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INTRODUCTION
Lymphedema is a debilitating condition characterized 

by progressive indolent swelling in soft tissues.1,2 Primary 
lymphedema is idiopathic, while secondary lymphedema 
is most often a result of infection, cancer ablation, lymph 

node removal, and radiation therapy. Secondary lymph-
edema is one of the most devastating sequelae of cancer 
care, second only to cancer recurrence. In breast cancer pa-
tients, there is strong evidence that factors such as axillary 
lymph node dissection, a greater number of lymph nodes 
dissected, mastectomy, and high body mass index (BMI) 
increase the risk of lymphedema in these patients, while 
moderate evidence supports a role for radiation and che-
motherapy.3–10 However, the magnitude of the increased 
risk is difficult to compare across studies because of the 
different approaches to measuring lymphedema and the 
variable lengths of follow-up. At present, there is no defin-
itive treatment for lymphedema. Mainstay treatment op-
tions include complex decongestive therapy, compressive 
garments, liposuction, lymphovenous anastomosis (LVA), 
and vascularized lymph node transfer (VLNT).1,2,11,12 Vari-
ous types of lymph node transfers have been described 
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including submental, groin, supraclavicular areas, thora-
codorsal axis, and omentum donor sites.13–18

The measurement of the excess interstitial fluid in 
lymphedematous limbs is a developing science. Outcomes 
following both conservative nonsurgical and surgical treat-
ments have focused on objective measurements, with limb 
circumferential difference being the predominant bench-
mark used for comparative evaluations. Limb circumfer-
ential difference using anatomical landmarks has been 
demonstrated to be reliable and reproducible.1,2,11,12,15–17

Despite the consistency and ease of this method of 
measurement for clinicians and patients to perform, there 
has been criticism that circumferential difference may not 
provide an accurate volumetric assessment of the limb. 
Multiple alternative methods have been proposed includ-
ing the water displacement method (water plethysmog-
raphy), inverse water displacement, limb circumferential 
difference, perometry (infrared beams to measure the 
limb outline), bioimpedance spectroscopy (measuring tis-
sue resistance to an electrical current to determine extra-
cellular fluid volume), skin fold calipers, 3-D photography, 
and radiographic measurements [computed tomography 
(CT), magnetic resonance imaging, ultrasound].1,14,19–36 
However, these methods are also subject to criticism. Even 
the proposed gold standard, water displacement, has its 
limitations such as reproducibility, hygiene concerns 
variability (eg, water temperature), and limited access to 
equipment.1,14

Using CT imaging to differentiate between lymphede-
ma, cellulitis, and generalized edema is a well-known tech-
nique.37 Lymphedema features on CT include evidence of 
skin thickening, honeycombing (ie, thickened interstitial 
tissues in the subcutaneous layer that cross each other and 
appear as polygonally shaped fat attenuation with periph-
eral septa-like structures composed of fluid or fibrous tis-
sue) and the presence of fat lobules that are taller than 
they are wide.38 The use of radiographic imaging provides 
a standardized and reproducible way of measuring vol-
ume. CT can accurately measure the volume of edema 
using a cross-sectional area of the region of interest to 
observe changes in the tissue properties.39,40 CT imaging 
provides a direct 3-D representation of the patient’s limb. 
As such, CT scans are essentially one of the least subjective 
methods for determining limb volume measurements. In 
comparing CT volumetric measurements with the current 
method of circumferential difference that is employed 
routinely in clinical practice, their comparison and cor-
relation can be assessed.

METHODS
This study was approved by the Research Eth-

ics Board from the Chang Gung Memorial Hospital 
IRB#201700312B0. This was a retrospective review of pro-
spectively gathered data from patients with lymphedema. 
The inclusion criteria were any patient diagnosed with 
grade I to IV lymphedema at our institution from Janu-
ary 2013 to May 2016, who had undergone VLNT and 
completed CT scans both preoperatively and 12 months 
postoperatively. Patients had both upper and lower limb 

lymphedema. All patients received conservative treat-
ments involving compression therapy and lymphatic mas-
sage before receiving VLNT surgery. Patients who had 
bilateral limbs affected by lymphedema were still includ-
ed since both limbs were not the same circumference or 
volume.

For the purposes of this study, to standardize a section 
of the limb for volume measurements (and for compari-
son with the volume measurements obtained from CT 
imaging), the circumferential difference was measured at 
10 cm above and 10 cm below the elbow for upper limb 
lymphedema. To compare with circumferential differ-
ence, the lower limb lymphedema measurements used 
were 15 cm above the knee and 10 cm above the ankle. For 
consistency, these circumferential differences were taken 
every month by the same clinical coordinator (C.Y.L.) at 
each follow-up appointment (Fig. 1). Circumferential dif-
ferences of the affected and unaffected upper and lower 
limbs were determined and recorded in centimeters. The 
circumferential difference was defined as the circumfer-
ence of the lesion limb (a) minus the circumference of 
the healthy limb (c) divided by the circumference of the 
healthy limb (c), in other words, [circumferential differ-
entiation = (a − c)/c].1

CT Volumetric Measurement
A standardized CT scanning protocol was used by the 

Radiology Department at Chang Gung Memorial Hospi-
tal. The CT imaging was performed with a 320-row, single-
source, single focal spot MDCT scanner (Aquilion One 
Dynamic Volume CT; Toshiba Medical System, Tochigi-
ken, Japan), without contrast material. The entire upper 
or lower extremity was scanned using a craniocaudal scan-
ning direction in the supine position. The upper limbs 
were pronated with the palm facing downward and the 
lower limb in a neutral position with toes pointing up. The 
examined field is from the umbilicus to the toes for the 
lower limb scan, and from the shoulder to the fingertips 
for the upper limb. For each examination, images were 
obtained from the raw data by using the following param-
eter setting: 10-mm-thickness sections, 0.5-second rota-
tion time, 65 pitch, automatic exposure control, and 100 
kVp for the lower limb and 120 kVp for the upper limb 
scan. The CT-based volume measurement was performed 
with a manually placed region of interest and a computer-
aided Hounsfield unit (HU) selection. Volume of the up-
per limbs was calculated from the axillary crease to the 
wrist. For the lower limbs, volume was calculated from 
the perineum to the ankle. Each image was transferred 
to an image archive and stored in a Digital Imaging and 
Communications in Medicine format for later analysis. 
Preoperative and 12-month postoperative CT scans were 
obtained for each subject. The volume measurements 
from the same standardized area as the circumferential 
difference (ie, 10 cm above and below the elbow for up-
per extremities; 15 cm above the knee and 10 cm above 
the ankle for lower extremities) were calculated from the 
CT imaging (Fig. 1). All CT scans were directly read and/
or reviewed for final interpretation by a single radiologist 
(S.Y.C.) at our institution for consistency.
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The upper extremity lymphedema group was assessed 
separately from the lower extremity group. The improve-
ment of circumferential difference by tape measure was 
compared with the volumetric difference by CT. Preop-
erative measurements of the 2 modalities were compared. 
Then, postoperative measurements of the 2 modalities 
were compared.

Cost of circumferential difference and the cost of ob-
taining CT scans and volumetric measurements were deter-
mined. A comparison of the 2 methods of lymphedematous 
limb measurements was made to determine the cost per 
minute of time used and the total cost per year.

Statistical Analysis
The data were summarized in counts, percentages, and 

means ± SD for continuous variables. Categorical variables 
were obtained for lymphedema grades. Subjects were 
then assessed with both upper and lower limbs together 
and then assessed in only upper and only lower limb 
lymphedema groups. The Kruskal-Wallis test was used for 
rank-based nonparametric data. The Pearson correlation 
coefficient was used to determine linear dependence in 
comparing measuring modalities. All statistical analyses 
were performed using SPSS 17.0 statistical software (SPSS, 
Inc., Chicago, Ill.).

RESULTS

Patient Demographics
Seventy-six patients were included in this study with a 

mean age of 50.1 years and an average BMI of 25 (Table 1). 
Thirty patients had upper extremity lymphedema, and 46 

had lower extremity lymphedema. All patients had sec-
ondary lymphedema. Six patients had bilateral lower limb 
lymphedema. The average circumferential difference and 
CT volumetric difference were determined (Table 2).

None of the cases of upper or lower limb lymphedema 
were grade I. The most common severity grade was grade 
III (upper limbs: 15/30 = 50%, lower limbs: 24/53 = 45%).  
The second most common severity grade was grade II 
(upper limbs: 12/30 = 40%, lower limbs: 21/53 = 40%). 
Grade IV, the most severe grade, was the least common for 
both upper and lower lymphedema limbs (upper limbs: 
3/30 = 10%, lower limbs: 8/53 = 15%; Table 1). The mean 
duration of lymphedema symptoms was 41.1 ± 32 months 
for upper limb patients and 80.7 ± 106.4 months for lower 
limb patients. The occurrence of cellulitis preoperatively 
was more common in the lower limb group with an aver-
age of 9.4 ± 7.5 times per year compared with 4.3 ± 4.6 times 
per year for patients with upper limb lymphedema. Con-
servative treatments were used on average for 20.6 ± 22.9 
months for upper limb patients and 32.1 ± 31.1 months for 
lower limb patients. The mean follow-up was 68.4 ± 31.1 
months for upper limb patients and 31.8 ± 29.7 months for 
lower limb patients.

Upper Extremity Lymphedema Group
Preoperative mean circumferential difference (see 

the formula in the methods section) above the elbow 
(AE) was 32.3 ± 21% and below the elbow (BE) was 
30.4 ± 18.1% (Table 2). The average of the AE and BE val-
ues was 31.4% ± 19.1%. For the preoperative upper limb 
lymphedema group (Table 2), volume difference by CT 
was 36.1 ± 4.1% (Table 2).

Fig. 1. Patient with lower limb lymphedema with circumferential measurements and their respective 
CT volume assessment.
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At a follow-up of 68.4 ± 31.1 months, mean circumfer-
ential difference AE was 20% ± 9.3% and BE was 15.3% 
± 8.3%. The average of the AE and BE values was 17.4% 
± 8.8%. For the postoperative upper limb lymphedema 
group (Table  2), volume difference by CT was 27.2 ± 
2.8% (for the diseased limbs).

For the upper limb group, pre- and postmeasurements 
using the 2 modalities were compared to determine the de-
gree of improvement after VLNT surgery (Table 2). When 
comparing the pre- and postoperative mean reduction of 
circumferential difference by tape measure, it showed an 
improvement after VLNT surgery of 12.3% ± 11.7% for AE 
and 15.1% ± 9.8% for BE, with a mean of 13.7% ± 10.6%. 
A comparison of the pre- and postoperative mean volu-
metric difference by CT revealed an improvement after 
VLNT surgery of 25.2 ± 7.8%.

Lower Extremity Lymphedema Group
For the preoperative lower limb lymphedema group 

(Table 2), volume difference by CT was 46.2 ± 3.2%. Mean 
circumferential difference for above the knee (AK) was 
49% ± 20.4% and above the ankle (AA) was 38% ± 12.4%. 
The average of the AK and AA values was 43.2% ± 16.1%.

For the postoperative lower limb lymphedema group 
(Table 2), volumetric difference by CT was 33.2 ± 2.1%. 
The mean circumferential difference AK was 25.3% ± 
12.3% and AA was 20.3% ± 12.3%. The average circum-
ferential difference of the AK and AA values was 22.4 ± 12.

For the lower limb group, pre- and postmeasurements 
using the 2 modalities were compared to determine the 
degree of improvement after VLNT surgery (Table  2).  
A comparison of the pre- and postoperative mean volu-
metric reduction difference by CT showed an improve-
ment after VLNT surgery of 28.1 ± 2.1%. When comparing 
the pre- and postoperative mean improvement of circum-
ferential difference by tape measure, improvement after 
VLNT surgery was 23.7% ± 8.1% for AK and 17.7% ± 0.1% 
for AA, with a mean of 20.4% ± 4.1%.

Comparison of Circumferential Difference Versus CT 
Volume Measurement

There was a significant correlation between the cir-
cumferential difference and their respective CT scan vol-
umes (P = 0.03) with a Pearson correlation coefficient of 
r = +0.7 for the upper and lower limb assessments when 
assessed together (Tables 3). A Pearson correlation coef-
ficient of r = +0.7 indicated a positive linear relationship 
between circumferential difference and CT volume. High 
absolute value of the correlation between 0.60 and 0.79 
indicates a strong effect size.

The cost of each method was determined and con-
verted to United States dollars (Table 4). Circumferential 
difference cost $2.50 per section and included the price 
of materials such as the measuring tape and the cost of 
employing clinical personnel. The cost of a CT volume 
measurement was $100 per visit and included the cost of 
obtaining the CT image, radiologist reporting, radiology 
assistant service, and image reconstruction fee. There was 
a significant difference in the cost between the 2 methods 
(P < 0.01).

The duration of time needed to perform the limb mea-
surements with measuring tape was 3 minutes, whereas the 
duration of time for a CT scan investigation was 15 min-
utes, which was statistically significant (P = 0.03). However, 
pre- and postoperative visits for tape measurements were 
more frequent (8 times per year) compared with those for 
CT volume measurements (2 times per year; P = 0.03).

Yearly cost for the tape measurement method was sig-
nificantly less than that for CT assessment ($20 versus 
$200, P < 0.01). Cost per minute of time used to conduct 
each measurement was also significantly less for the tape 
measurement than the CT methods ($0.83/min versus 
$6.67/minute, P = 0.03). Clearly, prices will vary in differ-
ent countries and at different institutions, and the estimat-
ed cost of each method will depend on the type of health 
insurance available in the absence of a national health in-
surance system.

Table 1.   Demographics and Disease Characteristics of Patients Having Undergone VLNT and Pre- and Postoperative CT 
Imaging

 

Patient 
Number
N (%)

Limb 
Number
N (%)

Age
Mean ± SD 

(y/o)

BMI
Mean ± SD 

(kg/m2)

Cheng’s  
Lymphedema  

Grade

Symptom 
Duration 

(mo)
Mean ± SD

Conservative 
Treatment  

Duration (mo)
Mean ± SD

Cellulitis Occurrence 
(Times/Year) Follow-up 

(mo)
Mean ± SD

Preoperative
Mean ± SD

Postoperative
Mean ± SD

Upper limb 30 (39.5) 30 (36.6) 61.0 ± 13.7 24.6 ± 5.7 I: 0
II: 12
III: 15
IV: 3

41.1 ± 32 20.6 ± 22.9 4.3 ± 4.6 0.5 ± 0.8 68.4 ± 31.1

Lower limb 46 (60.5) 52 (63.4) 45.3 ± 17.2 25.4 ± 3.4 I: 0
II: 21
III: 24
IV: 8

80.7 ± 106.4 32.1 ± 31.1 9.4 ± 7.5 0.4 ± 0.8 31.8 ± 29.7

Total, n (%) 76 (100) 82 (100) 53.2 ± 15.5 25 ± 4.6 I: 0
II: 33
III: 39
IV: 11

60.9 ± 69.2 26.4 ± 27 6.9 ± 6.1 0.5 ± 0.8 50.1 ± 30.4

P 0.03* 0.04* 0.03* 0.06 0.03* 0.03* 0.03* 0.04* 0.7 0.03*
Seventy-six patients included, 70 with unilateral limb lymphedema and 6 with bilateral lower limb lymphedema.
*Kruskal-Wallis test.
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DISCUSSION
Despite the consistent results and significant improve-

ment in limb swelling that have been demonstrated to 
occur after lymphedema microsurgery, circumferential 
difference was sometimes criticized for not providing an 
accurate assessment of volume. This study demonstrates 
that circumferential differences taken at standardized 
locations using the ankle, knee, and elbow as anatomi-
cal reference points are very reliable and consistent with 
the volumetric measurements obtained with CT imaging. 
More importantly, these circumferential differences can 
be performed at any clinic visit, pre- and postoperatively, 
and provide an opportunity for medical personnel and pa-
tients to engage in fruitful and productive dialogue.

Currently, there is no single perfect method for 
measuring lymphedema of the extremities that is uni-
formly employed by all clinicians and surgeons.34 Since 
the various treatment approaches to lymphedema are 
still evolving, having a simple, easy, reliable and repro-
ducible measurement tool not only allows clinicians 
to track the progress in their own patients but also es-
tablishes a standardized metric such that different sur-
geons and centers globally can compare assessments 
and therapeutic results. The most common objective 
outcome measurement of lymphedema treatment in-
cludes circumferential difference, volumetric limb mea-
surements, and episodes of cellulitis. While there are 
benefits to radiologic imaging measurements, these are 
slow to perform, relatively expensive, and can expose 
the patient to unnecessary radiation.41 Circumferential 
differences can be performed multiple times during 
the same day, have essentially no risk to the patient, 
are not time consuming, and do not require expensive 
equipment. Furthermore, they are highly reproducible 
and do not require complex training to perform. The 
ability to accurately and reliably measure the degree of 
swelling of lymphedematous limbs allows clinicians to 
assess whether there is worsening or improvement of 
the condition before, during or after a conservative or 
surgical intervention. The absence of a need for special-
ized equipment means that patients can even perform 
the measurements themselves at home, tracking their 
progress between clinic visits.

To advance the growing field of lymphedema manage-
ment and to pursue meaningful outcomes, there needs to 
be a consensus regarding methods of measurements. This 
will facilitate further research not only into the effects of 
noninvasive approaches to measurement but also cost-ef-
fectiveness, long-term patient’s function, well-being, and 
quality of life.42–44

Some of these areas have already been studied, 
such as quality of life and the impact of the lymph-
edema condition on affected patients.43 Given the sig-
nificant impact of lymphedema on patients’ day to day 
function, quality of life measures in lymphedema have 
been an important area of study in the literature.43,45,46 
Patients with upper and lower limb lymphedema were 
shown to have improvements in all domains of health-
related quality life and overall quality of life.43,45 The Ta
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Lymphedema Quality of Life (LYMQoL) is a con-
dition-specific instrument that can be used to track 
changes in quality of life throughout an upper- or low-
er-limb lymphedema treatment.43 Specifically, patient-
reported outcomes demonstrated improvement in the 
domains of function, body appearance, symptom, and 
mood after VLNT.43 Patients who had health-related 
quality of life improvement also had limb circumfer-
ence reduction.

However, the lack of consensus regarding a stan-
dard measurement for diagnosing and tracking 
progress following treatment for lymphedema is an 
impediment to researchers and clinicians. A standard-
ized method of measurement would provide a com-
mon language that would facilitate discussions and 
meaningful comparisons of results obtained across 
multiple centers.

CONCLUSIONS
CT volumetric measurement correlated strongly with 

circumferential difference in lymphedematous limbs. 
Circumferential difference  is a reliable, reproducible, 
minimally invasive, accurate, time-efficient, and cost-
effective method of documenting upper and lower limb 
lymphedema swelling pre- and postoperatively and during 
long-term follow-up. Both CT volumetric difference and 
circumferential difference confirmed the effectiveness of 
VLNT postoperatively.
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