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Introduction

Lymphedema is a chronic condition characterized by 
the accumulation of protein-rich liquid in the interstitial 
space of tissues caused by the inability of the lymphatics 
to transport lymph fluid back to the lymphatic system (1). 
Breast cancer-related lymphedema (BCRL) typically occurs 
in 20% to 94% of patients, usually between 2 to 5 years 
after surgery (2). The National Cancer Institute predicts 
that there will be almost 4 million breast cancer survivors 
by January 2024 (3), and as a result, the incidence of BCRL 
will increase. Potential causes related to BCRL include 

radiotherapy and lymph node biopsy or dissection (1,4). 
Diagnosis is mostly clinical (5), and it has been classified 
into four stages by the International Society of Lymphology 
based on clinical characteristics. Stages 0 and I correspond 
to the early accumulation of high protein fluid, and pitting 
may occur. Stages II and III involve fibrosis, fat deposits, 
and trophic skin changes, and pitting starts to disappear (6).  
Currently, there is no specific tool for diagnosis at early 
stages when symptoms have not appeared. However, 
attempts to stage and evaluate the disease objectively have 
been suggested. The most popular tests to characterize 
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BCRL include the following: measurement of arm 
circumference; perometry, which assesses the volume of 
the affected arm compared with the non-affected arm; and 
bioimpedance, which scans resistance to painless electric 
currents passed through the arm (4). On the other hand, 
lymphoscintigraphy imaging technique is considered 
the criterion standard for diagnosis of BCRL, using a 
radiolabeled substance to visualize the lymphatic system and 
reveal the presence and caliber of lymphatic vessels, lymph 
nodes, collaterals, and delay in radionuclide uptake (7). 
However, this method is not usually preferred due to the 
lack a standard protocol, the invasiveness of the procedure, 
and the radiation exposure to the patient.

Other imaging methods used to evaluate BCRL are 
computed tomography, magnetic resonance imaging, and 
indocyanine green lymphography; however, they lack 
portability and are more expensive than the others (8). 
Ultrasonography is considered an easy and safe imaging test 
for evaluating thickness of skin and subcutaneous tissue, and 
as result, has been studied to assess lymphedema patients. 
In recent years, ultrasound elastography (UE) has been 
used to evaluate BCRL; however, parameters for assessing, 
diagnosing, and staging the disease have not been well 
established. In this systematic review, we aim to present the 
clinical studies to date to reveal the potential advantages 
and pitfalls regarding the use of UE in BCRL.

Methods 

Study selection

Our systematic review included in vivo studies on use of 
UE for patients with lymphedema of the upper limbs. 
Studies were included if they were original articles focused 
on testing UE in patients with BCRL written in English. 
Reviews and systematic reviews were excluded, as were 
studies in which UE was not tested in vivo in BCRL and 
those not specifying results for BCRL.

Data sources and search strategy

This study followed the guidelines outlined in the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA). A comprehensive systematic review was 
conducted by one author (Maria T. Huayllani) on June 25, 
2019, in the PubMed, EMBASE, Ovid Healthstar and Ovid 
Medline databases searching for articles reporting on the 
use of UE in patients with BCRL. The keywords for the 

search strategy were “elastography” AND “lymphedema” in 
titles or abstracts. 

Studies were identified and uploaded into EndNote 
(Clarivate). Manuscripts were screened manually by the 
first author and selected according to the inclusion and 
exclusion criteria in a two-step process by two authors 
(Maria T. Huayllani, Daniel Boczar). First, studies were 
reviewed based on the title and abstract and duplicates 
were removed. Second, the full text of the selected studies 
was screened for final selection. If the first author doubted 
selecting an article, the second author reviewed the article 
according to the selection criteria and both reviewers came 
to a consensus for the final decision. 

Data pooling and data analysis

Relevant data were extracted and pooled describing the 
author, year of publication, participants, type of ultrasound, 
method, biomarker used to measure the results, standard 
comparison tool, application of the new method, and 
results. 

Risk of bias assessment

We used the Grade of Recommendations, Assessment, 
Development and Evaluation (GRADE) Working Group 
recommendations to assess the risk of bias of the studies 
(Table 1). We found a 100% of studies with high risk of 
bias for the adequate sequence generation and 100% of 
studies with unclear risk of bias for other possible bias. As 
a consequence, there were some limitations to consider 
proper of the nature of the included studies corresponding 
to a moderate to low level of evidence.

Results

In our first search, 12, 12, 5 and 6 articles were found in total 
in PubMed, EMBASE, Ovid Healthstar, and Ovid Medline 
databases, respectively. From all these, only 4 studies met 
inclusion criteria (Figure 1). All included studies were 
published between 2017 and 2019. Detailed descriptions 
of the studies are provided in Table 2. UE methods 
tested included two-dimensional strain imaging (12),  
shear wave elastography (SWE) (11), and global UE (10). 
Different imaging biomarkers were used to compare the 
efficacy of each method, including skin and subcutaneous 
thickness (9), shear wave velocity (11), strain ratio (10), 
and contrast-to-noise ratio and signal-to-noise ratio (12). 
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Table 1 Risk of bias summary: review authors’ judgements about each risk of bias item for each included study

Author
Adequate sequence 

generation?
Allocation 

concealment?
Blinding?

Incomplete outcome 
data?

Free of selective 
reporting?

Free of other 
bias?

Polat et al. (9) High risk Unclear risk Low risk Low risk Low risk Unclear risk

Hashemi et al. (10) High risk Unclear risk Unclear risk Low risk High risk Unclear risk

Erdogan Iyigun et al. (11) High risk High risk Unclear risk Low risk Low risk Unclear risk

Yang et al. (12) High risk High risk Unclear risk Low risk Low risk Unclear risk

Records identified through database 
searching in PubMed, EMBASE, Ovid 

Healthstar, and Ovid Medline
(n=12, 12, 5 and 6 respectively)

Records after removal of duplicates and 
screening of titles and abstracts

(n=10)

Records excluded:
- Non-clinical studies (n=3)

- Reviews (n=2)

Full-text articles assessed for eligility
(n=5)

Full-text articles excluded:
- Non-specific results for upper

limb lymphedema (n=1)

Studies included in qualitative synthesis
(n=4)
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Figure 1 Inclusion and exclusion criteria.

Two studies evaluated UE for assessment of patients with 
lymphedema, while one studied its use in diagnosis and 
staging of the disease (11) and another only in diagnosis of 
lymphedema (9). All studies found differences through UE 
evaluation between the affected and unaffected limb with 
lymphedema.

Discussion

Ultrasonography is a safe, easy, low-cost procedure 
for assessing patients with BCRL. Changes in BCRL 
include increasing thickness of the dermis, change from 
hypoechogenicity to hyperechogenicity of the subcutis, 
and fluid retention in the dermis, interlobular space, 
and superficial fascia. Although these changes may be 
hard to detect on ultrasound imaging (10), it can give a 
quantitative measure of the thickness of cutaneous, fascial, 
and surrounding tissue to assess BCRL (13). For instance, 
chronic lymphedema is characterized by a broadening 
of the subcutis with anechoic longitudinal columns and 

echogenic rims (14). Important limitations of ultrasound 
imaging include the lack of accuracy and difficulty 
differentiating BCRL from other causes of edema, such 
as cardiac, hepatic, or venous edema (14). Moreover, this 
technique is mainly subjective as it is operator-dependent 
and the pressure applied during the procedure may affect 
the results. To overcome these limitations, UE has been 
developed as an innovative and noninvasive technique based 
on the mechanical properties of tissue (15). This technique 
detects tissue stiffness as a response to a mechanical force 
like compression or shear wave (16). A softer tissue has 
more strain than a stiffer tissue when subjected to the same 
magnitude force (17). Two subtechniques are currently 
available, strain imaging and shear wave imaging. Strain 
imaging includes two approaches, strain elastography and 
acoustic radiation force impulse (ARFI) strain imaging (18).  
Strain elastography is operator-dependent, requiring 
manual compression, while in ARFI, the transducer is held 
steady and the tissue displacement is produced as an internal 
physiologic motion from an acoustic force generated by 
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Table 2 Summary of articles to date evaluating the use of ultrasound elastography for breast cancer-related lymphedema

Author Year Participants
Type of 
Ultrasound

Method
Imaging 
biomarker

Standard 
comparison 
tool

Application Results

Polat et 
al. (9)

2019 16 patients 
with clinical 
lymphedema, 
10 with latent 
lymphedema 
and 15 healthy 
participants

Ultrasound 
B-mode 
images

Shear wave 
elastography 
(SWE)

Skin and 
subcutaneous 
thickness and 
shear wave 
velocity (SWV)

None Diagnosis In latent and clinical 
lymphedema patients 
the thickness and 
stiffness measurements 
in the affected limb were 
increased compared to 
non-affected limb

Hashemi 
et al. (10)

2019 7 patients 
with stage 2 
lymphedema

Quasi-static 
ultrasound 
elastography

Global 
ultrasound 
elastography 
(GLUE2)

Strain ratio 
(SR): the ratio 
of strain in skin, 
subcutaneous 
fat, and skeletal 
muscle divided 
by strain in the 
standoff gel pad

None Assessment Differences in the SR 
between affected and non-
affected arms were found 
for skin, subcutaneous fat, 
skeletal muscle (P<0.05). 
SR was lower in the 
affected arm

Erdogan 
Iyigun  
et al. (11)

2019 36 patients with 
stage 1 (n=17)  
or 2 
lymphedema 
(n=19)

Ultrasound 
(Acuson S 
3000 US®)

SWE SWV Circumference 
measurements 
and 
bioimpedance 
(L-DEX U400)

Diagnosis 
staging

Correlation between 
circumference 
measurements and 
elastography values 
of forearms (P<0.05), 
and L-DEX scores 
and elastography 
measurements (P<0.05) 
were found. A significant 
difference between 
patients with stage 1 
and 2 lymphedema was 
demonstrated (P<0.05), 
and stage 2 and normal 
forearms (P<0.01), 
however, no difference was 
found between stage 1 and 
normal forearms

Yang  
et al. (12)

2017 2 patients 
with arm 
lymphedema 
post breast- 
cancer 
radiotherapy;  
2 healthy 
patients

Ultrasound 
B-mode 
images

Two-
dimensional 
strain imaging, 
using a 
combined  
affine and 
B-spline 
transformation 
model

Contrast-to- 
noise ratio  
(CNR) and  
signal-to-noise 
ratio (SNR)

Cross-
correlation-
based 
elastography 
method

Assessment This registration-based 
strain method increased 
significantly the SNR and 
CNR compared with the 
common elastography 
method. The mean strain 
value of the arms affected 
with lymphedema was  
1.5 times higher than 
those of the normal arms. 
The mean strain value of 
affected arms was 2.8 
times higher than the 
healthy patients
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the UE system. As a consequence, magnitude of force is 
better controlled with ARFI, allowing evaluation of deeper 
organs (19,20). In both approaches, compression should be 
monitored and optimized to better contrast tissues. Shear 
wave imaging employs a dynamic stress that generates shear 
waves in parallel or perpendicular dimensions that have a 
velocity of propagating through the tissues that is usually 
tracked to provide a quantitative measure of tissue stiffness. 
The speed of the shear waves is directly proportional to 
the tissue stiffness (11). Different algorithms are applied to 
estimate mechanical parameter strain, or elasticity, and map 
this elasticity into an image (17). 

In general, different methods have been suggested to be 
useful in patients with lymphedema. The results of strain 
elastography can be differentiated using different imaging 
biomarkers. Results are commonly reported as a subjective 
description of the color presentation in the elastogram, 
ranging from red (stiffer tissue) to blue (softer tissue) (21),  
as a semi-quantitative numeric scale score of the rate 
between the heterogeneity and distribution of colors 
in the elastogram (22), or as a strain ratio, which is 
the area of interest over the surrounding non-affected 
tissue within the same field of view (23). A limitation of 
common elastography is the potential for decorrelation 
noise from large or out-of-plane motions and non-
rigid tissues deformations, as most tissues have a tissue 
motion and deformation in more than one dimension.  
Yan et al.  (12) developed a two-dimensional strain 
technology to overcome this disadvantage and assessed 
feasibility of UE in 2 patients who developed arm 
lymphedema after radiotherapy due to breast cancer. They 
designed the device with a cuff attached to a manometer 
that generates low pressure to the arm without finding 
any trade-offs between resolution and noise level. 
Moreover, they observed a statistical difference in the 
strain values. The average strain values in the affected 
arms were 1.5 times higher than in normal arms (12). 
On the other hand, Erdogan Iyigun et al. (11) evaluated 
UE in the diagnosis and staging of lymphedema by 
using the SWE as an imaging biomarker in BCRL 
patients. They only considered patients with stage 1 
and 2 of lymphedema, correlating their results with 
the circumference measurements and bioimpedance 
results. They found a significant difference between 
the elastography measurements using SWE between 
the normal and affected forearms. They also found a 
significant difference between patients with stage 1 and 
2; however, when the shear wave velocity results were 

compared between affected and non-affected forearms 
by stage of disease, a significant difference was only 
identified in patients with stage 2 lymphedema (P<0.01). 
They also established that values of 1.78 or more of SWE 
would differentiate stage 2 from stage 1 lymphedema (11). 
Similarly, Polat et al. (9) assessed also the feasibility of 
UE by using SWE in patients with clinical lymphedema, 
latent lymphedema and healthy participants. They found 
a statistical difference in thickness and stiffness in the 
affected limbs of latent and clinical lymphedema compared 
with the non-affected arm (9). Hashemi et al. (10)  
proposed the use of an acoustic gel pad to produce the 
same pressure in both arms and increase the quality of the 
UE. They estimated determined strain values for the gel 
pad, skin, subcutaneous tissue, and skeletal muscle layers 
of affected and non-affected arms. Six different locations 
were measured in the patients’ arms. They found a strain 
ratio higher in the non-affected compared to the affected 
arm in all locations of subcutaneous fat tissue. They also 
found the specific locations to evaluate BCRL that had 
a higher difference of strain ratios, suggesting that the 
difference of mechanic properties of tissues is not limited 
to a single area (10). 

These are important studies as  they assess the 
applicability of UE as an early method of diagnosis, 
staging, and assessment of lymphedema in BCRL. 
However, these studies are limited by the lack of specific 
imaging biomarkers to compare results and the evaluation 
mechanical elasticity and stiffness alone, instead of tissue-
fluid dynamics. For these reasons, more studies testing these 
UE methods, and eventually other imaging techniques, in 
greater sample sizes are necessary to establish the exact arm 
locations to evaluate, the best imaging biomarkers, and the 
specific cutoffs that may differentiate diagnosis and grade of 
disease. 

Strengths and limitations

This is a systematic review of all English-language 
publications to date that probed the use of UE as a tool 
for assessing patients with BCRL in the English-language 
literature. We summarized the results of different methods 
of UE; therefore, the limitation of heterogeneity and 
possible biases proper of each study that we found through 
the risk of bias assessment should be considered. Another 
inherent limitation of reviews is the potential for search, 
selection, and publication biases. However, this systematic 
review is entirely descriptive, in alignment with the purpose 
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of the study. To our knowledge, this is the first systematic 
review evaluating the use of ultrasound elastography for 
BCRL.

Conclusions

UE has shown efficacy in determining BCRL between 
affected and non-affected arms. Further studies to confirm 
its use in staging and diagnosis of early BCRL stages with 
greater sample sizes should be conducted.
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