ABSTRACT
Aim: To explore patient preference and adherence to thigh and knee length graduated compression stockings for the prevention of deep vein thrombosis in surgical patients.  

Background: Hospitalised patients are at risk of developing deep vein thrombosis.  Mechanical methods of prophylaxis include compression stockings, available as knee or thigh length.  Patient adherence to correct stocking use is of critical importance to their effectiveness.

Design: Systematic review of quantitative evidence.
Data sources: Eleven databases were searched from inception to 2013 for systematic reviews of compression stockings.  Reviews were screened for relevant primary studies and update searches of eight electronic sources were undertaken (2010-2014).
Review methods: Randomised controlled trials and observational studies of surgical patients using compression stockings were quality assessed and data were extracted on patient adherence and preference.  A narrative summary is presented.

Results: Nine randomised controlled trials and seven observational studies were included in the systematic review.  There was substantial variation between studies in terms of patient characteristics, interventions and methods of outcome assessment. 
Conclusion: Patient adherence was generally higher with knee length than thigh length stockings.  However, the studies reflect patient adherence in a hospital setting only, where patients are observed by healthcare professionals; it is likely that adherence reduces once patients have been discharged from hospital.  Patients preferred knee length stockings over thigh length stockings.  In many clinical settings any difference in efficacy between thigh length and knee length stockings may be rendered irrelevant by patient preference for and likely better adherence to knee length stockings.

SUMMARY STATEMENT
Why is this review needed?

· Surgical patients are at an increased risk of developing deep vein thrombosis.  National Institute for Health and Care Excellence clinical guidelines recommend various forms of prophylaxis, including mechanical methods, such as graduated compression stockings.
· Compression stockings are available as knee or thigh length; patients report difficulties with the use of both stocking lengths.  The incorrect use of compression stockings can be unsafe.
· Patient adherence is of critical importance to the effectiveness of compression stockings for the prevention of deep vein thrombosis.
What are the key findings?

· There is substantial variation in the characteristics of studies assessing patient preference and adherence to compression stockings, many studies are poorly reported with an unclear risk of bias.

· Patient adherence was generally higher with knee length than thigh length stockings.

· Patients preferred knee length stockings over thigh length stockings.

How should the findings be used to influence policy/practice/research?

· Efforts need to be made to improve patient adherence to the correct use of compression stockings, particularly of thigh length stockings.  

· The choice between thigh and knee length stockings should take into account the likely adherence given each individual patient’s particular needs and circumstances.  

· Any future research into the effectiveness of compression stockings should take into account patient preference and incorporate assessment of patient adherence, both in a hospital setting and post-discharge.
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INTRODUCTION
Venous thrombosis is a condition in which a blood clot forms in a vein, most commonly the deep veins of the legs.  The clot may break off and travel to the lungs, causing a potentially fatal pulmonary embolism (PE).  Deep vein thrombosis (DVT) is usually asymptomatic and only detected during screening, although it may be associated with leg pain and/or swelling as a result of occlusion of the vein (National Institute for Health and Care Excellence 2010).
Certain people, particularly hospitalised patients, are at greater risk of DVT.  Factors such as immobilisation, decreased fluid intake and excessive body fluid loss may cause changes in the blood vessel wall, blood flow and properties of the blood.  Trauma and surgery can also increase the risk of DVT (Sajid et al. 2012).    
In the UK, National Institute for Health and Care Excellence (NICE) clinical guidelines recommend various forms of prophylaxis, based on their effectiveness to reduce the risk of DVT, and taking into account individual patient factors and according to clinical judgement.(National Institute for Health and Care Excellence 2010)  Prophylaxis can be pharmacological (usually low molecular weight heparin or unfractionated heparin) and/or mechanical.  Mechanical methods of prophylaxis include graduated compression stockings, intermittent pneumatic compression devices and pneumatic foot pumps.  Graduated compression stockings exert pressure at a decreasing gradient from the ankle towards the thigh, which increases blood flow and promotes venous return, thus preventing passive venous distension which is thought to prevent sub-endothelial tears and activation of clotting factors .  Evidence suggests that compression stockings can reduce the incidence of post-operative DVT to approximately 11%, whilst low dose heparin reduces the rate to around 9%; used together the rate of DVT is reduced further 
 ADDIN EN.CITE 
(Nicolaides et al. 2001)
.
Background

Graduated compression stockings are available as knee or thigh length stockings.  A recent systematic review identified that thigh length stockings are probably more effective than knee length stockings at preventing DVT in surgical patients, though because of limitations there is some uncertainty about this, in particular how they perform in the real world setting (Wade et al. 2015).  Patients report that both stocking lengths are difficult to use 
 ADDIN EN.CITE 
(Brady et al. 2007, Hameed et al. 2002)
.  The incorrect use of compression stockings can be unsafe: thigh length stockings that are fitted incorrectly or that roll down the leg can create a tourniquet effect, which can potentially damage skin and reduce venous outflow (Sajid et al. 2012).  In addition, one length of stocking may be more appropriate than the other in certain patients; knee length stockings may be more likely to induce wound complications in patients undergoing knee replacement surgery as the elastic support lies over the wound, creating unwanted localised pressure.(National Institute for Health and Care Excellence 2010)  There are also some patients for whom compression stockings are contraindicated, such as those who have peripheral arterial disease, cardiac failure, and severe leg oedema .
In practice patients’ ability and willingness to wear stockings correctly is of critical importance to their effectiveness.  Non-adherence to interventions, defined as the extent to which the patient’s action does not match the prescriber’s agreed recommendations (National Institute for Health and Care Excellence 2009), may reduce the benefits of interventions on health.  Non-adherence may be the result of patient behaviour, but it could also reflect a fundamental limitation in the delivery of healthcare.  In this specific case, for example, there may be a failure to correctly educate patients in the use of knee or thigh length stockings, lack of monitoring of correct usage, or a failure to identify and provide the support that patients need post-discharge (National Institute for Health and Care Excellence 2010). 
An earlier systematic review conducted for NICE guidelines identified only one randomised controlled trial (RCT) and two observational studies assessing patient views and adherence to mechanical devices (National Institute for Health and Care Excellence 2010).
THE REVIEW
Aim

The aim of this systematic review was to assess the evidence on patient adherence and preference for knee or thigh length graduated compression stockings for the prevention of DVT in surgical patients.  This review was undertaken as part of a larger project comparing the clinical and cost-effectiveness of knee and thigh length stockings.
Design
The systematic review was conducted and reported following the general principles for conducting a systematic review of health interventions recommended in CRD’s guidance for undertaking reviews in health care (Centre for Reviews and Dissemination 2009) and the reporting guidance of the PRISMA statement 
 ADDIN EN.CITE 
(Moher et al. 2009)
.  The research protocol for the broader project of which this systematic review is a part, was registered on the international prospective register of systematic reviews (PROSPERO registration number: CRD42014007202).  
Search methods

A systematic approach to identifying the evidence on patient preference and/or adherence in regard to graduated compression stockings was undertaken.  The literature search was conducted as part of the broader project and encompassed all publications relevant to graduated compression stockings in surgical patients (Wade et al. 2015).  In the first instance, existing systematic reviews were sought to identify relevant primary studies.  Eleven guideline and systematic review databases (including the Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects, PROSPERO, Health Technology Assessment Database and National Guidelines Clearinghouse) were searched from inception to August 2013.  The search was then brought up to date in February 2014 using systematic searches of six electronic databases (MEDLINE, MEDLINE In-Process, EMBASE, CINAHL, AMED and CENTRAL) and two grey literature databases (ClinicalTrials.gov and Current Controlled Trials) to identify RCTs published after January 2010 (January 2010 to February 2014).  No language restrictions were applied to the search strategies.  The search strategy developed for Ovid MEDLINE is presented in supplementary table S1.
Eligible for inclusion in the review were trials and observational studies of patients undergoing surgery (both day surgery and inpatients).  Eligible studies had to assess thigh length versus knee length graduated compression stockings (with or without standard pharmacological prevention) or compression stockings versus no stocking.  The outcome of interest was patient adherence to wearing knee length or thigh length stockings and patient preference in terms of length of stocking.  The inclusion criteria are stated below in PICO format.

Participants: Patients undergoing surgery (both day surgery and inpatients)

Intervention: Thigh length or knee length graduated compression stockings (with or without standard pharmacological prophylaxis)

Comparison: The alternative length of stocking or no stocking

Outcomes: Patient adherence to wearing knee length or thigh length stockings and patient preference in terms of length of stocking

Search outcomes

Search results were exported into Endnote® Version 7.2.  Two reviewers independently screened records for inclusion.  The findings from studies identified from the search undertaken as part of the broader review were consistent in terms of patient experiences in wearing the two different lengths of stocking.  A separate search of the literature was therefore not undertaken to identify further relevant observational studies as it was deemed that additional evidence would not have substantially added to the evidence base.
Quality appraisal

RCTs were quality assessed according to the Cochrane Risk of Bias Tool (Higgins & Green 2011).  The observational studies were assessed on whether they fulfilled the following criteria: prospective design; matched control group; consecutive recruitment of patients; clear description of stockings; clear description of patients.  A more formal assessment of study quality was not deemed appropriate given the nature of these studies.
Data abstraction

Data on patient adherence and preference reported in RCTs were extracted into EPPI-Reviewer 4.0 by one reviewer.  Data from the observational studies were extracted into a Microsoft Word document by one reviewer.  A second reviewer checked all data for accuracy.  

Synthesis

Given the heterogeneity between the studies, and the limited quality of the studies and limited amount of outcome data reported, data are presented in tables and as a narrative summary.
RESULTS
The review identified nine RCTs 


(Ayhan et al. 2013, Benko et al. 2001, Camporese et al. 2008, Fredin et al. 1989, Hui et al. 1996, Mellbring & Palmer 1986, Porteous et al. 1989, Turpie et al. 1989, Wille-Jorgensen et al. 1985) ADDIN EN.CITE  and seven observational studies (reported in eight articles)
 ADDIN EN.CITE 

 


(Brady et al. 2007, Hameed et al. 2002, Parnaby 2004, Thompson et al. 2011, Williams et al. 1996, Williams et al. 1994, Williams & Owen 2006, Winslow & Brosz 2008) ADDIN EN.CITE  that provided data on patient adherence and/or preference (see Tables 1 and 2 for study characteristics).  Figure 1 presents the flow of studies through the study selection process.
Most of the included studies were conducted in the UK or Europe and all of the studies were reported in English.  Studies were published between 1985 and 2013; many of the RCTs dated back to the 1980s, therefore, their results may not be generalisable to current practice.  Four of the RCTs included patients undergoing orthopaedic surgery 


(Benko et al. 2001, Camporese et al. 2008, Fredin et al. 1989, Hui et al. 1996) ADDIN EN.CITE , three included patients undergoing abdominal surgery 


(Mellbring & Palmer 1986, Porteous et al. 1989, Wille-Jorgensen et al. 1985) ADDIN EN.CITE , one included patients undergoing neurosurgery (Turpie et al. 1989) and one RCT did not state the type of surgery 


(Ayhan et al. 2013) ADDIN EN.CITE .  Three of the observational studies included patients undergoing orthopaedic surgery 


(Thompson et al. 2011, Williams et al. 1996, Williams & Owen 2006) ADDIN EN.CITE , three included patients from mixed surgical units 


(Hameed et al. 2002, Parnaby 2004, Winslow & Brosz 2008) ADDIN EN.CITE , and one observational study included patients admitted to a range of acute care nursing units (Brady et al. 2007).  Sample sizes ranged from 114 to 1,761 in the RCTs and from 50 to 324 in the observational studies.
Methods for measuring adherence were unclear in some studies, and definitions for this outcome were inconsistent across RCTs and observational studies (see Table 3).  For example, some studies measured stocking removal/treatment discontinuation, others measured tolerance to stockings or correct usage/management of stockings.  Studies also varied in terms of characteristics and methodology, which may account for some of the differences in levels of patient adherence and preference for one length of stocking over the other. 
Results from the quality assessment of RCTs are presented in supplementary table S2.  One RCT was considered to be at low risk of bias (Camporese et al. 2008), two RCTS were considered to be at high risk of bias 
 ADDIN EN.CITE 
(Wille-Jorgensen et al. 1985, Hui et al. 1996)
  and the risk of bias could not be determined for the remaining six RCTs due to poor reporting of study methods 
 ADDIN EN.CITE 
(Benko et al. 2001, Fredin et al. 1989, Mellbring & Palmer 1986, Turpie et al. 1989, Ayhan et al. 2013, Porteous et al. 1989)
.
The observational studies were generally small surveys of the usage of graduated compression stockings (mostly <150 patients) and most studies did not use rigorous methods (see supplementary table S3).  All were prospective studies, but none included matched control groups.  In most cases the patients were a convenience sample, of those who had been admitted for surgery or were on the selected hospital ward.  Other than the broad label of the surgical procedure undertaken, most studies failed to provide demographic details of the patients studied.  The specific brands of the stockings studied were often not reported, although there was a clear distinction made between thigh length and knee length stockings in the reporting of the studies.  
Patient adherence

Seven RCTs and six observational studies reported data on patient adherence (Table 3) 


(Benko et al. 2001, Brady et al. 2007, Camporese et al. 2008, Fredin et al. 1989, Hameed et al. 2002, Hui et al. 1996, Mellbring & Palmer 1986, Parnaby 2004, Thompson et al. 2011, Turpie et al. 1989, Wille-Jorgensen et al. 1985, Williams et al. 1996, Winslow & Brosz 2008) ADDIN EN.CITE .  Two RCTs compared thigh length versus knee length stockings.  Hui (1996) included 138 patients undergoing total hip or knee replacement, and reported that a higher proportion of patients wearing thigh length compared to knee length compression stockings removed the stockings due to discomfort (23% vs 16%, respectively).  Benko (2001) assessed 200 patients undergoing orthopaedic surgery, after one hour, statistically significantly more wrinkles and discomfort were reported by patients wearing thigh length stockings.  Fifty percent of patients were unable to fit the stockings independently, with similar numbers of patients distributed between thigh length and knee length stocking groups (Benko et al. 2001).
Three RCTs comparing thigh length stockings plus other treatment versus other treatment alone provided limited details on patient adherence.
 ADDIN EN.CITE 

  Fredin (1989) compared thigh length stockings plus dextran versus dextran alone in 144 orthopaedic patients, reporting that two of 49 (4%) patients in the stockings plus dextran group discontinued wearing stockings because of discomfort.  Wille-Jorgensen (1985) reported that 2 of 86 patients (2.3%) undergoing abdominal surgery removed their thigh length stockings after five days, but they were otherwise well tolerated.  The authors did not report the reasons for removal of the stockings (Wille-Jorgensen et al. 1985).  Mellbring (1986) simply stated that all patients undergoing abdominal surgery (n=108) tolerated wearing thigh length stockings. 
The other two RCTs compared compression stockings with another method of thromboprophylaxis.  Camporese (2008) compared thigh length stockings with two different regimens of low molecular weight heparin (LMWH); similar proportions of patients from each group declined to complete the prophylactic regimen.  Turpie (1989) reported that 2.5% patients did not wear thigh length stockings correctly.
All of the observational studies were conducted in a hospital setting and most patients were assigned to wear thigh length stockings.  Across the six studies that reported on adherence, this was relatively poor 
 ADDIN EN.CITE 
(Brady et al. 2007, Hameed et al. 2002, Parnaby 2004, Thompson et al. 2011, Williams et al. 1996, Winslow & Brosz 2008)
.  The proportion of patients not wearing their stockings or wearing them incorrectly appeared to be generally higher in patients receiving thigh length stockings (Table 3).  Although the objectives of the observational studies were specifically to assess the correct use of thigh length and knee length compression stockings and to elicit patient perspectives about their use, they reflect adherence only in a hospital setting where patients are observed by healthcare professionals.
Across the studies, reasons for not wearing stockings were related to discomfort, stocking provision, removing stockings for bathing, or no longer requiring them due to ambulation.  Incorrect use related to wearing incorrectly sized stockings, or rolling down, binding, or wrinkling of the stocking.  In a study involving an audit and a trial of knee length compression stockings, 74% of patients were wearing stockings that were incorrectly sized 


(Thompson et al. 2011) ADDIN EN.CITE .  Implementation of a standardised protocol within the study setting resulted in statistically significant reductions in this proportion to 34%; this figure still appears high 


(Thompson et al. 2011) ADDIN EN.CITE .
Brady (2007) reported a strong correlation between age and adherence, indicating that older patients wore stockings more consistently compared to younger patients (Pearson correlation=0.247; p=0.01 [no confidence intervals presented]).  None of the other studies assessed this association and the evidence is therefore insufficient to draw any conclusions.

Three observational studies directly compared adherence to thigh length versus knee length stockings.  Non-adherence (not wearing the stocking at all) was worse with thigh length stockings than knee length stockings (16.7% versus 3%, respectively) (Hameed et al. 2002).  Incorrect usage was also higher with thigh length stockings compared with knee length stockings; 54% versus 20% (Winslow & Brosz 2008).  Only 13% of patients wore thigh length stockings satisfactorily compared with 50% of patients wearing knee length stockings (taking into account sizing, constriction bands and positioning) (Williams et al. 1996).
Patient preference

Three RCTs




 and five observational studies ADDIN EN.CITE 

 presented findings on patient preference (Table 4) 


(Ayhan et al. 2013, Benko et al. 2001, Brady et al. 2007, Hameed et al. 2002, Parnaby 2004, Porteous et al. 1989, Williams & Owen 2006, Winslow & Brosz 2008) ADDIN EN.CITE .  Of the eight studies, six reported on patients’ preference for thigh or knee length stockings; the majority of patients in all six studies preferred knee length stockings 
 ADDIN EN.CITE 
(Benko et al. 2001, Brady et al. 2007, Hameed et al. 2002, Porteous et al. 1989, Williams & Owen 2006, Winslow & Brosz 2008)
.
One RCT reported that patients found the low pressure knee length stockings ‘very comfortable’ and the thigh length stockings ‘comfortable’, but patients reported that moderate pressure knee length stockings were ‘uncomfortable’ 


(Ayhan et al. 2013) ADDIN EN.CITE .  The other two RCTs reported that knee length stockings were more acceptable and more comfortable than thigh length stockings 


(Benko et al. 2001, Porteous et al. 1989) ADDIN EN.CITE .
Parnaby (2004) undertook an initial survey of patients wearing a particular brand of knee or thigh length stocking, and two subsequent trials.


(Brady et al. 2007, Hameed et al. 2002, Williams & Owen 2006, Winslow & Brosz 2008)  The second trial administered a modified stocking to incorporate changes to overcome problems identified by patients in the first trial, including a change in the heel design to prevent excess friction and the availability of an open toe version.  Patients preferred the modified stockings and 95% stated that they would wear the stockings again.  The other four observational studies reported patient preference in terms of comfort, ease of application and general satisfaction .  A greater proportion of patients in the studies preferred knee length stockings, finding them more comfortable.
 ADDIN EN.CITE 

 
DISCUSSION
This review of quantitative evidence on patient preference and adherence to thigh or knee length compression stockings for the prevention of DVT in surgical patients was based on systematic literature searches and combined all the available RCT evidence, along with the best available observational data on patient preference and adherence to thigh length versus knee length stockings.

Nine RCTs and seven observational studies were identified that reported data on patient adherence and/or preference with the use of graduated compression stockings post-surgery.  Patient adherence (wearing stockings correctly and for the required duration) was higher in the RCTs than the observational studies, but across all studies the proportion of patients not wearing stockings or wearing stockings incorrectly (non-adherence) appeared to be generally higher in patients receiving thigh length compared with knee length stockings.  All of these studies reflect patient adherence in a hospital setting; it is likely that adherence is even lower after patients have been discharged from hospital.  This may have implications on discharge planning to ensure patients are aware of the importance in adhering to wearing stockings correctly, and potential use of additional resources to enhance and monitor stocking adherence.  
In all six studies that reported on patients’ preference for length of stocking, patients preferred knee length stockings over thigh length stockings.
Some of the included studies state recommendations for practice and further research, including the three observational studies undertaken by nurses (Brady et al. 2007, Parnaby 2004, Winslow & Brosz 2008).  Brady states that their results provide additional evidence to the effect that in order to improve compliance, issues of patient comfort must be considered when creating effective treatment protocols (Brady et al. 2007).  Parnaby states that the nursing profession should be the main group targeted for improving adherence with graduated compression stocking use, since they are responsible for measuring, fitting and monitoring the patient (Parnaby 2004).  Winslow states that nurses should provide patient education when they measure the patient and apply, check and remove stockings; this is very important as many patients continue to wear graduated compression stockings after hospital discharge (Winslow & Brosz 2008).  Winslow also makes recommendations for further nursing research, stating that it is important to study patients at home to determine patient compliance after hospital discharge, and recommends interviewing nurses who care for patients using compression stockings about several aspects of their practice (Winslow & Brosz 2008).

One of the included RCTs (led by a Research Fellow) and another of the observational studies (led by a medical student) also made recommendations for practice.  Benko states that the difficulty orthopaedic patients experience in handling stockings underlines the necessity of regular checks to avoid ischaemic complications, particularly in the high-risk elderly population (Benko et al. 2001).  Thompson also emphasises the importance of correct fitting and monitoring of stocking use, stating that a standard protocol of nursing practice is critical to the effectiveness of graduated compression stockings after total hip replacement and total knee replacement (Thompson et al. 2011).
Limitations

This systematic review only included quantitative study designs and did not attempt to identify qualitative research.  There was substantial variation between the included studies, in terms of patient characteristics, surgical procedures and methodology.  In addition, some studies were very old and may therefore not reflect current practice.  Most RCTs had an unclear or high risk of bias, and the observational studies were often poorly reported and based on small sample sizes.  For some of the results reported in the included studies, p-values were presented, although estimates of precision (such as confidence intervals) were not reported.  Overall, the evidence base of studies assessing surgical patient adherence and preference for thigh length or knee length graduated compression stockings should be considered as weak.
CONCLUSION
The evidence on surgical patient adherence and preference for thigh length or knee length graduated compression stockings suggests that patients prefer knee length stockings and are more likely to wear them correctly.  However, the evidence base is limited in quality and quantity, and lacks ‘real life’ data on adherence in the community.  In many clinical settings any difference in efficacy between thigh length and knee length stockings may be rendered irrelevant by patient preference and likely better adherence with knee length stockings.
The results of our literature review indicate that efforts need to be made to improve patient adherence to the correct use of compression stockings, particularly of thigh length stockings.  Nurses have a vital role in patient education to improve patient adherence.  It may be helpful for patients to be presented with findings on the effectiveness of different stocking lengths.  They should also be made aware of the related practical issues and any potential adverse effects, such as with thigh length stockings rolling down and constricting blood flow.

Our review also indicates that in practice the choice between thigh and knee length stockings must take into account the likely adherence given each individual patient’s particular needs and circumstances.  A patient’s inability to correctly use thigh length stockings may well outweigh any theoretical efficacy benefit over knee length stockings.  The results of our review indicate that any future research into the effectiveness of graduated compression stockings should take into account patient preference and incorporate assessment of patient adherence, both in a hospital setting and post-discharge.  A synthesis of qualitative evidence would enhance our understanding of patient preferences and reasons for non-adherence to thigh length or knee length compression stockings.
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