

maximising the quality of responses to postal surveys. In an elderly population, we 

found that shorter questionnaires with single questions may be more appropriate than 
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lengthy ones with complex question structures. To the best of my knowledge this is 

the first study looking at alternative layouts for the SF-12, and until further research is 

conducted to investigate whether this is an age related issue, we would recommend 

the use of a simpler layout for the SF-12 in postal surveys. 

The marginal contribution of the 34-item Hyland questionnaire to improve the 

understanding and measurement of the impact of VLUs on HRQoL is equivocal. 

Whilst one single VLU pain specific question from the Hyland provided valuable 

evidence to suggest that VLU related pain may be considerably lower than that 

suggested in previous studies, [50; 51] its inclusion almost tripled the overall length of 

the HRQoL booklet used in VenUS I. Furthermore, in the context of the pilot study 

described in Section 2.1, participants raised concerns regarding the appropriateness, 

subsequent to the closure of their VLU, of a large proportion of VLU specific items in 

Hyland, i. e. they questioned the responsiveness of this instrument to VLU healing. 

Hence, the research team decided to administer Hyland only to people with VLUs. 

Whist over time only minor VLU specific pain was reported in the Hyland, high levels 

of bodily pain were reported in the SF-12 by both healed and unhealed individuals. 

This may be partially explained by the fact that VLUs are more frequent among the 

elderly who are likely to have comorbidities. Reported bodily pain may be a 

consequence of these concomitant chronic health conditions. This issue needs to be 

further investigated in future RCTs in VLUs. 

Whilst no statistically significant differences in HRQoL scores between bandage 

groups were observed, quarterly HRQoL scores from the EQ-5D and SF-12 provided 

indirect evidence of improved HRQoL associated with compression systems 

associated with a faster rate of healing. Statistically significant differences in EQ-5D 
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scores between healed individuals and people with unhealed ulcers were observed, 

suggesting that treatments associated with a shorter time to VLU healing will also be 

associated with improved HRQoL. A resolution of VLU was associated with 

improvements in the mental component of the SF-12 and EQ-5D. 

In conclusion, simple and brief generic HRQoL instruments, SF-12 and EQ-5D, 

provide a comprehensive description of the impact of active ulceration in HRQoL from 

a clinical and economic perspective. Until the responsiveness to healing of the 

Hyland questionnaire is established, the use of this instrument in future RCTs in VLUs 

is not recommended. Furthermore, preference-based measurements from the EQ-5D 

allowed exploration not only of the cost-effectiveness of the two compression systems 

compared in VenUS I relative to each other (see Section 3), but potentially with an 

ample spectrum of healthcare treatments (see Section 5.2). 
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Section lll: Trial-based evaluation 

Section III. 

3 Trial-based evaluation 

3.1 Background 

In 1997 the UK NHS HTA programme commissioned the VenUS I Leg Ulcer study, 

the largest multi-centre pragmatic RCT in the area of VLUs to date. This study 

compared two high compression systems in the treatment of VLU in terms of clinical 

and cost-effectiveness, a comparison identified as a research priority in an earlier 

systematic review. [16] 

The VenUS I trial compared the 4-layer bandage, regarded by many in the UK as the 

gold standard compression therapy for VLU, and the short-stretch bandage, a 

compression therapy frequently used in the European continent and Australia. [80] 

While both compression systems apply a high degree of compression to the leg 

(40mmHg), considerable differences are associated with their required frequency of 

administration and purchasing cost. In terms of usage and cost, the short-stretch is a 

reusable bandage claimed to be able to remain in place for a week with a unit cost of 

£5; [41 ] whereas the 4-layer bandage can be used only once, can remain in place for 

one week and has a unit cost of £8. [41] Differences in the unit cost and wearability of 

these compression systems suggested that potentially substantial savings in bandage 

expenditure could be achieved, if the short-stretch bandage were shown to be of 

equivalent or greater effectiveness than the 4-layer bandage. 
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Section Ill: Trial-based evaluation 

The main objectives of the VenUS I study were to: 

a) investigate the clinical effectiveness of the short-stretch bandage compared 

with 4-layer bandage in the treatment of VLUs in the UK. [81 ] (see paper 4 in 

Appendix A) 

b) determine the cost-effectiveness of short-stretch relative to 4-layer in the 

treatment of VLUs in UK practice. [82] (see paper 5 in Appendix A) 

c) explore the impact of VLUs on HRQoL from both a clinical and an economic 

perspective in a UK population. [75] (see paper 3 in Appendix A) 

This section will focus on objectives I and II. The third objective was discussed in 

Section II. 

3.2 Methods 

The VenUS I study was conceived and conducted within an academic institution 

according to rigorous methodological standards. [83] Individuals with a VLU of at 

least: 1 week duration and 1 cm in length or width, were eligible for inclusion. Length 

of follow-up was one year. Central telephone randomisation was used to ensure 

unbiased allocation of participants to trial treatments. Participants were stratified 

according to ulcer area (smaller or greater than 5 cm2); current ulcer duration (shorter 

or longer than 6 months); and centre, initially four (Cumbria, Leeds, West London, 

North Yorkshire) with other centres (Falkirk, Calderdale, East London, Newmarket, 

Southport) recruited later. 
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Section lll: Trial-based evaluation 

The primary outcome for the clinical analysis was time to healing of all VLUs on the 

trial leg. Median time to ulcer healing in both bandage groups was calculated using 

Kaplan Meier estimates of the cumulative probability of healing. [84] The log-rank test 

was used the investigate differences between bandage groups in the Kaplan Meier 

curves for time to healing and time to ulcer recurrence. [85; 86] The hazard of healing 

was adjusted by baseline covariates in a Cox proportional hazards model, where 

interactions between the treatment effect and baseline covariates were also 

investigated. [87] 

Two economic evaluations were conducted from the perspective of the UK NHS and 

Personal Social Services. Ulcer free days (Kaplan Meier estimates of mean time to 

ulcer healing) and QALYs, were the measures of health benefit in a CEA and a CUA, 

respectively. Quarterly utility scores reported on EQ-5D were used to compute 

QALYs as the area under the curve defined by these values. QALYs were adjusted 

by imbalances between bandage groups in the EQ-5D scores at baseline using linear 

multiple regression. [88] 

Total volume of four categories of resource use (nurse visits, doctor visits, hospital 

visits and bandages used) was collected prospectively from all the participants in the 

VenUS I study to estimate total treatment costs. To account for the censored nature 

of cost and HRQoL data, the Lin method was used to estimate the mean total 

treatment cost per bandage group and QALYs. [89] 

Non-parametric bootstrapping was used to estimate 95% confidence intervals for the 

mean differences in ulcer free days, QALYs and costs between bandage groups. The 

scenario approach to sensitivity analysis was implemented to explore the robustness 

of the results to variations in both: i) monthly utilisation rate of short-stretch bandages; 
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and ii) method of acquisition 4-layer bandage (as a kit rather than as single items). 

The decision uncertainty associated with the relative cost-effectiveness of 

short-stretch compared with 4-layer bandage was explored in both an incremental 

cost-effectiveness plane and a cost-effectiveness acceptability curve (CEAC). [90-93] 

3.3 Results 

Three hundred and eighty seven people from 9 centres in the UK were recruited into 

the VenUS I study. 192 were allocated to the 4-layer and 192 to the short-stretch. 

Individuals in both bandage groups were similar with respect to patient characteristics 

(age, height, weight), ulcer characteristics (area, duration, episodes, among others) 

and stratification variables (area, duration, centre). 

Clinical, economic and HRQoL measures of effectiveness indicated that relative to 

short-stretch, the 4-layer was associated with a higher instantaneous probability (i. e. 

risk) of healing, shorter time to healing, smaller treatment cost and slightly better 

HRQoL. 

3.3.1 Clinical Analysis 

The full clinical analysis of the VenUS I study is reported in paper 4 in Appendix A. 

The clinical unadjusted analysis found a non-statistically significant difference in 

Kaplan Meier median times to healing between bandage groups; 92 days (4-layer 

group) versus 126 (short-stretch group). However, when the hazard of healing was 

adjusted by prognostic factors in a Cox regression model, the short-stretch was 

associated with a statistically significantly lower probability of healing than 4-layer 
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bandage (hazard ratio 072,95% CI 0.57 to 0.91). The same model suggested a 

statistically significant interaction between bandage treatment and centre. The most 

heterogeneous results were associated with data from the smaller participating 

centres. In an analysis considering only data from the (larger) initial four centres 

participating in the VenUS I study, heterogeneity in the treatment effect by centre was 

no longer observed, i. e. the coefficient of the treatment centre interaction was no 

longer statistically significant. 

Kaplan Meier cumulative probabilities of recurrence were 0.36 and 0.39 in the 4-layer 

and short-stretch groups, respectively. A log-rank test of the Kaplan Meier curves of 

time to ulcer recurrence in both groups indicated no statistically significant differences 

between these curves. 

3.3.2 Economic Evaluations 

The two economic evaluation analyses are reported in full in paper 5 in Appendix A. 

Patients in the 4-layer group healed on average 10.9 days before those in the 

short-stretch group (95% Cl: -6.76 days to 29.06 days). Difference in mean QALYs 

between compression systems was -0.02 (95% Cl- -0.08 to 0.04). The 4-layer 

bandage cost on average £227.30 less per patient per year than the short-stretch 

bandage (95% Cl: £16.53 to £448.30). 

These results were robust to feasible variations in the monthly utilisation rate of 

short-stretch and the unit cost of the 4-layer. The CEAC suggested that considerable 

uncertainty was associated with the decision to consider short-stretch as a cost 

effective intervention relative to 4-layer for a large range of X-values [£O to £30,000], 
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i. e. willingness to pay values for an extra ulcer free day. Short-stretch was associated 

with approximately a 20% probability of being cost-effective. 

3.4 Conclusion 

This trial suggested that, in the UK, the 4-layer bandage is more likely to be clinically 

and cost-effective than the short-stretch bandage as the first line treatment for VLU. 

The economic evaluations in VenUS I indicated that despite initial expectations of cost 

savings associated with the short-stretch bandage, the 4-layer bandage was a 

"dominant" alternative, i. e. 4-layer was associated with greater health benefits and 

lower overall treatment costs. Initial expectations were based on the differential in unit 

cost between the short-stretch and the 4-layer bandages and the ability of the former 

to be re-used. The main cost driver in the treatment of VLUs, however, is nursing 

time. Hence, "potential savings" are unlikely to translate into real ones, unless 

reductions in nursing time are generated. 

In spite of claims from the manufacturers regarding the ability of short-stretch to 

remain in place for a week, the trial reported a higher frequency of nurse visits for 

patients in this group. Bandage slippage and poor rates of bandage reuse reported in 

the short-stretch group may account for this. In addition, VLUs are more frequent 

among elderly populations. The mean age of the participants in the VenUS I study 

was 71.6 (SD 13.21), and older participants reported having experienced difficulties 

washing their short-stretch bandages. 

Evidence of the ability of the short-stretch bandage to remain in place for a week has 

been provided by research conducted in Austria and the Netherlands, where the 
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short-stretch bandage is considered the standard for treatment of VLUs. [19] This 

suggests that nurses' competence in bandage application might have an influential 

role in the effectiveness of external compression systems. While more research may 

be recommended in this area, it is important to note that, in the UK, VLU care is 

provided in both at dedicated clinics and hospitals, as well as within the community, 

where patients are usually looked after by a pool of nurses rather than a single nurse. 

These intrinsic characteristics of the VLU service in the UK render unfeasible a 

rigorous evaluation of "competence in bandage application". Nonetheless, proxy 

measures of nurses' competence in bandage application, such as total number of 

patients previously treated by a nurse using a specific bandage, may be used in future 

analyses where random effects multilevel models can be used to explore these 

variations in nurse's performance. [94] 

Evidence of a potential interaction between bandage treatment and centre was 

identified in a Cox proportional hazards model. Future therapeutic RCTs in VLUs 

should acknowledge a potential for heterogeneity in the treatment effect associated 

with factors such as nurses' competence with bandage treatment; nurses' prior beliefs 

about the effects of different treatments; the degree of variation in nurses' wound care 

experience, and patients' concordance with bandage treatment. 

The VenUS I study provides evidence of the feasibility of conducting rigorous clinical 

and economic evaluations of therapeutic treatments for VLU. This high quality 

evidence can, in turn, be used to inform the evaluation of other health technologies 

using decision analytic modelling as discussed in Section IV. 
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Section IV. 

4 Research prioritisation in VLU 

4.1 Background 

Data from well conducted RCTs is considered the "gold standard" scientific evidence 

that should be used to inform treatment decisions in healthcare practice. However, in 

view of the large number of available alternative treatments indicated for VLU (Tablet) 

it would be both unreasonable and inefficient to defer the evaluation of the relative 

clinical and cost-effectiveness of these technologies until sound RCT evidence is 

available. [95] The scarcity of research and development (R&D) resources, requires 

decision makers to counter their need for further information by substantiating their 

decision on existing information, and thus to free resources which can be allocated to 

other areas of priority (i. e. take into consideration the opportunity cost of using R&D 

resources in any specific area and not another). [96] 

A framework based on comprehensive decision analytic modelling, Bayesian methods 

for evidence synthesis, and Bayesian value of perfect information (VOI) analysis has 

recently been proposed for the evaluation of healthcare technologies. [97] This 

framework aims to inform two key stages in the process of deciding whether to 

recommend the adoption of a health technology: i) whether a health technology 

should be considered clinically and cost-effective given the existing evidence base; 

and ii) whether a request for further information should be made given the level of 

decision uncertainty associated with the current evidence base. 
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The main objectives of the research described here were to investigate the potential of 

this analytic framework to: 

a) assist the formal evaluation of the clinical and cost-effectiveness of alternative 

treatments for VLU based on existing information; [98] (paper 6 in Appendix A) 

b) guide the process of prioritisation of the research agenda in VLUs identifying 

those areas where primary research is more likely to reduce the decision 

uncertainty associated with the cost-effectiveness of competing treatments. [98] 

(paper 6 in Appendix A) 

4.2 Methods 

A pharmacological adjunct therapy to external compression was used as a case 

study. Pentoxifylline, a drug that helps blood flow, has been proposed as a potential 

agent to accelerate the healing process of VLUs. [99] A systematic review of RCTs of 

pentoxifylline for the treatment of VLUs identified evidence of an additional beneficial 

effect to external compression, and a potential beneficial effect in the absence of 

compression, associated with pentoxifylline. [40] The poor methodological standards 

of RCTs on pentoxifylline, however, raised concerns regarding the validity of the 

findings from this review. Indeed, a number of relatively small RCTs on pentoxifylline 

have recently been conducted. [100; 101] 

The purpose of this work is to investigate whether the decision uncertainty associated 

with the clinical and cost-effectiveness of pentoxifylline prior to commissioning the 

largest confirmatory trial was likely to justify the expected cost of primary research. A 

comprehensive Bayesian decision model[102] was constructed to investigate the 
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cost-effectiveness of pentoxifylline as an adjunct to compression. The analysis was 

conducted at two different points in time: i) prior to the publication of the findings from 

the largest RCT on pentoxifylline in the presence of external compression (prior 

analysis) and ii) following the publication of the results from this study (posterior 

analysis). 

Potential heterogeneity between RCTs was accounted for in the model using a 

Bayesian random baseline meta-analysis[103] implemented in the freely available 

specialist software WinBugs. [104] The model was populated using information from 

both previously published data [26; 105-107] and data from the VenUS I trial. [80] 

Preference-based utility weights reported by participants in the VenUS I study with 

and without VLUs were used to estimate expected QALYs. [75] 

A non-parametric method was used to estimate the expected VOI[108] associated 

with the decision to recommend pentoxifylline as a cost effective adjunct to 

compression for a large range of willingness to pay values for an extra QALY [£O - 

£5000]. 

4.3 Results 

The prior and posterior analyses suggested pentoxifylline was a dominant therapy, 

that is, relative to placebo, pentoxifylline was associated with greater health benefits 

and was less costly. In the prior analysis, patients in the pentoxifylline group on 

average healed 8.28 weeks (95% credibility interval (Crl) 1.89 to 14.56) earlier than 

patients in the placebo group. Similarly, an average 0.02 gain in QALYs (95% Crl 

-0.12 to 0.17), and an average reduction of £153.4 (95% Crl -£53.11 to £354.9) in 

overall cost was observed in the pentoxifylline group relative to the placebo group. 
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Estimates of the uncertainty surrounding the cost-effectiveness of pentoxifylline and 

the VOI in both the prior and posterior analyses suggested that further primary 

research on the cost-effectiveness of pentoxifylline was unlikely to be cost-effective. 

In the prior analysis, the estimated VOI for willingness-to-pay values of £0, £100, and 

£500 per QALY were £128,200, £127,100 and £126,700, respectively. Comparing 

these values with the cost of the largest compression study in VLUs (the VenUS I 

trial), approximately £380,000[109], suggests that at the time when the Dale trial was 

funded the cost of primary research was higher than the maximum expected benefit, 

i. e. the reduction in the decision uncertainty associated with the acquisition of 

additional evidence. 

Incorporation of the information from the largest RCT on pentoxifylline did improve the 

precision of the estimate of the clinical effect associated with this drug; however this 

improvement was not large enough to reverse either the decision regarding the 

dominance of pentoxifylline or the maximum value associated with further research. 

4.4 Conclusions 

This analysis indicated that the cost of conducting further primary research on the 

effectiveness of pentoxifylline as an adjunct to compression in the treatment of VLUs 

is unlikely to be offset by the expected reduction in the decision uncertainty on the 

cost-effectiveness of this drug associated with the acquisition of additional evidence. 

Indeed, the evidence base considered in this analysis suggested pentoxifylline is 

associated with at least a 90% probability of being cost-effective for a range of values 

[: CO - £500] decision makers may be willing to pay for an additional QALY. 
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This case study illustrates the huge potential of comprehensive decision analysis, 

Bayesian evidence synthesis methods and Bayesian VOI analysis as a framework to 

evaluate medical devices for the treatment of VLUs, and as a tool to inform the 

research prioritisation process in this area. Had the results from this analysis been 

available before the largest RCT on pentoxifylline was funded, a more efficient 

allocation of research and development resources could have been made. To 

promote a more efficient allocation of scarce R&D resources in both the public and 

private sectors, future recommendations for primary research in the area of VLUs 

should be carefully evaluated, explicitly accounting for the cost opportunity of investing 

in an area and not another. 

Finally, recently proposed quantitative methods to synthesise evidence[110; 111 ], not 

only from studies with the same design but from a range of study types to explore the 

clinical and cost-effectiveness of all the relevant alternatives for the treatment of a 

health condition, should be explored in the area of VLUs. [112-114] 
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Section V. 

5 Concluding remarks and overall 

recommendations 

5.1 Contributions to knowledge 

This thesis has explored a number of relevant issues in the assessment of therapeutic 

treatments for VLUs. 

5.1.1 Optimisation of data collection 

The optimisation of clinical and economic primary data collection using postal surveys 

conducted within RCTs was explored in two opportunistic studies (papers 1 and 2 in 

Appendix A). The first analysis suggested that lengthy surveys and those with 

complex layouts may prove unnecessarily challenging. [73] As a result an alternative 

layout for the widely used generic HRQoL questionnaire SF-12 was proposed and 

found to be more suitable for the populations studied and potentially others too. [74] 

To the best of my knowledge this is the first analysis proposing an alternative layout 

for the SF-12 questionnaire. Whilst there is no consensus about the effect of 

questionnaire length on response rates, a recently conducted systematic review and 

meta-analysis of RCTs evaluating the effect of questionnaire length on response rates 

coincides with our findings that in the context of postal surveys within RCTs shorter 

questionnaires should be preferred. [1 15] 
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The applicability of the findings from our two opportunistic studies to other age groups 

could not be investigated. Such analysis would require a large survey conducted in a 

sample representative of the whole of the UK adult population. The two surveys 

discussed here, however, were piggy-backed studies conducted in the recruitment 

stages of a large RCT of hip protectors. [76] Nonetheless, in a recently published 

large population survey using the SF-12 in its standard layout, age was a significant 

predictor of missing items. [116] This suggests that the findings from our two 

opportunistic studies may be relevant to the sector of the population in which poor 

data collection is more likely to be observed. 

Our findings have not only informed the design of two new large RCTs in the area of 

VLUs recently funded by the UK NHS HTA, the Larval Therapy Study (VenUs II)[117], 

and the Ultrasound Study (VenUS III) [118], but also the simplified layout of the SF-12 

is now used in preference to the original layout in all trials within the York Trials Unit. 

5.1.2 Measurement of HRQoL in people with VLUs 

A validation analysis of the only VLU specific HRQoL questionnaire available to date 

(Hyland) indicated that the contribution of this instrument to improve understanding of 

the impact on HRQoL associated with the presence of an open VLU is marginal. We 

found the SF-12 and EQ-5D to be associated with good responsiveness to VLU 

healing, thus suggesting that generic instruments may be more suitable to measure 

changes in HRQoL associated with the presence / absence of a VLU. 

In the area of VLUs, the VenUS I study was the first one in which preference-based 

HRQoL measurements were used to estimate health benefit in an economic analysis. 
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During its conduct, a number of studies measuring the impact of open VLUs on 

HRQoL were published, see Table 2. [23-25] 

Author Area Instruments Population 

Walters 
1999[23] 

Wissing 
2001 [24] 

Franks 
2001 [25] 

UK Medical outcomes study 
short form 36 (MOS SF- 
36); 
Euroqol (EQ-5D); 
Short form McGill pain 
questionnaire (SF- 
MPQ); 
Frenchay activity index 
(FAI) 

Sweden Philadelphia geriatric 
centre multilevel 
assessment instrument 

UK Nottingham health 
profile (NHP) 

Conclusion 

233 people The 4 instruments had small to 
with venous moderate discriminative abilities. The 
leg ulcers SF-MPQ had the best 

responsiveness to healing at 3 
months and the SF-36 and EQ-5D 
were only able to detect changes in 
healing status after 12 months 

144 people VLUs were associated with 
with and significantly lower mean score for 
without leg physical health, activities of daily 
ulcers living, cognition, time use / social 

behaviour, personal judgement and 
environmental quality 

383 people NHP had a good internal consistency, 
with venous small to moderate ability to 
leg ulcers discriminate individuals according to 

age, mobility, initial ulcer size and 
ulcer duration. Unlike the SF-36 the 
NHP was sensitive (bodily pain 
dimension) to changes in healing 
status at 3 months 

Table 2. Evidence on VLUs HRQoL post VenUS I 

Two core discrepancies between these studies and the HRQoL analysis from VenUS I 

are distinguished. Firstly, the identification of the high levels of chronic pain reported 

by people with VLUs as primarily ulcer related pain in the studies published before 

VenUS I. Secondly, sole consideration in these studies of open VLUs as the main / 

only health condition negatively affecting HRQoL, thus ignoring the role of 

concomitant chronic health conditions. Conversely, our findings coincide with those 

from a study of HRQoL in people with varicose veins, a disorder encompassed in the 

venous insufficiency syndrome. Using a recently proposed disease specific 

instrument for venous disease, (the VEINES-QoL scale) Lamping et al concluded that 
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the HRQoL of individuals with varicose veins can only be reliably interpreted when 

concomitant venous disease is taken into account. [119] It is worth noting that the 

VEINES-QoL increases the number of disease specific instruments potentially suitable 

for VLUs to four, see Section 1.5.2. 

VLUs are a manifestation of chronic venous insufficiency, a syndrome encompassing 

a spectrum of disorders ranging from varicose veins through to extensive ulceration of 

the leg. Future studies aiming to describe and / or measure the impact on HRQoL 

associated with VLUs should acknowledge this by distinguishing the dimensions of 

HRQoL affected by an open ulcer, detriments in HRQoL associated with venous 

insufficiency and those mainly related with other chronic concomitant health 

conditions. 

Recent methodological developments in the estimation of preference-based measures 

from generic psychometric instruments have produced a model to estimate 

preference-based scores from the SF-12. [120] The level of agreement / disagreement 

between the preference-based scores derived from the EQ-5D and SF-12 in the 

VenUS I study should be investigated in a future study. 

5.1.3 Clinical and cost-effectiveness of high compression for 

VL Us 

The VenUS I study provided evidence of the "dominance" of the 4-layer bandage 

relative to the short-stretch bandage. On average 4-layer was associated with a 

shorter time to healing of VLUs, marginally better HRQoL and less overall treatment 

costs. Evidence of a differential bandage treatment effect by centre was identified in 
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