
Background: Breast cancer-related lymphedema (BCRL) not only has physical implications, 
but also affects the quality of life in breast cancer survivors. Despite numerous studies of various 
therapies, the optimal treatment for BCRL is unknown. 

Objective: In this study, we investigated the efficacy of sympathetic blockade (thoracic 
sympathetic ganglion block, [TSGB]) in treating BCRL.

Study Design: Retrospective study.

Setting: Tertiary referral center/teaching hospital.

Methods: TSGB was performed in 35 patients under fluoroscopic guidance. First, arm 
circumference and Lymphedema and Breast Cancer Questionnaire [LBCQ] score were assessed 
before TSGB and 2 weeks and 2 months after the procedure. Efficacy was defined as a ≥ 50% 
reduction in the LBCQ score and a ≥ 50% decrease in the circumference difference between 
the unaffected and affected arms 2 months after TSGB. Second, TSGB efficacy according to the 
lymphedema stage and the period between BCRL onset and TSGB (< 6 months vs. > 6 months) 
was evaluated. 

Results: The arm circumference and LBCQ score significantly decreased at 2 months (P < 0.001), 
and 65.7% of patients showed good efficacy. Patients with high stage lymphedema showed 
improved efficacy after TSGB compared to those with low stage disease (P = 0.045). The TSGB 
efficacy did not differ according to the period between BCRL onset and TSGB.

Limitations: This study was not a randomized prospective controlled study and did not compare 
the therapeutic outcomes to those in a conservative treatment group. 

Conclusions: TSGB in BCRL patients appears to be effective in decreasing the affected arm 
circumference. TSGB may be an alternative option in BCRL patients who do not respond to 
conservative therapy.
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Breast cancer is one of the most common 
neoplasms in women (1). Breast cancer survival 
has gradually increased due to advances in 

treatment, and several recent studies have focused 
on the quality of life in survivors (2,3). Breast cancer-
related lymphedema (BCRL) is a form of secondary 
lymphedema occurring during or after treatment for 
breast cancer. BCRL is relatively common, affecting 

20% of breast cancer survivors, and is more frequent 
in patients receiving aggressive surgery such as 
axillary lymph node dissection, numerous lymph node 
dissections, and total mastectomy (4). 

BCRL is caused by damage to the axillary lymphatic 
system during surgery or radiotherapy (5). When the 
lymphatic system is disturbed, excess interstitial fluid 
accumulates, and interstitial proteins increase. This 
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blockade of the upper extremity.
Identification of a clinically significant effect for 

TSGB may indicate its potential as a treatment option 
for BCRL, but there have been no known studies exam-
ining the effect of TSGB in BCRL patients. The purpose 
of this study was to investigate the efficacy of TSGB as 
a potential new treatment for BCRL.

Methods

Retrospective Review
This study was approved by the Institutional Re-

view Board (IRB) of Seoul National University Bundang 
Hospital (IRB no. B-1308-216-110). After obtaining ap-
proval of IRB, the medical records of BCRL patients who 
underwent TSGB between August 2010 and December 
2012 were retrospectively reviewed.

In our pain center, medical charts for BCRL patients 
were recorded in an itemized pattern. Lymphedema 
stage, affected arm circumference, unaffected arm 
circumference, and Lymphedema and Breast Cancer 
Questionnaire (LBCQ) score were recorded at every 
visit. Lymphedema was classified into 4 stages (latent 
to severe) according to the skin condition and severity 
of swelling (Table 1) (28). The arm circumference was 
measured at 5 locations: axilla, 15 cm proximal to the 
lateral epicondyle, elbow, 10 cm distal to the lateral 
epicondyle, and wrist. The LBCQ is a self-administered 
survey comprising 19 questions (29). The LBCQ is used 
to assess limited mobility, swelling, tightness, pain, and 
numbness of the upper extremity in lymphedema pa-
tients and has high reliability and validity (29,30) (Table 
2). A higher score indicated more severe edema.

Based on our electronic medical records, we col-
lected 60 patients with BCRL who underwent TSGB. 
Inclusion criteria were as follows: (1) mastectomy with 
axillary lymph node or sentinel lymph node dissection; 
(2) unilateral BCRL; (3) patients who were referred from 
other departments; conservative treatment of BCRL, in-
cluding CDP, for at least 3 months; and (4) affected arm 
circumference was > 2 cm larger than the circumference 
of the unaffected arm despite conservative treatment. 
Exclusion criteria were as follows: (1) bilateral BCRL (n 
= 5); (2) metastatic breast cancer (n = 11); and (3) no 
follow-up after TSGB (n = 9). Finally, the study group 
was comprised of 35 patients.

First, 2 weeks and 2 months after undergoing 
TSGB, arm circumference and LBCQ score in the medical 
records were reviewed. Next, the patients were divided 
into 2 groups (effective TSGB group and non-effective 

leads to increasing accumulation of excess fluid and 
chronic tissue changes, including fibrosis, hypertrophy 
of adipose tissue, and inflammation (6). Shoulder pain 
and limited joint mobility have been observed in pa-
tients with lymphedema (7). BCRL not only causes physi-
cal abnormalities and functional impairment (8), but it 
may also lower self-image and promote depression or 
social isolation in affected patients (2). 

BCRL treatment focuses on reducing the circum-
ference and tissue volume of the affected arm and on 
enhancing the quality of life (9). Conservative options 
include complex decongestive physiotherapy (CDP) 
(10), manual lymphatic drainage (MLD), compression 
bandaging and garments (11), and benzopyrone ad-
ministration (12). However, a recent review of these 
conservative therapies indicated that the therapeutic 
efficacy was not established despite numerous trials 
(13). Although each therapy produces some improve-
ment in lymphedema symptoms, large-scale studies are 
needed to validate the efficacy of these conservative 
therapies (9). In addition, the response to conservative 
therapy varies between patients (14) due to differences 
in compliance and difficulties in maintaining the ini-
tial therapeutic response long-term (15,16). BCRL is a 
chronic and intractable condition, and is not typically 
cured by conservative modalities.

Sympathetic blockade of the upper extremities, 
also known as thoracic sympathetic ganglion block 
(TSGB) or stellate ganglion block (SGB), has been used 
to treat chronic sympathetic pain in the upper extremi-
ties, including complex regional pain syndrome (CRPS), 
post-therapeutic neuralgia, phantom limb pain, and 
ischemic vascular disease (17- 19). Sympathetic block 
also increases skin perfusion and temperature (20,21) 
through vasodilation at the anesthetized site (22,23).

Swedborg et al (24) reported that the sympathetic 
block was used to successfully treat a BCRL patient. A 
few studies have used the sympathetic block to allevi-
ate lymphedema on the assumption that the resulting 
vasodilation would promote edema drainage (24,25). 
These studies highlight the potential of sympathetic 
blockade in treating BCRL. However, SGB did not ef-
fectively block the dermatomal thoracic sympathetic 
nerves in several patients in another study (26). This 
outcome may be caused by the Kuntz’s fiber, which is a 
nerve connecting the second (T2) and third (T3) thoracic 
sympathetic ganglia to the brachial plexus, bypassing 
the stellate ganglion; Kuntz’s fiber is found in approxi-
mately 20% of the population (27). Therefore, TSGB 
may be a more appropriate method for sympathetic 
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TSGB group) according to the observed therapeutic 
efficacy. Effective TSGB group was defined as a ≥ 50% 
reduction in the LBCQ score and a ≥ 50% decrease in 
the circumference difference between the unaffected 
and affected arms 2 months after the procedure. Sec-
ond, the TSGB efficacy according to the lymphedema 
stage and the treatment period (duration between 
BCRL onset and TSGB) was evaluated. The age, gender, 
body mass index, surgery type, breast cancer stage, use 
of radiation therapy and chemotherapy, and symptoms 
onset were also collected.

TSGB
TSGB was performed in a surgical suite under fluo-

roscopic guidance. Each patient was administered Lac-
tated Ringer’s Solution intravenously through a periph-
eral vein before the procedure. The patient was placed 
in a prone position on a radiological table, and the site 
was aseptically prepared. Vital signs (blood pressure, 
SPO2, and electrocardiogram) and skin temperature 
were monitored using adhesive thermocoupled probes 
(Solar® 8000M, GE Healthcare, Milwaukee, WI, USA). 

The patient was placed in a suitable position for 
fluoroscopy, and a 22-gauge, 12-cm, Quincke spinal 
needle (Taechang Industrial Co., Kongju, Korea) was 
inserted to the lateral margin of the T3 vertebra using 
the tunnel view technique under fluoroscopic guid-
ance. The needle tip was positioned at one-third along 
the vertebral body, and the position was confirmed 
on lateral fluoroscopic images. The site was injected 
with 1 – 2 mL of contrast agent (Omnipaque; Nycomed 
Ireland, Ltd., Cork, Ireland) in order to confirm proper 
positioning of the needle and detect any intravascular, 
intrathecal, epidural, or intrapleural spread. Once the 
final tip position was determined, 5 mL of 4% lidocaine 
was administered. The skin temperature was measured 

at baseline and monitored at 5-minute intervals for 
30 minutes after the lidocaine injection. If the tem-
perature in the affected palm increased ≥ 2°C, then the 
TSGB was deemed successful (27).

Statistical Analysis
The sample size was calculated based on the results 

of a previous pilot study (17). Assuming a 0.05 type 1 
error, 80% power, 30% detection difference, and a 
repeated-measures analysis of variance, at least 28 
patients were required. The statistical analysis was per-
formed using SPSS software (ver. 18.0; SPSS, Chicago, IL, 
USA). Continuous numerical data (arm circumference 
and LBCQ) were compared using repeated-measures 
analysis of variance. Differences in TSGB efficacy ac-

Table 1. Lymphedema stages.

Stage Signs and symptoms

0: Latent (subclinical) lymphedema
• No visible edema
• No pitting
• Sensations of local heaviness or tightness may be present for months or years before overt swelling occurs

1: Early lymphedema • Visible edema, with or without pitting

2: Moderate lymphedema • Visible edema, usually with pitting
• Hardened, thickened skin and tissue
• Pitting may disappear as fibrosis worsens

3: Severe lymphedema • Visible edema
• No pitting
• Enlargement of the affected area
• Hardened, thickened skin and tissue
• Lymph leaking through damaged skin

Table 2. Lymphedema and Breast Cancer Questionnaire 
(LBCQ) scorea.

Do you have limited 
movement of your : 

1>Shoulder, 
2> Elbow, 
3> Wrist, 
4> Fingers

Does your arm or hand 
feel weak? Have you 
had :

5>Aching, 
6> Blistering, 
7> Breast swelling, 
8> Chest wall swelling, 
9> Firmness, 
10> Tightness 
11> Heaviness, 
12> Increased temperature in your arms, 
13> Numbness, 
14> Rashes, 
15> Redness   
16> Stiffness, 
17> Swelling, 
18> Swelling with pitting, 
19> Tenderness

a: Patients replied to question, yes/no answers about symptom before 
and after thoracic sympathetic ganglion block. The number of items 
answered ‘yes’ is the score.
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cording to the lymphedema stage and treatment period 
were assessed using the χ2 test and Fisher’s exact test. 
P values < 0.05 were considered statistically significant.

Results

The patient characteristics are summarized in Table 
3. The mean patient age was 55.8 ± 1.99 years (range 
38 – 80 years), and the mean BMI was 24.14 ± 2.84. All 
patients underwent mastectomy, and none underwent 
breast-conserving surgery. A total of 31 (88.6%) patients 
underwent axillary lymph node dissection (ALND) with 
sentinel lymph node biopsy, and 4 (11.4%) patients 
underwent sentinel lymph node biopsy alone. The most 
frequent diagnosis was stage 2 lymphedema (37.1%). 
The mean onset of BCRL after surgery was 10.97 ± 2.52 
months, and the mean period between lymphedema 
onset and TSGB was 23.47 ± 4.56 months.

The arm circumference was significantly decreased 
at all locations 2 weeks after TSGB (P < 0.05). At 2 
months after TSGB, the arm circumference remained 
significantly decreased at all locations (P < 0.05), except 
the wrist (P = 0.198). The arm circumference did not 
decrease significantly between 2 weeks and 2 months 
(Fig. 1). The LBCQ score was significantly decreased 2 

Table 3. Patient demographics.

Characteristic Value

Age (years) 55.88 ± 1.99 
(range 38 – 80)

Body mass index (kg/m2) 24.14 ± 2.84

Axillary intervention method; n (%)

Sentinel lymph node biopsy 4 (11.4%)

Axillary lymph node dissection with SLNB 31 (88.6%)

Lymphedema stage; n (%)

0 11 (31.4%)

1 11 (31.4%)

2 13 (37.1%)

3 0 (0%)

Chemotherapy; n (%) 35 (100%)

Radiotherapy; n (%) 23 (89.28%)

Duration between surgery and BCRL onset 
(months)

10.97 ± 2.52

Duration between BCRL onset and TSGB 
(months)

23.47 ± 4.56 

Data are presented as the mean ± standard deviation (range) or the 
number (percentage) of patients.
BCRL = breast cancer related lymphedema; TSGB = thoracic sympa-
thetic ganglion block; SLNB = sentinel lymph node biopsy.

Fig. 1. Arm circumference after TSGB. The arm circumference was significantly decreased at all locations, except the wrist, at 
2 weeks and 2 months after TSGB. *P < 0.05, between pre-TSGB and 2 weeks post-TSGB: axilla, P = 0.016; upper arm, P = 
0.020; elbow, P = 0.001; lower arm, P = 0.003; and wrist, P = 0.042. †P < 0.05, between pre-TSGB and 2 months post-TSGB: 
axillary, P = 0.004; upper arm, P = 0.024; elbow, P = 0.001; lower arm, P = 0.028; and wrist, P = 0.198. 
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weeks after TSGB compared with pre-TSGB 
measurements (P < 0.001). There was no sig-
nificant difference in the LBCQ score between 
2 weeks and 2 months after TSGB (Fig. 2). The 
most improved item on the LBCQ was stiffness 
(83.33%), followed by heaviness (71.42%), 
which are indicators of skin resistance.

The TSGB showed good efficacy at 2 
months in 23 (65.7%, effective TSGB group) 
of 35 patients. Patients with higher stages of 
lymphedema were associated more frequently 
with the effective TSGB group when compared 
to the non-effective group (P = 0.045; Table 4). 
At 2 months after TSGB, the arm circumference 
and LBCQ score were ≥ 50% improved in 9/11 
(81.81%) stage 1, 10/13 (76.92%) stage 2, and 
4/11 (36.36%) stage 0 lymphedema patients. 
The efficacy of TSGB did not differ significantly 
between patients who received early TSGB (≤ 
6 month period between BCRL to TSGB) and 
those who received late TSGB (> 6 month 
period). Late TSGB showed good efficacy in 
60.86% of patients (P = 0.03; Table 5). 

discussion

Of the 35 patients, 65.7 % patients 
showed good efficacy at 2 months after TSGB. 
Additionally, the TSGB efficacy was greater in 
patients with higher lymphedema stages. Also, 
late TSGB showed good efficacy.

Despite these findings, the hemodynamic 
mechanisms underlying the clinical effects of 
sympathetic blockade in BCRL patients remain 
in question. The relationship between the 
lymphatic and vascular system and the sympa-
thetic nervous system is the likely source. The 
lymphatic system comprises deep and super-
ficial lymphatic channels (31). The superficial 
lymphatic system within the skin includes the 
small lymphatic capillaries and serves as the 
primary drainage route. The deep lymphatic 
system, with its larger precollector vessels, 
collects and discharges waste debris and fluid 
from the superficial lymphatic system into the 
systemic circulation.

TSGB is thought to promote dilation of 
precollector vessels, which increases the drain-
age of excess fluids into the systemic circula-
tion. Svensson et al (32) reported that mean ax-
illosubclavian perfusion, measured by Doppler 

Fig. 2. LBCQ scores after TSGB. The mean LBCQ score was decreased 
at 2 weeks and 2 months after TSGB. *P < 0.001, between pre-TSGB 
and 2 weeks post-TSGB; † P < 0.001, between pre-TSGB and 2 
months post-TSNB.

Table 4. Efficacy of  thoracic sympathetic ganglion block according to the 
lymphedema stage. 

Lymphedema 
stage

Non-effective TSGB group
(n = 12)

Effective TSGB group*
(n = 23)

0 7 4

1 2 9

2 3 10

*Significantly more high-stage patients formed the effective TSGB group than the 
non-effective TSGB group (P = 0.045). TSGB = thoracic sympathetic ganglion 
block.

Table 5. Efficacy of  thoracic sympathetic ganglion block according to time 
of  procedure.

Time of  TSGB Non-effective TSGB 
group

(n = 12)

Effective TSGB 
group

(n = 23)

≤ 6 months 10 9

> 6 months* 2 14

*TSGB performed > 6 months after BCRL onset showed good efficacy (P = 
0.03). Patients were classified according the duration between BCRL onset and 
the TSGB procedure (≤ 6 month vs. > 6 month period). TSGB = thoracic sym-
pathetic ganglion block; BCRL = breast cancer-related lymphedema.

ultrasound, increased substantially in the swollen arm of a BCRL 
patient compared to that in the contralateral normal arm. They 
surmised that dilation of precollector vessels facilitated entry of 
excess interstitial fluid into the systemic circulation. Sympathetic 
control of the precollector vessels in BCRL patients is thought 
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to be normal as well (5). Another study examined the 
effect of TSGB on the superficial lymphatic system, which 
has received particular attention as a cause of BCRL (33). 
When interstitial fluid in BCRL patients is excessive, the 
small lymphatic capillaries enlarge to increase drainage, 
with the sympathetic response maintained throughout 
(34). Over time, the resistance of the lymphatic capillaries 
gradually decreases, which decreases skin elasticity and 
worsens lymphedema. Stanton et al (35) also reported 
that the mean perfusion measured per 100 mL of tissue 
(skin to subcutaneous) was decreased in the affected 
arm of BCRL patients. Thus, TSGB may also improve lo-
cal vasodilation and relieve the fluid load on lymphatic 
capillaries. 

The third role of TSGB may be in the direct interac-
tion between the sympathetic and lymphatic systems. 
TSGB is used to treat nerve conditions including com-
plex regional pain syndrome (CRPS), which also shows 
peripheral edema similar to BCRL. Sympatho-afferent 
coupling is a known contributor in the pathologic 
mechanism of CRPS (36). It involves activation of the 
sympathetic nervous system, which causes injury to the 
nociceptive nerve system. Several studies have reported 
remarkable efficacy of sympathetic nerve block or neu-
rolysis in reducing edema caused by CRPS (21,37,38). 
The sympathetic nervous system is also thought to di-
rectly regulate lymphatic flow. After a chemical lumbar 
sympathectomy was performed in patients with CRPS 
affecting the lower extremities, the peripheral edema 
improved, and lymphatic flow increased on lymphoscin-
tigraphy (39).

We observed that the efficacy of TSGB in pa-
tients with higher lymphedema stages was improved 
compared to the efficacy in patients with lower stage 
lymphedema. The patients with high stage disease 
showed visible edema, hardened and thickened skin, 
and decreased skin elasticity due to the accumulated in-
terstitial debris and fluid. Sympathetic block reportedly 
decreases the skin resistance in patients with lymph-
edema (40), which may be involved in the improvement 
we observed in patients with severe lymphedema. We 
suspect that TSGB prevents aggravation of lymphedema 
symptoms such as fibrosis and cellulitis, and decreases 
skin resistance, which helps remove accumulated debris 
and fluid in the subcutaneous tissue and skin. The clini-
cal effect of TSGB on decreasing the skin resistance was 
also evident in the stiffness and heaviness items of the 
LBCQ, which were markedly improved in our results.

Of the 35 patients, TSGB showed good efficacy 
for up to 2 months in 23 (65.7%) patients. However, 
the arm circumference and LBCQ score did not change 
significantly between 2 weeks and 2 months after the 
procedure. Thus, the persistence of the clinical effects 
of TSGB remains questionable. A recent report by de 
Godoy (41) showed that intense physical therapy 3 to 
4 hours weekly decreased edema by an average 70% 
in BCRL patients over a one year period. These results 
appear to be consistent with our present findings. 
However, 3 – 4 hours per week of aggressive physical 
therapy requires far greater interaction between the 
medical team and patient than a single TSGB proce-
dure. In addition, aggressive physical therapy still shows 
difficulties in maintaining the therapeutic effect after 
the initial improvement, similar to other conservative 
therapies. The advantage of the more invasive TSGB 
over conservative therapies is that it appears to be 
effective in high stage BCRL regardless of when the 
procedure is performed. Another advantage of TSGB is 
that clinical improvement is evident quickly, and it does 
not rely on patient compliance. Based on our findings, 
TSGB may be recommended in patients with high stage 
lymphedema and in patients who have not responded 
to conservative therapy. To maintain the clinical effects 
of TSGB long-term, a repeat nerve block, thermocoagu-
lation, or neurolysis should be considered (18).

This study has some limitations. First, this study was 
not a randomized prospective controlled study and did 
not compare the therapeutic outcomes to those in a 
conservative treatment group. Regardless, TSGB shows 
promise for treating BCRL in this trial, and additional 
study is needed directly comparing TSGB with conserva-
tive treatment. Second, the period between BCRL onset 
and TSGB was long (23.47 ± 4.56 months, Table 3). As a 
result, we did not detect any significant impact of TSGB 
on BCRL, and the therapeutic efficacy of late TSGB was 
equal to that of early TSGB.

conclusion

In conclusion, TSGB may decrease the arm circum-
ference of BCRL patients by reducing lymphedema. 
TSGB can be considered as an alternative option in pa-
tients who do not respond to conservative treatments. 
However, additional clinical studies are needed to es-
tablish the efficacy of sympathetic blockade in treating 
patients with lymphedema. 



Efficacy of TSGB in patients with BCRL

www.painphysicianjournal.com  371

RefeRences

1. Jung YS, Na KY, Kim KS, Ahn SH, Lee 
SJ, Park HK, Cho YU. Nation-wide Ko-
rean breast cancer data from 2008 using 
the breast cancer registration program. 
J Breast Cancer 2011; 14:229-236.

2.  Ferrell BR, Grant M, Funk B, Garcia 
N, Otis-Green S, Schaffner ML. Qual-
ity of life in breast cancer. Cancer Pract 
1996;4:331-40.

3.  Vassard D, Olsen MH, Zinckernagel L, 
Vibe-Petersen J, Dalton SO, Johansen C. 
Psychological consequences of lymph-
oedema associated with breast cancer: 
A prospective cohort study. Eur J Cancer 
2010; 46:3211-3218.

4.  DiSipio T, Rye S, Newman B, Hayes S. 
Incidence of unilateral arm lymphoe-
dema after breast cancer: A systematic 
review and meta-analysis. Lancet Oncol 
2013; 14:500-515.

5.  Bennett Britton TM, Wallace SM, Wilkin-
son IB, Mortimer PS, Peters AM, Puru-
shotham AD, Sympathetic nerve dam-
age as a potential cause of lymphoe-
dema after axillary dissection for breast 
cancer. Br J Surg 2009; 96:865-869.

6.  Warren AG, Brorson H, Borud LJ, Slavin 
SA. Lymphedema: A comprehensive re-
view. Ann Plast Surg 2007; 59:464-472.

7.  Tasmuth T, von Smitten K, Kalso E. Pain 
and other symptoms during the first 
year after radical and conservative sur-
gery for breast cancer. Br J Cancer 1996; 
74:2024-2031.

8.  Littman AJ, Tang MT, Rossing MA. Lon-
gitudinal study of recreational physical 
activity in breast cancer survivors. J Can-
cer Surviv 2010; 4:119-127.

9.  Moseley AL, Carati CJ, Piller NB. A sys-
tematic review of common conservative 
therapies for arm lymphoedema sec-
ondary to breast cancer treatment. Ann 
Oncol 2007; 18:639-646.

10.  Bernas MJ, Witte CL, Witte MH; In-
ternational Society of Lymphology Ex-
ecutive Committee. The diagnosis and 
treatment of peripheral lymphedema: 
draft revision of the 1995 Consensus 
Document of the International Society 
of Lymphology Executive Committee 
for discussion at the September 3-7, 
2001, XVIII International Congress of 
Lymphology in Genoa, Italy. Lymphology 
2001; 34:84-91.

11.  Badger C, Preston N, Seers K, Mor-
timer P. Physical therapies for reducing 
and controlling lymphoedema of the 
limbs. Cochrane Database Syst Rev 2004; 

18:CD003141.
12.  Badger C, Preston N, Seers K, Mor-

timer P. Benzo-pyrones for reducing 
and controlling lymphoedema of the 
limbs. Cochrane Database Syst Rev 2004; 
2:CD003141.

13.  Beck M, Wanchai A, Stewart BR, Cormier 
JN, Armer JM. Palliative care for cancer-
related lymphedema: A systematic re-
view. J Palliat Med 2012; 15:821-827.

14.  Yamamoto R, Yamamoto T. Effectiveness 
of the treatment-phase of two-phase 
complex decongestive physiotherapy for 
the treatment of extremity lymphedema. 
Int J Clin Oncol 2007; 12:463-468.

15.  Boris M, Weindorf S, Lasinkski S. Per-
sistence of lymphedema reduction af-
ter noninvasive complex lymphedema 
therapy. Oncology (Williston Park) 1997; 
11:99-109. 

16.  Casley-Smith JR, Casley-Smith JR. Treat-
ment of lymphedema by complex physi-
cal therapy, with and without oral and 
topical benzopyrones: What should ther-
apists and patients expect. Lymphology 
1996; 29:76-82.

17.  Kumar V, Krone K, Mathieu A. Neuraxial 
and sympathetic blocks in herpes zoster 
and postherpetic neuralgia: An appraisal 
of current evidence. Reg Anesth Pain Med 
2004; 29:454-461.

18.  Day M. Sympathetic blocks: The evi-
dence. Pain Pract 2008; 8:98-109.

19.  Chen CK, Phui VE, Nizar AJ, Yeo SN. Per-
cutaneous t2 and t3 radiofrequency sym-
pathectomy for complex regional pain 
syndrome secondary to brachial plexus 
injury: A case series. Korean J Pain 2013; 
26:401-405.

20.  Kakuyama M, Toda H, Osawa M, Fukuda 
K. The bilateral effect of stellate ganglion 
block on the facial skin blood flow. Reg 
Anesth Pain Med 2000; 25:389-392.

21.  Stevens RA, Stotz A, Kao TC, Powar M, 
Burgess S, Kleinman B. The relative in-
crease in skin temperature after stellate 
ganglion block is predictive of a com-
plete sympathectomy of the hand. Reg 
Anesth Pain Med 1998; 23:266-270.

22.  van Eijs F, Geurts J, van Kleef M, Faber 
CG, Perez RS, Kessels AG, Van Zundert 
J. Predictors of pain relieving response 
to sympathetic blockade in complex re-
gional pain syndrome type 1. Anesthesiol-
ogy 2012; 116:113-121.

23.  Kang CK, Oh ST, Chung RK, Lee H, Park 
CA, Kim YB, Yoo JH, Kim DY, Cho ZH. 

Effect of stellate ganglion block on the 
cerebrovascular system: Magnetic reso-
nance angiography study. Anesthesiology 
2010; 113:936-944.

24.  Swedborg I, Arner S, Meyerson BA. New 
approaches to sympathetic blocks as 
treatment of postmastectomy lymph-
edema. Report of a successful case. Lym-
phology 1983; 16:157-163.

25.  Asai Y, Mamiya K, Nagashima K, Terao 
M, Sakurai K, Sengoku K, Takahata O, 
Iwasaki H. Effects of lumbar sympa-
thetic ganglion block in a patient with 
acquired lymphangioma. Masui 2001; 
50:1121-1122.

26.  Hardy PA, Wells JC. Extent of sympa-
thetic blockade after stellate gangli-
on block with bupivacaine. Pain 1989; 
36:193-196.

27.  Yoo HS, Nahm FS, Lee PB, Lee CJ. Early 
thoracic sympathetic block improves 
the treatment effect for upper extrem-
ity neuropathic pain. Anesth Analg 2011; 
113:605-609.

28.  International Society of Lympology. 
The diagnosis and treatment of pe-
ripheral lymphedema, 2009 Concensus 
Document of the International Soci-
ety of Lymphology. Lymphology 2009; 
42:51-60.

29.  Radina E, Armer J, Daunt D, Dusold J, 
Culbertson S. Self-reported manage-
ment of breast cancer-related lymphoe-
dema. J Lymphoedema 2007; 2:12-21.

30.  Armer J, Fu MR, Wainstock JM, Zagar 
E, Jacobs LK. Lymphedema following 
breast cancer treatment, including sen-
tinel lymph node biopsy. Lymphology 
2004; 37:73-91.

31.  Mortimer PS. The pathophysiol-
ogy of lymphedema. Cancer 1998; 
83:2798-2802.

32.  Svensson WE, Mortimer PS, Tohno E, 
Cosgrove DO. Increased arterial inflow 
demonstrated by Doppler ultrasound 
in arm swelling following breast cancer 
treatment. Eur J Cancer 1994; 30:661-664.

33.  Stanton AW, Modi S, Mellor RH, Levick 
JR, Mortimer PS. Recent advances in 
breast cancer-related lymphedema of 
the arm: Lymphatic pump failure and 
predisposing factors. Lymphat Res Biol 
2009; 97:29-45.

34.  Jensen MR, Simonsen L, Karlsmark T, 
Bülow J. Microvascular filtration is in-
creased in the forearms of patients with 
breast cancer-related lymphedema. J 
Appl Physiol (1985) 2013; 114:19-27.



Pain Physician: July/August 2015; 18:365-372

372  www.painphysicianjournal.com

35.  Stanton AW, Holroyd B, Northfield JW, 
Levick JR, Mortimer PS. Forearm blood 
flow measured by venous occlusion 
plethysmography in healthy subjects 
and in women with postmastectomy oe-
dema. Vasc Med 1998; 3:3-8.

36.  Bruehl S. An update on the pathophysi-
ology of complex regional pain syn-
drome. Anesthesiology 2010; 113:713-725.

37.  Perez RS, Zollinger PE, Dijkstra PU, 
Thomassen-Hilgersom IL, Zuurmond 
WW, Rosenbrand KC, Geertzen JH; 
CRPS I Task Force. Evidence based 

guidelines for complex regional pain 
syndrome type 1. BMC Neurol 2010; 
10:20.

38.  van Eijs F, Stanton-Hicks M, Van 
Zundert J, Faber CG, Lubenow TR, Me-
khail N, van Kleef M, Huygen F. Evi-
dence-based interventional pain medi-
cine according to clinical diagnoses. 16. 
Complex regional pain syndrome. Pain 
Pract 2011; 11:70-87.

39.  Howarth D, Burstal R, Hayes C, Lan L, 
Lantry G. Autonomic regulation of lym-
phatic flow in the lower extremity dem-

onstrated on lymphoscintigraphy in pa-
tients with reflex sympathetic dystrophy. 
Clin Nucl Med 1999; 24:383-7.

40.  Janitzki A, Gotte A. Measurements 
of skin resistance in detecting activ-
ity of the sympathetic nervous system 
in spinal anesthesia. Reg Anaesth 1986; 
9:49-53.

41.  de Godoy JM, Godoy Mde F. Evalua-
tion of a new approach to the treatment 
of lymphedema resulting from breast 
cancer therapy. Eur J Intern Med 2013; 
24:59-62.


