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Structured Abstract
Objective
The evidence base supporting the use of graduated compression stockings (GCS) for venous thromboembolism (VTE) prevention has been challenged and there appears to be a lack of evidence for the additional benefit of GCS to pharmacological thromboprophylaxis. This study aims to summarise and quality assess the existing evidence concerning whether GCS offer a significant benefit in addition to pharmacological thromboprophylaxis in surgical inpatients.

Methods
A systematic review of published literature was performed. Inclusion criteria were: (1) randomised controlled trials (RCTs), (2) surgical inpatients, (3) study arms examining prophylactic dose pharmacological thromboprophylaxis alone, or in conjunction with GCS, (4) outcome of VTE. 

Results
1025 articles were screened of which 27 RCTs were included. Six RCT study arms included patients with GCS in conjunction with pharmacological thromboprophylaxis, whilst 22 RCT study arms included patients treated with pharmacological thromboprophylaxis alone. One RCT had both its’ study arms included in the systematic review.

The total number of patients that received pharmacological thromboprophylaxis alone was 12,481. Of these patients, 1,292 (10.4%) suffered VTE. The total number of patients that received GCS in conjunction with pharmacological thromboprophylaxis was 1,283. Of these patients, 75 had VTE (5.8%). Heterogeneity analysis demonstrated that the results of included study arms were significantly heterogeneous, precluding a valid summation analysis.
Conclusions
The additional benefit of GCS to pharmacological thromboprophylaxis in surgical inpatients is not clear based on existing data. Further clinical trials directly evaluating this clinical question are recommended.

Introduction

Venous thromboembolism (VTE), comprising deep venous thrombosis (DVT) and pulmonary embolism (PE) is a common clinical problem and is associated with considerable morbidity and mortality. Most hospitalised patients have at least one risk factor for VTE, and this risk persists for several weeks beyond discharge.(1)

The 30-day mortality of patients suffering a thrombotic event exceeds 25%; of those individuals surviving the index thrombotic event, 30% will go on to develop recurrent VTE within 10 years.(2) In addition, in the United Kingdom (UK) it has been estimated that the annual number of deaths resulting from preventable hospital-acquired VTE exceeds the combined annual total deaths from breast cancer, acquired immunodeficiency syndrome and road traffic accidents.(3)

The annual (direct and indirect) cost of managing VTE has been estimated to be approximately £640 million in the UK. Inpatient treatment costs account for almost 50% of the total cost, with approximately 20% of costs attributable to the long term care costs of individuals with post-thrombotic syndrome. These health and financial costs occur despite VTE being largely preventable.(4, 5)

[bookmark: _GoBack]Owing to these challenges, the National Institute for Health and Care Excellence (NICE) and the Agency for Healthcare Research and Quality have selected VTE prophylaxis as one of the top priorities for improved patient safety practices.(6) Approximately 64% of surgical inpatients have at least one risk factor for VTE.(5) NICE recommends both mechanical and pharmacological thromboprophylaxis for surgical patients with one or more risk factors for VTE, providing there are no contraindications.(4) This is in contrast to the American College of Chest Physicians (ACCP) who recommend the use of both mechanical and pharmacological thromboprophylaxis in non-orthopaedic surgical patients at high risk for VTE (6% Rogers score, Caprini score of ≥5). In general orthopaedic patients the ACCP recommends intermittent pneumatic compression (IPC) as an alternative or adjunct to pharmacological thromboprophylaxis but no recommendation is made regarding GCS.(7)

From our observations, GCS are the most common form of mechanical thromboprophylaxis used in the hospital setting. This is supported by Alsawadi et al(8) and Whittaker et al,(9) with Cohen and colleagues(10) estimating the use of GCS to be 70% for UK patients.

The evidence base supporting NICE’s recommendations for the use of GCS for VTE prevention in the UK has recently been challenged(9, 11) and the appropriateness of this treatment strategy appears uncertain based on existing evidence. In addition, there appears to be a difference in ACCP clinical practice guidelines with a lack of guidance concerning GCS particularly amongst orthopaedic patients.

This systematic review aims to summarise and quality assess the existing evidence concerning whether GCS offer a significant benefit in addition to pharmacological thromboprophylaxis when compared to pharmacological thromboprophylaxis alone in surgical inpatients.


Methods

A systematic review adhering to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) recommendations(12) was performed to identify study arms of randomised controlled trials (RCTs) that examined prophylactic dose pharmacological thromboprophylaxis for VTE prevention, and GCS with prophylactic dose pharmacological thromboprophylaxis for VTE prevention. Medline and Embase databases were searched using the Ovid portal. The databases were searched on the 24th of September 2013 for articles published between 1947 and 2013. The search string used can be seen in Appendix 1.

Two authors (RM and JS) searched independently and compared results at each stage. A third author (AHD) arbitrated disagreements.

Inclusion and exclusion criteria
Studies were assessed for inclusion and exclusion in accordance with the criteria specified in Table I.

Assessment of methodological quality
The Jadad score(13) was used to assess the quality of included studies. Briefly, criteria evaluated by the Jadad score include: randomisation, blinding, and reporting of participant withdrawal from the study. The score is out of a possible 5 points, with a score of above 3 points indicating a RCT to be of good quality.

Heterogeneity
Heterogeneity was assessed across trials and within intervention groups using Freeman-Tukey transformation and assuming random-effects as described by DerSimonian and Laird.(14) We report I2 which is a measure of the degree of inconsistency in study results.(15) I2 describes the percentage of total variation across studies that is due to heterogeneity rather than chance with values ranging from 0 to 100%.  The I2 value is proportional to the heterogeneity across studies with a value of 0% representing no heterogeneity and larger values demonstrating increasing heterogeneity. We report I2 with 95% uncertainty intervals. Calculations were done by using MedCalc for Windows, version 13.1.2.0 (MedCalc Software, Mariakerke, Belgium).


Results

After duplicates were removed, 1025 articles were title and abstract screened, of which study arms from 27 RCTs were included; the PRISMA diagram can be seen in Figure 1. The characteristics of included study arms are displayed in Table II. The number of studies per surgical specialty is shown in Table III. Of note, 22 of the 27 included RCTs exclusively randomised patients undergoing orthopaedic surgery.

Six RCT study arms included surgical patients with GCS in conjunction with prophylactic dose pharmacological thromboprophylaxis, whilst 22 RCT study arms included surgical patients with prophylactic dose pharmacological thromboprophylaxis alone. One RCT had both its’ study arms included in the systematic review.(10)

The total number of patients that received prophylactic dose pharmacological thromboprophylaxis alone was 12,481. Of these patients, 1,292 (10.4%) suffered VTE and 34 patients were found to have a PE (0.3%). The total number of patients that received GCS in conjunction with prophylactic dose pharmacological thromboprophylaxis was 1,283. Of these patients, 75 had VTE (5.8%), whilst 5 were shown to have a PE (0.4%).

There were no cases of VTE-related mortality in patients that received GCS in conjunction with pharmacological thromboprophylaxis. In patients that received prophylactic pharmacological thromboprophylaxis alone, there were 2 recorded cases of VTE-related mortality.

Two out of the 6 RCTs investigating GCS in conjunction with pharmacological thromboprophylaxis recorded adverse events related to stocking use.(10, 16) In the first study, 7/391 patients (1.8%) had adverse events related to the wearing of stockings. Further details concerning specific complications were not provided.(10) In the second study, 3/376 patients (0.8%) had minor foot abrasions secondary to stocking use.(16)

The Jadad quality assessment scores of included studies is summarised in Table IV. Twenty-one out of the 27 (78%) included RCTs scored 3 or more out of 5, indicating a good study quality.

Table V identifies the frequency of the prophylactic pharmacological thromboprophylaxis regimes utilised. Enoxaparin 40mg once daily was the most frequent regimen adopted, used in 11 of the 27 (41%) included RCTs.

The duration of mechanical thromboprophylaxis ranged from 5 days to 3 months, whilst the duration of prophylactic dose pharmacological thromboprophylaxis ranged from 5 days to 44 days. The screening of patients for VTE varied from daily assessment to 60 days post-operation.

Heterogeneity analysis including point estimates and confidence intervals (CIs) for the rates of VTE in included study arms investigating prophylactic pharmacological thromboprophylaxis alone as well as for study arms investigating GCS in conjunction with prophylactic pharmacological thromboprophylaxis are illustrated in Figures 2 and 3, respectively. For study arms investigating pharmacological thromboprophylaxis alone, the point estimate of patients with VTE varied from 1.3% to 43.8%. These study arms were significantly heterogeneous (I2 = 96.09% of the variation across the study arms is due to heterogeneity, 95% CI = 96.07 - 97.55%, p<0.0001). For study arms investigating GCS in conjunction with pharmacological thromboprophylaxis, the point estimate of patients with VTE varied from 0% to 16.3%. These studies were also confirmed to be significantly heterogeneous (I2 = 89.83%, 95% CI = 80.57 - 94.68%, p<0.0001). Figures 2 and 3 demonstrate that CIs do not overlap further underlining the heterogeneity of the included study arms. If the orthopaedic surgery and non-orthopaedic surgery studies were separated, this did not account for the level of heterogeneity observed.


Discussion

In this systematic review we aimed to summarise and quality assess the existing published evidence concerning whether GCS offer a significant benefit in addition to pharmacological thromboprophylaxis when compared to pharmacological thromboprophylaxis alone in surgical inpatients.

Only one included RCT directly compared GCS in conjunction with pharmacological thromboprophylaxis to pharmacological thromboprophylaxis alone in VTE prevention.(10) This study compared the use of fondaparinux alone to fondaparinux in conjunction with GCS. Incidence of VTE in the fondaparinux alone arm was 22/400 (5.5%), whilst incidence of VTE in the fondaparinux in conjunction with GCS arm was 19/395 (4.8%). The difference was not found to be statistically significant and it was concluded that the addition of GCS to fondaparinux did not offer any additional benefit to the use of fondaparinux alone. This RCT specifically focussed on hip surgery patients. Therefore, applicability to patients undergoing other orthopaedic operations and non-orthopaedic surgery is uncertain. In addition, patients received pharmacological thromboprophylaxis for a mean period of 7 days (range: 5 - 9 days). Current NICE guidance recommends the use of pharmacological VTE prophylaxis for a period of 28 - 35 days in hip surgery patients.(4) This deviation from guidance may have resulted in the increased rates of VTE observed in this study. This study received a Jadad score of 2 out of a possible 5, highlighting issues regarding its methodological quality.

Whilst the other included RCTs did not make direct comparisons between GCS in conjunction with pharmacological thromboprophylaxis to pharmacological thromboprophylaxis alone in preventing VTE, data was extracted from their relevant study arms. Of patients that received prophylactic pharmacological thromboprophylaxis alone, 10.4% suffered a VTE event with 0.3% experiencing a PE. Of patients that received GCS in conjunction with pharmacological thromboprophylaxis, 5.8% had VTE with 0.4% having a PE. However, further analysis demonstrates that the results of included study arms are significantly heterogeneous (Figures 2 and 3), precluding a valid summation analysis.

This heterogeneity seems to be due to a number of factors. The differences in pharmacological thromboprophylaxis and dosing regimens, including timing of initial dose (Table V) between the included RCTs are likely to affect the rates of VTE events. Screening methods and frequency were diverse amongst studies. Studies with daily screening are likely to have detected a higher VTE incidence than studies conducting screening at the end of the follow-up period. The duration of mechanical and pharmacological thromboprophylaxis varied considerably amongst the included RCTs with shorter term thromboprophylaxis likely having higher rates of VTE than longer term thromboprophylaxis. Owing to this heterogeneity, the additional benefit of GCS to pharmacological thromboprophylaxis in surgical inpatients is difficult to assess based on the existing literature.

This uncertainty is also apparent in the critical care setting. A prospective cohort study by Arabi et al(6) among critically ill medical and surgical patients, found that the use of GCS with concomitant prophylactic pharmacological thromboprophylaxis was not associated with a significantly decreased risk of incident VTE, concluding that the use of GCS needs to be reconsidered in critically ill patients.

If GCS were to offer a reduction in VTE risk over and above that afforded by pharmacological thromboprophylaxis, these benefits need to be weighed against the costs and disadvantages of GCS. The unit cost per pair of anti-embolism stockings is £6.36.(5) With 5,517,243 annual surgical hospital admissions over 18 years of age recorded in NICE’s 2010 costing model,(5) this translates to a cost of approximately £35 million per year. Moreover, GCS have been associated with negative implications including (but not limited to), discomfort, ischaemia, rolling down and creating a constrictive band, blistering, compliance issues and being time-consuming to measure, fit and apply.(17-19) A study by Noble et al,(18) in a palliative care setting, showed that GCS were an unacceptable intervention with a negative impact on quality of life. In this systematic review, adverse events related to the use of GCS are difficult to interpret with only 2 of 6 RCTs reporting this outcome.

To our knowledge this is the only systematic review assessing the evidence about whether GCS as the form of mechanical thromboprophylaxis offers a benefit in addition to pharmacological thromboprophylaxis in surgical inpatients. Further, this review is the first to assess the levels of heterogeneity in existing RCTs investigating this topic. Alsawadi et al(8) in their review only focused on hip fracture patients with only 1 included study. A recent meta-analysis by Zareba and colleagues(20) concluded that combination thromboprophylaxis with compression and anticoagulation is more effective at preventing postoperative deep venous thrombosis (DVT) than either modality alone. However, in this study IPC and GCS were grouped as eligible compression methods;(21) this likely resulted in the beneficial effect of compression being overestimated.(6, 22) Further, Zebara and colleagues included studies where aspirin was used for VTE thromboprophylaxis, hence potentially underestimating the beneficial effect of anticoagulation.

Limitations of the present study should be acknowledged. Considerable heterogeneity amongst included studies limits the conclusions that can be drawn. In the majority of included RCTs, data was extracted from their relevant study arms, potentially working against the randomisation element of the study. Finally limiting the inclusion of RCTs to the last 10 years may have resulted in exclusion of relevant studies.

We conclude that the additional benefit of GCS to pharmacological thromboprophylaxis in surgical inpatients is not clear based on existing data. We recommend that further clinical trials directly evaluating the additional benefit of GCS to pharmacological thromboprophylaxis are conducted to help guide clinical practice. Furthermore that such trials record adverse events and costs relevant to GCS use, such that any benefits in VTE reduction can be weighed against costs and disadvantages.
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