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ABSTRACT

Background. Secondary upper limb lymphedema is a complication of multimodal treatment for malignant neoplasms
associated with damage to the regional lymphatic system. Indocyanine green (ICG) fluorescence lymphography enables real-
time visualization of superficial lymphatic vessels and assessment of lymphatic drainage patterns. However, data on fluorescence
patterns in secondary lymphedema of different oncological etiologies and their clinical significance remain limited.

Objective. To evaluate the diagnostic potential of ICG fluorescence lymphography for detecting and characterizing
lymphatic drainage abnormalities in female patients with secondary upper limb lymphedema following multimodal treatment
for malignant neoplasms.

Materials and Methods. A case series of 10 female patients with secondary upper limb lymphedema following treatment
for breast cancer (n = 7), melanoma (n = 2), and cutaneous squamous cell carcinoma (n = 1) was analyzed. The duration of
lymphedema before examination ranged from 3 months to 2—3 years. All patients underwent ICG fluorescence lymphography.

Results. Fluorescence lymphography revealed four lymphatic drainage patterns: a linear pattern and three types of dermal
backflow, namely splash, stardust, and diffuse patterns. The characteristics and extent of fluorescence abnormalities reflected
the underlying alterations in lymphatic drainage. Visualization of preserved lymphatic collectors enabled identification of their
anatomical location and potential sites for lymphovenous anastomosis.

Conclusion. ICG fluorescence lymphography enabled characterization of lymphatic drainage abnormalities and
visualization of preserved superficial lymphatic collectors. The findings demonstrated the potential utility of this technique for
assessing lymphatic dysfunction, individualizing treatment strategies, and facilitating preoperative planning of lymphovenous

anastomosis.

Keywords: secondary lymphedema; fluorescence lymphography; indocyanine green; breast cancer; lymphatic drainage;

dermal backflow; lymphovenous anastomosis.

INTRODUCTION

Secondary upper limb lymphedema is a chronic condi-
tion caused by impaired lymphatic transport and the accu-
mulation of interstitial fluid in the tissues. A major cause is
injury to the regional lymphatic system during cancer treat-
ment, particularly following lymph node dissection and ra-
diotherapy. As the condition progresses, edema may be ac-
companied by fibrosis of the skin and subcutaneous tissue,
impaired limb function, and reduced quality of life. The ex-
tent of these structural changes varies across disease stages,
underscoring the importance of timely diagnosis of lymphatic
dysfunction [1, 2].

Upper limb lymphedema following breast cancer treat-
ment has been studied most extensively. However, impaired
lymphatic drainage can also occur after treatment of other ma-
lignancies involving the regional lymph nodes and lymphatic
pathways. Clinical assessment of lymphedema includes phys-
ical examination, measurement of limb circumference or vol-
ume, and evaluation of soft tissue changes. These measures
are essential for patient monitoring, but they do not, on their
own, identify the location of preserved lymphatic vessels or
characterize lymphatic transport [1, 2].

Imaging of the lymphatic system complements clinical
assessment and provides information relevant to treatment
planning. Available modalities include lymphoscintigraphy,
magnetic resonance lymphography, ultrasonography, and
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fluorescence lymphography using indocyanine green (ICG).
These methods differ in imaging depth, the type of informa-
tion they provide, and their capacity for anatomical mapping.
ICG lymphography enables real-time visualization of fluores-
cent tracer movement through the superficial lymphatic net-
work. Its principal limitation is the inability to fully assess
deep lymphatic structures [2, 3].

The clinical value of ICG lymphography in secondary up-
per limb lymphedema is supported by studies of early lym-
phatic dysfunction. Mihara et al. showed that, in some patients
with early upper limb lymphedema, ICG lymphography de-
tected abnormalities that were not identified by lymphoscin-
tigraphy. The authors also emphasized the value of assess-
ing the lymphatic system alongside changes in subcutaneous
adipose tissue [4]. These findings do not establish that ICG
lymphography is universally superior to other modalities; the
choice of imaging method depends on the diagnostic question
and the depth of the structures of interest.

The fluorescence pattern is central to the interpretation of
ICG lymphography. A linear pattern indicates visualization of
lymphatic collectors. Impaired lymphatic transport may pro-
duce dermal backflow patterns, classified as splash, stardust,
and diffuse. Yamamoto et al. proposed a staging system for
upper limb lymphedema based on the type and extent of these
changes [4]. Whereas clinical staging assesses the condition
more broadly, fluorescence imaging characterizes the visible
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pattern of superficial lymphatic transport. The two approaches
should therefore be considered complementary.

Dynamic ICG lymphography provides further information
about lymphatic transport. In patients with breast cancer—re-
lated arm lymphedema, Yamamoto et al. used dynamic imag-
ing to assess lymphatic transport function [4]. Narushima et
al. systematized ICG lymphographic findings in limb lymph-
edema, supporting more consistent descriptions of patholog-
ical fluorescence patterns [6]. Together, these studies support
assessment of both the presence of dermal backflow and the
distribution of visible lymphatic collectors.

One clinical application of ICG lymphography is lym-
phatic vessel mapping before microsurgical treatment. When
planning lymphovenous anastomosis, it is important to iden-
tify the location of potentially suitable lymphatic collectors.
Gentileschi et al. investigated preoperative mapping of lym-
phatic pathways in the affected upper limb using the contralat-
eral unaffected limb for comparison [7]. Woo et al. described
variations in the distribution of superficial upper limb lym-
phatic pathways and their relationship to sites of lymphatic
obstruction [8]. A systematic review by van Heumen et al.
identified lymphatic vessel imaging as a component of surgi-
cal planning for lymphedema [3].

Thus, ICG lymphography is valuable both for detect-
ing pathological fluorescence patterns and for mapping pre-
served superficial lymphatic collectors. Most primary studies
of upper limb lymphedema have involved patients treated for
breast cancer [4-6]. Examining cases of lymphedema follow-
ing treatment for malignancies of different origins may fur-
ther characterize the observed patterns of lymphatic dysfunc-
tion and the potential role of imaging in treatment planning.

Objective: To assess the ability of indocyanine green flu-
orescence lymphography to detect and characterize impaired
lymphatic drainage in patients with secondary upper limb
lymphedema following multimodal treatment for malignancy.

MATERIALS AND METHODS

Study design and patient characteristics. A prospective
descriptive case series was conducted between January and
August 2026. The study included 10 women with secondary
upper limb lymphedema following multimodal treatment for
malignancy. Seven patients had a history of breast cancer, two
had upper limb melanoma, and one had cutaneous squamous
cell carcinoma of the upper limb. Depending on the underly-
ing malignancy and clinical circumstances, prior anticancer
treatment comprised various combinations of surgery, regional
lymph node dissection, radiotherapy, and systemic therapy.

At the time of assessment, two patients had stage I lymph-
edema, three had stage II, and five had stage III. The interval
from the onset of lymphedema to fluorescence lymphography
ranged from 3 months to approximately 2-3 years.

Clinical assessment and calculated limb volume. To as-
sess the severity of lymphedema, the circumferences of the
affected and contralateral upper limbs were measured at suc-
cessive levels 4 cm apart. The volume of the measured limb
segment was calculated using the truncated-cone method: the
portion between each pair of adjacent measurement levels was
treated as a separate truncated cone, and the resulting volumes
were summed.

The volume of each segment was calculated using the fol-
lowing formula:

In the formula, is the distance between adjacent measure-
ment levels (4 cm), and and are the limb circumferences at
those levels (cm). The total calculated volume of the mea-
sured limb segment was obtained by summing the volumes
of all segments:

where is the number of measurement levels. Values for the
affected and contralateral limbs were compared. The contra-
lateral limb served as a reference for comparison but was not
assumed to be unaffected.

Fluorescence lymphography technique. All patients un-
derwent fluorescence lymphography with indocyanine green
(ICG). The study used ICG supplied by Aurolab Veerapanjan
(Madurai, Tamil Nadu, India) and the SPY-PHI fluorescence
imaging system (Novadaq Technologies Inc., Canada). Im-
ages were recorded using equipment from AVerMedia Tech-
nologies Inc. (Taiwan).

ICG solution was injected intradermally at three or four
sites on the affected upper limb, with 0.1 mL administered
at each site. The total injected volume was 0.3—0.4 mL, de-
pending on the number of injection sites. Near-infrared flu-
orescence imaging of the superficial lymphatic network was
then performed.

The assessment included the direction and pattern of fluo-
rescence propagation, the location of visible superficial lym-
phatic collectors, the presence of dermal backflow, and the
extent of pathological fluorescence changes. When preserved
lymphatic collectors were identified, their anatomical loca-
tions were documented for potential use in subsequent pre-
operative mapping.

Classification of fluorescence patterns. Four patterns
were used to describe the ICG lymphographic findings: /in-
ear, splash, stardust, and diffuse.

The linear pattern was defined by relatively narrow, elon-
gated fluorescent pathways corresponding to superficial lym-
phatic collectors. The splash pattern was characterized by lo-
calized, irregular spread of fluorescence within the superficial
lymphatic network. The stardust pattern was defined by mul-
tiple small, discrete areas of fluorescence. The diffuse pattern
was characterized by extensive confluent tissue fluorescence,
against which individual lymphatic collectors could be diffi-
cult to distinguish.

The linear pattern was assessed separately from the three
dermal backflow patterns. When multiple patterns were pres-
ent in the same limb, their combination, anatomical location,
and extent were documented.

Data documentation and analysis. Clinical findings,
calculated limb volumes, and fluorescence imaging results
were analyzed descriptively in relation to oncological history
and the stage and duration of lymphedema. Individual patient
characteristics, examination chronology, ICG injection vol-
umes and sites, and observed fluorescence patterns were sum-
marized in Table 1 of the Results section. Images illustrating
the linear pattern and the three dermal backflow patterns were
selected for presentation. Informed consent for publication of
the clinical cases and images was obtained from the patients.

ICG lymphography was performed for diagnostic pur-
poses, including characterization of lymphatic dysfunction
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and identification of potential sites for lymphovenous anas-
tomosis. No lymphovenous anastomoses were performed in
this case series.

RESULTS

The study included 10 women with secondary upper limb
lymphedema following multimodal treatment for malignancy.
The underlying malignancy was breast cancer in seven pa-
tients (70%), upper limb melanoma in two (20%), and cu-
taneous squamous cell carcinoma of the upper limb in one
(10%). At the time of ICG lymphography, two patients (20%)

Individual Case Characteristics

Limb volumetry demonstrated an increased calculated vol-
ume of the affected upper limb compared with the contralat-
eral limb in all patients. The relative interlimb volume differ-
ence ranged from 10.0% to 55.0%. The smallest differences
were observed in patients with stage I lymphedema (10.0%
and 12.0%), whereas patients with stage III disease showed
differences ranging from 45.0% to 55.0%. Individual volu-
metric measurements are presented in Table 1.

Fluorescence Pattern Characteristics

Table 1. Patient characteristics and ICG lymphography findings.

. Month of Oncological 1CD- Lymphedema | Affected | Contralateral Difference, | Fluorescence findings
Patient . ? 10 . N 3 o . . .
assessment | diagnosis code | stage limb, cm? | limb, cm % in the available images
Janua Breast Predominant
1 y C50.2 |11 3125 2500 25.0 fluorescence in the
2026 cancer
hand
Extensive,
February Breast heterogeneous
2 2026 cancer C50.1 (I 4205 2900 45.0 fluorescence in the
hand and forearm
3 March 2026 | Breast €504 | I 3456 {2700 28.0 Extensive fluorescence
cancer in the forearm
Fluorescence in the
4 April 2026 | Breast C504 |1 2640 [ 2400 10.0 hand with separate
cancer proximal fluorescent
areas
Intense fluorescence in
5 May 2026 | Breast €503 |11 3458 2600 33.0 the hand with separate
cancer areas of fluorescence
proximally
Localized,
6 June 2026 | Breast €504 |1 2800 2500 12.0 heterogeneous
cancer fluorescence in the
hand
An elongated linear
Breast fluorescent pathway;
7 July 2026 C50.2 | I 4200 2800 50.0 another image shows
cancer
broader, heterogeneous
fluorescence
) Extensive,
8 July 2026 | Upperlimb gz oty 3915 2700 45.0 heterogeneous
melanoma fluorescence in the
upper arm
. ICG pattern not
9 August Upper imb | 45 ¢y 4650 3000 55.0 available for image-
2026 melanoma b
ased reassessment
Cutaneous
August igﬁamous ICG pattern not
10 £ . C44.6 | IIL 4060 2800 45.0 available for image-
2026 carcinoma b
ased reassessment
of the upper
limb

had stage I lymphedema, three (30%) had stage II, and five
(50%) had stage III. The duration of lymphedema before as-
sessment ranged from 3 months to approximately 2—3 years.

Fluorescence lymphography revealed variation in super-
ficial lymphatic drainage. The images differed in the length
of visible lymphatic collectors, the configuration of the fluo-
rescence signal, and the extent of dermal backflow. Four lym-
phographic patterns were observed in this case series: linear,
splash, stardust, and diffuse.
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Linear Pattern

The linear pattern was characterized by elongated fluo-
rescent structures corresponding to superficial lymphatic col-
lectors. Their location and direction enabled individual lym-
phatic drainage pathways to be traced within the examined
limb. An example of a linear fluorescent pathway is shown in
the image of patient 7 (Figure 1). The visible collectors could
be anatomically localized for potential use in subsequent pre-
operative mapping.
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Figure 1. Linear pattern on upper limb ICG lymphography, showing an elongated superficial
lymphatic collector. Patient 7. Source: Images obtained by the authors.

Figure 2. Splash pattern on ICG lymphography: localized, irregular spread of the fluorescence
signal within the superficial lymphatic network. Source: Images obtained by the authors.

Figure 3. Stardust pattern: multiple small, discrete areas of fluorescence consistent with
dermal backflow. Source: Images obtained by the authors.

Figure 4. Patient 8, Diffuse pattern: extensive, confluent fluorescence in the upper limb
tissues, with individual lymphatic collectors difficult to distinguish. Source: Images
obtained by the authors.

The splash pattern was characterized by localized, irreg-
ular spread of the fluorescence signal beyond a clearly de-
lineated linear lymphatic collector. This appearance corre-
sponded to limited areas of dermal backflow and differed
from the linear pattern in its less organized fluorescence con-
figuration.

The stardust pattern was characterized by multiple small,

spatially separate areas of fluorescence. Compared with the
splash pattern, the fluorescence signal was more fragmented,
appearing as discrete punctate foci within the affected tissues.

The diffuse pattern was characterized by extensive, con-
fluent tissue fluorescence. Within these areas, individual lin-
ear lymphatic collectors were difficult to distinguish. Exten-
sive heterogeneous fluorescence was observed, in particular,
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in the images of patient 8.
Interpretation of Individual Lymphographic Findings

Different fluorescence patterns could occur within the
same limb. Interpretation therefore required assessment of
each pattern’s anatomical location and extent, as well as its
type. ICG lymphography enabled lymphatic dysfunction to be
described in individual visible regions of the superficial lym-
phatic network rather than assigning a single overall fluores-
cence pattern to the entire limb.

The findings were used to identify visible superficial lym-
phatic collectors and potential sites for subsequent surgical
mapping. No patient in this case series underwent lymphove-
nous anastomosis; assessment of outcomes after surgical treat-
ment of lymphedema was therefore outside the scope of this
study.

DISCUSSION

This case series demonstrates variation in the fluorescence
appearance of the superficial lymphatic network in women
with secondary upper limb lymphedema following multi-
modal treatment for malignancy. ICG lymphography showed
both elongated linear lymphatic pathways and areas of ab-
normal fluorescence spread corresponding to different dermal
backflow patterns. These observations are consistent with the
view that the clinical severity of edema and the spatial char-
acteristics of the superficial lymphatic network reflect comple-
mentary aspects of lymphatic dysfunction [2, 4, 6].

Yamamoto et al. proposed a system for assessing upper
limb lymphedema using ICG lymphographic patterns, dis-
tinguishing a linear pattern from three dermal backflow pat-
terns: splash, stardust, and diffuse [4]. Narushima et al. subse-
quently described changes in lymphographic appearance with
the progression of obstructive lymphedema, from a linear pat-
tern to localized, punctate, and then extensive dermal back-
flow [6]. This classification provides a consistent terminology
for describing images. However, a clinical stage should not
be assigned on the basis of a single fluorescence image alone.
Interpretation should account for the location and extent of ab-
normalities, the coexistence of multiple patterns within a limb,
and the findings of clinical examination [4, 6].

Eight of the 10 patients in this series had stage II or II1
lymphedema. Nevertheless, an elongated linear fluorescent
pathway was visible in one of the presented images. This find-
ing has practical relevance: even in patients with marked clin-
ical manifestations, treating the entire limb as a uniform area
of lymphatic impairment may overlook spatial variation in
superficial lymphatic drainage. Identifying visible collectors
may support subsequent anatomical mapping. A linear pat-
tern alone, however, does not establish that a vessel has suffi-
cient transport function or is suitable for lymphovenous anas-
tomosis.

Mihara et al. demonstrated the value of ICG lymphogra-
phy in the early stages of lymphatic dysfunction [3]. In their
study population of patients with early upper limb lymph-
edema, the method detected changes in the superficial lym-
phatic network and offered diagnostic advantages over lym-
phoscintigraphy under the protocol used. These findings
support incorporating lymphatic drainage imaging into the as-
sessment of patients with suspected early lymphedema. They
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do not imply that ICG lymphography can replace other imag-
ing modalities in every clinical setting [2, 3].

A key advantage of ICG lymphography is its ability to as-
sess tracer movement dynamically. Yamamoto et al. described
the use of dynamic ICG lymphography in breast cancer—re-
lated upper limb lymphedema [5]. Unlike assessment of a sin-
gle image, sequential imaging enables the direction of fluo-
rescence propagation to be tracked and the characteristics of
visible lymphatic pathways to be assessed more precisely. Fu-
ture development of the present study will therefore require
standardized image acquisition times and analysis of the orig-
inal video recordings in addition to still images [5].

A distinctive feature of this case series is the heterogene-
ity of the patients’ oncological histories. In addition to women
treated for breast cancer, the series includes patients with
lymphedema following treatment for melanoma and cutane-
ous squamous cell carcinoma of the upper limb. Differences
in primary tumor location, the extent of surgery, and combi-
nations of anticancer treatments may be associated with dif-
ferent mechanisms of impaired lymphatic drainage. However,
the small number of cases and the absence of comparable sub-
groups preclude assessment of associations between malig-
nancy type, prior treatment, and specific ICG lymphographic
patterns. These findings should be interpreted as a description
of the range of lymphographic appearances in a clinically het-
erogeneous group, rather than as a comparison across onco-
logical diagnoses.

Combining fluorescence imaging with clinical examina-
tion and calculated limb volume is an important aspect of
comprehensive lymphedema assessment. Measuring limb cir-
cumference and calculating volume using the sum-of-truncat-
ed-cones method provides a quantitative estimate of edema
within the examined segment. ICG lymphography provides
spatial information about visible superficial lymphatic collec-
tors and areas of dermal backflow. Reviews of lymphatic im-
aging methods emphasize that the choice of examination de-
pends on the diagnostic question: limb volume measurement,
superficial vessel imaging, and assessment of deeper struc-
tures address different aspects of the condition [1, 2]. In the
present series, the quantitative relationship between calcu-
lated limb volume and the extent of individual fluorescence
patterns was not assessed.

Potential Applications of ICG Lymphography in
Lymphedema Care in the Republic of Kazakhstan

In the Republic of Kazakhstan, the findings of this study
are relevant primarily to the development of a coordinated
clinical pathway for patients with lymphedema following an-
ticancer treatment. Such a pathway could include detection of
swelling during oncological follow-up, clinical staging, quan-
titative assessment of limb volume, specialized imaging of
lymphatic drainage, and assessment of indications for fur-
ther conservative or surgical treatment. Within this pathway,
ICG lymphography could help characterize the anatomy and
function of the superficial lymphatic network, extending as-
sessment beyond the overall severity of swelling to individ-
ual lymphatic pathways [1, 2].

One potential application in specialized care in Kazakh-
stan is preoperative mapping before lymphovenous anastomo-
sis. In their systematic review, van Heumen et al. examined
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lymphatic vessel imaging in the context of planning lymphatic
surgery [1]. Gentileschi et al. described mapping lymphatic
pathways in an affected upper limb before lymphatic supermi-
crosurgery, using the distribution of pathways in the contralat-
eral limb as a reference [7]. Woo et al. demonstrated variation
in superficial upper limb lymphatic pathways and differences
in the distribution of lymphatic obstruction according to their
anatomical location [8]. Together, these studies illustrate the
value of patient-specific imaging when planning an interven-
tion [1, 7, 8].

The method may also support intraoperative navigation.
In a multicenter, single-arm study of ICG fluorescence lym-
phography in secondary lymphedema, lymphatic vessels suit-
able for anastomosis were identified in 97.7% of 263 incisions
whose locations had been determined using ICG lymphog-
raphy. The method was reported to be useful for confirm-
ing anastomotic patency in 95.1% of cases [9]. These fig-
ures describe the findings and conditions of that study; they
do not predict outcomes for patients in the present series or
for healthcare institutions in Kazakhstan. Nevertheless, the
study shows that ICG imaging can contribute at several stages
of surgical treatment, from locating lymphatic vessels to as-
sessing the newly established drainage pathway intraopera-
tively [9].

In a systematic review of secondary upper limb lymph-
edema, Qian et al. examined ICG lymphography as a tool for
diagnosis and for guiding treatment interventions [10]. Devel-
oping this area of care in Kazakhstan may benefit from stan-
dardized pattern descriptions, a reproducible mapping proto-
col, and prospective data documenting which lymphographic
findings informed treatment decisions and what clinical out-
comes followed. The use of ICG lymphography should not,
however, automatically broaden indications for surgery. De-
cisions about surgical treatment require a comprehensive as-
sessment of the patient, the available technical resources, and
the intended goal of the intervention [1, 2, 10].

A further area for investigation is a standardized follow-up
protocol for patients after anticancer treatment. Such a pro-
gram would need to define the patient groups to be monitored,
the timing of clinical assessments, indications for ICG lym-
phography, and referral criteria for a specialized center. This
is particularly relevant when interpreting early lymphographic
changes: an imaging finding should be considered in its clini-
cal context and should not automatically be treated as an indi-
cation for an invasive procedure. Published findings on early
diagnosis and dynamic imaging provide a basis for develop-
ing such a protocol, but its effectiveness in Kazakhstan would
require independent evaluation [3, 5].

This series of 10 cases may serve as an initial contribu-
tion to a local evidence base on ICG lymphography in second-
ary upper limb lymphedema. A subsequent study should use
a standardized protocol for ICG injection and image acquisi-
tion, document patterns by anatomical region, perform stan-
dardized limb volumetry, record prior anticancer treatments,
and follow patients over time. If a microsurgical program is
developed, a separate objective would be to compare preop-
erative lymphographic findings with intraoperative observa-
tions and treatment outcomes. Such systematic data collec-
tion would allow the clinical applicability of the method in
Kazakhstan to be assessed directly.

ICG lymphography is not itself a treatment for lymph-
edema. Its role is to characterize lymphatic dysfunction and
provide information that may inform subsequent management
and procedural planning. No lymphovenous anastomoses
were performed in this series. The findings therefore cannot
establish the effectiveness of surgical treatment, a postopera-
tive reduction in limb volume, or an improvement in quality
of life attributable to the use of ICG.

The limitations of this study include its small sample size,
descriptive design, heterogeneous oncological histories and
prior treatments, and the lack of quantitative assessment of
dermal backflow extent or analysis of its relationship with
limb volume. No surgical interventions were performed, and
long-term treatment outcomes were not assessed. Accordingly,
the findings describe the diagnostic and potential mapping ca-
pabilities of ICG lymphography but do not establish an effect
on treatment outcomes.

This case series illustrates how ICG lymphography can
characterize superficial lymphatic drainage in individual pa-
tients with secondary upper limb lymphedema. In Kazakhstan,
further development of this approach may provide a diagnos-
tic basis for more structured follow-up after anticancer treat-
ment, specialized lymphatic mapping, and subsequent inves-
tigation of microsurgical treatment for lymphedema.

CONCLUSION

This case series of 10 patients demonstrates the ability of
indocyanine green (ICG) fluorescence lymphography to as-
sess superficial lymphatic drainage in women with secondary
upper limb lymphedema following multimodal treatment for
malignancy. The method visualized linear lymphatic pathways
and several dermal backflow patterns, revealing spatial varia-
tion in lymphatic dysfunction.

ICG lymphography complements clinical staging and cal-
culated limb volumetry by providing information on the loca-
tion of visible superficial lymphatic collectors and the extent
of pathological fluorescence changes. These findings may in-
form individualized further assessment and potential preop-
erative mapping when lymphatic microsurgery is being con-
sidered.

In the Republic of Kazakhstan, further development of
ICG lymphography may improve specialized care for patients
with lymphedema after anticancer treatment by helping char-
acterize lymphatic impairment and inform treatment planning.
Future studies should standardize imaging protocols, examine
associations between ICG patterns and clinical and volumetric
measures, and evaluate the role of lymphographic findings in
microsurgical planning and treatment outcomes.

The small size of this series and the absence of surgical in-
terventions preclude conclusions about the effect of ICG lym-
phography on treatment effectiveness. These findings should
be regarded as preliminary clinical experience that provides
a basis for further prospective research.

Author contributions

Conceptualization — A.K. Makishev, Y.B. Gazizova;
Methodology and study design — Y.B. Gazizova, U.Y. Kai-
rov; Investigation and data collection — Y.B. Gazizova, A.M.
Kukanova;

Analysis and interpretation of results — Y.B. Gazizova;

377




Eurasian Journal of Applied Biotechnology. No.3, 2026

DOI: 10.11134/btp.3.2026.39

Writing and manuscript preparation — Y.B. Gazizova, D.A.
Begimbetova, A.K. Makishev.

Funding

This study was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. BR24992841).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. van Heumen S., Riksen J.J.M., Bramer W.M., van
Soest G., Vasilic D. Imaging of the Lymphatic Vessels for
Surgical Planning: A Systematic Review / Annals of Surgical
Oncology. — 2023. — Vol. 30, Ne 1. — P. 462-479. DOI:
10.1245/s10434-022-12552-7 . PMID: 36171528 .

2. Nagy B.1., Mohos B., Tzou C.-H.J. Imaging Modalities
for Evaluating Lymphedema // Medicina. — 2023. — Vol. 59,
Ne 11. — Article 2016. DOI: 10.3390/medicina59112016 .
PMID: 38004065 .

3. Mihara M., Hara H., Araki J. et al. Indocyanine Green
(ICG) Lymphography Is Superior to Lymphoscintigraphy
for Diagnostic Imaging of Early Lymphedema of the Upper
Limbs // PLOS ONE. — 2012. — Vol. 7, Ne 6. — Article
e38182. DOI: 10.1371/journal.pone.0038182 . PMID:
22675520 .

4. Yamamoto T., Yamamoto N., Doi K. et al. Indocyanine
Green-Enhanced Lymphography for Upper Extremity
Lymphedema: A Novel Severity Staging System Using
Dermal Backflow Patterns // Plastic and Reconstructive
Surgery. — 2011. — Vol. 128, Ne 4. — P. 941-947. DOI:
10.1097/PRS.0b013e3182268cd9 . PMID: 21681123 .

378

5. Yamamoto T., Narushima M., Yoshimatsu H. et al.
Dynamic Indocyanine Green (ICG) Lymphography for
Breast Cancer-Related Arm Lymphedema // Annals of Plastic
Surgery. — 2014. — Vol. 73, Ne 6. — P. 706-709. DOIL:
10.1097/SAP.0b013e318285875f . PMID: 24322632 .

6. Narushima M., Yamamoto T., Ogata F. et al.
Indocyanine Green Lymphography Findings in Limb
Lymphedema // Journal of Reconstructive Microsurgery. —
2016. — Vol. 32, Ne 1. — P. 72-79. DOI: 10.1055/5-0035-
1564608 . PMID: 26422172 .

7. Gentileschi S., Servillo M., Albanese R. et al.
Lymphatic Mapping of the Upper Limb with Lymphedema
Before Lymphatic Supermicrosurgery by Mirroring of the
Healthy Limb // Microsurgery. — 2017. — Vol. 37, Ne 8. —
P. 881-889. DOI: 10.1002/micr.30247 . PMID: 28952193 .

8. Woo K.-J., Lee M.K., Seong I.H., Park J.-W.
Classification of Superficial Lymphatic Pathways in the Upper
Extremity and Incidence of Lymphatic Obstruction According
to the Lymphatic Pathways in Patients with Unilateral Upper
Extremity Lymphedema // Journal of Plastic, Reconstructive
& Aesthetic Surgery. — 2022. — Vol. 75, Ne 7. — P. 2143—
2152. DOI: 10.1016/j.bjps.2022.02.049 . PMID: 35346607 .

9. A phase III, multicenter, single-arm study to assess the
utility of indocyanine green fluorescent lymphography in the
treatment of secondary lymphedema // Journal of Vascular
Surgery: Venous and Lymphatic Disorders. — 2022. — Vol.
10, Ne 3. — P. 728-737.€3. DOI: 10.1016/j.jvsv.2021.09.006 .

10. Qian Y., Yao Z., Wang C. et al. Application of
indocyanine green lymphography in the diagnosis and
treatment of secondary upper extremity lymphedema: a
systematic review // Journal of Plastic Surgery and Hand
Surgery. — 2025. — Vol. 60. — P. 171-179. DOI: 10.2340/
jphs.v60.44582 .




Eurasian Journal of Applied Biotechnology. No.3, 2026
DOI: 10.11134/btp.3.2026.39

YIK: 616-005.98:616-006

BO3MOXHOCTH ®JTYOPECIHEHTHOM BU3YAJIU3ALIMA ITPU BTOPUUYHOM JIUM®EJIEME
MOCJIE KOMILUIEKCHOTO JIEYEHUS 3JIOKAYECTBEHHBIX HOBOOBPA3ZOBAHMIA: CEPUSI
KJINHNUYECKUX CJIYYAEB

E.B. I'azuzoBa',?, Y.E. Kaupos?® , I.A. berumoeroBa® , A.K. Makumes',> , A.M. Kykanona *!,?

'HAO «Meduyunckuii ynusepcumem Acmawnay, Acmana, Pecnyonuxa Kazaxcman,

2I'KII na ITIXB «Mnozonpogunvheiti meouyurnckuil yenmpy, Acmana, Pecnyonuxa Kazaxcmarn,
34V «National Laboratory Astana», Acmana, Pecnyonuxa Kazaxcman.

Koppecnonoupyrowuii asmop: kukanova.a@amu.kz

AHHOTAIIUA

AxTyanbHOCTE. Broprunas nuMdenemMa BepXHUX KOHEUHOCTEH SIBISIETCS] OHUM M3 OCTIOKHEHUH KOMITIIEKCHOTO JICUCHHUS
37I0KaY€CTBEHHBIX HOBOOOPa30BaHNUH, COMPOBOXKAAIOIINXCS TOBPEXKICHHEM PETHOHAPHON TnMdariyeckor cucteMsl. Diryo-
pecueHTHas muMmdorpadus ¢ npuMeHeHneM nHaonmannHa 3enéaoro (ICG) mo3BossieT B peaabHOM BPEMEHH BH3YaIH3HPO-
BaTh IMOBEPXHOCTHBIE IMM(ATHUECKIE COCY/BI M OLIEHUBATh 0COOEHHOCTH MM (aTHIecKkoro oTToka. OHAKO TaHHBIE O XapaK-
Tepe GIyopeceHTHBIX N3MEHEHNH IPH BTOPUYHON JTUMpeneMe pa3ImIHOi OHKOIOTHYECKOH ATHOIOTHH U UX KIIMHUIECKOM
3HAYEHWUH OCTAIOTCS OTPaHNYCHHBIMU.

Henp uccnenoBanms. OueHnts BoaMoxkHOcTH [CG-mrMdorpaduu B BEIABICHAN U XapaKTEPUCTUKE HapyIIeHUH armMpa-
THYECKOTO OTTOKA Y ITAIIMEHTOK ¢ BTOPUYHOHN JHM(peneMoil BEpXHUX KOHEYHOCTEH IT0ciie KOMIUIEKCHOTO JISYeHHs 3JI0Kade-
CTBEHHBIX HOBOOOpa30BaHUIl.

Marepwuansl 1 Metozipl. [IpoBenéH aHann3 ceprn KIMHUUECKUX ciydaeB 10 ManueHToK ¢ BTOPUYHOM JTUM(eneMoii BepX-
HUX KOHEYHOCTEH MOCTIe JEUEHHUS paKa MOJIOUYHOM jkeme3bl (n=7), MenaHoMbl (n=2) U TUIOCKOKJIETOUYHOTO paka Koxu (n=1).
JnurensHocTh MuMbeneMbl 1o 00ciIeoBaHus BapbUpoBaja OT 3 MecsleB 10 2—3 nieT. Bcem nanmeHTkaM BbioiHeHa (uryo-
pecuentHas aumMborpadus ¢ npumenerrnem [CG.

Pesynprarel. [Ipu GnyopecuenTHol nmuMborpaduu BEISIBICHBI YETHIPE TaTTEpHA JTUM(PATHUECKOTO OTTOKA: JIMHEHHBIN
(linear) u Tpu BapuaHTa AepMaNbHOTO 00paTHOTrO Toka — «OpbIruy» (splash), «3Bé3auaras neutey (stardust) u TudQy3HBIHI
(diffuse). Xapakrep 1 pacrpocTpaHEHHOCTh (DITYOPECIIEHTHBIX H3MEHEHUH OTpaskaii 0COOCHHOCTH HApyIICHUs TuMpaTHye-
CKOTO JpeHaxka. Busyanuzanusi coxpaHUBIIMXCS TMM(PATHIECKUX KOJUICKTOPOB MO3BOJIMIIA ONPEACIUTh UX aHATOMHYECKOE
PAacIIONOKEHUE U MOTEHIIMANIBHBIE YYacTKH Uit JOPMHUPOBaHNUS JTMM(OBEHO3HBIX aHACTOMO30B.

3akmrouenue. ICG-nmuMdorpadust mo3Bosiiia OEeHUT XapaKkTep HapyIIeHHH TMM(PaTHIeCKOro OTTOKA U BU3yaJIM3UPOBATh
COXpaHMBIIHECS TIOBEPXHOCTHBIE TMM(paTHIeCKUe KOIeKTophl. [loydeHHbIe JaHHbIe TPOJEMOHCTPHUPOBAIN BOSMOKHOCTH
METO/Ia JUTS OLEHKU JTMM(pATHIECKOH ANCOYHKINH, HHANBUIYaIN3alM1 Je9eOHON TaKTHKH 1 TIPEeI0NIepaioOHHOTO IIaHUPO-
BaHMS JIMM(OBEHO3HOTO aHACTOMO3HPOBAHUSL.

KuroueBble ciioBa: BropudHas muMpenema; GpiayopecrenTHas JuMborpadust; THIOIHMAHNH 3€JIEHBIH; paK MOJIOYHOH Ke-
ne3bl; TMM(aTHIecKknii OTTOK; AepMabHbBIN 00paTHBIN TOK; TMM(OBEHO3HOE aHACTOMO3HUPOBAHHE.
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AHIATITA

O3sexTiniri: JKoraprbl asK-KOJIIapIblH eKiHIILTIK JuMdeaeMacsl oHIpIiK TuMda xKyHeciHiH 3aKbIMJaHybIMEH OaiIaHbl-
CTBI KaTepii icikTep/ii KeIeH i eMJIeyAiH acKbIHYJIapbIHBIH 0ipi Oombin TadbuTanbl. MHnonnannH xacsuibiH (ICG) Konnany
apKBLIBI XKYprizinerin ¢uyopecuenTrik mumdorpadus 6eTkei muMda TaMbIpiIapblH HAKThl yaKbIT PEKUMIH/IE BU3yaIn3allys-
JlayFa ’aHe JuMQa arbICHIHBIH epeKIIeIiKTepiH Oaraiayra MyMKIHIIK Oepeni. Anaiina apTypili OHKOJIOTUSUIBIK, STHOIOT USUTBI
eKIHIIUTIK TMM(enemMa Ke3iHaeri (iyopecleHTTiK e3repicTep/IiH CUIaThl MeH OJIApAbIH KIMHUKAIBIK MaHbI3bI TYPaJIbl IepeK-
Tep oIl Jie MIEeKTEYIi.

3eprreynin MakcaTel: Karepii icikTepai KemeHai eMaeyIeH KeHiH KOFapFbI asK-KOIIapIblH eKiHIIUTIK JTuMQeneMachl qa-
MBIFaH TMAUEHT dUenepae TUMQa arbICBIHBIH OY3bUTBICTAPBIH aHBIKTAY JkoHe cumartay yiriH [CG-mumdorpadusHeIy aua-
THOCTHKAIIBIK MYMKIHIIKTEpiH Oaraiay.
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Marepuannap Men aaicrep. Cyt 6e3i 00bIpbIH (n = 7), MeTaHOMaHBI (N = 2) oHe TePiHiH JKaJIakK jKacymaibl 0ObIPBIH (n
= 1) emzey/eH KeliH KOFapFbI asK-KOAIAPIbIH SKIHIILTIK JuMdeneMachl JaMbirad 10 marueHT ofemnIiH KITMHUKATIBIK JKaFIaii-
Jlap cepusiChIHA TaJIay JKYPri3uiai. 3eprreyre neiinri muMdeaeMaHblH Y3aKThIFBI 3 aiiian 2—3 xKbUTFa JCiiH e3rep/i. bapibik
NalMeHTTepre NHIOLMAHNH KAChUIBIH KOJJIaHy apKbUIbI (pIIyOpPEeCUEeHTTIK JuMorpadust Kypriziii.

Hotwxenepi: @iyopecrentrik mmdorpadust 6apbIchiHa TMM(a aFbICBIHBIH TOPT MAaTTEPHI aHBIKTAJJIBI: CHI3BIKTHIK (linear)
MATTEPH JKOHE JIEPMAIIBIK Kepi aFbICTBIH YII TYpi — «mambipay» (splash), «okymne3aer many (stardust) sxoHe nuddysant
(diffuse) marrepraep. OiryopecueHTTIK ©3repiCTEep/IiH CUIAaThl MEH Tapajy Adpexeci TUMQabIK ApeHaX Oy3bUIbICTAPBIHBIH
epekmenikrepin kepcerti. Cakranrad TMM(aNbIK KOJUIEKTOPIapIsl BU3yaIN3alMsIay oJapIblH aHaTOMHUSUIBIK OpPHANIACYbIH
JKOHE TMM(OBEHO3/IBIK aHACTOMO3/IAP KAJBIITACTHIPYFa BIKTHMaJI aiiMaKTap/ bl aHbIKTayFa MYMKIHAIIK Oepi.

Kopsrreraaet: ICG-mumdorpadus numda aFbichl OY3bUIBICTaPHIHBIH CHIIATHIH OaraliayFa )KoHe caKTajdFaH OeTkel mumda-
JIBIK KOJUTEKTOPIIApBI BU3yaH3alusIIayFa MYMKIHIIK Oeplii. AJBIHFaH HOTIDKeNep Oy omicTiy muMda xKyieci auchyHKIu-
SICBIH Oaraayyia, eMJIey TaKTHKAChIH XKeKeJICHAIpyIe KaHe IMM(POBEHO3IBIK AaHACTOMO3/1ay OIEPALIMSACHIH KOCIapiayaa KoJi-
JaHy MYMKIHIIKTEePiH KOPCETTi.

Tyiiin ce3nep: exinminik auMdpenema; GuyopecueHTTiK JumMdorpadus; HHAOIMAHUH )KaChUIbL, CYT 0e3i 00bIpbI; TrMpa
aFbIChI; AePMAJIbIK Kepi arbIC; TMM(OBEHO3/IbIK aHACTOMO3/aY.
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