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INTRODUCTION
Lymphedema is a chronic disease, resulting in accu-

mulation of interstitial fluid in soft tissue throughout 
the body. Lymphedema affects millions of Americans, 
and over 140 million patients worldwide.1 Studies have 
documented 5%–7% of axillary sentinel lymph node 
biopsy patients will suffer from lymphedema, with varying 
rates depending on the length of follow-up and clinical 
definition.2 Following mastectomy and level I+II axillary 

dissection, 50% of patients may suffer from lymphedema 
in their lifetime.2

Historically, surgical treatments for lymphedema 
have included staged excision (the Modified Homan’s 
procedure) and excision with subsequent skin grafting 
(the Charles procedure).3 Debulking procedures may 
further disrupt the remaining lymphatic channels in the 
affected limb and possibly create a bottle neck deformity.3 
Liposuction has been utilized to assist with the edema and 
volume of a diseased limb. After liposuction, patients are 
committed to a lifelong use of elastic garments to main-
tain any benefit.3

Advances in microsurgical techniques have revo-
lutionized the surgical approach to lymphedema. 
Lymphovenous bypass (LVB) and vascularized lymph 
node transfer (VLNT) were both developed to offer a 
more physiologic approach to treatment. In LVB, lym-
phatic channels at select sites along the affected limb are 
anastomosed to nearby superficial veins to divert outflow 
into the venous system.4 Lymphovenous bypass may be 
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Background: Insurance coverage for microsurgical lymphatic surgery continues to 
be sporadic, as the procedures continue to be labeled investigational. The objec-
tive of this study was to examine the typical payment patterns of our clinical prac-
tice for microsurgical lymphatic procedures.
Methods: We performed a single center, single surgeon retrospective case review 
for all lymphovenous bypass and vascularized lymph node transfer cases preformed 
from 2018 to 2020. We then queried the available financial data and calculated 
total charges, total paid by insurance, total variable cost (cost to the hospital), and 
the contribution margin (difference between the amount paid and variable cost). 
Descriptive statistics were then collected for each subgroup for analysis.
Results: Financial data were collected on 22 patients with 10 left-sided, 11 right-
sided and one bilateral procedure performed. Seven procedures were done pro-
phylactically, and 15 were done for existing lymphedema. An estimated 10 of 22 
patients  (45%) had Medicare, Medicaid, or Tricare, with the remaining having 
private insurance. We calculated an average cost of $48,516.73, with average pay-
ment of $10,818.68, average variable cost of $5,567.10, for a contribution margin 
of +$5251.58.
Conclusions: Lymphedema remains a common complication of surgery and a 
significant cost burden to patients and the healthcare system. Microsurgical pro-
cedures offer several advantages over medical therapy. In our practice, we were rou-
tinely reimbursed for both prophylactic and therapeutic procedures with positive 
contribution margins for the hospital and ratios similar to other surgeries. Despite 
the limitations of a small retrospective review, there is no similar published cost 
analysis data in the current literature. (Plast Reconstr Surg Glob Open 2021;9:e3630; 
doi: 10.1097/GOX.0000000000003630; Published online 16 June 2021.)
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applied in a prophylactic (immediately following lymph 
node dissection) or delayed fashion.5 In VLNT, a pedicle 
of lymph nodes is harvested with both a feeding artery and 
vein as a free flap. The flap is then anastomosed directly to 
the diseased limb to facilitate lymphatic drainage into the 
systemic circulation.

There is a growing body of literature supporting both 
LVB and VLNT as safe, efficacious surgical treatments with 
substantial improvements in health and quality of life for 
patients, and with an impressive safety profile. Chang et al 
reported 100 cases of consecutive LVB with a mean volume 
decrease of 32% in 96% of the studied patients.4 Koide et al 
reported 75 cases of VLNT to the lower extremity with 100% 
flap success and a statistically significant decrease in rates 
of cellulitis and limb volume.6 Mardonado et al reported 
100 cases of VLNT with a mean follow-up of 11 months 
and no reported secondary lymphedema of the harvest 
site, nor any reported flap loss.5 Moreover, in a systematic 
review of 32 total studies of the microsurgical treatment of 
lymphedema, all studies demonstrated an improvement 
in patient reported quality of life.7 Despite this evidence, 
these procedures are still considered experimental by many 
insurance companies and may remain uncovered.

There is a paucity of published research examining 
the actual payments and reimbursement for microsurgi-
cal lymphatic procedures. The objective of this study was 
to describe the patterns of charges and payments seen 
in the senior author’s microsurgical lymphedema prac-
tice from 2018 to 2020. We examine both physician fees 
and hospital charges/costs to determine whether these 
interventions are being appropriately covered and reim-
bursed from both physician and hospital perspectives.

METHODS

Study Design
We performed a single center, single surgeon (KC) 

retrospective review of case logs from 2018 to 2020. 
We identified patients who underwent prophylactic 
and delayed LVB and VLNT procedures using hospital 
account record (HAR) codes. Patient demographic data, 
surgical data (laterality and type of procedure), indica-
tion for surgery, and type of insurance coverage were 
collected from electronic medical records. The financial 
department of Beaumont Hospital identified the fol-
lowing information for each HAR encounter: insurance 
payor information, total hospital charges, amount paid 
by insurance, total variable cost (the cost to the hospital 
directly attributable to performing the procedure), and 
contribution margin (the difference between amount 
paid and the cost). The contribution margin can be seen 
to represent the profit, or loss, the hospital incurred for 
that specific procedure. The total variable cost consists 
of the following specific components relating to surgery: 
anesthesia, cardiology, preoperative EKG, imaging, labo-
ratory, medical and surgical supplies/devices, admission, 
operating room time/usage, other discharge services, 
intensive care unit (ICU) or surgical floor room stay, 
costs associated with hospital admission, and medication 
charges. Physician fees and payments were also collected 

for each HAR. Descriptive statistics were calculated in 
Microsoft Excel. IRB approval for the study was granted 
by William Beaumont Hospital RO.

Treatment Approach
Referral and Work Up
Symptomatic patients were referred by the lymph-

edema treatment center after failing conservative decon-
gestive therapy. In our algorithm, patients underwent 
magnetic resonance venography to rule out proximal 
venous obstruction and May-Thurner syndrome as appro-
priate, and nuclear imaging lymphoscintigraphy was 
performed to document both the severity and particular 
patterns of residual lymphatic drainage. In the office, the 
PDE Neo II (Mitaka, USA) was used for live indocyanine 
green lymphangiography, and the patient was graded 
in severity by the Cheng lymphedema grading system.8 
Additional prophylactic referrals came through breast sur-
geons as a part of the reconstructive consult when axillary 
node dissection was anticipated.

Surgical Decision-making
Prophylactic operations, and patients diagnosed with 

Grade 1-2 lymphedema were offered LVB. Surgical tech-
nique in these patients involved injecting ICG and lymp-
hazurin blue dye into digital webspaces, then injecting 
lymphazurin blue every 10–20 cm along the limb. A vein 
finder was used to mark visible superficial venous channels, 
which guided initial exploratory incisions. Incisions were 
made in a transverse fashion and microvascular explora-
tion was undertaken to identify lymphatic channels (blue 
stained or green with SPY) and nearby veins (refilled with 
blood on strip test). Anastomosis was performed with 11-0 
nylon suture under super-microsurgical magnification. 
Multiple LVAs were performed whenever possible.

Grades 3 and 4 lymphedema were offered LVB as well 
as VLNT. LVB proceeded as described above. For VLNT, 
the right supraclavicular lymph node basin (zone 5B) was 
selected as the preferred donor site, based on the trans-
verse cervical artery and vein.9,10 This was connected to the 
radial or dorsalis pedis artery in an end-to-side or flow-
through fashion depending on the vessel characteristics. 
A full-thickness skin graft was placed over the lymph node 
flap for skin coverage.

Postoperative Care/Follow-up
Patients were initially admitted to the ICU on a similar 

pathway to microvascular breast reconstruction patients; 
however, this practice was abandoned over time and 
instead patients were admitted to the surgical floor for 
overnight observation and were discharged on postopera-
tive day 1 or 2. Patients were followed in the office every 3 
months for clinical assessment and measurements.

RESULTS

Patient, Payor, and Procedure Characteristics
From 2018 to 2020, the financial data were available 

for 22 patients who underwent microsurgical lymphatic 
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procedures (Fig. 1). The average patient age was 55. The 
majority (95%) of procedures were for prophylaxis or 
treatment of upper extremity lymphedema secondary to 
breast cancer surgery, one patient underwent treatment 
for lower extremity edema. Among our cohort, 10 proce-
dures were performed on the left extremity, 11 were on 
the right extremity, and one procedure was performed 
bilaterally. An estimated 32% (7/22) of procedures were 
performed prophylactically, and all prophylactic patients 
underwent LVB (Fig. 1). The rest (15/22 or 68%) of the 
procedures were for treatment of existing lymphedema. 
Of these patients, three  received delayed VLNT alone, 
five received delayed LVB alone, and seven received both 
VLNT and LVB.

Within our cohort, 45% (10/22) had public insurance 
(Medicare, Medicaid, or Tricare), whereas 55% (12/22) 
had private insurance. Of the seven patients who under-
went prophylactic surgery, one had public insurance and 
six had private insurance. Of the 15 patients who received 

delayed surgery for existing lymphedema, nine had public 
insurance, and six had private insurance (Fig. 1).

The average hospital charges for each case were 
$48,516.73, while the average total payment was 
$10,818.68. The average direct variable cost was 
$5,567.10. This resulted in an average contribution 
margin of +$5,251.58. The payment-to-charge ratio aver-
aged to 21.6% of total charges, ranging from 3% to 65%. 
Overnight ICU admission accounted for 10% of the total 
cost when present.

Hospital Charges, Payments, and Costs by Procedure and 
Payor (Fig. 2)

For patients undergoing prophylactic LVB, the aver-
age total charge for patients with private insurance was 
$46,648.66, and the average total payment was $6,297.10 
with average reimbursement of 14.03%. The average 
direct variable cost for this group was $4,823.50, result-
ing in an average contribution margin of +$1,473.61 
per procedure. The total charge for the patient with 

Fig. 1. Demographic, cost, and payment data subcategorized into prophylactic and delayed surgery 
subsets.
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public insurance undergoing a prophylactic procedure 
was $52,184.10, the total payment was $8,437.19, with a 
direct variable cost of $3,854.00, resulting in a contribu-
tion margin of +$4,583.19. The payment-to-charge ratio 
was 16.17%.

For patients undergoing delayed LVB and VLNT, 
the average total charges for patients with private 
insurance was $52,708.33, the average total payment 
was $14,313.82 with an average payment-to-charge 
ratio of 25.90%. The average direct variable cost was 
$6,116.26, resulting in an average contribution margin 
of +$8,197.57 per procedure. The average total charge 
for patients with public insurance undergoing delayed 
procedures was $46,560.22. The average total payment 
was $11,767.59 with an average payment-to-charge 
ratio of 24.26%. The average direct variable cost was 
$5,887.08, resulting in an average contribution margin 
of +$5,880.51 per procedure.

Physician Charges and Payments by Procedure and Payor 
(Fig. 3)

For patients undergoing prophylactic LVB, the aver-
age physician charges for patients with private insurance 
was $5,348.67, while the average amount paid by the 
insurance was $1940.17, resulting in an average reim-
bursement rate of 41.71% of charges. Physician charges 
for the patient with public insurance undergoing a pro-
phylactic procedure was $3,522.00, while the amount paid 
by the insurance was $1,449.39, amounting to 41.15% of 
charges. For patients who underwent delayed microsurgi-
cal lymphatic procedures, the average physician charges 
for patients with private insurance was $17,789.67, while 
the amount paid by the insurance was $6,601.26, resulting 
in a reimbursement rate of 46.43% of charges. The aver-
age physician charges for patients with public insurance 
undergoing delayed procedures was $9,770.89, while the 

amount paid by the insurance was $3,094.57, amounting 
to 30.79% of charges.

DISCUSSION
Secondary lymphedema is a common complication of 

oncologic surgeries, particularly when combined with che-
motherapy and radiation. At the time of this study there 
is minimal data to act as a benchmark of the total surgi-
cal costs and payments received by an active institution-
ally employed academic surgeon performing lymphatic 
microsurgery. The goal of this study was to review the cost 
and payment data for microsurgical lymphedema proce-
dures performed by the senior author (KC) at William 
Beaumont Hospital in Royal Oak, Michigan.

Our study shows that in patients who undergo surgical 
treatment for lymphedema, the average contribution mar-
gin, and therefore hospital overall profit per procedure is 
roughly +$5251 per case, with a payment-to-charge ratio of 
22%. Our literature review failed to identify any published 
literature standard of payments received for VLNT or LVB, 
and reported very limited data regarding similar contribu-
tion margins for other routine cases. Data from the OB/
GYN literature have shown a profit margin for robotic 
surgery of +$3484 (reimbursement ratio 28%) and laparo-
scopic surgery of +$2264 (reimbursement ratio 37%) for 
the treatment of endometrial cancer.11 For comparison, uro-
logic data for both laparoscopic and robotic prostatectomies 
have actually been shown to have a negative reimbursement 
for the hospital, with financial incentive to pursue open 
surgery; although with a higher morbidity to the patient.12 
These OB/GYN and Urologic cases are covered by insurance 
routinely. Our data show that lymphedema microsurgery is 
reimbursed at our facility, and the hospital is experiencing 
a significant positive contribution margin from the proce-
dures, compared with other published figures.

Fig. 2. Physician charges/payments by surgery and payor type. Fig. 3. Hospital charges/payments/costs by surgery and payor type.
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The historical standard of care for patients suffering 
from lymphedema is a lifetime of complete decongestive 
therapy. The four components of complete deconges-
tive therapy are manual lymphatic drainage, compres-
sion therapy, lymph-reducing exercises, and skin care.13 
Compression therapy alone has been shown to decrease 
rates of yearly hospitalizations from 45% to 32% (P < 
0.0001), and outpatient hospital visits from 95% to 
90%, (P < 0.0001).14 Lifelong medical intervention, with 
the subsequent physical and mental patient burdens 
highlight the insufficiency of traditional treatments in 
addressing lymphedema. Medical management, when 
closely adhered to, results in only a 13% decrease in 
rate of hospitalization and an 18% decrease in total 
healthcare costs annually.14 This also does not address 
the medical costs related to infection with or without 
progression to sepsis, nor the development of Stewart 
Treves syndrome, which has been shown in multiple 
case reports to undergo remission following lymphatic 
surgery.15 Lymphovenous bypass resulted in cessation of 
medical therapy for 85% of patients studied in an 1800 
patient review of patients with primarily stage II (39%) 
and III (52%) disease, with over 80% of patients having 
objective volume decreases in their affected extremity.16

Therapeutic treatments are challenging financially 
and logistically for patients. Long-term breast cancer 
survivors with lymphedema may face up to 112% higher 
out-of-pocket costs than those without lymphedema.17 A 
recent multicenter prospective study found the average 
out-of-pocket costs for medical management of lymph-
edema could be up to 10% of a patient’s standardized 
total income by consumption.18 Notably, these cost analy-
ses do not account for the productivity loss and decreased 
quality of life many patients report as they endure indefi-
nite decongestive therapy.

Although most insurance companies will cover recon-
structive surgery following oncological procedures, reim-
bursement for treatment of lymphedema has been limited, 
despite the financial incentive of possible liberation from 
medical therapy. From a societal and a payor perspective, 
lymphatic surgery coverage may ultimately reduce overall 
health care expenses.19 This is particularly true for insurers 
that provide coverage for conservative treatments as these 
costs may reduce to zero for patients who respond well to 
surgery.19

Head et al addressed the economics of medical and 
surgical therapy by modeling the lifetime economics of 
lymphovenous bypass in a breast cancer patient using a 
single payor model in the Canadian healthcare system.20 
The expected net benefit of surgical treatment for lymph-
edema is directly correlated with the patient’s overall lifes-
pan and benefit of therapy. They use a life expectancy of 
15 years for a model patient with stage II breast cancer and 
estimate the overall cost of decongestive therapy alone to 
be >$30,000. Conversely, successful surgery with cessation 
of further compressive therapy is ~$15,000. Their esti-
mates did not include complications related to medical 
therapy, such as progression of disease, infection, sepsis, 
cancer, and loss of productivity in the model patients. 

Their cost estimate is similar to that of our findings—an 
average payment received of ~$11,000 per surgery without 
accounting for diagnostic work up. They further argue 
that the cost for surgery is at least comparable to medical 
therapy, with significant cost savings seen in patients who 
are able to discontinue decongestive therapy.20

Prophylactic lymphatic surgery has also been shown to 
yield measurable symptom prevention and cost benefits 
in the field of oncologic breast surgery. Jørgensen et al 
performed a systematic review and meta-analysis of the lit-
erature on prophylactic LVB at the time of lymphadenec-
tomy and found a significant reduction in the incidence 
of lymphedema in patients who underwent prophylactic 
LVB.21 This was equivalent to one-third of the incidence 
of lymphedema in their control group.22 A recent cost-
minimization analysis was performed comparing patients 
undergoing mastectomy and axillary lymph node dissec-
tion with mastectomy, axillary dissection, and prophylactic 
lymphovenous bypass. They predicted that if all patients 
underwent prophylactic bypass, regardless of if the patient 
developed lymphedema, there was $7646 cost savings 
(45.2% in their treatment) per patient through limitation 
of annual medical therapy.23

Common criticisms of these cutting-edge microsurgical 
techniques persist with the limited amount of published 
long-term outcome data. However, we believe that as time 
and further studies continue to be published in favor of 
improved quality of life, improved disease management, 
and cost-effectiveness, that the case for labeling microsurgi-
cal lymphatic procedures as experimental will be inaccurate.

Our particular study is limited by the fact that it is a 
single center, single surgeon review with a small sample 
size. Although this data may be representative of a typical 
microsurgical practice in America, it may not be generaliz-
able to all practice settings and regulatory environments 
in the United States, and outcomes also may not be gen-
eralizable as microsurgical lymphatic procedures require 
additional training and expertise for optimal outcomes. 
We do not have data regarding patients who were refused 
surgery due to lack of insurance pre-authorization for 
either therapeutic or prophylactic surgery, thus resulting 
in a sampling bias. Preoperative imaging was performed 
in the clinic and the cost data for this imaging is unavail-
able. However, this cost data would be unlikely to mitigate 
the benefits of surgery over prolonged conservative/medi-
cal therapy as estimated by other review articles.

CONCLUSIONS
Lymphovenous bypass and VLNT offer significant 

benefits in both disease burden and quality of life, with 
the possibility of a cure for an otherwise highly mor-
bid, persistent disease. Our experience has been that 
obtaining reimbursement for the surgical treatment 
of lymphedema is possible, payment-to-charge ratios 
are comparable to other surgical procedures, and sur-
gery results in positive contribution margins for the 
hospital. Through growing awareness of lymphedema 
as an expensive preventable complication following 
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oncological surgery, further lobbying should focus on 
eliminating any barriers between coverage for both 
therapeutic and prophylactic procedures as patients, 
hospitals, and the healthcare systems all benefit.

Kongkrit Chaiyasate, MD, FACS 
3555 W. 13 Mile Rd, Suite N120  

William Beaumont Hospital Royal Oak  
Royal Oak, MI 48073 

E-mail: kongkrit.chaiyasate@beaumont.edu

REFERENCES
 1. International Society of Lymphology. The diagnosis and treatment 

of peripheral lymphedema: 2013 Consensus Document of the 
International Society of Lymphology. Lymphology. 2013;46:1–11.

 2. Ribeiro Pereira ACP, Koifman RJ, Bergmann A. Incidence and 
risk factors of lymphedema after breast cancer treatment: 10 
years of follow-up. Breast. 2017;36:67–73. 

 3. Kung TA, Champaneria MC, Maki JH, et al. Current concepts 
in the surgical management of lymphedema. Plast Reconstr Surg. 
2017;139:1003e–1013e. 

 4. Chang DW, Suami H, Skoracki R. A prospective analysis of 100 
consecutive lymphovenous bypass cases for treatment of extrem-
ity lymphedema. Plast Reconstr Surg. 2013;132:1305–1314. 

 5. Maldonado AA, Chen R, Chang DW. The use of supraclavicular 
free flap with vascularized lymph node transfer for treatment of 
lymphedema: A prospective study of 100 consecutive cases. J Surg 
Oncol. 2017;115:68–71. 

 6. Koide S, Lin CY, Chen C, et al. Long-term outcome of lower 
extremity lymphedema treated with vascularized lymph node 
flap transfer with or without venous complications. J Surg Oncol. 
2020;121:129–137. 

 7. Coriddi M, Dayan J, Sobti N, et al. Systematic review of patient-
reported outcomes following surgical treatment of lymphedema. 
Cancers (Basel). 2020;12:E565. 

 8. Cheng MH, Pappalardo M, Lin C, et al. Validity of the novel 
Taiwan lymphoscintigraphy staging and correlation of Cheng 
lymphedema grading for unilateral extremity lymphedema. Ann 
Surg. 2018;268:513–525. 

 9. Chang DW, Masia J, Garza R III, et al. Lymphedema: Surgical 
and medical therapy. Plast Reconstr Surg. 2016;138(Suppl 
3):209S–218S. 

 10. Althubaiti GA, Crosby MA, Chang DW. Vascularized supraclavic-
ular lymph node transfer for lower extremity lymphedema treat-
ment. Plast Reconstr Surg. 2013;131:133e–135e. 

 11. Venkat P, Chen LM, Young-Lin N, et al. An economic analysis 
of robotic versus laparoscopic surgery for endometrial cancer: 
Costs, charges and reimbursements to hospitals and profession-
als. Gynecol Oncol. 2012;125:237–240. 

 12. Lotan Y, Bolenz C, Gupta A, et al. The effect of the approach to 
radical prostatectomy on the profitability of hospitals and sur-
geons. BJU Int. 2010;105:1531–1535. 

 13. Ezzo J, Manheimer E, McNeely ML, et al. Manual lymphatic 
drainage for lymphedema following breast cancer treatment. 
Cochrane Database Syst Rev. 2016;5:93–123. 

 14. Brayton KM, Hirsch AT, O Brien PJ, et al. Lymphedema prev-
alence and treatment benefits in cancer: Impact of a thera-
peutic intervention on health outcomes and costs. PLoS One. 
2014;9:e114597. 

 15. Koshima I, Imai H, Yoshida S, et al. Angiosarcoma disappeared 
with lymphaticovenular anastomoses (LVA): Amazing results 
of Stewart-Treves syndrome. Annals of Short Reports and Clinical 
Images. 2019;2:1012.

 16. Campisi C, Bellini C, Campisi C, et al. Microsurgery for lymph-
edema: Clinical research and long-term results. Microsurgery. 
2010;30:256–260. 

 17. Dean LT, Moss SL, Ransome Y, et al. “It still affects our economic 
situation”: Long-term economic burden of breast cancer and 
lymphedema. Support Care Cancer. 2019;27:1697–1708. 

 18. Mercier G, Pastor J, Clément V, et al. Out-of-pocket payments, 
vertical equity and unmet medical needs in France: A national 
multicenter prospective study on lymphedema. PLoS One. 
2019;14:e0216386. 

 19. Teven CM, Hammond JB, Casey WJ III, et al. Breast cancer-
related lymphedema and the obligation of insurance providers. 
Ann Plast Surg. 2020;85:205–206. 

 20. Head LK, Momtazi M. Economics of lymphovenous bypass. Plast 
Reconstr Surg. 2019;144:751e–759e. 

 21. Jørgensen MG, Toyserkani NM, Sørensen JA. The effect of pro-
phylactic lymphovenous anastomosis and shunts for preventing 
cancer-related lymphedema: A systematic review and meta-analy-
sis. Microsurgery. 2018;38:576–585. 

 22. Hespe GE, Nores GG, Huang JJ, et al. Pathophysiology of lymph-
edema—is there a chance for medication treatment? J Surg 
Oncol. 2017;115:96–98. 

 23. Squitieri L, Rasmussen PW, Patel KM. An economic analysis of 
prophylactic lymphovenous anastomosis among breast cancer 
patients receiving mastectomy with axillary lymph node dissec-
tion. J Surg Oncol. 2020;121:1175–1178. 

mailto:kongkrit.chaiyasate@beaumont.edu?subject=
https://doi.org/10.1016/j.breast.2017.09.006
https://doi.org/10.1016/j.breast.2017.09.006
https://doi.org/10.1016/j.breast.2017.09.006
https://doi.org/10.1097/PRS.0000000000003218
https://doi.org/10.1097/PRS.0000000000003218
https://doi.org/10.1097/PRS.0000000000003218
https://doi.org/10.1097/PRS.0b013e3182a4d626
https://doi.org/10.1097/PRS.0b013e3182a4d626
https://doi.org/10.1097/PRS.0b013e3182a4d626
https://doi.org/10.1002/jso.24351
https://doi.org/10.1002/jso.24351
https://doi.org/10.1002/jso.24351
https://doi.org/10.1002/jso.24351
https://doi.org/10.1002/jso.25602
https://doi.org/10.1002/jso.25602
https://doi.org/10.1002/jso.25602
https://doi.org/10.1002/jso.25602
https://doi.org/10.3390/cancers12030565
https://doi.org/10.3390/cancers12030565
https://doi.org/10.3390/cancers12030565
https://doi.org/10.1097/SLA.0000000000002917
https://doi.org/10.1097/SLA.0000000000002917
https://doi.org/10.1097/SLA.0000000000002917
https://doi.org/10.1097/SLA.0000000000002917
https://doi.org/10.1097/PRS.0000000000002683
https://doi.org/10.1097/PRS.0000000000002683
https://doi.org/10.1097/PRS.0000000000002683
https://doi.org/10.1097/PRS.0b013e318272a1b4
https://doi.org/10.1097/PRS.0b013e318272a1b4
https://doi.org/10.1097/PRS.0b013e318272a1b4
https://doi.org/10.1016/j.ygyno.2011.11.036
https://doi.org/10.1016/j.ygyno.2011.11.036
https://doi.org/10.1016/j.ygyno.2011.11.036
https://doi.org/10.1016/j.ygyno.2011.11.036
https://doi.org/10.1111/j.1464-410X.2009.08996.x
https://doi.org/10.1111/j.1464-410X.2009.08996.x
https://doi.org/10.1111/j.1464-410X.2009.08996.x
https://doi.org/10.1007/978-3-030-01896-2_5
https://doi.org/10.1007/978-3-030-01896-2_5
https://doi.org/10.1007/978-3-030-01896-2_5
https://doi.org/10.1371/journal.pone.0114597
https://doi.org/10.1371/journal.pone.0114597
https://doi.org/10.1371/journal.pone.0114597
https://doi.org/10.1371/journal.pone.0114597
https://doi.org/10.1002/micr.20737
https://doi.org/10.1002/micr.20737
https://doi.org/10.1002/micr.20737
https://doi.org/10.1007/s00520-018-4418-4
https://doi.org/10.1007/s00520-018-4418-4
https://doi.org/10.1007/s00520-018-4418-4
https://doi.org/10.1371/journal.pone.0216386
https://doi.org/10.1371/journal.pone.0216386
https://doi.org/10.1371/journal.pone.0216386
https://doi.org/10.1371/journal.pone.0216386
https://doi.org/10.1097/SAP.0000000000002449
https://doi.org/10.1097/SAP.0000000000002449
https://doi.org/10.1097/SAP.0000000000002449
https://doi.org/10.1097/PRS.0000000000006118
https://doi.org/10.1097/PRS.0000000000006118
https://doi.org/10.1002/micr.30180
https://doi.org/10.1002/micr.30180
https://doi.org/10.1002/micr.30180
https://doi.org/10.1002/micr.30180
https://doi.org/10.1002/jso.24414
https://doi.org/10.1002/jso.24414
https://doi.org/10.1002/jso.24414
https://doi.org/10.1002/jso.25902
https://doi.org/10.1002/jso.25902
https://doi.org/10.1002/jso.25902
https://doi.org/10.1002/jso.25902

