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Background: Vascularized lymph node transfer (VLNT) is a surgical procedure with high interest to treat 
lymphedema. Body mass index (BMI) is a well-described factor that increases the risk of lymphedema, but 
little is known about its influence on the surgical outcomes of lymphedema patients who undergo VLNT. 
The aim of this study was to analyze the impact of preoperative BMI on the long-term surgical outcomes 
after VLNT in lymphedema patients.
Methods: We retrospectively compiled data of patients with International Society of Lymphology 
(ISL) stage II or III lymphedema who were treated with VLNT from July 2010 to July 2016 at China 
Medical University Hospital. Preoperative and postoperative demographic and clinical data, such as limb 
circumference and number of infection episodes were reviewed. Statistical analyses compared circumference 
reduction rates and infection episode reduction between preoperative BMI categories was done. In addition, 
prediction of outcomes based on quantitative preoperative BMI was analyzed.
Results: A total of 83 patients met the inclusion criteria. Nine patients (10.8%) were normal weight, 
43 (51.8%) were overweight, and 31 (37.3%) were obese. Compared with normal-weight patients, mean 
circumference reduction rates were significantly lower in overweight (P=0.005) and obese patients (P=0.02), 
but quantitative BMI was not correlated with circumference reduction rate (P=0.96). However, obese 
patients had a significantly greater reduction in infection episodes than normal-weight patients (P=0.03). In 
addition, greater BMI predicted greater reduction in infection episodes after VLNT (P=0.02).
Conclusions: VLNT is an effective surgical treatment, especially for lymphedema patients with higher 
preoperative BMIs. The results of our study suggest that this procedure considerably decreases the number 
of postoperative infection episodes per year in obese patients, even though preoperative BMI does not 
influence circumference reduction rate.
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Introduction

Lymphedema is a chronic condition and is characterized 
by the accumulation of extracellular fluid after damage or 
dysfunction of the lymphatic system (1,2). The first-line 
treatment for lymphedema patients is conservative therapy, 
but surgical therapies are considered if outcomes are not 
optimal. Our team have been studying the efficacy of 
multiple surgical procedures that may be used for treatment 
of lymphedema (2-16). Between them, vascularized lymph 
node transfer (VLNT) is a physiologic surgical therapy that 
consists of removing lymph node tissues from a donor site 
and transferring these free flaps to the lymphedematous 
limb (4,17). The purpose of VLNT is to achieve normal 
limb size, reduce the number of infection episodes, and 
subsequently improve quality of life of these patients (18).  
This physiologic microsurgical treatment has shown 
promising results for lymphedema of the upper and lower 
limbs (14,19,20).

Currently, studies have found a correlation between 
increased body mass index (BMI) and development of 
lymphedema (21-26). However, to date no studies have 
evaluated the impact of preoperative BMI on surgical 
outcomes, specifically those after VLNT in patients with 
lymphedema. In overweight or obese patients, excessive 
adipose tissue may predispose to greater lymphatic damage 
and consequently less lymphatic tissue that would make 
VLNT to be a promising option for patients with lymphatic 
ducts unsuitable for LVA. Hence, the aim of this study was 
to analyze the effect of preoperative BMI on circumference 
reduction rate and infection episode reduction and to 
determine whether BMI can predict surgical outcomes of 
lymphedema patients after VLNT.

Methods

We retrospectively searched for the records of all 
lymphedema patients treated with VLNT at China Medical 
University Hospital from July 2010 through July 2016. All 
patients had stage II or III lymphedema according to the 
2016 criteria of the executive committee of the International 
Society of Lymphology (ISL). Only patients with 2 years of 
continuous follow-up were included. Patients with previous 
lymphedema surgical treatment were excluded from the 
study. VLNT was performed with groin, supraclavicular, 

gastroepiploic (open and laparoscopic approach), 
appendicular, and ileocecal lymph node flaps. The surgical 
techniques for each type of flap were described previously 
by Ciudad et al. (9,13,15,27-29).

We retrieved data about demographic characteristics, 
such as sex and age, and results of preoperative assessments, 
such as preoperative BMI, cause of lymphedema, duration 
of symptoms, location of lymphedema, and lymphedema 
stage. BMI was documented as a continuous variable, and 
patients were categorized as underweight (<18.5 kg/m2), 
normal weight (18.5–25 kg/m2), overweight (25–30 kg/m2), 
and obese (≥30 kg/m2).

The preoperative and postoperative circumferences of 
edematous and unaffected upper and lower limbs were 
measured to calculate the reduction rate. The postoperative 
measurement was documented at the last follow-up, before 
any other additional surgical procedure for lymphedema 
was performed. Circumference was measured at the 
following anatomical levels: 10 cm above the wrist or 
ankle, 10 cm below the elbow or knee, and at midhand or 
midfoot. The circumference reduction rate was defined as 
the percentage difference between the affected limb (AL) 
and the nonaffected limb (NAL), as determined with the 
following equation: circumference reduction rate (%) = [1 – 
(postoperative AL – NAL)/(preoperative AL – NAL)] ×100. 
No additional measurements performed after the second 
procedure were included in the equation.

Infection episode reduction per year was calculated by 
subtracting the number of postoperative infection episodes 
per year from the number of preoperative episodes.

Statistical analyses were performed to determine 
differences in mean circumference reduction rates and 
infection episode reduction among BMI categories. One-
way analysis of variance (ANOVA) was used to determine 
differences in mean values among BMI categories. Multiple 
linear regression was also used to evaluate correlations 
between BMI (as a continuous variable) and circumference 
reduction rate and infection episode reduction. This 
analysis also considered cause, location of lymphedema, ILS 
stage, and duration of lymphedema as possible predictive 
variables. The χ2 test was used to test for statistical 
differences in categorical variables among BMI categories, 
and one-way ANOVA was used to test continuous variables. 
We used SPSS software version 25 (SPSS Inc., USA) 
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to perform the descriptive analysis. A P value <0.05 was 
considered significant.

Results

Demographic data

A total of 83 patients met the inclusion criteria and were 
included in the study (Table 1). The mean ± SD age of our 
study population was 54.1±9.8 years. Most patients were 
women (78.3%), and the female to male ratio was 3.6 to 1.

No patients were underweight, 9 (10.8%) were 
normal weight, 43 (51.8%) were overweight, and 31 
(37.3%) were obese (Table 1). BMI ranged from 22.8 to  
36.2 kg/m2 for all patients. The mean BMI ± SD per 
category was 23.85±0.62 kg/m2 for normal-weight 
patients, 27.31±1.20 kg/m2 for overweight patients, and  
31.50±1.82 kg/m2 for obese patients. Mean follow-up ± 
SD for all patients was 33.91±6.11 months, without any 
statistical difference between BMI groups (P=0.9) (Table 1).

Clinical information
Regarding etiology of lymphedema, most patients [72 
(86.8%)] had secondary lymphedema, and only 11 patients 
(13.3%) had primary lymphedema. A similar distribution 
was determined when patients were classified according to 
BMI category (P=0.84) (Figure 1). The causes of secondary 
lymphedema included breast cancer (36.1%), gynecologic 
cancer (37.4%), urologic cancer (3.6%), melanoma (3.6%), 
and trauma (6.0%).

All patients had unilateral lymphedema. Lymphedema 
was located in the upper limb in 30 patients (36.1%) 
and in the lower limb in 53 (63.9%). The proportions of 
patients with lymphedema in each location were statistically 
different among BMI groups. Most overweight (62.8%) 
and obese patients (77.4%) had lower-limb lymphedema, 
whereas most normal-weight patients had upper-limb 
lymphedema (77.8%, P=0.01) (Figure 1).

A total of 47 patients (56.6%) had stage II lymphedema, 
and 36 (43.4%) had stage III. When classified according to 
BMI category, similar proportions of overweight and obese 
patients had ISL stage II (48.8% of overweight patients and 
58.1% of obese patients) and stage III lymphedema (51.2% 
of overweight patients and 41.9% of obese patients), but 
a higher proportion of normal-weight patients had stage 
II (88.9%). However, these proportions were statistically 

similar among BMI groups (P=0.09) (Figure 1).
The mean preoperative duration of lymphedema 

symptoms was 47.81 [12–89] months. The mean length of 
hospital stay ranged from 6 to 15 days. BMI groups had 
statistically similar durations of symptoms (P=0.09) and 
lengths of hospital stay (P>0.99) (Table 1).

Clinical outcomes

Circumference reduction rate
Mean circumference reduction rates were statistically 
different among BMI groups (F[2, 80]=5.68, P=0.005)  
(Table 2). The mean circumference reduction rate of 
normal-weight patients was significantly higher than those 
of overweight (P=0.005) and obese patients (P=0.02) (Figure 
2A). Overweight and obese patients had similar rates 
(P=0.66) (Figure 2).

Multiple linear regression was calculated to predict 
circumference reduction rate on the basis of BMI, 
lymphedema etiology, location, stage, and duration of 
symptoms (Table 3). Location of lymphedema and ISL stage 
were significant predictors of circumference reduction 
rate (F[5, 77]=9.30; P<0.001; R2=0.38). The circumference 
reduction rate decreased by 5.48% among patients with 
lower-limb lymphedema (P=0.01) and decreased by 
10.98% among patients with ISL stage III lymphedema 
(P<0.001). However, BMI was not a significant predictor of 
circumference reduction rate (P=0.96) (Figure 3A).

Infection episode reduction
We also determined that mean reduction in number of 
infection episodes was significantly different among BMI 
groups (F[2, 80]=6.46, P=0.003) (Table 2). The mean 
reduction in infection episodes was significantly greater 
for obese patients than normal-weight patients (P=0.03)  
(Figure 2B). Normal-weight and overweight patients had 
similar reductions in infection episodes (P=0.20), as did 
overweight and obese patients (P=0.11) (Figure 2B).

Multiple linear regression was also calculated to predict 
infection episode reduction per year on the basis of BMI, 
etiology, location, and stage of lymphedema and duration 
of symptoms (Table 3). Only BMI was a significant predictor 
of infection episode reduction (F[5, 77]=2.74; P=0.02; 
R2=0.15). The infection episode reduction was increased 
by 0.10 per year for each increased BMI unit (P=0.03)  
(Table 3). No other variable was a significant predictor of 
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Table 1 Demographics and clinical data of patients who underwent VLNT according to preoperative BMI categories

Clinical characteristics Normal, N=9 (10.8%) Overweight, N=43 (51.8%) Obese, N=31 (37.3%) P value* Total, N=83 (100%)

Age 0.41

Mean ± SD 54±8.57 52.77±9.18 55.87±10.92 54.06±9.80

Sex, N (%) 0.24

Male 0 10 (23.26) 8 (25.81) 18 (21.69)

Female 9 (100.00) 33 (76.74) 23 (74.19) 65 (78.31)

BMI, N (%) <0.001

Mean ± SD 23.85±0.62 27.31±1.20 31.50±1.82 28.5±2.92

Range 22.8-24.6 25-29 30-36.2 22.8-36.2

Etiology, N (%) 0.84

Primary 1 (11.11) 5 (11.63) 5 (16.13) 11 (13.25)

Secondary 8 (88.89) 38 (88.37) 26 (83.87) 72 (86.75)

Breast cancer 7 (77.78) 16 (37.21) 7 (22.58) 30 (36.14)

Gynecological cancer 1 (11.11) 15 (34.88) 15 (48.38) 31 (37.35)

Urological cancer 0 1 (2.33) 2 (6.45) 3 (3.62)

Melanoma 0 2 (4.65) 1 (3.23) 3 (3.62)

Traumatic 0 4 (9.30) 1 (3.23) 5 (6.02)

Location, N (%) 0.01

Upper limb 7 (77.78) 16 (37.21) 7 (22.58) 30 (36.14)

Lower limb 2 (22.22) 27 (62.79) 24 (77.42) 53 (63.86)

Stage, N (%) 0.09

Stage II 8 (88.89) 21 (48.84) 18 (58.06) 47 (56.63)

Stage III 1 (11.11) 22 (51.16) 13 (41.94) 36 (43.37)

Duration of symptoms (months) 0.09

Mean ± SD 41.22±6.74 46.60±13.76 51.39±13.02 47.81±13.18

Hospital stay (days) 1

Mean ± SD 10.55±4.22 10.51±4.67 10.52±4.19 10.52±4.40

Follow-up (months) 0.9

Mean ± SD 34.77±4.44 33.74±5.68 33.90±7.18 33.91±6.11

*, Chi-square was performed to find significant differences between sex, etiology (primary and secondary), location, stage and BMI 
categories. One-way ANOVA evaluated significant differences between age, BMI, duration of symptoms, hospital stay, and follow-up 
means and BMI categories. SD, standard deviation; BMI, body mass index; VLNT, vascularized lymph node transfer; ANOVA, analysis of 
variance.
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infection episode reduction (all P>0.05) (Figure 3B).

Discussion

Lymphedema is a long-term, incurable condition that affects 
quality of life (18). Symptoms and limb function may improve 
with different treatments, and of these, nonsurgical measures 
such as complete decongestive therapy are considered first-
line interventions (30). However, when optimal results are 
not achieved or the patient’s condition remains unchanged, 
surgical procedures are recommended (31).

LVA and VLNT use physiologic microsurgical methods 
to improve the lymphatic drainage (32). LVA has the 
potential to bypass areas with injured lymphatic vessels by 
redirecting lymph into the venous system, whereas VLNT 
improve the lymph drainage by transferring healthy lymph 
nodes (33-36). LVA is the preferred treatment of early-
stage lymphedema before fibrosis develops, but it is a less 
effective treatment of more-advanced stages (35). VLNT 
has shown better results than LVA or conservative treatment 
of patients without available lymphatic vessels (19,20). As a 
result, VLNT is being studied as a promising treatment for 
these cases.

Weight gain reportedly occurs in women after breast 
cancer treatment (37). A study showed that more than 60% 
of women treated for breast cancer had weight gain and 
more than 47% had weight gain of at least 5% (38). The 
pathophysiologic origin of weight gain after breast cancer 
may be associated with chemotherapy, but this association 
remains unclear (39).

Obesity is a major public health problem and has severe 
consequences for the arterial and venous microvasculature 
that may predispose patients to the development of 

lymphedema (40). High BMI is a well-described factor 
associated with the development of lymphedema (21-26). A 
prospective study evaluated 137 patients with breast cancer 
and reported that patients with a BMI greater than 30 kg/m2  
had 3 times the risk of having upper-limb lymphedema 
than patients with BMI less than 25 kg/m2 (24). Another 
prospective clinical trial of 936 patients showed that patients 
with lymphedema had a higher baseline and current BMI 
than those without lymphedema (41). A long-term study 
that described the 5-year incidence of lymphedema also 
reported this association (42). A 5-year incidence of 36% 
was described for breast cancer patients with BMI greater 
than 29 kg/m2, compared with 12% for patients with lower 
BMI (42). A meta-analysis also showed that obese patients 
were more likely to have lymphedema than overweight 
patients (43).

Most studies that have evaluated the relationship between 
higher BMI and lymphedema included patients with upper-
limb lymphedema, but these findings can be extrapolated 
to patients with lower-limb lymphedema (44,45). Greene 
et al. (46) reported significantly higher mean BMI in obese 
patients with lower-limb lymphedema than obese patients 
without lymphedema. The increased risk of lymphedema 
in obese patients has been ascribed to poor vascularity and 
extensive mastectomy operations with a high likelihood 
of lymphatic function disruption (42). In addition, in a 
heavier limb with more subcutaneous tissue, lymphatic 
fluid may accumulate in the adipose tissue and skin as a 
consequence of external compression of lymphatic vessels 
or direct inflammatory injury of the lymphatic endothelium 
(24,44). Moreover, the lymphatic system may not have 
enough capacity to transport and drain fluid appropriately 
as the size of the obese limb and lymph production  

Figure 1 Comparison of etiology, location and stage rates between preoperative BMI categories. BMI, body mass index.
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increase (47). Weitman et al. (48), in their experimental 
study, found that obese mice had smaller lymph node size, 
loss of follicular pattering of B cells and changes in lymph 
node inflammatory cell populations that may decrease the 
lymphatic transport capacity. However, little is known about 
how obesity affects the outcomes of surgical procedures for 
lymphedema. Shaw et al. (49) described improved outcomes 
in lymphedema patients who lost weight and were treated 
with compressive therapy. The volume of the affected 
arm was significantly reduced compared with that of the 
unaffected arm after 12 weeks of evaluation (49).

To our knowledge, this is the first single-center 
retrospective series to evaluate the impact of BMI on 
surgical outcomes after VLNT. We identified a greater 
circumference reduction rate in normal-weight patients 
than overweight and obese patients. This could be 
attributed to overweight patients having a lower likelihood 
of successful edema control than patients with a normal 
BMI (45). However, in our study, most overweight and 

obese patients had lower-extremity lymphedema, whereas 
most normal-weight patients had upper-extremity 
lymphedema. This might have influenced the circumference 
reduction rates. In our previous study, patients with upper-
limb lymphedema had better outcomes than patients with 
lower-limb lymphedema, independent of BMI (8). This 
difference between patients with upper- versus lower-
limb lymphedema can be explained by increased adipose 
tissue deposition in the legs, closer proximity of lymphatic 
drainage from the upper limbs to the central venous 
circulation, and the smaller effect of gravity on lymph 
transport in the arms (47).

ISL stage was another predictor of circumference 
reduction rate. Patients with stage III lymphedema had 
lower circumference reduction rates than patients with 
stage II lymphedema (P<0.001). Late-stage lymphedema 
causes chronic interstitial fluid accumulation that leads 
to fibrosis, persistent inflammation, and adipose tissue 
deposition (44). The mechanism of how VLNT improves 

Table 2 Circumference reduction rate and infection episode reduction according to preoperative BMI categories

Clinical outcomes Normal (N=9) Overweight (N=43) Obese (N=31) P value* Total

Circumference reduction rate, mean ± SD 33.97±8.16 21.83±10.44 24.21±9.35 0.005 24.04±10.38

Preoperative episodes of infection, mean ± SD 1.67±1.41 3.35±1.02 3.32±1.08 <0.001 3.16±1.19

Postoperative episodes of infection, mean ± SD 0.44±0.72 1.21±1.08 0.68±0.75 0.02 0.93±0.97

Infection episode reduction, mean ± SD 1.22±1.30 2.14±1.08 2.64±0.98 0.003 2.23±1.14

*, one-way ANOVA evaluated significant differences for circumference reduction rate, pre and postoperative episodes of infection and 
infection episode reduction means between BMI categories. SD, standard deviation; BMI, body mass index; ANOVA, analysis of variance.

Figure 2 Comparison of circumference reduction rate and episode infection reduction means between preoperative BMI categories. (A) 
Circumference reduction rate (mean ± SD) by BMI category; (B) episode infection reduction (mean ± SD) by BMI category. SD, standard 
deviation; BMI, body mass index.
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lymphedema is still not well understood (20). A possible 
explanation is spontaneous neoformation of afferent and 
efferent lymphatic connections between the transferred 
lymph node and the recipient site; alternatively, the lymph 
node flap may act like a “vacuum” or “pump” to absorb and 
reroute lymphatic fluid into the venous system (20,50). As 
a consequence, late-stage disease that presents with fibrosis 
prevents the actions of VLNT.

Interestingly, our study also showed that quantitative 
BMI could not be used to predict  c ircumference 
reduction rate, even after we determined that the mean 
circumference reduction rates varied among patients in 
different BMI categories. Circumference measurement, 
as a volumetric measurement, is an inexpensive, safe, and 
painless method to assess lymphedema (51). However, it 

does not provide information about tissue composition of 
the limbs. Overweight and obese patients may have lower 
circumference reduction rates because of excessive adipose 
tissue in combination with fibrosis due to lymphedema 
rather than decreased postoperative volume. Noteworthily, 
patients with lymphedema have also observed to have an 
impairment of the clearance of lipids phagocytized by 
macrophages as a result of the physiological imbalance of blood 
flow and lymphatic drainage causing lipids deposition (52) that 
may have influenced in the circumference measurement 
rates.

On the other hand, differentiation of lymphedema of 
the lower extremities in overweight and obese patients 
from lipedema is important to acknowledge. Lipedema 
is a condition characterized by an atypical deposition 

Figure 3 Correlation between preoperative BMI and circumference reduction rate or episode infection reduction. (A) Circumference 
reduction rate vs. quantitative preoperative BMI; (B) episode infection reduction vs. quantitative preoperative BMI. BMI, body mass index.
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Table 3 Correlation between preoperative BMI and Circumference reduction rate and infection episode reduction

Clinical characteristics

Circumference reduction rate Infection episode reduction

Coefficient (95% CI) P value* R2 Coefficient (95% CI) P value* R2

BMI 0.02 (–0.71 to 0.75) 0.96 0.38 0.10 (0.01 to 0.20) 0.03 0.15

Etiology 3.30 (–2.73 to 8.78) 0.30 0.52 (–0.21 to 1.26) 0.16

Location –5.48 (–9.71 to –1.26) 0.01 0.48 (0.06 to 1.02) 0.08

Stage –10.98 (–14.88 to –7.08) <0.001 0.26 (–0.24 to 0.76) 0.31

Duration of symptoms (months) 0.08 (–0.08 to 0.25) 0.30 –0.01 (–0.03 to 0.02) 0.58

*, Multiple logistic regression evaluated significant correlation between numeric BMI and Circumference reduction rate and infection 
episode reduction adjusted by etiology, location, stage, and duration of symptoms. CI, confidence interval; R2, R square; BMI, body mass 
index.
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of adipose tissue in the lower extremities that leads to 
increased circumferential of the extremity affected that ends 
at the ankles sparing the feet (53). In order to differentiate 
these two conditions, although the clinical characteristics 
of lymphedema to present involvement of feet and 
positive Stemmer’s sign, evaluation of the lymphatic 
function with lymphoscintigraphy should be performed to 
confirmed diagnosis, as lipedema have a normal lymphatic 
function. In our study, all patients were clinically and 
lymphoscintigraphically confirmed to have lymphedema.

We also considered infection episode reduction per year 
as metric for evaluation of VLNT outcomes. Previous 
clinical studies have reported a decreased number of skin 
infections, such as erysipelas, lymphangitis, and cellulitis, 
in patients who underwent VLNT procedures for primary 
and secondary lymphedema (10,33,34,54,55). Our current 
study shows that, compared with normal-weight patients, 
overweight and obese patients had significantly greater 
mean numbers of preoperative and postoperative infection 
episodes. Overweight and obese patients are more 
predisposed to skin infections and poor wound healing 
than normal-weight patients (56). In obese patients, the 
deep skin folds created by excessive skin serve as sites for 
bacterial colonization and stretch the skin, which result in 
microfissures that compromise the skin barrier and increase 
the risk of breakdown (57-59). Moreover, obese patients 
had a statistically greater mean reduction in the number 
of infection episodes than normal-weight patients. As a 
result, VLNT may be more suitable for obese patients 
because it may decrease the incidence of infections per 
year. Only BMI was a significant predictor of infection 
episode reduction. The reason for this finding still needs to 
be elucidated, but it may be attributable to the transfer of 
immune cells from lymph nodes during VLNT; this might 
decrease inflammation of obese skin at the recipient site in 
these patients.

Mehrara et al. (44)’s preliminary studies have shown 
that some of the changes caused by obesity on lymphatic 
function may be reversible due to calorie restriction in 
obese mice resulting in normalization of lymph node size 
and function. Therefore, the establishment of weight 
management programs including nutritional counseling 
and surgical weight loss options could produce a potential 
decrease in rates or severity of lymphedema (44). Assuring 
that patients comply with a weight-loss regimen would 
improve treatment outcomes, as previously suggested for 
programs that included this regimen (45). In addition, we 
believe that surgeons should consider BMI status when 

deciding the treatment approach for lymphedema patients, 
and this may help predict outcomes. That being said, we 
recommend that patients, specifically obese patients, control 
BMI preoperatively to decrease the incidence of infection 
after VLNT.

We acknowledge that this study has limitations. The 
retrospective design of this study has inherent biases related 
to data collection. Moreover, the sample population of 
this study may not be representative because we included 
patients from only one health care institution. However, we 
believe that this study is valuable because it is the first to 
report the impact of BMI on surgical outcomes after VLNT.

Conclusions

VLNT is a surgical technique that effectively benefit 
patients with lymphedema who present higher preoperative 
BMIs. We showed that obese patients with lymphedema 
had a significantly greater reduction in infection episodes 
per year than normal-weight patients. We also determined 
that preoperative BMI may be used to predict infection 
reduction rate after VLNT. However, preoperative 
BMI did not predict circumference reduction rate in 
lymphedema patients treated with VLNT, even after we 
showed that overweight and obese patients had lower 
mean circumference reduction rates than normal-weight 
patients. The results of this initial effort may be used in 
future multicenter studies with larger numbers of patients 
to better assess the impact of BMI on the surgical outcomes 
of VLNT for lymphedema.
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