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Abstract

Breast cancer represents the most commonly encountered malignancy in women worldwide. In the last
decades, due to the improvement of the imagistic techniques and to the wide implementation of screening
tests, a significant number of cases are suitable for conservative surgery therefore improving the quality of
life. Although the postoperative morbidity after breast conservative surgery is reduced, the procedure can
still be associated with certain complications such as breast lymphedema, or wound difficult healing. The
aim of the current paper is to discuss the possibility of prevention and treatment of breast lymphedema by
using innovative techniques such as indocyanine green.
Keywords: breast cancer, conservative surgery, breast lymphedema, indocyanine green
Corresponding authors:
Irina Balescu
E-mail: irina.balescu@ponderas-ah.ro
Roxana Bohiltea
E-mail: r.bohiltea@yahoo.com

Article History:
Received: 28 November 2021
Accepted: 5 December 2021
Romanian Journal of Medical Practice – Vol. XVI, No. 4 (84), 2021

409

Romanian Journal of Medical Practice – Vol. XVI, No. 4 (84), 2021

INTRODUCTION
Breast cancer represents the most commonly encountered neoplastic disease in women, accounting for
almost 12% of all newly diagnosed cancers; meanwhile
this malady seems to be responsible for up to 6,6% of
all cancer related deaths, mortality being especially related to the stage at the time of diagnosis (1). Fortunately, in the last decades imagistic techniques gained
significant progress and leaded to an earlier diagnostic
of the disease in a significant number of cases, therefore increasing the chances for cure in breast cancer
patients. In this respect, surgeons’ attention was focused on imaging and less invasive surgical procedures
in order to offer a better cosmetic aspect and an improved quality of life without diminishing the quality of
the surgical procedure and without impeding the oncological aspects (2,3). Therefore, conservative surgery
such as quadranectomy has been proposed especially
in cases presenting small in size lesions. According to
the clinical, histopathological and imagistic aspects of
the axillary lymph nodes, the therapeutic strategy of
the axilla was de-escalated from axillary lymph node
dissection to sentinel lymph node dissection. In time
both quadranectomy and sentinel lymph node dissection have been widely adopted by the international
breast cancer guidelines and therefore became the
new standard of care especially in reduced lesions with
no suspect axillary lymph nodes (4,5).

THE ROLE OF INDOCYANINE GREEN
ADMINISTRATION IN SENTINEL NODE
DETECTION
In order to minimize the chances to misdiagnose
the real sentinel lymph node, multiple methods have
been proposed for a more accurate identification; the
most commonly used agent for sentinel lymph node
detection is still represented by Technetium. However,
Technetium administration is also associated with certain risks, being a radioactive molecule; in this regard,
attention was focused on determining which other
agents could be useful in such cases (6-10). Methylene
blue has proved its efficacy, but after injection, local
necrosis can develop and special attention should be
paid (7). A more recently used molecule is represented
by indocyanine green (ICG), a fluorescent molecule
which absorbs light between 600nm and 900 nm and
emits fluorescence between 750 nm and 950 nm (11).
Once the utility of ICG has been demonstrated in order
to provide a more effective detection of sentinel lymph
node, attention was focused on identifying other possible utilities of this agent. Due to the fact that it can be
easily identified in the blood and lymphatic stream, the
molecule has been also used in order to prevent and
410

treat different complications such as lymphedema (1113).

WHY DOES BREAST LYMPHEDEMA
OCCUR AFTER CONSERVATIVE BREAST
SURGERY?
Breast lymphedema has become a serious problem
affecting women undergoing breast conservative surgery; this fact is mainly related to the interruption of
breast lymphatic network during surgery, leading to an
impeded breast lymphatic drainage; in this context fluid stasis at the level of the breast will lead to the apparition of inflammatory response which will further have
a negative impact on the subcutaneous tissues; therefore local architectural modification and breast
lymphedema will occur leading to a predisposition for
cellulitis development as well as to a negative impact
on patients’ body image (14-17). In the last decade,
due to the extensive implementation of breast conserving surgery, breast lymphedema has become an
important problem, especially due to the fact that most
often these patients are submitted to adjuvant radiation therapy, which might further worsen the local situation (17).
When it comes to the incidence of breast lymphedema after conservative surgery, the reported rates range
between 10% and 70% due to the fact that most often
the diagnosis is based on clinical identification; however, it should not be omitted the fact that clinic is most
often based on a subjective interpretation (18). Although certain authors proposed imagistic methods
such as mammography and ultrasound, these methods
fail to identify with a high sensibility and specificity the
development of breast lymphedema (19,20).

THE ROLE OF INDOCYANINE GREEN IN
BREAST LYMPHEDEMA
A significant improvement in the field of breast
lymphedema diagnostic was achieved by the association of intraoperative lymphography based on indocyanine green injection; the method allows a better identification of the lymphatic map of the breast. The
method is based on the same principle as the one described for preventing upper limb lymphedema (19).
An interesting study which was conducted on the
subject of indocyanine green utility in diagnostic of
breast lymphedema was conducted by Heydon-White
et al. which has been recently published in Breast Cancer Research and Treatment journal. The study included 10 healthy controls and 10 patients presenting
breast lymphedema after breast conserving surgery. In
all cases indocyanine injection was administrated intra-
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dermally in three standard points. The study came to
demonstrate that in controls the amount of liquid was
significantly lower when compared to cases submitted
to breast conserving surgery; however, in the affected
breast a significantly higher amount of liquids was encountered at the level of the lower quadrants when
compared to the upper ones as well as at the level of
the inner ones when compared to the outer quadrants.
Performing an indocyanine green based lymphography
came to demonstrate that 90% of cases who had been
submitted to breast conserving surgery presented collateral pathways of drainage at the level of the parasternal, intercostal, clavicular or contro-lateral axilla,
the latter type of drainage being more commonly encountered in cases in which ipsilateral lymph node dissection had been performed. For the time being, all
patients presenting breast lymphedema had dermal
backflow in the affected breast, aspect which was not
encountered in the control group. According to the authors, indocyanine green lymphography in such cases
could provide an early diagnostic of breast lymphedema, before it becomes clinically visible and could also

determine the therapeutic strategy before irreversible
changes develop (21). Moreover, other authors suggest
that indocyanine green lymphography is able to identify the areas presenting a significant overload of the
lymphatic system and might create in this way the
premises of creating a lymphatico-venous anastomosis
in order to decrease the pressure into the lymphatic
system by discharging the accumulated amount of
lymph directly into the venous system (22).

CONCLUSIONS
Once screening tests have been implemented
worldwide, the rates of early breast cancer diagnosis
significantly increased and therefore more patients are
candidates for conservative surgery. Although this type
of surgery is usually associated with better cosmetic aspects and an improved quality of life, certain complications such as breast lymphedema might occur. In such
cases indocyanine green injection seems to be safe and
effective in both prevention and treatment this complication.

REFERENCES
1. Ferlay J, Ervik M, Lam F, et al. Global
Cancer Observatory: Cancer Today. Lyon,
France: International Agency for Research
on Cancer; 2018. Available at: https://gco.
iarc.fr/today.
2. Schünemann HJ, Lerda D, Quinn C,
Follmann M, Alonso-Coello P, et al.;
European Commission Initiative on Breast
Cancer (ECIBC) Contributor Group. Breast
Cancer Screening and Diagnosis: A
Synopsis of the European Breast Guidelines.
Ann Intern Med. 2020 Jan 7;172(1):46-56.
3. Kalager M, Zelen M, Langmark F, Adami HO.
Effect of screening mammography on
breast-cancer mortality in Norway. N Engl J
Med. 2010 Sep 23;363(13):1203-10.
4. Curigliano G, Burstein HJ, Winer EP, Gnant
M, Dubsky P, Loibl S, Colleoni M, et al.
De-escalating and escalating treatments for
early-stage breast cancer: the St. Gallen
International Expert Consensus Conference
on the Primary Therapy of Early Breast
Cancer 2017. Ann Oncol. 2017 Aug
1;28(8):1700-1712.
5. File D, Curigliano G, Carey LA. Escalating
and De-escalating Therapy for Early-Stage
HER2-Positive Breast Cancer. Am Soc Clin
Oncol Educ Book. 2020 Mar;40:1-11.
6. Olivier F, Courtois A, Jossa V, Bruck G,
Aouachria S, Coibion M, Jerusalem G.

Sentinel lymph node mapping with patent
blue dye in patients with breast cancer: a
retrospective single institution study. Gland
Surg. 2021 Sep;10(9):2600-2607.
7. Hidar S, Alimi A, Khlifi A, Chachia S, Kaabia
O, Bouguizane S, Bibi M, Khairi H.
Indocyanine Green Fluorescence-Guided
Sentinel Node Biopsy in Breast Cancer
Within a North African Population: A
Retrospective Study. Eur J Breast Health.
2021 Oct 4;17(4):352-355.
8. Deng H, Lei J, Jin L, Shi H. Diagnostic
efficacy of sentinel lymph node in breast
cancer under percutaneous contrastenhanced ultrasound: An updated
meta-analysis. Thorac Cancer. 2021
Nov;12(21):2849-2856.
9. Millen EC, Cavalcante FP, Zerwes F, Novita
G, de Souza ABA, et al. The Attitudes of
Brazilian Breast Surgeons on Axillary
Management in Early Breast Cancer-10
Years after the ACOSOG Z0011 Trial First
Publication. Ann Surg Oncol. 2021 Sep 27.
10. Kittaka N, Nakajima S, Hatano T, Seto Y, et
al. Axillary management based on American
college of surgeons oncology group Z0011
criteria makes it possible to omit
intraoperative diagnosis of sentinel lymph
nodes in early breast cancer patients. Breast
J. 2021 Nov;27(11):804-810.

11. Frangioni JV. In vivo near-infrared
fluorescence imaging. Curr Opin Chem Biol.
2003 Oct;7(5):626-34.
12. Alford R, Simpson HM, Duberman J, Hill GC,
Ogawa M, Regino C, Kobayashi H, Choyke
PL. Toxicity of organic fluorophores used in
molecular imaging: literature review. Mol
Imaging. 2009 Dec;8(6):341-54.
13. Owens SL. Indocyanine green angiography.
Br J Ophthalmol. 1996 Mar;80(3):263-6.
14. Aldrich MB, Sevick-Muraca EM. Cytokines
are systemic effectors of lymphatic function
in acute inflammation. Cytokine. 2013 Oct;
64(1):362-9.
15. Zampell JC, Yan A, Elhadad S, Avraham T,
Weitman E, Mehrara BJ. CD4(+) cells
regulate fibrosis and lymphangiogenesis in
response to lymphatic fluid stasis. PLoS
One. 2012;7(11):e49940.
16. Meek AG. Breast radiotherapy and
lymphedema. Cancer. 1998 Dec 15;
83(12 Suppl American):2788-97.
17. Back M, Guerrieri M, Wratten C, Steigler A.
Impact of radiation therapy on acute toxicity
in breast conservation therapy for early
breast cancer. Clin Oncol (R Coll Radiol).
2004 Feb;16(1):12-6.
18. Johansson K, Darkeh MH, Lahtinen T,
Bjork-Eriksson T, Axelssqn R. Two-year
follow-up of temporal changes of breast

411

Romanian Journal of Medical Practice – Vol. XVI, No. 4 (84), 2021
edema after breast cancer treatment with
surgery and radiation evaluated by tissue
dielectric constant (TDC). Eur J Lymphol
Relat Probl. 2015;27:15-21.
19. Li J, Dershaw DD, Lee CH, Joo S, Morris
EA. Breast MRI after conservation therapy:
usual findings in routine follow-up
examinations. AJR Am J Roentgenol. 2010
Sep;195(3):799-807.

412

20. Rönkä RH, Pamilo MS, von Smitten KA,
Leidenius MH. Breast lymphedema after
breast conserving treatment. Acta Oncol.
2004;43(6):551-7.
21. Heydon-White A, Suami H, Boyages J,
Koelmeyer L, Peebles KC. Assessing breast
lymphoedema following breast cancer
treatment using indocyanine green

lymphography. Breast Cancer Res Treat.
2020 Jun;181(3):635-644.
22. Yamamoto Y, Sugihara T. Microsurgical
lymphaticovenous implantation for the
treatment of chronic lymphedema. Plast
Reconstr Surg. 1998 Jan;101(1):157-61.

