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SUMMARY
Background

Microvascular lymph node transfer has been used to improve lymphatic function in lymphedema patients. We previously reported changes in the lymphatic function of the donor limb after lymph node transfer. Because of that we modified our surgical method to be more conservative.

Subjects and Methods

Microvascular lymph node transfer was performed to 13 patients using the previously reported original method. Sixteen patients were operated using the more conservative modified method. Lymphatic function in the donor limb was evaluated using volumetry, lymphoscintigraphy and tissue water percentage. 

Results

In the original method group the donor limb volume was on average greater (199±540 ml) than in the non-operated control limb. The volume difference between limbs was smaller (151±463 ml) in the modified method group. Two patients in the original method group had abnormal Ti-values in lymphoscintigraphy indicating decreased lymphatic function of the donor limb. In the modified method group Ti-values remained normal. The tissue water percentage of the donor limb was on average 40±4% in the original method group and 40±3% in the modified method group. Importantly, none of the patients in either group have developed clinical lymphedema in the donor limb during the 11-84 months follow-up. 

Conclusions 

Even with the more conservative lymph node transfer method we can observe slight, subclinical signs of lymphatic dysfunction in the donor limb. These results highlight the importance of minimizing the surgical exploration in the inguinal area and avoiding the damage to the lymphatic vessels or sentinel nodes draining the lower limb.
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INTRODUCTION

Chronic lymphedema is a challenging clinical problem that still lacks definitive curative treatment.1 It is often caused by surgery, radiation therapy or trauma.2 Chronic lymphedema in its late stages involves adipose tissue hypertrophy and fibrosis.3 According to a recent review, the incidence of breast cancer related arm lymphedema is 19.9% after axillary lymph node dissection and 5.6% after sentinel node biopsy.4 Currently lymphedema treatment is mainly symptom-based therapy, compression therapy and manual lymphatic drainage. At the late stages liposuction is used to reduce the volume of the affected limb.3 Reconstructive surgical treatments, for example autologous microvascular lymph node transfer, are not yet considered to be first-line treatment options. Importantly, patients who undergo lymph node transfer surgery because of previously manifested lymphedema might be genetically more prone to develop postoperative lymphedema.5,6 Because lymph node transfer is a fairly new technique, it is important to gather information about the possible harmful effects and develop the surgical method accordingly. 

In our previous study7, we investigated how the harvest of the lymphatic flap from the groin affects the lymphatic function of the donor limb. There were subclinical indications that the surgery might have negative effects on the lymphatic flow of the donor area as shown by lymphoscintigraphy. However no clinical symptoms of the lower limb lymphedema were observed. Recently there have been a few documented cases of donor limb lymphedema after autologous lymph node transfer. Pons et al.8 reported chronic donor-site lower limb lymphedema in 1/42 patients. In a study by Vignes et al.9 2/14 patients developed postoperative lymphedema of the donor lower limb. 

Due to a concern towards the negative donor-site effects of the lymph node flap harvest, we altered our surgical method to be more conservative. In the modified method the surgical exploration does not extend to the medial side of the femoral artery and the superficial inferior epigastric (SIEA) vessels are not used as flap pedicle vessels. The modified flap design is based on the localisation of the lower limb sentinel lymph nodes in the groin area (Figure 1).10
The aim of this study was to evaluate the effects of the more conservative modified method on the donor limb and report the long-term results of the original group (see study design in the Figure 2).

PATIENTS AND METHODS

Patients

Our study design was approved by the Ethics Committee of Turku University Hospital. Thirteen patients were operated using the original method during May 2007-Sep 2011 and 16 patients using the modified method during Oct 2011-Jun 2013, by the same surgical team. The mean age of patients was 55±10 years (range 37-74) in the original method group and 51±8 years (range 31-68) in the modified method group. Simultaneous lymph node transfer and breast reconstruction (LN-BR) was performed to nine patients using the original method and to 12 patients using the modified method. Lymph node transfer (LN) alone was performed to four patients in both groups. Indication for the LN transfer was either symptomatic upper limb lymphedema or lymphedema and recurrent erysipelas infections and/or chronic pain. None of the patients had previous lower limb edema symptoms. The average body mass index (BMI) in the original method group was 29,0±3,6 and in the modified method group 26,6±2,8. In both groups one patient suffered from diabetes mellitus typus II (DM II) and in the original method group one patient was a smoker. The patient with DM II in the modified group (Id 16) had a previous history of deep vein thrombosis in the donor limb. Five patients (5/13) in the original method group and eight patients (8/16) in the modified method group had previous surgical operations on lower abdominal or inguinal area. Preoperative limb measurements were not performed. All patients were considered to be cancer free by an oncologist before surgery. Short-term results of 12/13 patients in the original method group were presented in our previous study.7 
Surgical technique

In both surgical methods, the original and the modified, the lower abdominal wall perforator vessels and the pedicle vessel in the inguinal area were searched and marked before the surgery by a portable doppler ultrasound device (Huntleigh dopplex D900). To visualize the lymph nodes 0.5 ml of Patent Blue (Guerbet, Roissy CdG Cebex, France) was injected intradermally in the lower abdominal wall just above the iliac crest 5 minutes before the first skin incision. Dissection of the lymphatic flap continued from lateral to medial direction in order to identify the superficial circumflex iliac vessels or its perforant (SCIP). In patients operated earlier using the original method, also the SIEA vessels were included in the flap as a second pedicle (Fig 1A).11 In the modified method the dissection was always limited to the  level of the femoral artery and only the superficial circumflex iliac vessel (SCIA) pedicle was harvested (Fig 1B). In the modified method group the degree of lymphatic tissue dissection was also more conservative. We always included only one palpable lymph node surrounding the SCIA pedicle into the flap. In the original method group more than one palpable lymph nodes were included into the flap. However, lymph nodes in the inguinal area are often small, so we probably had more than one lymph nodes in the flap also in the modified method group. In addition to lymph nodes, the LN flaps in both groups contained lymphatic vessels and fat tissue, reaching from the anterior iliac spine to the origin of the SCIA vessel pedicle.  
After the LN flap dissection in the LN-BR patients, the lower abdominal flap, (either a deep inferior epigastric perforator flap (DIEP) or muscle sparing transverse rectus abdominis myocutaneous flap (msTRAM)) was raised as described previously.12,13
Postoperative care and Follow-up

All patients were monitored for 5 days and discharged between postoperative days 4-7. Suction drainages were used on average for 6 days in the donor-site wounds and removed when the production was less than 40ml/day or at the latest on the 10th postoperative day. In the LN-BR patients the distal edge of the abdominal drains was reached into the inguinal area. In order to prevent seroma formation, patients used compression garments on lower abdomen for four weeks after the surgery. Patients did not routinely use compression garments on the donor limb.
All patients were followed-up in our out-patient clinic 1 and 6 months postoperatively and annually thereafter. At 1 month time point patients were examined for possible wound healing and seroma problems. During the later visits patients were asked about the symptoms on their lower limbs and the lower limb lymphatic function was assessed by volumetry, lymphoscintigraphy and tissue water percentage. 
Limb volume measurements 

Lower limb circumferences were measured postoperatively 6-72 months after the surgery in 28/29 patients. One patient in the modified method group had her measurements taken only once at 3 month time point because the patient lived so far away from the hospital. Circumferences of 18-22 points were measured at 4 cm intervals depending on the limb length (Fig 2). A truncated cone model was used to calculate the volume from limb circumference measurements for each lower limb separately (formula provided by Prof. Håkan Brorson). Volume of the donor limb was compared to the volume of the non-donor limb. 

Lymphoscintigraphy

Patients who were compliant (11/13 patients in the original method group and 12/16 in the modified method group) underwent lower limb isotopic lymphangiography (lymphoscintigraphy) 3-53 months after the surgery. 40MBq of technetium-labeled sulfur nanocolloid (99mTc-Nanocoll, GE healthcare) was injected intradermally between the first and second digit in both feet in the volume of 0.1-0.2 ml. At 5, 15, 30, 45, 60 and 120 minutes after the injection anterior and posterior planar images of the lower limbs were taken in supine position. Imaging was made with Infinia Hawkeye SPECT/CT (General Electric Medical Systems, Milwaukee, WI, USA). The analyses from lymphoscintigraphies were made by the same experienced nuclear medicine physicians as in our previous study without the knowledge of the donor-site. We compared semiquantitive transport indices (Ti) between the donor and non-donor limb in each patient. The Ti-value is calculated according to the following criteria: lymphatic transport kinetics, radiopharmaceutical distribution pattern, time in which lymph nodes appear and visualisation of lymph nodes and lymph vessels. We also used the same Ti-borderline of 10 for normal and pathological lymphatic function as previously.14
Tissue water percentage measurements

We analysed 19/29 patients (8/13 in the original method group and 11/16 in the modified method group) 8-72 months after the surgery using a Delfin-MoistureMeterD Compact (Delfin), which gives the water percentage of the measured tissue. According to the manufacturer´s information the effective measurement depth of the device is 2.5mm. The Delfin measures a dielectric constant value of the tissue, which is dependent on the fluid volume of the tissue and therefore gives information of lymphedema and it´s stages.15-17 Tissue water percentage was measured at nine points of the lower limb. An average value of the tissue water percentage was calculated for each limb and average values were compared individually and between contralateral limbs. 

STATISTICAL ANALYSIS

Unpaired student´s t-test was used to determine the statistical significance of the results. Pairwise comparison was made between the donor and the non-donor side within one group. Comparison of the donor side and the non-donor side between groups was also performed. A P-value of ≤0.05 was considered statistically significant. 

RESULTS
Limb volume measurements

Twelve patients in the original method group underwent limb volume measurements at least 10 (range 10-72) months after the surgery and 15 patients in the modified method group at least 3 months (range 3-20) after the surgery (see Figure 3A-B and Table 1). In the original method group five patients had a negative volume difference (range from -440ml to -51ml) and six patients a positive volume difference (range from +70ml to +1581ml) in the donor limb than in the non-donor limb (Fig 3A-B, Table 1). In the modified method group six patients had a negative volume difference (range from -889ml to -27ml) and nine positive (range from +44ml to +1018ml) in the donor limb than in the non-donor limb (Fig 3A-B, Table 1). The volume difference of the donor limb was on average +199±540 ml greater (donor/non-donor range -4.7% - +16.8%) in the original method group and +151±463 ml greater (range -7.3% - +13.3%) in the modified method group than in the non-donor limb (Table 2). Despite the differences (at largest +16.8%) between contralateral limbs, patients did not report any symptoms associated with lymphedema. Limb volume difference comparison was not statistically significant (p=0.77).

 The average volume difference of the donor limbs was somewhat greater in the LN group (+270±456ml) than in the LN-BR group (+138±509ml) (table 2). The comparison of the donor limb volume difference between these groups was not statistically significant (p=0,40).
Lymphoscintigraphy

Lymphoscintigraphy was performed postoperatively for 11 patients in the original method group on average 17 months (range 3-53) after the operation and for 12 patients in the modified method group on average 7 months (range 5-11) after the operation, others declined the imaging (Fig 2C, Table 1). Ti-value of the donor limb in the original method group ranged from 0.2 to 12.8 (mean 5.5±4.2) (Fig 3C) and in the modified method group from 0.12 to 9.8 (mean 2.6±3.1) (Fig 3D).  In both groups four patients had a larger Ti-value of the donor limb than of the non-donor limb still within the normal range (original method range 4.2-9.2, modified method range 0.8-9.8) (Table 1). Two (2/11) patients in the original method group had Ti-values over the normal limit of 10 (donor-limb Ti 12.8 and 10.8), and hence had slightly abnormal lymphatic function in the donor limb without any symptoms (Table 1). A statistically significant difference in the original method group (p=0.018) was found when Ti-values of the donor limb (5.5±4.2) and the non-donor limb (1.8±2.7) were compared. Also the comparison of the donor limb Ti-values between the original and modified method group was statistically significant (p=0,04). 
 The LN group had a greater average Ti-value of the donor limb (6,4±4,5) than the LN-BR group (3,1±3,3). In the non-donor limb, the LN-BR group (1,6±2,5) had a greater average Ti-value than the LN group (0,9±1,6). The comparison between the LN group and the LN-BR group was not statistically significant (p=0,08).
Tissue water percentage measurement

Tissue water percentage was measured on 8/13 patients in the original method group on average 48 months (range 25-72) after the surgery and on 11/16 patients in the modified method group (Fig 3E-F) on average 11 months (range 8-20) after the surgery. At largest the tissue water percentage of the donor limb was 5 % greater than of the non-donor limb in the original method group and 1 % greater in the modified method group (Table 1). On average the tissue water percentage of the donor and non-donor limb was 40%±4 in the original method group (Table 2). In the modified method group the average of the tissue water percentage was smaller on the donor limb (40%±3) than on the non-donor limb (42%±3) (Table 2). These results are normal-ranged. Differences between the contralateral limbs in the modified method group were statistically significant (p=0.042). Both, donor and non-donor limb, had greater tissue water percentage in the LN group (donor 42±3%, non-donor 43±3%) than in the LN-BR group (donor 40±3%, non-donor 41±4%) (Table 2). Comparison of the donor limb´s tissue water percentage between these groups was not statistically significant (p=0,16).
Clinical symptoms

The duration of postoperative seroma fluid drainage ranged from 3 to 10 days and was on average 6 days. Seven patients with postoperative seroma were treated with aspiration, on average three times. One LN-BR patient from both groups reported pain of the donor limb in the area innervated by nervus cutaneous femoris. Two patients in the original method group (one LN-BR, one LN) and 9 in the modified method group (7 LN-BR, 2 LN) reported numbness on operated thigh or abdomen. One LN-BR patient operated using the modified method reported delayed wound healing. However, in all patients, the numbness has decreased after surgery. Despite the mild abnormalities in lymphatic flow, none of the patients had any symptoms of lymphedema in their lower limbs after the 11-84 month follow-up period. Symptoms asked were swelling, heaviness, burden or tension on either lower limb. See also results in table 1.

DISCUSSION

In this study we have investigated the effect of microvascular lymph node (LN) transfer surgery on the lymphatic vessel function in the donor-site. None of the patients in our study had any clinical symptoms of postoperative lymphedema in the donor limb during the 11-84 month follow-up.  However, we can objectively detect slightly decreased lymphatic flow in the lymph node flap donor area in some patients even after the more conservative, modified LN transfer method. These results highlight the importance of minimizing the surgical exploration in the inguinal area and avoiding the damage to the lymphatic vessels or sentinel nodes draining the lower limb. 


Up to date, there have been four published studies with a total of 64 patients reporting the outcomes of LN transfer surgery to the axilla.7,11,18,19 Four published studies with a total of 44 patients have reported the effect of LN transfer using the wrist or forearm as a recipient site.20-23 The popularity of LN transfer has increased in the recent years, because it is easily combined with routine breast reconstruction.11 Most studies have not reported any complications on donor-site lymphatic function, but recently a few reports have shown postoperative complications including chronic lymphedema.8,9 Vignes et al.9 reported that 2/14 patients who underwent LN transfer surgery to the axilla developed postoperative iatrogenic lymphedema of the donor limb. The diagnosis of donor site lymphedema was based on circumference measurements, a >2cm difference between contralateral limbs and the Kaposi-Stemmer sign (thickening of skin on the dorsal side of the foot). Pons et al.8 reported one case of postoperative lymphedema of the donor-limb in their study of 42 LN transfer patients. Lymphedema was diagnosed by circumference measurements on 10cm intervals and lymphoscintigraphy. The patient may have a genetical predisposition to lymphedema, as according to the study her grandmother had suffered from third-degree breast-cancer related lymphedema and the patient developed bilateral upper limb lymphedema. In light of our previous results and these new reports, it is important to evaluate the surgical method used in LN transfer in order to minimize surgery-related complications. 


Limb volumetry is the golden standard method for lymphedema diagnosis and for controlling the outcome of lymphedema surgery.24 As a standard, the limb volume difference of >10% is considered to be diagnostic for lymphedema.25,26 The largest difference of contralateral limb volume in both of our groups was larger than 10% (the original method +16.8% and the modified method +13.3%), which would mean non-symptomatic lymphedema. On the contrary, in some patients the volume of the non-donor limb was larger than the volume of the donor limb(+7.3% at greatest).  Patient number two in the original method group with the largest difference of limb volume (+16.8%), had also the largest difference in tissue water percentage (5%) between contralateral limbs and an abnormal Ti-value of 12.8 in the donor limb.  However, despite of these findings, the patient herself did not report any symptoms for lower limb lymphedema during the 6,4 year follow-up. According to Petrek et al.27 the development of lymphedema vary from days to even up to 30 years after the initiating factor, but for 80% of the patients symptomatic lymphedema occurred within 3 years after surgery. 


Analysis of the Ti-values after the LN transfer indicate that both methods slightly affect the lymphatic function of the donor limb. Four patients in the original method group and one in the modified method group had remarkably greater Ti-value (+8.4-+12.6) in the donor limb than in the non-donor limb. None of the patients had significantly greater Ti-value in the non-donor limb compared to the donor limb. However, it has not been evaluated if a slightly increased Ti-value predicts the development of clinical lymphedema. Pre- and postoperative Ti-value comparison could be helpful in order to recognize the significance of abnormal Ti-values. Also the follow-up period may alter the results and therefore re-imaging with lymphoscintigraphy after a longer follow-up period could show improved Ti-values or clear signs of iatrogenic lymphedema. 

The assessment of early signs of lymphedema and lymphatic dysfunction should be done with a reliable and sensitive method.28 The correct procedure is yet to be determined. Mayrovitz et al.16 reported that tissue water percentage may show subclinical lymphedema at an earlier stage than volumetry, because tissue dielectric constant measures the water percentage in the tissue area most likely to be affected first in lymphedema compared to the whole arm circumference or volumetry. The difference of +6.5% in tissue water percentage is a sign of lymphedema.17 However, our results showed signs of lymphedema in volumetry but not in tissue water percentage measurements. Indocyanine green (ICG) lymphography may offer additional information about the lymphatic function of the donor limb as Azuma et al.29 commented in their letter. ICG lymphography can be used to reveal stage 0 lymphedema based on dermal backflow patterns also in asymptomatic patients.30,31
After detecting first signs of reduced lymphatic flow in the LN flap donor area in our own patients7, we modified our surgical method (see schematic Figure 1A-B). This modified flap design was based on a previous study by van der Ploeg et al.10, which showed that most of the lower limb sentinel lymph nodes are located medial to the femoral artery. Our current results suggest that the more conservative approach may reduce the negative effects of the lymph node surgery on the donor-site. However, the follow-up period is different in the two groups analysed and the surgical learning curve might affect these results. Based on our own experience, we would recommend the use of peroperative lower limb sentinel node mapping to identify critical lymph nodes draining the lower limb32 to bring more safety for the lymph node flap harvesting. The recent results of Tourani et al.33 further support the ideology of avoiding surgical dissection in the medial inguinal area. In order to minimize the risk of donor-site morbidity, it might be beneficial to include mainly lymphatic vessels and fat tissue from the lower abdominal wall into the LN flap but perhaps limit the lymph node harvest to one palpable lymph node. The risk for too radical removal of lymph nodes from the donor area and thus donor-site complications diminishes when lesser lymph nodes are removed. Solely the removal of scar tissue 34-36 and adding healthy fat tissue and lymph vessels may have beneficial outcomes to the patients and therefore extra lymph nodes are not necessary.

Clinical benefit of the LN transfer surgery in the treatment of lymphedema is still unclear. In the future we should evaluate the impact of the LN transfer surgery on the limb volume both on the recipient site and donor site. Only after that we can truly determine the indications for the microvascular lymph node transfer surgery. 
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LEGENDS FOR FIGURES AND TABLES

Figure 1

The flap design in the original (A) and modified (B) method group. C) Table of average follow-up period in the original and modified method group. 

Figure 2

The methods used to evaluate lower limb lymphatic function and volume. 

Figure 3 

Effects on the donor site (lower limb) after inguinal lymph node transfer.  A-B: Difference in the lower limb volume (donor limb volume - non-donor limb volume) in the original (A) method and modified (B) method group. Lymphatic transport index (TI) in the lymphoscintigraphy in the original (C) method group and modified (D) method group. Tissue water percentages in the original (E) method group and the modified (F) method group.

Table 1

List of patients included in the study and results analysed. 
Table 2

Summary of the results in the two patient groups. 
Table 1
	
	
	
	Transport-index
	Volume (ml)
	Delfin (%)
	 
	Follow-up

	 
	Patient
	Age at operation
	non-donor
	donor
	non-donor
	donor
	non-donor
	donor
	Clinical symptoms
	(months)

	Original method
	1
	56
	4,6
	8,4
	
	
	
	
	none
	84

	
	2
	40
	0,2
	12,8
	9419
	11000
	33
	38
	none
	77

	
	3
	51
	
	
	8388
	8731
	40
	40
	none
	76

	
	4
	62
	0,2
	10,8
	11768
	11328
	41
	38
	none
	55

	
	5
	55
	5,8
	5,4
	8075
	7921
	45
	46
	none
	55

	
	6
	50
	
	
	7127
	6900
	
	
	none
	54

	
	7
	51
	0,2
	0,2
	6338
	6408
	39
	36
	none
	48

	
	8
	65
	0,2
	0,2
	10537
	10486
	37
	36
	N,P
	44

	
	9
	60
	0,2
	4,2
	7759
	7397
	
	
	none
	39

	
	10
	56
	0,2
	0,2
	9251
	9997
	39
	40
	none
	37

	
	11
	37
	0,2
	9,2
	929
	929
	
	
	N
	36

	
	12
	74
	0,2
	4,2
	9489
	9883
	48
	45
	none
	36

	
	13
	61
	7,8
	4,8
	9975
	10462
	 
	 
	none
	32

	Modified method
	14
	53
	
	
	7629
	8647
	
	
	none
	32

	
	15
	49
	0,6
	0,2
	8057
	8311
	44
	40
	N
	32

	
	16
	50
	5,4
	5,4
	8994
	9471
	40
	38
	N
	31

	
	17
	56
	0,2
	9,8
	8960
	9280
	45
	46
	N
	29

	
	18
	59
	0,12
	0,12
	8000
	8246
	
	
	none
	28

	
	19
	55
	
	
	10433
	10708
	
	
	none
	27

	
	20
	47
	
	
	10168
	10212
	39
	40
	none
	27

	
	21
	49
	
	
	7817
	7749
	42
	36
	none
	20

	
	22
	31
	0,2
	0,2
	
	
	
	
	none
	20

	
	23
	47
	0,2
	0,2
	10357
	9982
	39
	38
	N
	20

	
	24
	52
	0,2
	0,8
	9196
	9077
	40
	41
	N,P
	20

	
	25
	56
	5,4
	5,4
	7434
	7197
	41
	41
	N
	19

	
	26
	68
	0,2
	0,2
	10487
	10961
	
	
	none
	19

	
	27
	50
	0,2
	4
	12209
	11320
	45
	44
	N,S
	18

	
	28
	44
	0,2
	0,2
	10819
	10792
	46
	44
	N
	18

	
	29
	51
	0,2
	4,6
	10733
	11604
	38
	37
	N
	11

	
	
	Symptoms= P=pain, N=Numbness/Decreased sensation, S=Slow wound healing
	


Table 2

	
	Volumetry
	Lymphoscintigraphy
	Tissue dielectric constant

	
	ml
	Ti-value
	%

	
	
	donor
	non-donor
	donor
	non-donor

	Original method
	199±540
	5,5±4,2
	1,8±2,7
	40±4
	40±4

	
	
	
	
	
	

	Modified method
	151±463
	2,6±3,1
	1,1±1,9
	40±3
	42±3

	
	
	
	
	
	


