
Silva et al. J Vasc Bras. 2021;20:e20200164. https://doi.org/10.1590/1677-5449.200164

R E VI E W  ART I CLE ISSN 1677-7301 (Online)

1/12

Copyright© 2021 The Authors. This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Graduated compression stockings as a prophylactic measure in 
venous thromboembolism and edema of lower limbs triggered 

by air travel: a systematic review of clinical trials

Meias elásticas de compressão graduada como medida profilática de 
tromboembolismo venoso e edema de membros inferiores desencadeados por viagens 

aéreas: uma revisão sistemática de ensaios clínicos
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Abstract
The increase in duration and frequency of flights has led to an increase in the prevalence of venous thromboembolism 
among airline passengers. This study assesses the efficacy of graduated compression stockings for prevention of venous 
thromboembolism triggered by flights lasting more than 3 hours. The design is a systematic review of clinical trials. 
The methodological quality of studies and the level of scientific evidence were evaluated using the Consolidated 
Standards of Reporting Trials and Grading of Recommendations Assessment, Development and Evaluation standards. 
A total of 34 articles were identified, but only eight met the eligibility criteria. The outcomes incidence of venous 
thromboembolism and edema were assessed in 2,022 and 1,311 passengers, respectively. The studies presented high 
quality evidence demonstrating prevention of edema and moderate quality evidence of reduced incidence of venous 
thromboembolism associated with wearing graduated compression stockings during flights. 
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Resumo
Com o aumento da duração e frequência das viagens aéreas, observou-se um aumento da prevalência de 
tromboembolismo venoso nos passageiros. Este estudo avaliou a eficácia do uso de meias elásticas de compressão 
graduada para a prevenção de tromboembolismo venoso desencadeado por viagens aéreas com duração maior que 
3 horas de voo. Trata-se de uma revisão sistemática de ensaios clínicos. A qualidade metodológica dos estudos e o nível 
de evidência científica foram avaliados pelo Consolidated Standards of Reporting Trials e Grading of Recommendations 
Assessment, Development and Evaluation. Foram identificados 34 artigos, entretanto apenas oito atenderam aos critérios 
de elegibilidade. Os desfechos incidência de tromboembolismo venoso e edema foram avaliados em 2.022 e 1.311 
passageiros, respectivamente. Os estudos demonstraram evidências de alta qualidade para a prevenção de edema e 
de moderada qualidade para a redução da incidência de tromboembolismo venoso com o uso de meias elásticas de 
compressão graduada durante viagens aéreas. 

Palavras-chave: embolia pulmonar; viagens aéreas; meias compressivas; trombose venosa; prevenção de doenças; 
segurança do paciente.
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INTRODUCTION

Air travel is one of the most widely used forms of 
transport, carrying billions of people per year globally. 
Over the last decade, the number of journeys made by 
air rose constantly, in line with increasing numbers of 
flights offered; and more people are therefore traveling 
by air. Studies show that 3.8 billion people travel by 
air annually and that 300 million of them take long-
duration flights,1-3 thereby increasing the risk of diseases 
associated with flights lasting more than 3 hours, the 
most important of which are deep venous thrombosis 
(DVT) and pulmonary thromboembolism (PTE).4

Both DVT and PTE are part of the spectrum of 
a single disease: venous thromboembolism (VTE). 
DVT primarily occurs in the lower limbs, caused by 
coagula that form in the deep vein system. When one 
of these coagula becomes detached, it travels to the 
right cardiac chambers and then to the pulmonary 
circulation, causing reduction or cessation of blood 
flow to pulmonary segments. This characterizes PTE, 
which can manifest with presentations including 
dyspnea, pleural pain, and hemoptysis. VTE can 
also cause chronic complications, such as pulmonary 
hypertension and postthrombotic syndrome.5-7

According to Virchow’s triad,5 three factors can 
contribute to development of VTE, in isolation or in 
conjunction: blood flow stasis, hypercoagulability, 
and endothelial injury.8,9 The global rate of flight-
related PTE is still relatively low, with an incidence of 
3.2 cases/1,000 people/year. This incidence is around 
3.2 times greater than in the healthy population that 
does not travel by air.10 Moreover, the risk of PTE 
development can also double on flights lasting more 
than 8 hours and increases 26% for every extra 2 hours 
of duration.11 The risk of severe PTE is illustrated by 
an incidence of approximately 0.4 cases per million 
passengers.12

Development of VTE during flights has been 
primarily associated with temporary lower limb 
immobility caused by remaining sitting for extended 
periods, increasing venous stasis and reducing blood 
flow to the deep and superficial veins of the lower 
limbs.13 Other factors include diseases or conditions 
that predispose to formation of DVT or PTE, such 
as prior history of VTE and thrombophilias, among 
others.5

Graduated compression stockings (GCS) constitute 
a non-pharmacological method for reducing the 
risk of VTE in cases in which there is prolonged 
immobility, because they reduce venous stasis by 
increasing venous blood flow in the lower limbs.13 
In view of the increasing frequency of air travel and 
the consequent increased risk of VTE development, 
studies have been conducted to attempt to identify safe 

and effective prophylactic measures. In this context, 
one possible strategy for prevention of these diseases 
is wearing GCS during flights.

Edema is another relevant occurrence on long-
duration flights, affecting both patients with venous 
diseases and healthy people. Studies have shown that 
edema can be observed in almost all people who fly 
for more than 7 hours, occurring in around 97% of 
passengers and being more evident in patients with 
chronic venous disease.14

In view of the above, the objective of this article is 
to identify the existing scientific evidence on wearing 
GCS during flights as a prophylactic measure against 
VTE and formation of edema in the lower limbs.

METHODS

A systematic review of the literature was conducted 
according to the following logical sequence: 1) definition 
of the research question using the PICOT strategy (Patient 
or Problem, Intervention, Control or Comparison, 
Outcomes); 2) identification of databases for study 
selection; 3) definition of inclusion and exclusion 
criteria; and 4) evaluation of the methodological 
quality of the articles identified.

Since this is a study of secondary data available in the 
published literature, with no primary experimentation 
on human beings, submission to a Research Ethics 
Committee was waived.

Search strategy
The research question defined to guide the search 

strategy was: “Is wearing GCS during flights an 
effective prophylactic measure to protect against 
development of VTE and edema of the lower limbs?” 
Scientific articles were identified by searching the 
PubMed and Biblioteca Virtual de Saúde platforms. 
Using standard health descriptors (DECs and MeSH), 
the following keywords (and their equivalents in 
Portuguese) were chosen: “Pulmonary embolism”, 
“Air travel”, “Stockings, Compression”. These 
keywords were combined as follows for PubMed: 
“Pulmonary embolism” AND “Air travel” AND 
“Stockings, Compression”. This search strategy was 
then adapted to suit the Biblioteca Virtual de Saúde. 
The last update was on April 30, 2020.

As an intentional strategy, more comprehensive 
terms were used initially, with the aim of identifying 
a large number of studies and thereby minimize the 
chances of missing an important article in the search. 
A manual search was also performed of the lists of 
references in the original list of studies identified, 
with the objective of identifying relevant studies 
that met the eligibility criteria, but which for some 
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reason had not been returned in the results of the 
search strategy chosen.

Eligibility criteria
No restrictions were imposed in terms of date or 

language of publication. Since the study is a systematic 
review of randomized clinical trials, books, book 
chapters, editorials, narrative and systematic reviews, 
and other types of texts that do not go through the 
rigorous peer review process to which scientific 
articles are subjected were all excluded. Duplicated 
texts indexed in more than one database were also 
excluded.

Data collection, classification, and evaluation 
of study quality

The incidence of asymptomatic/symptomatic 
VTE and presence of edema in the lower limbs 
when wearing or not wearing GCS on flights were 
defined as the variables of interest to be reviewed in 
the study. The bibliographic data were collected from 
February 1 to April 30 of 2020. After identification, 
studies were subjected to critical assessment. This 
step consisted of reading and analysis of the titles and 
abstracts, conducted by two independent reviewers. 
In this step, studies were excluded that did not fit 
the objectives of the systematic review. After this 
initial screening, the next step consisted of reading 
the full texts of studies, leading to exclusion of some 
texts that were not judged to be reliable (for issues 
of methodology, randomization, conflicts of interest, 
and other factors). Finally, the studies were organized 
in a table in order to present their principal details, 
facilitating a descriptive and critical analysis of the 
results reported by their authors.

Methodological quality of studies was evaluated 
according to the Consolidated Standards of Reporting 
Trials (CONSORT),15 a checklist comprising 25 items 
to provide an assessment of the methods, analysis, 
and validity of the results presented in the randomized 
clinical trials included in the review. The Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) system was used to classify 
the quality of scientific evidence and strength of 
recommendations.16 The GRADE system assesses 
the quality of evidence for each outcome analyzed, 
classifying it at one of four levels: high, moderate, 
low, or very low. The evidence level is determined 
by considering the following factors: study design; 
methodological limitations (risk of bias); inconsistencies; 
indirect evidence; imprecision; publication bias; 
effect size; dose-response gradient; and residual 
confounding factors.

RESULTS

A total of 34 articles were identified, 14 of which 
were excluded after reading the titles. One of the 20 
articles remaining was excluded for not meeting the 
eligibility criteria after reading the abstracts. The 
remaining 19 articles were selected for reading of the 
full text. Another 11 texts were excluded after reading 
the full text, also for not meeting eligibility criteria. 
The final sample therefore comprised eight articles.

Figure 1 shows the flow diagram illustrating the 
number of articles found and selected after application 
of inclusion and exclusion criteria. After the articles 
had been selected, the basic characteristics of the 
eight eligible studies were listed in Tables 1 and 2, 
facilitating a descriptive and critical analysis of the 
results presented by their authors. Table 3 contains the 
results of assessment of the methodological quality 
of the randomized clinical trials using the CONSORT 
instrument, considering their methods and analysis 
and the validity of the results presented. The quality 
of evidence for the outcomes assessed by the studies 
included in the systematic review is presented in 
Table 4. After analysis using the GRADE system, it 
was observed that there is a high/moderate degree 
of confidence in the effects estimated, but future 
randomized clinical trials may change confidence 
in the estimate of the effect.

DISCUSSION

The objective of this review is to identify what 
evidence exists demonstrating the benefits of wearing 
GCS during long-duration flights for reducing the 
incidence of VTE and edema in the lower limbs. 
Although the incidence of DVT in the general 
population is low, it is increasing significantly and 
is even higher in patients considered at high risk, 
varying from 4 to 10%, so prophylaxis is therefore 
recommended.17

GCS are considered a VTE prevention method with 
fewer side effects than drug-based prophylaxis.13,18 
According to some studies, there is a statistically 
significant effect in people who wear GCS compared 
to those who do not, reducing the risk of DVT by 
approximately 90%.23

The most common sign of DVT in the lower limbs 
is edema, observed in people who travel by air for 
more than 2 to 4 hours, because of restricted movement 
and immobility. This sign may be exacerbated in 
patients with diseases such as chronic venous disease, 
diabetic microangiopathy, and heart failure, and is 
very often ignored, to the extent that the passengers 
themselves consider it normal after spending several 
hours seated.17-20
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Because of this, prophylactic measures intended 
to mitigate the risk of VTE have been studied, 
aiming to reduce the occurrence of adverse effects. 
The present systematic review identified studies that 
report reduced incidence of VTE when wearing GCS 
compared to when not wearing them, with quality 
of evidence that can be considered moderate. This 
non-pharmacological measure is associated with 
improved venous hemodynamics in the limb, as 
shown by measurement of peak systolic velocity, 
mean flow volume, and total flow volume in the 
popliteal vein. The studies reviewed indicate that the 
velocity of blood flow in the lower limbs is increased 
by around 0.35 cm/s.14

It is important to point out that interpretation of 
this outcome could be limited by the impossibility of 
blinding the ultrasound operator during examination 
of the popliteal vein, after allocation of participants. 
The results obtained nevertheless suggest increased 
venous blood flow in the lower limbs when wearing 

GCS, which is a useful strategy for reduction of 
VTE risk both in healthy patients and in those with 
chronic venous disease.14,17 Studies have demonstrated 
that formation of thrombi may be attenuated when 
wearing GCS, by the increased perivascular pressure 
and by reducing tissue factor contact, even in people 
at low-medium risk of DVT.18,21,24

Some studies have also reported evidence that 
edema is very common and is observed in almost 
all people who undertake long-duration flights, even 
those who are healthy. It was demonstrated that even 
small quantitative increases in ankle circumference 
could be associated with perceptions of lower limb 
edema and complaints of pain and discomfort and that 
wearing GCS can impede its development. Studies 
also indicate that edema tends to increase as the 
duration of the flight increases,18,19,24 although more 
recent studies have already found this outcome on 
shorter flights, of up to 3 hours’ duration, which can 
also increase the risk of VTE, since edema can very 

Figure 1. Flow diagram illustrating article selection.
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Table 2. Details of the results reported by the randomized clinical trials included in the systematic review.

Author (year)
Outcome

Other results
DVT/PTE prophylaxis

Scurr et al. 
(2001)17

After the flights, 12 passengers who had not worn GCS 
developed symptomless DVT in the calf that was detected in 
duplex ultrasonographic examinations (10%; 95% confidence 
interval [CI] 4.8–16.0%]. None of the 115 passengers (95%CI 
0–3.2%) who did wear GCS exhibited DVT. Four people 
who did wear GCS developed superficial thrombophlebitis 
of varicose veins (3%; 1.0-0.8%). None of the control group 
members developed superficial thrombophlebitis (1%; 0–3%,).

14 (7%) of the 200 participants were heterozygous for factor V 
Leiden (n = 11) or prothrombin (n = 4) gene mutations.

One person who had both genetic mutations had an episode 
of thrombophlebitis.

Two passengers with symptomless DVT were factor V Leiden 
positive.

Complete blood count, platelet counts, and D-dimer assays 
did not provide prognostic information.

Only two passengers took medications, in addition to their 
usual medications.

Belcaro et al. 
(2002)18

PART I: GCS group: none of the participants had DVT or 
superficial thromboses. Control group: 4 (2.2%) had DVT (2 
popliteal and 2 in proximal tibial veins). In total, 3.35% (n = 6) 
subjects had a thrombotic event (p < 0.002).

PART I: Edema: After the flight, edema scores were 6.74+3.1 
in the control group, compared to 2.16+1.1 in the GCS group, 
2.9 times lower than in the control group (p < 0.005). Around 
80% of the individuals in the control group had increases 
in ankle circumference and volume that was evident on 
examination and associated with some degree of discomfort.

PART II: GCS group: none of the participants had DVT or 
superficial thromboses. Control group: 3 had DVT and 3 
had superficial vein thromboses (SVT). In total, 4.2% (n = 6) 
subjects had a thrombotic event (p < 0.02).

PART II: Edema: After the flight, edema scores were 8.08+2.9 in 
the control group, compared to 2.56+1.56 in the GCS group, 
with p < 0.05.

Cesarone et al. 
(2003)19

PART I: None of the participants had DVT or superficial 
thromboses in the stockings group or the control group.

PART I: Edema: After the flight, edema scores were 6.9+2.0 in 
the control group, compared to 2.3+1.0, in the GCS group, 
three times lower than in the control group (p < 0.05). At 
least 89% of the individuals in the control group had increases 
in ankle circumference and volume that were evident on 
examination and associated with some degree of discomfort. 
Control of edema with GCS was clear, considering both 
parametric (circumference and volume) and nonparametric 
(analog scale) data.

PART II: No DVT were observed in the stockings group. In the 
control group, two individuals had popliteal DVT (limited, 
length > 2 cm, asymptomatic) and two had superficial 
thrombosis (thrombi in one of the long branches of the 
saphenous vein, both below the knee), with p < 0.02. Four 
individuals (6%) in the control group exhibited thrombotic 
events. The incidence of DVT was 3%.

PART II: Edema: After the flight, edema scores were 7.94+2.0 in 
the control group, compared to 3.3+1.2 in the GCS group. In 
the GCS group, the hourly increase in score was 0.17 on 7-hour 
flights and 0.19 on 11-hour flights, compared with 0.82 and 0.63 
in control group (on flights lasting 7 and 11 hours, respectively). 
In the GCS group, edema scores were 3.2+0.8 at enrollment 
and 6.2+1.4 after the 7-hour flight. In the control group, scores 
were 3.0+0.9 at enrollment and 9.6+0.2 at the end of the flight 
(p < 0.05).

Overview: Considering DVT, the difference between control 
and treatment groups was significant (p < 0.05) - 2/138 = 
1.44% vs. 0/138 = 0%.

Cesarone et al. 
(2003)20

PART I: None of the 97 control group subjects who completed 
the study had DVT or superficial thrombosis.

PART I: Edema levels at enrollment were comparable in both 
groups. After the flight, edema scores were 6.4+1.3 in the 
control group, compared to 2.4+1.0 in the GCS group, 2.6 times 
lower than in the control group (p < 0.05). In the control group, 
83% of the subjects had increases in ankle circumference and 
volume that was evident on examination and associated with 
some degree of discomfort.

PART II: None of the GCS group participants had deep or 
superficial thrombosis. No thrombotic events were observed 
in any of the 71 control group members who completed the 
study.

PART II: Edema levels at enrollment were comparable in both 
groups (1.1). After the flight, edema scores were 8.9+2.0 in 
the control group, compared to 2.56+1.3 in the GCS group 
(p < 0.05). Control of edema with GCS was clear, even after 
11-hour flights, considering circumference, volume, and analog 
scale lines. At the end of the flight, a limited quantity of edema 
was observed in all subjects who wore GCS. Significant edema 
was observed in those who did not wear GCS.

GCS = Graduated compression stockings; DVT = deep venous thrombosis; VTE = venous thromboembolism; PTE = pulmonary thromboembolism; 
IQR = interquartile range.
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Author (year)
Outcome

Other results
DVT/PTE prophylaxis

Belcaro et al. 
(2003)14

In the treatment group, just one limited, distal, DVT was 
observed (0.4 cm in length, soleus vein, 0.97%). In the 
control group, six subjects (5.8%) had DVT and there was no 
superficial thrombosis. The difference in DVT incidence was 
significant (p < 0.0025).

The intention-to-treat analysis detected 18 failures in the 
control group (12 lost to follow-up + six thromboses), out 
of 114 individuals (15.6%), vs. eight failures (7.3%) in the 
treatment group, with p < 0.05. All thrombotic events were 
totally asymptomatic. The three women who had thrombotic 
events in the control group and the only case in the GCS 
group had all been taking low dose oral contraceptives for at 
least 12 months before the flight.

Hagan et al. 
(2008)21

When wearing GCS, there was a reduction in edema at the 
ankle compared with not wearing GCS (mean difference: -0.19 
cm; 95%CI, -0.33 to -0.065 cm; p = 0.012).

When wearing GCS, participants had a 60% improvement in 
their classification of leg pain at the end of the flight, a 50% 
improvement in their classification of leg discomfort, and 45% 
improvement in their classification of leg edema. There was 
also an 18% improvement in energy level, a 13% improvement 
in alertness, and a 12% improvement in concentration 
capacity.

Charles et al. 
(2011)13

At 120 minutes, peak systolic velocity was 24% greater with 
treatment, with a difference of 0.34 cm/s (95%CI, 0.12 to 0.56, 
p = 0.004). There was a reduction in the risk of VTE associated 
with long-haul journeys. Peak systolic velocity was 0.35 cm/s 
(95%CI, 0.22 to 0.49, p < 0.001) greater when stockings were 
worn. The overall difference between legs with and without 
stockings for the calf circumference measurement at 120 
minutes was 7.9 mm (95%CI, –13.3 to -2.4, p = 0.011). The 
below-the-knee graduated compression stocking increased 
venous blood flow in the lower limbs during prolonged 
immobility in the sitting position.

The stocking was associated with a reduction in edema in the 
leg, ankle and calf, suggesting a potential utility for edema of 
the lower limbs, secondary to chronic venous insufficiency 
and lymphedema. Peak systolic velocity was also significantly 
higher at 30 and 60 minutes when wearing stockings 
compared with not wearing them. Mean flow velocity and 
total flow volume were greater at 60 and 120 minutes when 
wearing the stocking.

Olsen et al. 
(2019)22

There was no significant difference for DVT/PTE. The difference in ankle circumference was 5 mm greater after 
the flight compared to before the flight, IQR = 0–9, p = 0.001. 
Legs wearing GCS had a 2 mm median reduction in ankle 
circumference (p = 0.004) during the flight, whereas legs 
without GCS had an average increase of 2 mm (p = 0.01). The 
difference between calf circumferences before and after the 
flight was 5 mm, IQR = 1–12, p < 0.001. After the flight, legs 
wearing compression stocking had a 3mm reduction in calf 
circumference (p = 0.007), whereas calf circumference of legs 
not wearing GCS increased by a median of 3 mm (p = 0.02).

Pain and Discomfort: There was no significant difference in pain 
or discomfort in the legs after the flight compared with before 
the flight. Although the visual analog pain scale did not increase 
after the flight, there was an increase in the visual analog 
discomfort scale of 1 mm in legs wearing GCS (p = 0.005).

GCS = Graduated compression stockings; DVT = deep venous thrombosis; VTE = venous thromboembolism; PTE = pulmonary thromboembolism; 
IQR = interquartile range.

Table 2. continued...

Table 3. Evaluation of the methodological quality of randomized clinical trials using the Consolidated Standards of Reporting 
Trials (CONSORT) instrument.

Author (year) CONSORT checklist items not fulfilled

Scurr et al. (2001)17 Item 23: does not state registration number and name of trial registry;

Item 24: does not state where the full trial protocol can be accessed.

Belcaro et al. (2002)18 Item 8a: does not describe the method used to generate the random allocation sequence

Item 8b: does not describe type of randomization and details of any restriction;

Item 11a and 11b: does not describe who was blinded after assignment to interventions and how;

Item 15: does not have a table showing baseline demographic and clinical characteristics for each group;

Item 17a: does not report the confidence interval;

Item 20: does not state trial limitations, addressing sources of potential bias, imprecision, and, if relevant, 
multiplicity of analyses.
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often supervene VTE events and is their most common 
sign. Recently, Olsen et al.22 observed a reduction in 
lower limb edema associated with wearing GCS in a 
sample of young healthy individuals. In that study, 
age was considered a major risk factor for edema 
formation and, consequently, there could be greater 
benefit from wearing GCS.22

Author (year) CONSORT checklist items not fulfilled

Belcaro et al. (2003)14 Item 1 a: not identified as randomized clinical trial in the title;

Item 8b: does not describe type of randomization;

Item 9: does not describe the mechanism used to implement the random allocation sequence;

Item 10: does not state who generated the random allocation sequence, who enrolled participants, and 
who assigned participants to interventions;

Item 11a and 11b: does not describe if there was blinding and who was blinded after assignment to 
interventions and how;

Item 17a: does not report the confidence interval, only the p value;

Item 24: does not state where the full trial protocol can be accessed.

Cesarone et al. (2003)19 Item 1a: not identified as randomized clinical trial in the title;

Item 3a: does not describe trial design (parallel, factorial, etc.);

Item 8b: does not state type of randomization;

Item 9: does not describe the mechanism used to implement the random allocation sequence;

Item 10: does not state who generated the random allocation sequence, who enrolled participants, and 
who assigned participants to interventions;

Item 11a and 11b: does not state if there was blinding after assignment to interventions;

Item 17a: does not report the confidence interval, only the p value;

Item 17b: does not present both absolute and relative effect sizes, only p values ;

Item 24: does not state where the full trial protocol can be accessed;

Cesarone et al. (2003)20 Item 3a: does not describe trial design (parallel, factorial, etc.);

Item 8b: does not describe type of randomization and details of any restriction ;

Item 9: does not describe the mechanism used to implement the random allocation sequence, 
describing any steps taken to conceal the sequence ;

Item 10: does not state who generated the random allocation sequence, who enrolled participants, and 
who assigned participants to interventions.

Hagan et al. (2008)21 Item 9: does not describe the mechanism used to implement the random allocation sequence, 
describing any steps taken to conceal the sequence until interventions were assigned;

Item 11a and 11b: not applicable to the study;

Item 12b: does not show methods used for additional analyses, such as subgroup analyses and adjusted 
analyses;

Item 14b: does not state why the trial ended or was stopped;

Item 17b: not applicable to the study.

Charles et al. (2011)13 Item 3a: does not describe the trial design;

Item 11a and 11b: does not specify blinding;

Item 14a: does not define dates of periods of recruitment and follow-up;

Item 23: does not state registration number and name of trial registry;

Item 24: does not state where the full trial protocol can be accessed.

Olsen et al. (2019)22 None – the study fulfilled all items proposed in the CONSORT checklist.

Table 3. Continued...

The studies did not demonstrate significant 
differences in pain or discomfort on short-duration 
flights, comparing lower limbs wearing or not wearing 
GCS. They only found a discrete increase in discomfort, 
measured using a visual analog pain scale, of 1 mm 
in legs wearing GCS, which may not be a relevant 
fact. This discomfort may be related to the age of 

Table 4. Quality of evidence for the outcomes assessed.
Outcome N° of participants in studies Quality of evidence (GRADE)

Edema 1,311 High

Incidence of DVT/PTE 2,022 Moderate
GRADE = Grading of Recommendations Assessment, Development and Evaluation; DVT = deep venous thrombosis; PTE = pulmonary thromboembolism.
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the participants, since they were young and may not 
have been used to wearing GCS, and also may be 
linked to the pressure exerted by the stockings, with 
no direct relationship with edema.22 In view of this, 
it is suggested that future studies should investigate 
the association between pain and discomfort related 
to lower limb edema on short-duration journeys.

It is valid to compare the study conducted with 
shorter-duration flights (3 hours) with those conducted 
with longer-duration flights (exceeding 5 hours). It 
was found that on shorter-duration flights, there was a 
greater difference in reduction of ankle circumference 
after wearing GCS and little difference in terms of 
improvement in pain and discomfort.22 On the longer-
duration flights, a smaller difference was observed 
in reduction of ankle circumference after wearing 
GCS, but there was a significant difference in terms 
of improvement in pain and discomfort.21 In addition 
to flight duration, which exerts a direct influence on 
ankle circumference measurements, the age of the 
passengers could have contributed to these findings, 
since older participants might be more sensitive to 
formation of edema or less sensitive to the compression 
exerted by the GCS.21,22 It was also observed that 
regardless of whether or not GCS were worn, some 
studies included recommendations such as performing 
exercises during flights, dietary suggestions (such 
as encouraging drinking of water and avoidance of 
salty foods), and reducing the volume of on-board 
baggage to maintain legroom,24 which may also have 
contributed to reducing DVT and edema.

Certain limitations of the studies selected were 
observed, such as having been conducted in controlled 
research environments and with healthy participants, 
resulting in findings that may not be generalizable to 
people with venous or arterial disease or different body 
habits.21 It is therefore suggested that future studies 
investigate the effect of GCS on lower limb edema 
in passengers at increased risk of edema formation 
(advanced age, venous diseases) and on reduction of 
VTE incidence in flights lasting less than 4 hours. 
This statement is further reinforced by the fact that the 
participants in the study by Olsen et al.22 were young, 
which could limit the external validity of the results 
when older passengers and those with comorbidities 
are considered. Since age is a risk factor for lower limb 
edema,25,26 older passengers have more pronounced 
edema and, consequently, gain greater benefit from 
wearing GCS, even during short-duration flights.22 
Moreover, it is valid to point out that assessment of 
VTE occurrence demands a larger number of subjects 
and more prolonged observations, which could possibly 
have made it less likely that its incidence would have 
been recorded in the studies selected.18

CONCLUSIONS

This systematic review demonstrates that there 
is high quality scientific evidence for prevention of 
edema and moderate quality evidence for reduction 
of incidence of VTE by wearing GCS during long-
duration flights. Edema reduction was observed after 
wearing GCS on flights with duration of 3 hours, 
suggesting that passengers with lower limb edema, 
experiencing pain or discomfort, would probably 
benefit from wearing them. However, additional 
randomized clinical trials are needed to investigate 
the effect of wearing GCS on shorter duration flights 
to determine whether they interfere in reduction of 
VTE incidence and signs such as edema, pain, and 
discomfort.
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