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Abstract Background:
Microsurgical techniques for the treatment of lymphedema rapidly increased in popularity. Although
surgical success with vascularized lymph node (VLN) transfer has been demonstrated, limited studies have



investigated the influence of microsurgical treatments on health-related quality-of-life (HRQoL)
parameters. The aim of this study was to prospectively evaluate changes in HRQoL following VLN
transfer for upper- and lower-extremity lymphedema using a validated instrument.
Methods:
An Institutional Review Board-approved prospective study was performed of patients who underwent
VLN transfer for symptomatic upper- or lower-limb lymphedema. A validated lymphedema-specific
questionnaire—lymphoedema quality-of-life study—was utilized to assess specific quality-of-life
parameters at multiple time points during the 12-month perioperative period. For a comparison with
HRQoL metrics, limb circumference measurements were obtained to assess circumference differentiation.
Results:
Twenty-five patients met the study criteria. Limb circumference analysis revealed significant early
improvements following VLN transfer, with continued improvement during the study period (upper-limb
lymphedema: 24.4 %; lower-limb lymphedema: 35.2 %). These improvements were mirrored by
improvements in all HRQoL domains and overall quality of life (p < 0.01). The function, body appearance,
symptom, and mood domains were all found to be significantly improved during the postoperative
evaluation, with continued improvement being reported throughout the study period (p < 0.01 within each
domain).
Conclusions:
Microsurgical treatment of lymphedema with VLN transfer procedures effectively decrease limb
circumference. This improvement is mirrored by improvements in patient-reported outcomes and quality of
life. These changes can be observed as soon as 1 month postoperatively, and continued steady
improvement can be expected.

Footnote Information Presented at the Annual Meeting of the American Association of Plastic Surgeons, Miami, FL, USA, on 8
April 2014.
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6 Division of Reconstructive Microsurgery, Department of Plastic and Reconstructive Surgery, Chang Gung Memorial

7 Hospital, College of Medicine, Chang Gung University, Taoyuan, Taiwan
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9 ABSTRACT

10 Background. Microsurgical techniques for the treatment

11 of lymphedema rapidly increased in popularity. Although

12 surgical success with vascularized lymph node (VLN)

13 transfer has been demonstrated, limited studies have

14 investigated the influence of microsurgical treatments on

15 health-related quality-of-life (HRQoL) parameters. The

16 aim of this study was to prospectively evaluate changes in

17 HRQoL following VLN transfer for upper- and lower-

18 extremity lymphedema using a validated instrument.

19 Methods. An Institutional Review Board-approved pro-

20 spective study was performed of patients who underwent

21 VLN transfer for symptomatic upper- or lower-limb

22 lymphedema. A validated lymphedema-specific question-

23 naire—lymphoedema quality-of-life study—was utilized to

24 assess specific quality-of-life parameters at multiple time

25 points during the 12-month perioperative period. For a

26 comparison with HRQoL metrics, limb circumference

27 measurements were obtained to assess circumference

28 differentiation.

29 Results. Twenty-five patients met the study criteria. Limb

30 circumference analysis revealed significant early improve-

31 ments following VLN transfer, with continued improvement

32 during the study period (upper-limb lymphedema: 24.4 %;

33 lower-limb lymphedema: 35.2 %). These improvements

34 were mirrored by improvements in all HRQoL domains and

35 overall quality of life (p\ 0.01). The function, body

36appearance, symptom, and mood domains were all found to

37be significantly improved during the postoperative evalua-

38tion, with continued improvement being reported throughout

39the study period (p\ 0.01 within each domain).

40Conclusions. Microsurgical treatment of lymphedema

41with VLN transfer procedures effectively decrease limb

42circumference. This improvement is mirrored by

43improvements in patient-reported outcomes and quality of

44life. These changes can be observed as soon as 1 month

45postoperatively, and continued steady improvement can be

46expected.

47

48

49Lymphatic microsurgical procedures are becoming

50increasingly popular for the treatment of chronic and

51debilitating symptoms related to lymphedema. Vascular-

52ized lymph node (VLN) transfer and lymphovenous

53anastomosis (LVA) continue to be the most common

54microsurgical techniques related to the surgical treatment

55of this condition.1,2

56Health-related quality-of-life (HRQoL) metrics have

57changed patient expectations and treatment protocols in the

58setting of breast,3,4 head and neck,5 and lower-extremity

59reconstruction.6 Outcomes following conservative and non-

60surgical lymphedema treatments have focused on objective

61measurements, with limb circumference being the pre-

62dominant benchmark used for comparative evaluations. In

63addition, various studies have evaluated aspects of micro-

64surgical procedures for lymphedema. In reference to VLN

65transfer, preoperative surgical planning,7 technical refine-

66ments to flap dissection,8 recipient site preference,9 and

67optimization of surgical results with the reduction of limb

68circumference10 have been the focus of many studies.

69HRQoL measurements have been evaluated in many

70aspects of lymphedema treatment,11–14 but there is little

71understanding of these patient-centered metrics in relation

72to lymphatic microsurgery, particularly VLN transfer
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73 procedures. The purpose of this study was to prospectively

74 evaluate these patient-centered metrics over time in

75 patients undergoing VLN transfer for upper- and lower-

76 limb lymphedema.

77 PATIENTS AND METHODS

78 Study Population and Design

79 A prospective Institutional Review Board-approved,

80 single-institution study was performed with approval from

81 the Chang Gung Hospital Research Ethics Board. The

82 enrollment eligibility period was from January 2005 to July

83 2013. A single research coordinator (C-YL) was respon-

84 sible for patient enrollment, administration of

85 questionnaires, and collection of data.

86 Patients were eligible for enrollment if they had symp-

87 tomatic lymphedema of the upper or lower limb. The

88 majority of patients possessed late-grade disease, and only

89 those who were determined to be eligible for VLN transfer

90 were included. Surgical procedures included both vascu-

91 larized groin and submental lymph node flap transfers to

92 distal recipient sites (lower limb, ankle/knee; and upper

93 limb, wrist/elbow). Patients were excluded if they under-

94 went combined procedures involving debulking,

95 liposuction and/or lymphovenous bypass during the study

96 period.

97 Surgical Technique

98 Prior to surgery, all patients underwent Tc99 lympho-

99 scintigraphy to confirm the presence of lymphatic drainage

100 obstruction. In addition, lymphodynamic evaluation with

101 indocyanine green (ICG) injection was performed to assess

102 the severity of dermal backflow and the presence of open,

103 functional lymphatic vessels in order to determine if lym-

104 phovenous shunting procedures could be performed prior

105 to VLN transfer.

106 The VLN donor site was chosen based on surgeon

107 preference and a preoperative Doppler ultrasound study

108 evaluating the quantity of sizable lymph nodes.15 Early

109 procedures were performed with the groin VLN flap, but

110 later procedures involved the use of the submental VLN

111 flap. An increased lymph node number and a thin, soft

112 tissue area are characteristics of the preferred donor site.15

113 Free tissue harvest was performed, with careful attention

114 to maintaining soft tissue and vascular connections

115 between the flap and lymph nodes, and all flaps included a

116 skin paddle for monitoring. Distal extremity recipient sites

117 were used for all flaps. Proximal, anatomic sites were not

118 used in any patient as they were not the preferred site of

119 the senior author based on the catchment-effect principle

120and the effects of gravity. Microsurgical anastomosis was

121typically performed in an end-to-end fashion to the arte-

122rial and superficial and/or deep venous systems.

123Intraoperative ICG fluorescence was used to confirm the

124presence of intrinsic lymphovenous connections within the

125flap and donor venous drainage to ensure optimal post-

126operative lymphatic fluid drainage. Standard postoperative

127flap monitoring was performed to guarantee flap viability,

128and the routine hospital stay was approximately 2 weeks.

129Following hospital discharge, patients were encouraged to

130ambulate, slowly increase daily activity, and eliminate any

131previous compression therapy. Prior to a patient’s surgical

132referral, protocols for complex decongestive therapy

133(CDT) were not consistent as the majority of patients

134were referred from outside of the hospital system. Fol-

135lowing surgery though, a strict protocol was strongly

136recommended to all patients. All protocols involved the

137complete elimination of wrapping, compression, and/or

138other physiotherapy. Clinic visits were routinely per-

139formed on a monthly basis during the first year. During

140each visit, the research coordinator performed limb cir-

141cumference measurements. In addition, HRQoL

142assessments were conducted during predetermined inter-

143vals, as discussed below.

144Data Collection and Demographics

145Perioperative details and demographics were collected

146for all included patients. The outcomes of interest included

147limb circumference, excess circumference reduction rates,

148and HRQoL metrics comprehensively assessed with a

149lymphedema-specific questionnaire. Preoperative charac-

150teristics evaluated included patient age, BMI, lymphedema

151stage, etiology, length of symptoms prior to surgical

152treatment, and the occurrence of cellulitis. Limb circum-

153ference measurements were obtained at two and three

154different locations along the length of an upper and lower

155extremity, respectively. On the upper limb, circumferential

156tape measurements were performed at 10 cm above and

157below the elbow joint. On the lower limb, measurements

158were made on the thigh and proximal leg at 15 cm proxi-

159mal and distal to the lower border of the patella, and at

16010 cm proximal to the lateral malleolus. Limb circumfer-

161ence measurements were obtained at each follow-up visit.

162The circumferential differentiation was defined as the cir-

163cumference of the diseased limb subtracted from that of the

164healthy limb, and divided by that of the healthy limb.10 A

165modified lymphedema grading system was introduced

166based on symptom severity, circumferential differentiation,

167patency of lymphoscintigraphy, and related available

168reconstructive options (Table 1). Briefly, VLN transfer is

169indicated for grade 2–4 lymphedema patients. AQ3
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170 Lymphedema-Specific Questionnaire

171 Only patients with a minimum of 12 months of follow-

172 up following surgery were evaluated, and only question-

173 naires administered at the specified time points and

174 associated evaluations were used for this study to nor-

175 malize comparison between patients. The lymphoedema

176 quality-of-life study (LYMQOL) is a condition-specific,

177 validated questionnaire used to assess the effectiveness of

178 lymphedema-related treatment plans.16 Two specific mod-

179 ules exist within the questionnaire, each of which are

180 designed to address the upper or lower limb. The upper-

181 limb module is comprised of 27 questions, while the lower-

182limb module consists of 26 questions. Each module is

183designed to assess four specific quality-of-life domains as

184well as an overall quality-of-life score. The four domains

185include function, appearance, symptoms, and mood. Each

186domain is scored from 1 to 4, with 1 representing a

187response of ‘not at all’, and 4 representing a response of ‘a

188lot’. Overall quality-of-life scores were assessed on a scale

189of 1–10, with higher scores indicating a higher-rated

190overall quality of life.

191Each questionnaire was administered at six time points

192during the perioperative period. Following preoperative

193assessment and consent for VLN transfer, the LYMQOL

194questionnaire was administered in person by a single

195research coordinator (C-YL). During the postoperative

196period, questionnaires were administered at 1, 3, 6, 9, and

19712 months. Patients were evaluated in an office setting and

198the questionnaires were administered at that time.

199Statistical Analysis

200Statistical analysis was performed using SPSS version

20118.0 statistical software (SPSS, Inc., Chicago, IL, USA.).

202The Mann–Whitney U test was used for comparisons of

203non-parametric data. A p value B0.05 was considered

204statistically significant.

205RESULTS

206Patient Characteristics

207During the 8.5-year study period, 58 patients were

208identified as undergoing lymphatic microsurgical proce-

209dures; 25 met the study inclusion criteria and completed

210150 questionnaires. Patient demographics are shown in

211Table 2. Fifteen patients were included in the upper-limb

212cohort, and 10 were included in the lower-limb cohort. The

213majority of cases of upper- and lower-limb lymphedema

214were secondary to postoncologic surgery (93.1 %), while a

215few were either congenital or idiopathic in nature (6.9 %).

TABLE 1 .

Grade Symptoms Circumference differentiation (%) Lymphoscintigraphy Management

0 Reversible \9 Partial occlusion CDP

I Mild 10–19 Partial occlusion LVA, liposuction, CDP

II Moderate 20–29 Total occlusion VLN transfer, LVA

III Severe 30–39 Total occlusion VLN transfer ? additional procedures

IV Very severe [40 Total occlusion Charles procedure ? VLN transfer

Circumference differentiation: circumference of the lesioned limb subtracted from the circumference of the healthy limb and divided by the

circumference of the healthy limb, which is measured at 10 cm above and below the elbow, 15 cm above and below the knee, and 10 cm above

the ankle

CDP complex decongestive physiotherapy, LVA lymphaticovenous anastomosis, VLN vascularized lymph node

TABLE 2 .

Edema part Upper-limb

lymphedema

Lower-limb

lymphedemaVariables

No. of patients 15 10

Age 53.1 ± 9.7 55.9 ± 8.9

Lymphedema grading (%)

I 0 10

II 26.7 20

III 60 40

IV 13.3 30

BMI 25.5 ± 3.8 27.9 ± 3.9

Symptom duration 37.1 ± 30.5 95.7 ± 135.5

Cellulitis occurrence (times/year)

Preoperative 3.5 ± 3.3 6.4 ± 5.8

Postoperative 0.7 ± 0.9 0.5 ± 0.7

Conservative therapy duration 18.2 ± 21.9 30.1 ± 20.7

Type of surgery [n (%)]

VGLN 13 (86.7) 0

VSLN 2 (13) 10 (100)

Follow-up (range) 25.4 ± 8.4 16.1 ± 4

BMI body mass index, VGLN vascularized groin lymph node, VSLN

vascularized submental lymph node

AQ4
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216 In the upper-limb cohort, late-grade disease (grade 3 or 4)

217 was present in the majority of enrolled patients (73.3 %). In

218 addition, the average duration of symptoms was

219 37.1 months, with patients having undergone conservative

220 therapy for an average of 18.2 months prior to surgical

221 intervention (Table 3). In the lower-limb cohort, late-stage

222 disease was present in the majority of enrolled patients

223 (70 %). The average symptom duration was 95.7 months,

224 and conservative therapy was attempted for the treatment of

225 lymphedema for an average of 30.1 months.

226 Clinical and Objective Outcomes Following

227 Vascularized Lymph Node Transfer

228 Overall, there were no partial or complete flap losses,

229 amounting to a 100 % flap success rate. In the upper-limb

230 cohort, circumference differentiation was found to improve

231 as early as 1 month following surgery (17.2 % reduction;

232 p = 0.05). These results were sustained and continued to

233 improve throughout the 12-month evaluation period, with

234 an overall reduction rate of 24.4 % (Table 3). This finding

235 was mirrored by a significant improvement in the overall

236 quality-of-life score (2.1–5.8; p\ 0.01). Similarly, in the

237 lower-limb cohort, sustained and continued improvement

238 in the circumference differential was found as early as

239 3 months, with an overall reduction rate over the 12-month

240 evaluation period of 35.2 % (Table 3). In addition, the

241 occurrence of cellulitis was significantly decreased in both

242 cohorts (upper limb: p = 0.05; lower limb: p\ 0.01).

243 These findings correlated well with the improvements in

244 the overall quality-of-life scores (3.0–7.1; p\ 0.01).

245 Upper Limb Health-Related Quality-of-Life (HRQoL)

246 Assessment

247 During preoperative evaluation, domain-specific scores

248 indicated significant morbidity associated with lymphe-

249 dema. In all four domains analyzed (Table 2), average

250 patient-reported scores nearly reached the maximum value

251for each domain (function: 37.9/40; appearance: 19.9/20;

252symptoms: 23.9/24; and mood: 23.9/24), indicating near-

253maximal patient-reported scores for each question. Con-

254sidering the findings with regard to the function domain

255obtained during the study period (Fig. 1a), an improvement

256in reported functionality can be observed as soon as

2571 month following surgery (p\ 0.01), with continued and

258sustained improvements occurring throughout the 1-year

259follow-up period (p\ 0.01). Similarly, significant and

260sustained improvements were observed in all other HRQoL

261domains (Figs. 1b, c, d), with some occurring as early as

2623–6 months following surgical intervention. For the

26312-month evaluation period, significant improvements in

264all HRQoL domains were observed in addition to the

265global reported overall QoL (p\ 0.01 for all domains).

266Lower Limb HRQoL Assessment

267Evaluation of the lower-limb cohort revealed similar

268trends as those observed in the upper limb patient popu-

269lation. The preoperative HRQoL scores indicated high

270levels of morbidity and functional impairment, with high

271scores reported for each domain (function: 30/32; appear-

272ance: 27.6/28; symptoms: 19.6/20; and mood: 23.6/24)

273(Table 3). Evaluation of domain-specific changes over time

274(Figs. 2a–d) revealed significant changes that occurred as

275early as 3 months following surgery (mood), while most

276domain-specific changes were observed at 6–9 months

277following VLN transfer (symptoms, appearance, and

278function). A specific comparison of the preoperative

279assessment and 12-month assessment revealed significant

280improvements in the scores for all domains (p\ 0.01)

281(Fig. 2; Table 3).

282DISCUSSION

283The circumferential reduction in upper-limb lymphe-

284dema was 24.4 ± 14.7 %, with a mean follow-up of

28525.4 ± 8.4 months, while the circumferential reduction in

TABLE 3 Upper (n = 15) and lower (n = 10) extremity (follow-up 12 months)

Upper extremity Lower extremity

Preoperative Follow-up 12 months p value Preoperative Follow-up 12 months p value

Circumferential differentiation 18.1 ± 4.2 12.1 ± 5.3 0.03* 26.2 ± 13.2 16.1 ± 14.1 \0.01**

Circumferential reduction rate – 24.4 ± 14.7 – – 35.2 ± 23.9 –

Cellulitis occurrence (times/year) 3.5 ± 3.3 0.7 ± 0.9 0.05* 6.4 ± 5.8 0.5 ± 0.7 \0.01**

Overall quality of life (0–10) 2.1 ± 0.5 5.8 ± 0.7 \0.01** 3.0 ± 0.1 7.1 ± 0.3 \0.01**

Function domain (10–40) 37.9 ± 0.5 19.3 ± 4.4 \0.01** 30.0 ± 0.2 16.8 ± 5.3 \0.01**

Appearance domain (5–20) 19.9 ± 0.5 12.1 ± 2.9 \0.01** 27.6 ± 0.8 17.1 ± 4.1 \0.01**

Symptom domain (6–24) 23.9 ± 0.5 15.3 ± 2.8 \0.01** 19.6 ± 0.8 12.4 ± 2.9 \0.01**

Mood domain (6–24) 23.9 ± 0.5 14.4 ± 2.9 \0.01** 23.6 ± 0.8 10.0 ± 1.9 \0.01**
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286 lower-limb lymphedema was 35.2 ± 23.9 %, with a mean

287 follow-up of 16.1 ± 4 months. One of the three possible

288 explanations for this observation may be the inherent dif-

289 ference in disease progression in the upper and lower

290 extremity. Or a more simplistic explanation may be related

291 to the observation of more perceived dramatic improve-

292 ments in more advanced cases, as seen in our series, with

293 the lower-extremity cohort having a higher preoperative

294 circumference difference. If this were the case, the

295 observed reduction rate would be greater. Third, the gravity

296 effect of transferred VLN likely has more of an impact in

297 lower-limb lymphedema, therefore the improvement in

298 lower-limb lymphedema may be more significant com-

299 pared with upper-limb lymphedema.

300 Understanding quality-of-life outcomes following

301 reconstructive procedures are paramount in defining suc-

302 cess following treatment. For the treatment of

303 lymphedema, various management protocols exist. Non-

304 surgical therapy has been the mainstay of treatment of this

305 condition for decades. Several previous studies have vali-

306 dated specific protocols and treatment strategies for non-

307 surgical therapy.17–20 Newer techniques related to lym-

308 phatic microsurgery, particularly VLN transfers, are being

309 increasingly described as novel and effective adjuncts for

310 the treatment of lymphedema. Four studies have reported

311 the efficacy of this novel treatment option for various

312 stages of upper- and lower-limb lymphedema.9,10,21,22

313 Although variations in specific techniques have been

314 described, the overall basis for this therapy involves the

315transfer of lymph nodes with blood supply to a lymph

316node-depleted region. Processes related to lymphangio-

317genesis23 and neo-lymphatic pumping24 have been

318proposed as relevant mechanisms of action that allow for

319lymphatic fluid clearance.

320Multiple HRQoL instruments have been used to assess

321lymphedema treatments.25,26 General assessment tools,

322such as the disability of the arm, shoulder and hand

323(DASH),14 short-form (SF)-1227 SF-36,12 and other region-

324specific tools19,28 have been used to gauge morbidity in

325relation to the occurrence of lymphedema and/or treatment

326protocols. Although lymphedema-specific assessment tools

327exist,25,26 few studies have distinctively addressed the

328impact of surgical treatment on lymphedema-specific

329HRQoL outcomes. The LYMQOL is a condition-specific

330instrument that can be used to track changes in quality of

331life throughout an upper- or lower-limb lymphedema

332treatment. For this reason, it was considered an appropriate

333instrument to use in our assessment.

334Understanding patient-centered metrics such as the

335HRQoL assessment significantly contributes to the utility

336and validity of VLN transfer techniques. Although

337improvements in objective measurements, such as that of

338limb circumference, have achieved measureable and com-

339parable value for use in follow-up evaluations, defining

340success following VLN transfer is multifactorial. Reduc-

341tions in both patient limb circumference and limb volume

342closely mirror improvements in patient function and qual-

343ity of life. In the clinical setting, definite improvements in

40

35

30

25

20

15

10

5

0

Function(10-40)

Pre-op Post-op 1M Post-op 3M Post-op 6M Post-op 9M
Post-op

12M

37.9 30.7 30.3 25.3 22.2 19.3

25

20

15

10

5

0

Appearance(5-20)

Pre-op
Post-op

1M

Post-op

3M

Post-op

6M

Post-op

9M
Post-op

12M

19.9 18 17.8 16.1 13.8 12.1

25

20

30

15

10

5

0

Symptoms(6-24)

Pre-op
Post-op

1M

Post-op

3M

Post-op

6M

Post-op

9M
Post-op

12M

23.9 23.3 22 18.4 15.2 15.3

25

20

30

15

10

5

0

Mood(6-24)

Pre-op Post-op 1M Post-op 3M Post-op 6M Post-op 9M
Post-op

12M

23.9 23.6 20.7 16.8 16.2 14.4

Function (10-40) Appearance (5-20)

Symptoms (6-24) Mood (6-24)

** **
**

**
** **

*
** ** **

**
**

*
**

**

FIG. 1 Temporal changes to HRQoL-specific domains in upper-limb

lymphedema patients. The average reported scores of each domain are

represented. Gradual and steady improvements in the reported scores

can be observed within each domain (a, b, c, d). Functionality was

significantly improved at the 1-month postoperative evaluation (a),

with significant improvements occurring in all other domains at the 3-

and 6-month evaluations (b, c, d). HRQoL health-related quality of

life, pre-op preoperative, post-op postoperative, xM x-month,

*p B 0.05, **p\ 0.01
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344 measureable limb circumference have been observed.

345 Interestingly, many patients who reported appreciable

346 changes in activity levels have described subjective

347 improvements in limb ‘heaviness’ following surgical

348 treatment. In turn, this leads to increased activity levels by

349 the patient, adding to the complexity of the assessment of

350 limb circumference. These observations underscore the

351 importance of a multifactorial approach to outcomes

352 assessment.

353 The assessment of HRQoL metrics indicated that some

354 domains improved earlier than others. Functionality

355 showed a rapid improvement following surgery in the

356 upper-limb cohort compared with the lower-limb cohort (1

357 vs. 6 months, respectively). This finding may represent

358 intrinsic differences in the development of upper- and

359 lower-limb lymphedema. On the other hand, it may simply

360 represent differences in the chronicity of disease prior to

361 surgical intervention. In addition, marked improvements in

362 functionality occurred prior to patients’ self-perceptions of

363 limb appearance improvements. This finding suggests that

364 improvements in functionality may occur before a notice-

365 able difference in the clinical appearance of the limb

366 because subtle decreases in volume likely yield dramatic

367 improvements in the patients’ perception of limb weight

368 and usability.

369 CONCLUSIONS

370 The clinical and patient-centered outcomes assessment

371 validated the use of VLN transfer procedures in the

372treatment of extremity lymphedema. To our knowledge,

373this study is the first prospective evaluation of patient-

374reported outcomes related to VLN transfer procedures.

375Outcomes assessment following surgical treatment of

376lymphedema should be approached in a multifactorial way.

377Psychosocial and functional improvements following

378the development of upper- and lower-limb lymphedema are

379possible with VLN transfer. Improvements in HRQoL

380domains can be appreciated early and appear to correlate

381well with improvements in limb circumference measure-

382ments within the first post-surgical year.

383DISCLOSURES None.

384REFERENCES

3851. Basta MN, Gao LL, Wu LC. Operative treatment of peripheral
386lymphedema: a systematic meta-analysis of the efficacy and
387safety of lymphovenous microsurgery and tissue transplantation.
388Plast Reconstr Surg. 2014;133(4):905–13.
3892. Cormier JN, Rourke L, Crosby M, Chang D, Armer J. The sur-
390gical treatment of lymphedema: a systematic review of the
391contemporary literature (2004–2010). Ann Surg Oncol. 2012;
39219(2):642–51.
3933. Atisha D, Alderman AK, Lowery JC, Kuhn LE, Davis J, Wilkins
394EG. Prospective analysis of long-term psychosocial outcomes in
395breast reconstruction: two-year postoperative results from the
396Michigan Breast Reconstruction Outcomes Study. Ann Surg.
3972008;247(6):1019–28.
3984. Eltahir Y, Werners LL, Dreise MM, et al. Quality-of-life out-
399comes between mastectomy alone and breast reconstruction:
400comparison of patient-reported BREAST-Q and other health-
401related quality-of-life measures. Plast Reconstr Surg. 2013;
402132(2):201e–09e.

Symptoms (5-20)
25

20

15

10

5

0

Symptoms (5-20)

Pre-op Post-op 1M Post-op 3M Post-op 6M Post-op 9M
Post-op

12M

19.6 17.9 17.5 15.8 14.2 12.7

∗∗
∗∗

∗∗

Mood (6-24)
25

20

15

10

5

0

Mood (6-24)

Pre-op Post-op 1M Post-op 3M Post-op 6M Post-op 9M Post-op 12M

23.6 21.6 19.6 17.3 13.2 9.8

∗∗

∗∗

∗∗

∗∗

35

30
25
20
15
10
5
0

Function (8-32)

Pre-op Post-op 1M Post-op 3M Post-op 6M Post-op 9M
Post-op

12M

30 29.6 27.8 26 23.7 17.6

Function (8-32)

∗
∗∗

∗∗

Appearance (7-28)

30

25

20

15

10

5

0

Appearance (7-28)

Pre-op
Post-op

1M

Post-op

3M

Post-op

6M

Post-op

9M

Post-op

12M

27.6 26 25.6 24 22.4 17.3

∗∗

∗∗

FIG. 2 Temporal changes of HRQoL-specific domains in lower-limb

lymphedema patients. Gradual and steady improvements in all

domains (a, b, c, d) can be detected throughout the 1-year evaluation.

Early significant improvements were seen in the symptoms

(6 months) and mood (3 months) domains (c, d) compared with the

function (9 months) and appearance (9 months) domains (a, b).

HRQoL health-related quality of life, pre-op preoperative, post-op

postoperative, xM x-month, *p B 0.05, **p\ 0.01

AQ11

AQ12

K. M. Patel et al.

Journal : Large 10434 Dispatch : 2-12-2014 Pages : 7

Article No. : 4276
h LE h TYPESET

MS Code : ASO-2014-07-1453 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f



U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

403 5. Pierre CS, Dassonville O, Chamorey E, et al. Long-term quality
404 of life and its predictive factors after oncologic surgery and
405 microvascular reconstruction in patients with oral or oropharyn-
406 geal cancer. Eur Arch Otorhinolaryngol. 2014;271(4):801-807.
407 6. Patel KM, Economides JM, Franklin B, Sosin M, Attinger C,
408 Ducic I. Correlating patient-reported outcomes and ambulation
409 success following microsurgical lower extremity reconstruction
410 in comorbid patients. Microsurgery. 2014;34(1):1–4.
411 7. Dayan JH, Dayan E, Kagen A, et al. The use of magnetic reso-
412 nance angiography in vascularized groin lymph node transfer: an
413 anatomic study. J Reconstr Microsurg. 2014;30(1):41–45.
414 8. Assouad J, Becker C, Hidden G, Riquet M. The cutaneo-lymph
415 node flap of the superficial circumflex artery. Surg Radiol Anat.

416 2002;24(2):87–90.
417 9. Lin CH, Ali R, Chen SC, et al. Vascularized groin lymph node
418 transfer using the wrist as a recipient site for management of
419 postmastectomy upper extremity lymphedema. Plast Reconstr

420 Surg. 2009;123(4):1265–75.
421 10. Cheng MH, Chen SC, Henry SL, Tan BK, Lin MC, Huang JJ.
422 Vascularized groin lymph node flap transfer for postmastectomy
423 upper limb lymphedema: flap anatomy, recipient sites, and out-
424 comes. Plast Reconstr Surg. 2013;131(6):1286–98.
425 11. Ahmed RL, Prizment A, Lazovich D, Schmitz KH, Folsom AR.
426 Lymphedema and quality of life in breast cancer survivors: the
427 IowaWomen’s Health Study. J Clin Oncol. 2008;26(35):5689–96.
428 12. Ogunbiyi SO, Modarai B, Smith A, Burnand KG. Quality of life
429 after surgical reduction for severe primary lymphoedema of the
430 limbs and genitalia. Br J Surg. 2009;96(11):1274–79.
431 13. Park JE, Jang HJ, Seo KS. Quality of life, upper extremity function
432 and the effect of lymphedema treatment in breast cancer related
433 lymphedema patients. Ann Rehabil Med. 2012;36(2):240–47.
434 14. Pinto M, Gimigliano F, Tatangelo F, et al. Upper limb function
435 and quality of life in breast cancer related lymphedema: a cross-
436 sectional study. Eur J Phys Rehabil Med. 2013;49(5):665–73.
437 15. Patel KM, Chu SY, Huang JJ, Lin CY, Cheng MH. Pre-planning
438 vascularized lymph node transfer with duplex ultrasonography: a
439 prospective evaluation of three common donor sites. Plast Rec-
440 onstr Surg. 2014;134(4 Suppl 1):32.
441 16. Keeley V, Crooks S, Locke J, Veigas D, Riches K, Hilliam R. A
442 quality of life measure for limb lymphoedema (LYMQOL). J
443 Lymphoedea. 2010;5(1):26–37.
444 17. Hayes SC, Rye S, Disipio T, et al. Exercise for health: a ran-
445 domized, controlled trial evaluating the impact of a pragmatic,
446 translational exercise intervention on the quality of life, function

447and treatment-related side effects following breast cancer. Breast
448Cancer Res Treat. 2013;137(1):175–86.
44918. Mondry TE, Riffenburgh RH, Johnstone PA. Prospective trial of
450complete decongestive therapy for upper extremity lymphedema
451after breast cancer therapy. Cancer J. 2004;10(1):42–48; dis-
452cussion 17–49.
45319. Tambour M, Tange B, Christensen R, Gram B. Effect of physical
454therapy on breast cancer related lymphedema: protocol for a
455multicenter, randomized, single-blind, equivalence trial. BMC

456Cancer. 2014;14(1):239.
45720. Vignes S, Porcher R, Champagne A, Dupuy A. Predictive factors
458of response to intensive decongestive physiotherapy in upper
459limb lymphedema after breast cancer treatment: a cohort study.
460Breast Cancer Res Treat. 2006;98(1):1–6.
46121. Becker C, Assouad J, Riquet M, Hidden G. Postmastectomy
462lymphedema: long-term results following microsurgical lymph
463node transplantation. Ann Surg. 2006;243(3):313–15.
46422. Saaristo AM, Niemi TS, Viitanen TP, Tervala TV, Hartiala P,
465Suominen EA. Microvascular breast reconstruction and lymph
466node transfer for postmastectomy lymphedema patients. Ann

467Surg. 2012;255(3):468–73.
46823. Aschen SZ, Farias-Eisner G, Cuzzone DA, et al. Lymph node
469transplantation results in spontaneous lymphatic reconnection and
470restoration of lymphatic flow. Plast Reconstr Surg. 2014;133(2):
471301–10.
47224. ChengMH,Huang JJ,WuCW, et al. Themechanismofvascularized
473lymph node transfer for lymphedema: natural lymphaticovenous
474drainage. Plast Reconstr Surg. 2014;133(2):192e–98e.
47525. Cemal Y, Jewell S, Albornoz CR, Pusic A, Mehrara BJ. Sys-
476tematic review of quality of life and patient reported outcomes in
477patients with oncologic related lower extremity lymphedema.
478Lymphat Res Biol. 2013;11(1):14–19.
47926. Pusic AL, Cemal Y, Albornoz C, et al. Quality of life among
480breast cancer patients with lymphedema: a systematic review of
481patient-reported outcome instruments and outcomes. J Cancer

482Surviv. 2013;7(1):83–92.
48327. Paskett ED, Naughton MJ, McCoy TP, Case LD, Abbott JM. The
484epidemiology of arm and hand swelling in premenopausal breast
485cancer survivors. Cancer Epidemiol Biomarkers Prev. 2007;
48616(4):775–82.
48728. Deng J, Murphy BA, Dietrich MS, et al. Impact of secondary
488lymphedema after head and neck cancer treatment on symptoms,
489functional status, and quality of life.HeadNeck. 2013;35(7):1026–35.AQ13

Quality of Life Following Lymph Node Transfer

Journal : Large 10434 Dispatch : 2-12-2014 Pages : 7

Article No. : 4276
h LE h TYPESET

MS Code : ASO-2014-07-1453 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f



Journal : 10434

Article : 4276 123
the language of science

Author Query Form

Please ensure you fill out your response to the queries raised below and return this form along

with your corrections

Dear Author

During the process of typesetting your article, the following queries have arisen. Please check your typeset proof carefully

against the queries listed below and mark the necessary changes either directly on the proof/online grid or in the ‘Author’s

response’ area provided below

Query Details Required Author’s Response

AQ1 Please check and confirm that the list of authors are correct.

AQ2 Please check and confirm the edit made in the article title.

AQ3 Please provide caption for Tables 1 and 2.

AQ4 Please check and confirm all Tables

AQ5 In the second row of Table 2, are the data presented as years or months?

AQ6 In Table 2, are the data for Age, BMI, Symptom duration, Cellulitis occurrence, Conservative therapy
duration and Follow-up expressed as mean ± SD? If so, please consider adding a footnote along the
following lines to the bottom of the table: ’Data are expressed as mean ± SD unless otherwise stated’.

AQ7 In Table 3, please explain the significance of the asterisks (* and **).

AQ8 In Table 2, ’Tx’ has been defined as ’therapy’. Please confirm. Please also confirm that all abbreviations
have been defined correctly at the bottom of all tables.

AQ9 Please check and confirm all Figures

AQ10 Please note the change in wording from ’Recent published studies have reported’ to ’Four studies have
reported …’, as two of these studies were published in 2006 and 2009, which is not considered to be
’recent’.

AQ11 Please confirm the section heading Conclusions has been placed appropriately.

AQ12 Please check and confirm. part labels are given in figure captions 1 and 2, but not provided in artwork.

AQ13 Please confirm all abbreviations in the figures have been correctly defined in the legend.

A
u

th
o

r
 P

r
o

o
f


