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The fundamental cause of lymphedema is the abnormal
accumulation of excess water, filtered or diffused plasma
proteins, extravascular blood cells, and parenchymal or
stromal cell products in the extracellular space.1 Lymphati-
covenular anastomosis (LVA) is a physiological bypass sur-
gery that redirects excessive lymph fluid from the

lymphedematous limb into the venous system by anasto-
mosing lymphatic vessels to subdermal venules.2,3 Numer-
ous investigations including two systematic meta-analyses
have evaluated the efficacy of LVA for the treatment of
compression-refractory lymphedema and demonstrated
promising overall results.4–28 The majority of those studies,
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Abstract Background Although lymphedema is fundamentally abnormal accumulation of
excess water in the extracellular space, previous studies have evaluated the efficacy
of physiological bypass surgery (lymphaticovenular anastomosis [LVA]) for lymphe-
dema without measuring water volume. This study clarified the water reductive effect
of LVA using bioelectrical impedance analysis (BIA).
Methods The efficacy of LVA for unilateral lower-limb lymphedema was evaluated
using BIA in a retrospective cohort. The water volume of affected and unaffected legs
was measured using multifrequency BIA before and after LVA. Preoperative measure-
ments were undertaken after compression therapy for at least 3 months. The follow-up
period after LVA was a minimum of 6 months.
Results Thirty consecutive patients with unilateral lower-limb lymphedema were
enrolled. The mean water volume reduction of the affected leg by LVA (ΔLBW) was
0.86 L (standard deviation [SD]: 0.86, median: 0.65) with a mean number of 3.3
anastomoses (SD: 1.7). The mean reduction rate of edema was 45.1% (SD: 36.3).
Multiple linear regression analysis revealed water volume difference between the
affected and unaffected legs before LVA (excess LBW) as the strongest predictor of
ΔLBW (R2 ¼ 0.759, p < 0.01; β ¼ 0.500, p < 0.01).
Conclusion The LVA reduces the volume of accumulated body water in lower-limb
lymphedema. As excess LBW most strongly predicted the amount of water volume
reduction by LVA, body water volume measurement by BIA before LVA might identify
patients with low excess LBW not expected to benefit from LVA, regardless of apparent
differences in limb circumference.

received
May 12, 2018
accepted after revision
September 4, 2018

Copyright © by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.
Tel: +1(212) 584-4662.

DOI https://doi.org/
10.1055/s-0038-
1675368.
ISSN 0743-684X.

Original article

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.

mailto:yysng@shinshu-u.ac.jp
https://doi.org/ 10.1055/s-0038-1675368
https://doi.org/ 10.1055/s-0038-1675368
https://doi.org/ 10.1055/s-0038-1675368


however, used limb circumference or outer volume of the
limb as an indicator of the efficacy of LVA despite water
accumulation being the origin of lymphedema. Limb circum-
ference and outer volume techniques are influenced not only
by body water volume but also by bone, muscle, and adipose
tissues, which can confound assessment of the net water
reductive effect of LVA. Evaluation of body water mobiliza-
tion using bioelectrical impedance analysis (BIA) has already
been reported in complex decongestive physiotherapy for
lower-limb lymphedema,29 but little is known on the water
changes induced by LVAusing BIA. This study aimed to clarify
the water reductive effect of LVA on unilateral lower-limb
lymphedema by means of BIA.

Patients and Methods

Patients
The efficacy of LVA for unilateral lower-limb lymphedema
was evaluated objectively using BIA in the present retro-
spective study. Patient data were collected from a medical
chart database. The inclusion criteria were unilateral lower-
limb lymphedema, compression therapy for at least
3 months, LVA at our hospital at least once between
April 2013 and May 2017, and a minimum of 6 months of
follow-up. Subjects with symptoms of lower-limb edema
after cancer treatment or trauma were diagnosed as
having secondary lymphedema, while those with other
causes of edema were judged as having primary lymphe-
dema using lymphoscintigraphy or indocyanine green (ICG)
lymphography according to previous reports.24,30 Lymphe-
dema was graded according to International Society of
Lymphology (ISL) lymphedema staging.1 Patients in whom
both legs were classified as ISL stage I or more were con-
sidered as cases of bilateral lower-limb lymphedema and
excluded. Indications for LVA included compression-refrac-
tory edema, an episode of cellulitis, or patient desire to halt
compression regardless of the cause of lymphedema. For
subjects undergoing multiple LVA procedures, the follow-up
period was defined as the time from the most recent LVA.
Patient characteristics, limb circumference measurements,
and body water analysis by BIA were recorded prior to LVA
subsequent to compression therapy for at least 3 months.
Limb circumference measurements were taken at the foot
dorsum, ankle, 10 cm below the inferior margin of the
patella, superior margin of the patella, and 10 cm above
the superior margin of the patella, the sum of which being
defined as ΣCircumference. Lower extremity lymphedema
(LEL) index values were calculated from the circumferences
according to a published formula.31 Limb circumference
values and body water analysis were later recorded at least
6 months following LVA. This study was conducted in accor-
dance with the declaration of Helsinki, and the protocol was
approved by the ethics committee of School of Medicine,
Shinshu University (approval number: 3965).

Bioelectrical Impedance Analysis Assessment
To evaluate the severity of lymphedema and the water
volume reductive effect of LVA, body water composition

was assessed by BIA using the InBody S10 (InBody Co., Ltd.,
Seoul, Korea), multifrequency bioelectrical impedance ana-
lyzer. Electrodes were placed at eight precise tactile points
on the body and a total of 30 impedancemeasurements were
obtained for six different frequencies (1, 5, 50, 250, 500, and
1,000 kHz) at the following five segments of the body: right
and left arms, trunk, and right and left legs. The measure-
ments included intracellular water (ICW), extracellular
water (ECW), total body water (TBW; the sum of ICW and
ECW), and ratio of ECW to TBW (%ECW) at each of the five
segments of the body without empirical estimations using
age, gender, weight, or body type. The TBW of one leg was
defined as leg body water (LBW). The preoperative water
volume difference between affected and unaffected legs was
defined as excess LBWand thewater volume reduction of the
affected leg by LVA was defined as ΔLBW.

Lymphaticovenular Anastomosis Procedure
Surgery for LVA was performed under general anesthesia
except for one patient with heart disease. ICG lymphography
and vein visualization using an infrared vein finding tech-
nology device (Veinsite; VueTek Scientific, LLC, Gray) were
undertaken to identify lymphatic vessels and veins prior to
incisions. When an intersecting lymphatic vessel and vein
were found, the crossing point was cut after subdermal
injection of 5% patent blue dye 10 cm distal to the incision
site. LVAs were performed through 2 to 5 cm skin incisions in
the lymphedematous leg using a surgical microscope (Leica
M525 OH4). The outside diameter of the lymphatic vessels
was measured using a crack scale (Shinwa Rules Co., Ltd.,
Niigata, Japan) and recorded before anastomosis. The lym-
phatic vessel and the vein were anastomosed using 11–0
microsutures in either a side-to-end or an end-to-end fash-
ion, with preference to the former. Patency of the newly
formed anastomosis was confirmed intraoperatively by ICG
lymphography under a microscope. Patients were given an
intravenous prophylactic antibiotic intraoperatively and
once postoperatively.

Postoperative Management
A foot compression device was used except when walking
until dischargewithin 7 days of LVA.Walking aroundwas not
restricted during hospitalization. Patients resumed wearing
elastic stockings from day 1 after the operation. Although
most subjects wore the same stockings as they did preopera-
tively, some were able to decrease compression pressure or
stop altogether due to edema improvement.

Patients with insufficient LVA results, such as edema
progression, an episode of cellulitis, or limited reduction of
water volume or limb circumference, or who requested
additional reduction, underwent another LVA procedure.
The need for additional LVA was judged at least 6 months
after the previous one.

Statistical Analysis
Descriptive statistics for continuous variables are presented
as the mean (standard deviation [SD], range). Paired t-tests
were used to analyze differences between preoperative and
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postoperative quantitative measurements. Pearson’s corre-
lation analysis was employed to calculate the correlation
between ΔLBW and preoperative and intraoperative vari-
ables. Paired t-test and Pearson’s correlation analysis were
two tailed. Kolmogorov–Smirnov’s test was used for statis-
tical testing of normality before paired t-test and Pearson’s
correlation analysis. Stepwise multiple linear regression
analysis was adopted to predict ΔLBW. A p-value of < 0.05
was considered significant. All statistical analyses were
conducted using SPSS PASW Statistics version 23.0 software
(IBM Inc., Armonk).

Results

Patient Characteristics
The cohort’s details are summarized in ►Table 1. Thirty
consecutive patients (26 females and 4 males) with unilat-

eral lower-limb lymphedema were eligible for inclusion. No
patient received other surgical treatments for lymphedema
within 6 months after LVA. Mean age was 60.1 years at
the first LVA operation. Mean height was 155.9 cm, mean
body weight was 56.0 kg, and mean body mass index was
23.1 kg/m2 before LVA. There were 2 cases of primary
lymphedema and 28 cases of secondary lymphedema, of
which 27 were caused by cancer treatment and 1 was due to
a catheter-related scar in the inguinal region. Sixteen
patients had lymphedema in their left leg and 14 in their
right leg. Three caseswere classified as ISL stage I, 16 cases as
early stage II, and 11 cases as late stage II. Therewere no cases
of ISL stage III. No patientswere diagnosed as having varicose
veins or deep venous thrombosis in their legs before LVA.

The mean number of operations performed was 1.6.
Sixteen patients received one LVA operation, 10 patients
received two LVA operations, and 4 patients received three
LVA operations. The mean number of anastomoses created
per patient was 3.3. The mean diameter of the largest
lymphatic vessel anastomosed in each case was 0.79 mm.
The mean follow-up period was 12.2 months.

Mean body weight decreased from 56.0 kg (SD: 8.5) before
LVA to 55.4 kg (SD: 8.3) afterward, although thedifferencewas
not significant (p ¼ 0.20). After the operation, most patients
wore stocking as they did preoperatively, with two patients
(6.7% [2/30]) able to halt compression afterward.

Body Water Volume Measurements
Mean ΣCircumference of the affected leg was 171.3 cm (SD:
17.3) before LVA and 166.3 cm (SD: 16.1) afterward
(p < 0.01, 95% confidence interval [CI]: 1.9–7.9). Mean LEL
index of the affected leg was 276.8 (SD: 37.2) before LVA and
264.2 (SD: 30.7) afterward (p < 0.05, 95% CI: 2.2–23.0)
(►Fig. 1A). Mean LBW of the affected leg was 5.89 L (SD:
1.25) before LVA and 5.03 L (SD: 0.84) afterward (p < 0.01,
95% CI: 0.54–1.18) (►Fig. 1B). All three of these values had
decreased significantly after LVA. Mean ΔLBW was 0.86 L
(SD: 0.86, median: 0.65) as a cumulative value after one to
three LVA operations (►Fig. 1C). The LBW of the affected leg
increased in two patients (6.7% [2/30]).

ΔLBWand the reduction of ΣCircumference by LVA (ΔΣCir-
cumference) were significantly correlated (r ¼ 0.61,
p < 0.01). Simple linear regression to predict ΔLBW based
on ΔΣCircumference revealed a significant regression equa-
tion: predicted ΔLBW (L) ¼ 0.544 þ 0.0647 � ΔΣCircumfer-
ence (cm) (F [1, 28] ¼ 16.372, p < 0.01, R2 ¼ 0.369)
(►Table 2, ►Fig. 1D). This predictive formula showed that
LBW decreased by 867 mL when ΣCircumference decreased
by 5 cm, for example, a 1-cm reduction at each of the five
measurement sites.

Mean excess LBW was 1.28 L (SD: 0.85) before LVA and
0.60 L (SD: 0.42) afterward, and the differencebetween them
was significant (p < 0.01, 95% CI: 0.39–0.96) (►Fig. 1B). The
mean reduction rate of edema, calculated as (1 � [excess
LBWafter LVA/excess LBWbefore LVA]) � 100 was 45.1% (SD:
36.3). When the LBW of the affected leg was less than the
LBW of the unaffected leg after LVA, a 100% reduction rate
was assigned.

Table 1 Patient characteristics

Variable N (%)

Patient number 30

Sex

Female 26/30 (86.7%)

Male 4/30 (13.3%)

Age (y, mean [SD, range]) 60.1 (9.1, 43–74)

Height
(cm, mean [SD, range])

155.9
(7.1, 137.6–171.2)

Body weight
(kg, mean [SD, range])

56.0
(8.5, 39.9–81.0)

BMI
(kg/m2, mean [SD, range])

23.1
(3.5, 17.5–32.4)

Etiology

Primary 2/30 (6.7%)

Secondary 28/30 (93.3%)

Laterality

Left 16/30 (53.3%)

Right 14/30 (46.7%)

ISL stage

I 3/30 (10.0%)

Early II 16/30 (53.3%)

Late II 11/30 (36.7%)

III 0

Number of operations
(mean [SD, range])

1.6 (0.7, 1–3)

Number of anastomoses
(mean [SD, range])

3.3 (1.7, 1–7)

Diameter of largest lymphatic
vessel (mm,mean [SD, range])

0.79 (0.24, 0.4–1.4)

Follow-up period (mo, mean
[SD, range])

12.2 (6.5, 6–31)

Abbreviations: BMI, body mass index; ISL, International Society of
Lymphology; SD, standard deviation.
Note: BMI ¼ weight (kg)/(height [m])2.
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Significant correlations were found between ΔLBW and
the variables of age (r ¼ 0.37, p < 0.05), LBW before LVA
(r ¼ 0.75, p < 0.01), excess LBW (r ¼ 0.83, p < 0.01), and %
ECW (r ¼ 0.81, p < 0.01). There were no significant associa-
tions between ΔLBW and the variables of ISL stage (r ¼ 0.24,
p ¼ 0.19), number of operations (r ¼ 0.19, p ¼ 0.53), num-
ber of anastomoses (r ¼ 0.13, p ¼ 0.49), or diameter of the
largest lymphatic vessel (r ¼ 0.36, p ¼ 0.058) (►Figs. 2, 3).

Stepwise multiple linear regression was performed to
predict ΔLBW based on the preoperative and intraoperative
variables and revealed a significant regression equation of
predicted ΔLBW (L) ¼ � 8.554 þ 0.507 � excess LBW (L)
þ 21.109 � %ECW (F [2, 27] ¼ 42.519, p < 0.01,

R2 ¼ 0.759) (►Table 3, ►Fig. 4). This predictive formula
showed that ΔLBW increased by 507 mL when excess LBW
increased by 1 L. Both excess LBWand %ECWwere significant
predictors of ΔLBW. The former variable had a larger stan-
dardized partial regression coefficient (β ¼ 0.500 vs. 0.421),
indicating a stronger prognostic ability.

Discussion

This is the first report to assess the water reductive effect of
LVA using BIA and analyze the relationship between LVA
outcome and preoperative and intraoperative variables by
multivariate analysis. Only patients with unilateral lower-

Fig. 1 Changes in limb circumference, LEL index, and LBW in affected legs after LVA. (A) Mean ΣCircumference of the affected leg was 171.3 cm
(SD: 17.3) before LVA and 166.3 cm (SD: 16.1) afterward. Mean LEL index of the affected leg was 276.8 (SD: 37.2) before LVA and 264.2 (SD: 30.7)
afterward. (B) Mean LBW of the affected leg was 5.89 L (SD: 1.25) before LVA and 5.03 L (SD: 0.84) afterward. Mean ΔLBW was 0.86 L (SD: 0.86).
Mean excess LBW was 1.28 L (SD: 0.85) before LVA and 0.60 L (SD: 0.42) afterward. The mean reduction rate of edema was 45.1% (SD: 36.3). (C)
Histogram of ΔLBW. Median ΔLBW was 0.65 L. (D) ΔLBW correlated strongly with ΔΣCircumference (r ¼ 0.61, p < 0.01). Predicted ΔLBW
(L) ¼ 0.544 þ 0.0647 � ΔΣCircumference (cm). Error bars: mean � 1 SD, �: p < 0.05, ��: p < 0.01. LBW, leg body water; LEL, lower extremity
lymphedema; LVA, lymphaticovenular anastomosis; SD, standard deviation.
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limb lymphedema were included, which allowed the unaf-
fected leg to be used as an inpatient control.Wewitnessed an
overall mean reduction of 45.1% of excess body water in the
affected leg by LVA after a minimum 6-month follow-up. The
preoperative water volume difference between a patient’s
legs (excess LBW) proved to be the most powerful predictor
of decrease in water volume in the affected leg (ΔLBW) by
LVA, which could have implications on the decision for LVA.

The BIA is a noninvasive measurement method of body
water volume obtained using body impedance values that is
not subject to the influence of bone, muscle, or adipose
tissue.32 The technique is based on the principle that the
electrical impedance of human body changes according to
the amount of water in it.33 The accuracy of the multi-
frequency BIA used in this study has been validated as having
a high correlationwith deuterium oxide dilution, the current
gold standard method, for TBW (r ¼ 0.974 and adjusted
R2 ¼ 0.83–0.87).32,34,35 Another advantage of multifre-
quency BIA for assessing lymphedema is its ability to mea-
sure segmental water volume in the body. In the field of
lymphedema, the BIA method has already been reported as
having strong correlations with outer volume limb
measurement.36

One of the biggest obstacles in managing and monitoring
lymphedema is consistent volume measurement, with no
established standard for diagnosing andmonitoring lymphe-
dema progression.37 To quantify the severity of lymphedema
or effect of lymphedema treatment, some authors have
adopted outer volume measurements such as water displa-
cement14 or perometry with an infrared optoelectronic limb
volumeter,38,39while others have employed a modified cone

equation40 or LEL index calculated from segmental circum-
ferential measurements. However, those assessments are
considered indirect for measuring water reduction as they
are affected by the presence of bone, muscle, and adipose
tissue.

Few studies have described the effect of LVAon lower-limb
lymphedema by volume in an absolute value. Huang et al
reported a mean reduction of 703 mL (SD: 850) using the
water displacement method,7 while Maegawa et al observed
a mean improvement of 600 mL (SD: 969) for the patency-
confirmed cases using a modified cone equation.23 Although
both of their results were lower than ours of 860 mL (SD:
860) with BIA, we presumed this discrepancy to stem from
differences in measurement methods rather than surgical
technique. The earlier studies and ours indicate that the
water volume change assessed by BIA is larger than that of
outer volume change of the limb by water displacement or a
modified cone equation. As it is associated with the cytos-
keleton, the outer volume change of the limb is possibly
underestimated compared with water volume change; for
example, the limb’s outer volume will not drop to zero if the
water in the limb completely disappears. Indeed, the change
rate of LBW (14.6%) was larger than those of ΣCircumference
and LEL index (2.9 and 4.6%, respectively) in our cohort
(►Fig. 1A, B).

Ancukiewiczet alpointedout that thelackofa standardized
and reliablemethod of quantifying lymphedema has impeded
comparisons of different studies and contributed to the
ongoing uncertainty regarding treatment response.38 Garza
et al also insisted in their review that centers focusing on
lymphedema treatment should have standardizedmethods of

Table 2 Summary of simple linear regression analysis for predicting ΔLBW based on ΔΣCircumference

Coefficients

Unstandardized
coefficients

Standardized
coefficients

t-Value p-Value 95% CI for B

B SE β Lower Upper

Constant 0.544 0.149 0.544 3.641 0.001 0.238 0.849

ΔΣCircumference 0.0647 0.0160 0.607 4.046 0.000 0.0319 0.0974

ANOVA

SS df MS F-Value p-Value

Regression 7.904 1 7.904 16.372 0.000

Residual 13.517 28 0.482

Total 21.421 29

Regression statistics

R 0.607

R2 0.369

Adjusted R2 0.346

SE 0.695

N 30

Abbreviations: ANOVA, analysis of variance; CI, confidence interval; df, degrees of freedom; LBW, leg body water; MS, mean square; SE, standard
error; SS, sum of squares.
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evaluating and monitoring patients.37 To overcome this unfa-
vorable situation and establishmore objective LVA evaluation,
we consider the BIA method as appropriate to assess the
severity of lymphedema and water reductive effect of LVA
because it can noninvasively determine the water volume of
the affected limb and its difference from the unaffected side
without influences by bone, muscle, or adipose tissue.

Our results showed a positive correlation between ΔLBW
and excess LBW using multivariate analysis, which indicated
that the effects of LVA could be predicted bymeasurement of
the preoperative water volume difference between the
affected and unaffected legs. Accordingly, unilateral lower-
limb lymphedema patients without a remarkable water
volume difference between legs may not fully benefit from

Fig. 2 Correlations between ΔLBW and five preoperative variables: linear regression lines are drawn for significant correlations. (A) Age
correlated moderately with ΔLBW (r ¼ 0.37, p < 0.05). (B) There was no significant correlation between ISL stage and ΔLBW. (C) LBW before LVA
correlated strongly with ΔLBW (r ¼ 0.75, p < 0.01). (D) Excess LBW correlated very strongly with ΔLBW (r ¼ 0.83, p < 0.01). (E) %ECW
correlated very strongly with ΔLBW (r ¼ 0.81, p < 0.01). ECW, extracellular water; ISL, International Society of Lymphology; LBW, leg body
water; LVA, lymphaticovenular anastomosis; SD, standard deviation.

Fig. 3 Correlations between ΔLBW and three intraoperative variables: No significant correlations were seen for (A) number of operations
performed, (B) number of anastomoses created, or (C) diameter of the largest lymphatic vessel anastomosed. LBW, leg body water.

Journal of Reconstructive Microsurgery

Bioelectrical Impedance Analysis of LVA in Leg Lymphedema Yasunaga et al.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



LVA, regardless of apparent differences in limb circumference
caused by the accumulation of fat. Although this does not
marginalize the improvement of lymph flow by LVA in such
patients, in advanced cases where fat deposition and fibrosis
are progressed and excess water is relatively little, LVA
should be conducted while considering the possibility that

water volume and limb circumference may not decrease as
expected. Thus, preoperative prediction represents another
possible benefit of BIA adoption for preoperative water
volume measurement.

Our cohort exhibited no significant correlation between
ΔLBW and the number of anastomoses. Narushima et al
described in their retrospective study that the average
percentage reduction in cross-sectional area increased expo-
nentially with increasing number of LVA anastomoses per
limb using nonlinear regression analysis.14 Mihara et al
retrospectively showed that the amount of volume reduction
became more significant as the number of LVA sites was
increased, but a 1.9% mean increase in limb volume was
observed in the four limbs onwhich LVAwas performed over
a total of nine sites.41 Those reports indicated a positive
correlation between the effect of LVA and the number of
anastomoses as a result of univariate analysis that was
absent in our study. However, it is difficult to deny the
possibility that more anastomoses were created for severe
cases as a limitation of their retrospective design. Our results
from multivariate analysis indicated a positive correlation
between the severity of lymphedema (excess LBW) and the
volume reductive effect of LVA (ΔLBW). Thus, when surgeons
createmore anastomoses for severe cases, it follows logically
that a larger volume reduction will be observed as the
number of anastomoses increases. We consider the strength
of our study to be the use of multivariate analysis to
demonstrate the correlations between ΔLBW and variables
including the number of anastomoses. Based on our results,
we recommend emphasizing secure anastomoses over num-
ber of anastomoses. After obtaining the results of this study,

Table 3 Summary of stepwise multiple linear regression analysis for variables predicting ΔLBW

Coefficients

Unstandardized
coefficients

Standardized
coefficients

t-Value p-Value 95% CI for B Collinearity
statistics

B SE β Lower Upper Tolerance VIF

Constant �8.554 3.026 �2.826 0.009 �14.763 �2.344

Excess LBW 0.507 0.155 0.500 3.273 0.003 0.189 0.826 0.382 2.616

%ECW 21.109 7.653 0.421 2.758 0.010 5.406 36.812 0.382 2.616

ANOVA

SS df MS F-Value p-Value

Regression 16.259 2 8.129 42.519 0.000

Residual 5.162 27 0.191

Total 21.421 29

Regression statistics

R 0.871

R2 0.759

Adjusted R2 0.741

SE 0.437

N 30

Abbreviations: ANOVA, analysis of variance; CI, confidence interval; LBW, leg body water; df, degrees of freedom; MS, mean square; SE, standard
error; SS, sum of squares; VIF, variance inflationary factor.

Fig. 4 Correlation between predicted ΔLBW and measured ΔLBW:
Measured ΔLBW correlated very strongly with predicted ΔLBW
(R2 ¼ 0.759, p < 0.01). Predicted ΔLBW (L) ¼�8.554þ0.507 �
excess LBW (L) þ 21.109 � %ECW. ECW, extracellular water; LBW, leg
body water.
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we have opted for two secure anastomoses for each LVA
operation, not only one in consideration of early obstruction
as reported by Maegawa et al.23 Well-controlled prospective
studies are required to elucidate the precise correlation
between the volume reductive effect of LVA and number of
anastomoses.

There are several limitations to this study. To evaluate the
efficacy of LVA as a whole, we included two patient char-
acteristics: compression-refractory edema and the desire to
halt compression. The effect of LVA was evaluated only
quantitatively using BIA and limb circumference measure-
ments, and qualitative assessments, such as subjective symp-
toms and the frequency of cellulitis, were not considered. No
quality of life scores, such as the Lymphedema Quality of Life
Questionnaire,42were collected in this study. The postopera-
tive patency of LVAwas not confirmed by ICG lymphography.
Due to the small sample size of the primary and male
subgroups, respective LVA effect differences between etiol-
ogies and sexes were uncertain. Moreover, because ISL stage
III cases were not included in this study, the impact of LVA on
fibrotic, thick-skinned, and fat-deposited lymphedema was
not clarified. We consider BIA assessment of lymphedema to
be limited to ISL late stage II where excess water, and not fat
or fibrosis is the main component of lymphedema, as in the
indication for LVA. Although our results implied that LVA
became more effective as lymphedema progressed, they
could not specify the optimal timing for LVA as they only
addressed water volume changes. Finally, our investigation
was retrospective, but all data were collected according to a
standardized protocol and main parameters (limb circum-
ference, LBW, %ECW, excess LBW, and ΔLBW) were available
for each patient at predetermined times during follow-up.

Conclusion

LVA has a volume-reducing effect on accumulated body
water in unilateral lower-limb lymphedema. The amount
of water volume reduction by LVA appears to be predicted by
the preoperative excess body water in the affected leg. Body
water volume measurement using BIA could have implica-
tions on the decision for LVA andmay spare patients without
remarkable excess water in their legs from unnecessary
surgery, regardless of apparent differences in limb circum-
ference resulting from fat deposition and connective tissue
fibrosis.
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