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Indocyanine green lymphangiography has 
become a routine component of lymphedema 
evaluation.1–3 Indocyanine green lymphangi-

ography facilitates the visualization of lymphatic 
channels using near-infrared imaging to a depth 
of 700 to 1000  nm.3 A significant limitation of 

indocyanine green lymphangiography is that the 
interpretation of images, and subsequent corre-
lation with disease stage, is subjective.

Previous attempts have been made to standard-
ize and quantify indocyanine green lymphangio-
grams, including an evaluation of transit times.4–6 
Furthermore, another method went beyond ana-
tomical imaging and quantified lymphatic con-
tractile function using near-infrared imaging.7 
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Summary: Lymphedema arises from impaired lymphatic function. Quantifica-
tion of lymphatic contractility has previously been shown using a custom-built 
near-infrared imaging system. However, to broaden the clinical use of func-
tional lymphatic measurements, these measurements need to be performed 
using a standard-of-care, clinically available camera. The authors propose an 
objective, algorithmic, and clinically accessible approach to quantify lymphatic 
contractility using a 3-minute indocyanine green lymphangiograph recorded 
with a commercially available near-infrared camera. A retrospective review of 
the authors' indocyanine green lymphangiography video repository maintained 
in a Research Electronic Data Capture database was performed. All patients 
with a newly diagnosed unilateral breast cancer undergoing preoperative indo-
cyanine green lymphangiography were included in the analysis. Patient medical 
records were then analyzed for patient demographics, and videos were analyzed 
for contractility. Seventeen consecutive patients with unilateral breast cancers 
underwent video processing to quantify lymphatic contractility of the ipsilateral 
extremity in contractions per minute. All patients were women, with an average 
age of 60.5 years (range, 38 to 84 years). The average lymphatic contractility 
rate was 1.13 contractions per minute (range, 0.67 to 2.5 contractions per min-
ute). Using a clinically accessible standard-of-care device for indocyanine green 
lymphangiography, the authors were able to determine lymphatic contractil-
ity rates of a normal extremity. The authors' finding falls within the range of 
previously published data quantifying lymphatic contractility using a research 
device, suggesting that the authors' technique provides a clinically accessible, 
time-effective means of assessing lymphatic contractility. Potential future appli-
cations include both lymphedema surveillance and evaluation of nonsurgical 
and surgical interventions.  (Plast. Reconstr. Surg. 144: 1197, 2019.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Diagnostic, IV.
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A Novel Approach to Quantifying Lymphatic 
Contractility during Indocyanine Green 
Lymphangiography

Related digital media are available in the full-text 
version of the article on www.PRSJournal.com.

Video . This video shows real-time generation of an individual lymphatic contractility curve. 
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However, this approach, although objective and 
widely applicable within the laboratory setting, has 
limited clinical utility. The technique required 30 
to 120 minutes of imaging, 24- to 48-hour follow-up, 
and a custom imager not commercially available.2,7

Today, the Hamamatsu near-infrared photody-
namic eye device (Hamamatsu Corp., Hamamatsu, 
Japan) has become indispensable in lymphatic sur-
gery. The first description of indocyanine green 
lymphangiography for the evaluation of lymphat-
ics using the photodynamic eye occurred in 2007.3 
We propose that the photodynamic eye can be 
used for rapid evaluation of lymphatic contractility. 
As the field of lymphatics strives to bring objectiv-
ity into the characterization and evaluation of the 
lymphatic system, a clinically practical method of 
assessing lymphatic contractility could have signifi-
cant implications in both surveillance of lymphatic 
function and evaluation following lymphatic proce-
dures. Previous studies have found that symptom-
atic lymphedema patients have decreased metrics 
of lymphatic contractile function (velocity and 
period), further reinforcing this as a potential ave-
nue for objective clinical evaluation.7

Using the photodynamic eye to capture 3-min-
ute indocyanine green videos of patients, we 
propose an algorithmic approach to quantify lym-
phatic contractility. We hypothesize that the photo-
dynamic eye can rapidly acquire data in the clinical 
setting to determine lymphatic contractility.

PATIENTS AND METHODS
A retrospective review of our indocya-

nine green lymphangiography video reposi-
tory maintained in a Research Electronic Data 
Capture database was performed.8 Beth Israel 
Deaconess Medical Center Institutional Review 
Board approval was obtained (Protocol No. 
2018P000648). All patients with unilateral breast 
cancer undergoing preoperative indocyanine 
green lymphangiography9 were included for anal-
ysis. (See Table, Supplemental Digital Content 
1, which shows patient characteristics and mea-
surements, http://links.lww.com/PRS/D779.) Cor-
responding medical records were retrieved, and 
patient demographics and cancer and treatment 
characteristics were analyzed. Lymphangiography 
videos were analyzed for contractility.

Indocyanine Green Lymphangiography Technique
Under sterile conditions, 0.1 cc of a 0.625-

mg/cc solution of indocyanine green with albu-
min was injected intradermally into the first and 
fourth web spaces of the hand, volar forearm, and 

lateral upper arm of the ipsilateral extremity. The 
near-infrared camera was fixated on a Mitaka PDE 
Flex Arm (Mitaka Kohki Co Ltd., Tokyo, Japan) 
10  cm above the dorsum of the patient's hand, 
such that both injection sites were visible. (See 
Figure, Supplemental Digital Content 2, which 
demonstrates the surgical setup, http://links.lww.
com/PRS/D780.) Three-minute indocyanine green 
lymphangiograms of the dorsum of the hand were 
recorded immediately after injection.

Video Analysis
Lymphangiography videos were imported into 

VLC (VideoLAN, Paris, France) and JPEG images 
of each frame were extracted using the scene fil-
ter. Extracted images were uploaded into ImageJ 
(National Institutes of Health, Bethesda, Md.) and 
stabilized using the StackReg plug-in (National Insti-
tutes of Health, Bethesda, Md.). A minimum of two 
regions of interest were manually selected on the 
brightest visible lymphatic channel in closest proxim-
ity to the injection site. Average pixel signal intensity 
was recorded and plotted in Microsoft Excel (Micro-
soft Corp., Redmond, Wash.) (Fig. 1), then uploaded 
into MATLAB (MathWorks, Natick, Mass.), and the 
Peakfinder script (Copyright © 2016, Nathanael C. 
Yoder) was used to identify signal intensity peaks. 
[See Video (online), which shows generation of 
the contractility curve.] Peakfinder source code 
is available at https://www.mathworks.com/mat-
labcentral/fileexchange/25500-peakfinder-x0-sel-
thresh-extrema-includeendpoints-interpolate. The 
number of peaks was divided by the length of the 
video (in minutes) to yield the contractility rate in 
contractions per minute. The second region of inter-
est on the same channel was used to assess reproduc-
ibility of results and eliminate noise introduced from 
exposure and video variation (Figs. 2 and 3).

RESULTS
Seventeen patients with unilateral breast can-

cer underwent preoperative indocyanine green 
lymphangiography of the dorsum of the hand. All 
patients were women and had a mean age of 60.5 
± 14.2 years. The average contractility rate was 
1.13 contractions per minute (range, 0.67 to 2.5 
contractions per minute). In all cases, a minimum 
of two regions of interest from the same channel 
confirmed the contractility rate.

DISCUSSION
Using clinical imaging equipment, we 

detected and quantified lymphatic contractility 
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Fig. 1. Contractility curve with automatic peak detection. 
(Above) Contractility curve shows the pixel signal intensity from 
the region of interest selected in ImageJ. (Below) Automatically 
identified peaks in the contractility curve correspond to lym-
phatic contractions, and are identified with a blue marker.

Fig. 2. Multiple regions of interest, taken on the same lymphatic 
vessel, confirm signal intensity curves. 
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using a 3-minute, standard-of-care video cap-
ture. In our patient cohort, the average lym-
phatic contractility rate was 1.13 contractions 
per minute (range, 0.67 to 2.5 contractions per 
minute). A previous quantification technique 
using a custom-built near-infrared imaging sys-
tem found propulsive events to occur every 42.1 
± 31.4 seconds in an upper extremity without 
lymphedema symptoms.7 This corresponds to 
1.4 contractions per minute, which falls within 
the range in our patient cohort of 1.13 contrac-
tions per minute (range, 0.67 to 2.5 contractions 
per minute).7 In previous studies, contractil-
ity was calculated for the entire extremity. We 
were unable to conduct an analogous analysis, 
as we used only standard-of-care lymphangio-
grams of the dorsum of hand of the extremity 
of intervention.

A limitation of this methodology is that the 
region of interest must be selected by hand 
using visual judgment within the parameters 
previously defined, which may introduce unin-
tentional bias. This was limited with a second, 
confirmatory region of interest on each chan-
nel. In the future, we will explore automati-
cally selected regions of interest. Our study is 
also limited by the number of videos available 
for review. We will continue to investigate and 
substantiate our approach in a larger sample of 

videos. Finally, as we are using standard-of-care 
lymphangiograms, we do not have data from 
other anatomical locations along the extremity 
which, along with a larger sample size and more 
diverse patient population, including those with 
chronic lymphedema, would be necessary to 
establish a normal reference range.

In a field seeking further validation, objective 
measures of lymphatic function will be critical for 
establishing parameters to assess a patient's lym-
phatic function. Our proposed technique uses 
hardware already widely in use as the standard-
of-care and requires 3 minutes for data acquisi-
tion. Contractility rate has the potential to serve 
as a clinically useful biomarker for disease status, 
allowing for surveillance of patients at high risk 
for the development of lymphedema, with poten-
tial for earlier therapeutic intervention, and mon-
itoring of those already afflicted with the disease. 
Moreover, this methodology provides a potential 
postoperative objective measure that may help 
differentiate and substantiate various methods of 
immediate and delayed lymphatic reconstruction.
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Fig. 3. Reproducibility of the signal intensity curve is depicted. The reproducibility of mul-
tiple regions of interest demonstrates that peaks captured are a product of a lymph bolus 
moving through the vessel, and are not noise or exposure variations being interpreted as 
peaks.
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