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Background: Primary lymphedema, a condition characterized by impaired lym-
phatic function, haslong remained underexplored. Current diagnostic approaches
rely on clinical history and genetic testing, yet the genetic underpinnings remain
elusive in many cases. Traditional thinking suggests that primary lymphedema is
confined to specific anatomical regions, but our experience challenges this notion.
We hypothesize that primary lymphedema is systemic lymphatic dysfunction.
Methods: All patients with clinical diagnosis of primary lymphedema from
January 2020 to April 2022 were included in our study. Demographic data, medi-
cal and surgical history, and indocyanine green (ICG) lymphographic findings
were collected.

Results: A total of 152 patients met our inclusion criteria. We observed a predomi-
nance of female patients (75%) and a mean age of 43.9 years. The onset of swell-
ing varied, with most patients (82.3%) experiencing it in their lower extremities.
Notably, ICG lymphography revealed abnormal lymphatic findings in all symptom-
atic limbs, affecting multiple extremities in 97.4% of patients. Importantly, even
among patients initially presenting with limited symptoms, asymptomatic extremi-
ties exhibited lymphatic defects. In addition, the extent of lymphatic disease,
assessed through ICG lymphography, surpassed clinical symptoms in 80% of cases,
underscoring the systemic nature of primary lymphedema.

Conclusions: Our study suggests that primary lymphedema is a systemic lymphatic
insufficiency, affecting the entire lymphatic system. This underscores the impor-
tance of comprehensive assessments, even with limited symptoms, to facilitate
earlier diagnosis and more effective treatment approaches. (Plast Reconstr Surg
Glob Open 2024; 12:¢6328; doi: 10.1097/GOX.0000000000006328; Published online
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Lymphology research has made significant progress
in secondary lymphedema, yet primary lymphedema
remains relatively unexplored. Clinicians currently rely on
a history devoid of lymphatic injury to diagnose both spo-
radic and hereditary primary lymphedema,' with genetic
testing confirming hereditary cases.>” However, due to our
incomplete understanding of the involved genes, a nega-
tive genetic test does not conclusively rule out genetic
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primary lymphedema. Despite established fundamental
concepts from the last century, little progress has been
made.

Clinicians often categorize primary lymphedema by
age of onset, although its clinical significance remains
unclear.*" A traditional assumption is that primary lymph-
edema respects anatomic borders, affecting a single region
in isolation.”” In practice, however, many patients report
disease progression over time, involving a larger portion
of their body.

Based on these observations, we hypothesized that pri-
mary lymphedema is a systemic condition involving the
entire lymphatic system, rather than a specific region."
Our study aims to test this hypothesis by using indocya-
nine green (ICG) lymphography to assess all 4 limbs of
patients with suspected primary lymphedema. Our
hypothesis posits that if primary lymphedema is a global
lymphatic insufficiency, lymphographic abnormalities
should manifest not only in symptomatic limbs but also
in asymptomatic ones. By examining lymphatic function
throughout the body, we seek to gain deeper insights into
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the extent and nature of primary lymphedema and its sys-
temic ramifications.

Study Approval and Participants

This study received approval from the Cleveland Clinic
institutional review board and adhered to the Declaration
of Helsinki. All patients with primary lymphedema pre-
senting to our multidisciplinary lymphedema service
from January 1, 2020, to April 30, 2022, were enrolled.
Diagnosis of primary lymphedema was established
through a comprehensive assessment, which included
a detailed patient history confirming the absence of
acquired lymphatic trauma and the exclusion of con-
founding conditions such as venous edema, heart failure,
obesity, and lipedema.

ICG Lymphography Protocol

We conducted ICG lymphography following a stan-
dardized protocol, as previously described.'"'? Specifically,
we intradermally injected 0.1 mL of 0.25% ICG (Akorn,
Lake Forest, IL) at 3 injection sites: 2 interdigital web
spaces and the wrist for the arms, and the medial malleo-
lus for the legs. Lymphatic imaging was performed using
Quest Spectrum HD (Olympus, Hamburg, Germany).
Each patient underwent two 3-minute scans: an immedi-
ate postinjection scan conducted immediately after the
fluorophore injection, and a 6-hour delayed scan. All
ICG scans were performed, analyzed, and interpreted
by a single provider, and results were confirmed by the
senior author. The immediate scan allowed assessment of
lymphatic pump velocity, anatomical features, and collat-
eralization. The delayed scan facilitated visualization of
plateaued normal and pathologic dermal backflow pat-
terns, indicative of disease severity. Normal ICG lymphog-
raphy results showed linear lymphatic vessels coursing
toward axillae and groins, following expected anatomi-
cal patterns, and lacking pathologic dermal backflow
patterns. Abnormal ICG lymphography scans displayed
delayed pump velocity, abnormal/nonanatomic linear
patterns, collateralized lymphatic vessels, and/or dermal
backflow patterns.

Data Collection and Statistical Analysis

We collected demographic data, including sex, age,
body mass index, and medical history. Additional infor-
mation gathered included ICG lymphangiography results,
age of lymphedema symptom onset, the affected extrem-
ity, family history of lymphedema, and any prior diagnos-
tic studies or lymphedema treatments.

Patient Demographics and Characteristics

A total of 152 patients met our inclusion criteria.
Among these, 114 (75.0%) were women, and 38 (25.0%)
were men. The average age of the patients was 43.9 + 19.2
years (ranging from 2 to 88 years), with an average body
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Question: Is primary lymphedema anatomically isolated
or a systemic lymphatic dysfunction?

Findings: In a retrospective review of all patients diag-
nosed with primary lymphedema, we have found that 80%
of patients had indocyanine green lymphographic disease
that was more extensive than their clinical presentation,
indicating lymphedema in asymptomatic extremities.
This demonstrates that primary lymphedema represents
a global lymphatic insufficiency.

Meaning: Our study suggests that primary lymphedema is
systemic lymphatic insufficiency, affecting the entire lym-
phatic system.

mass index of 27.0 + 5.7kg/m? The mean age of swelling
onset was 30.7 £ 18.8 years, with onset occurring at birth
in some cases. Notably, 10 (6.6%) patients reported a posi-
tive family history of lymphedema (Table 1).

Disease Presentation

The presentation of lymphedema symptoms varied
among the patients. a total of 81 (53.3%) patients pre-
sented with lymphedema symptoms affecting multiple
extremities, whereas 68 (44.7%) patients experienced
symptoms isolated to a single extremity. In contrast, 3
(2.0%) patients had symptoms limited to nonextrem-
ity regions (face/trunk). Among isolated extremity
involvement cases, the left lower extremity was the most
frequently affected, reported by 39 (25.7%) patients.
Bilateral lower extremities were affected in 55 (36.2%)
patients, and all 4 extremities showed involvement in 14
(9.2%) patients (Table 2).

Table 1. Demographics

N %

Patients 152
Age,y 43.9+19.2
BMI, kg/m? 27.0+5.7
Sex

Female 114 75.0

Male 38 25.0
Age of swelling onset 31.0£18.8
Family history of lymphedema 10 6.6
Table 2. First Extremity Swelling

N %

Upper extremity 11 7.2
Isolated right upper extremity 7
Isolated left upper extremity 1
Bilateral upper extremity 3
Lower extremity 125 82.3
Isolated right lower extremity 42
Isolated left lower extremity 68
Bilateral lower extremity 15
Bilateral upper and lower extremities 0 0
Others 16 10.5

*Others are defined as mixed upper and lower extremity.
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Table 3. Lymphedema Symptoms

N %
Upper extremity 11 7.2
Isolated right upper extremity 5
Isolated left upper extremity 2
Bilateral upper extremity 4
Lower extremity 116 76.4
Isolated right lower extremity 22
Isolated left lower extremity 39
Bilateral lower extremity 55
Bilateral upper and lower extremities 14 9.2
Others* 11 7.2

*Others are defined as mixed upper and lower extremity.

Onset and Affected Sites

A majority of patients,125 (82.3%), reported that swell-
ing initially began in their lower extremities, whereas 11
(7.2%) experienced onset in their upper extremities. In
addition, 13 (8.6%) patients reported swelling starting in
both upper and lower extremities, and 3 (1.9%) had swell-
ing limited to their face or trunk. The left lower extremity
was the most commonly affected site for initial swelling,

with 68 (44.7%) patients reporting it, followed by the right
lower extremity in 42 (27.6%) (Table 3).

Lymphatic Dysfunction on ICG Lymphography

On ICG lymphography, all symptomatic extremities
exhibited abnormal lymphographic findings. Of the 152
patients, 148 (97.4%) displayed lymphatic dysfunction in
multiple extremities (Figs. I, 2). The most prevalent dis-
tribution pattern involved lymphatic dysfunction in all 4
extremities, observed in 66 (43.4%) patients (Table 4).
Moreover, 50 (32.9%) patients exhibited ICG lymphatic
dysfunction in 2 limbs, 34 (22.4%) patients in 3 limbs, and
only 4 (2.6%) patients in a single limb.

Asymptomatic Extremities in Patients With Symptomatic
Lymphedema

Among patients with 1 symptomatic extremity, 63
of 68 (92.6%) displayed lymphatic defects in 1 or more
asymptomatic extremities. In patients with 2 symptom-
atic extremities, 43 of 64 (67.2%) had lymphatic defects
in asymptomatic extremities. In patients with 3 symptom-
atic extremities, 1 of 3 (33.3%) showed lymphatic defects
in asymptomatic extremities. Interestingly, all 3 (100%)

Fig. 1. Four-limb ICG lymphography of a 38-year-old woman with primary lymphedema, symptomatic
only in the right leg. Despite being only symptomatic in the right leg, the patient demonstrated signifi-
cant functional deficits in all 4 limbs. The ICG signals became arrested at the mid-third of the leg, at the
knee, and in the antecubital fossa in (A) right leg, (B) left leg, and (C, D) bilateral arms, respectively. These
patterns deviate from healthy lymphatic drainage patterns, where ICG would progress to groins and
axillae. The study demonstrated a systemic functional impairment, indicative of the extensive nature of
lymphatic dysfunction in primary lymphedema.

Fig. 2. Four-limb ICG lymphography scan of a 72-year-old woman with primary lymphedema, initially
reporting swelling only in left leg. A, ICG signal stagnation in the proximal left lower leg, failing to reach
the groin. B, ICG signal arrested in the mid-right lower leg. C, Right arm showing ICG signal halting in
the mid-upper arm. D, Left arm showing ICG signal prematurely terminated at the elbow and at the
mid-upper arm. After the patient was made aware of her systemic, 4-limb functional impairment, she
reported mild but recurrent swelling in both hands, exacerbated by repetitive movements. This case
underscores the importance of thorough ICG evaluation, as initial patient reports may overlook less
pronounced symptoms of lymphedema.



Table 4. ICG Lymphography

N %
Upper extremity 6 4.0
Isolated right upper extremity 0
Isolated left upper extremity 0
Bilateral upper extremity 6
Lower extremity 43 28.3
Isolated right lower extremity 2
Isolated left lower extremity 2
Bilateral lower extremity 39
Bilateral upper and lower extremities 66 43.4
Others* 37 24.3

*Others are defined as mixed upper and lower extremity.

Table 5. Comparing ICG Lymphography Findings to
Symptoms

N %
More 110 80
Less 0 0
Same* 28 20.3

*n = 14 Patients had symptoms involving all 4 extremities, consistent with ICG
lymphographic findings, excluded from analysis.

patients with nonextremity symptoms (face/trunk) exhib-
ited lymphatic defects in all 4 extremities.

Extent of Lymphatic Disease

Finally, we investigated the extent of lymphatic dis-
ease. Fourteen patients complained of swelling in all 4
extremities, which was consistent with ICG lymphography
findings. Excluding these 14 patients, 110 of 138 (80%)
patients had ICG lymphographic disease that was more
extensive than their clinical symptoms, with ICG lymphog-
raphy findings supporting the presence of lymphedema in
asymptomatic extremities (Table 5).

Primary lymphedema remains a significant challenge
in the field of medicine, demanding increased attention
and research focus. Although acquired lymphedema has
received more extensive investigation, primary lymph-
edema remains relatively underexplored. Clinicians often
rely on certain indicators, such as the absence of an incit-
ing event, early age of disease onset, and a family history
of lymphedema, to improve diagnostic accuracy. However,
it is essential to recognize that these clinical features are
not always present in patients with primary lymphedema,
indicating the need for further investigation and refine-
ment of diagnostic criteria.

Traditionally, the diagnosis of primary lymphedema
has centered on the absence of an identifiable cause of
lymphatic disruption. Patients frequently present with a
lack of an identifiable trigger associated with the develop-
ment of lymphedema. The age of disease onset is another
diagnostic cue heavily relied upon. However, the clinical
significance of classifying primary lymphedema into con-
genital lymphedema, lymphedema praecox, and lymph-
edema tarda in terms of predicting disease severity and
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guiding management remains unclear.” Family history of
lymphedema and genetic testing are also emphasized in
diagnosing primary lymphedema; however, in our cohort,
only 10 (6.6%) patients had a family history of lymph-
edema. Because the majority of our primary lymphedema
cases were sporadic rather than hereditary, it suggests that
although family history and genetic testing can provide
valuable insights, they should not be relied upon exclusively
for diagnosing primary lymphedema.”'*" Furthermore,
the conventional belief has long held that primary lymph-
edema is anatomically restricted to a specific body region,
akin to secondary lymphedema. However, findings from
our cohort study challenge this entrenched notion.

In the past 2 decades, ICG lymphography has emerged
as a pivotal imaging modality in lymphology. Researchers
and surgeons have progressively utilized this technol-
ogy not only for diagnostic purposes but also for sever-
ity staging; treatment planning—determining the most
appropriate surgical procedures; and outcome tracking.'*
Although finer interpretations of specific pathologic pat-
terns, such as “stardust” versus “diffuse,” may vary among
investigators, the determination of healthy/normal versus
pathologic/abnormal is relatively clear-cut. ICG lymphog-
raphy has shown high sensitivity in detecting both clini-
cal and subclinical lymphatic dysfunction.” A sensitivity
of 1.0 in the upper limbs and 0.89 in the lower limbs has
been reported by other authors for detecting symptomatic
lymphedema.'* This sensitivity was found to be compara-
ble to that of magnetic resonance lymphangiography (1.0)
and higher than that of lymphoscintigraphy (0.62) and
computed tomography scans (0.33). The specificity was
found to be 1.0 with all the 4 imaging modalities. In our
previously published study, we found that ICG lymphogra-
phy had a sensitivity of 1.0 for symptomatic disease in both
upper and lower limbs.'® In addition, ICG lymphography
could identify lymphatic dysfunction in 54% of asymptom-
atic limbs where lymphoscintigraphy was normal.

This high sensitivity of ICG lymphography was utilized
in the current study, which confirmed abnormal lymphatic
patterns in all symptomatic and multiple asymptomatic
extremities. A remarkable 97.4% of patients with primary
lymphedema exhibited ICG-validated lymphatic dysfunc-
tion in multiple extremities. These compelling findings
strongly attest to the notion that primary lymphedema
transcends the confines of localized lymphatic dysfunction,
manifesting as a systemic condition thatimpacts the entirety
of the lymphatic system.'”"? This further corroborates our
initial report, which highlighted the discovery of lymphatic
dysfunction in contralateral limbs among patients diag-
nosed with primary lymphedema.'” The finding that 110
(80%) patients exhibited lymphatic dysfunction extending
beyond their clinical symptoms underscores the need to
evaluate the entire body, extending beyond the presenting
symptomatic region in patients with primary lymphedema.

Our finding states that primary lymphedema is systemic
and is supported by the embryologic framework of the lym-
phatic system, where early genetic defects are likely to affect
the entire lymphatic network, even when clinical symptoms
seem localized. The development of the lymphatic system
begins in the fifth week of gestation, with endothelial cells
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differentiating from the paraxial mesoderm to form a sys-
temic network of lymphatic vessels.?-** This process involves
the formation of 5 primary lymph sacs and the expansion
of lymphatic vessels throughout the body, regulated by key
genetic and molecular pathways, including PROXI and
VEGF-C/VEGFR-3 signaling pathways.” Given the intercon-
nected nature of these vessels and the uniformity of the
developmental signals, any disruption or mutation dur-
ing this stage would inherently lead to a systemic compro-
mise of the entire lymphatic system.* This underscores the
global impact of early developmental anomalies, affirming
the systemic nature of primary lymphedema. Mutations in
the genes regulating these pathways have more commonly
been found to be sporadic than hereditary, correlating with
our observation of negative family history in most patients
with primary lymphedema.”*

Although we observed that primary lymphedema mani-
fests as systemic lymphatic dysfunction, we noted that the
majority of our patients initially presented with symptoms
in a single limb, which later progressed to involve other
extremities. In our cohort, the lower extremities were most
commonly the first to become symptomatic, with the left
lower extremity being the most frequently affected ini-
tially. These patients subsequently developed symptomatic
lymphedema in other extremities. This suggests that at
the initial presentation with symptoms in a single extrem-
ity, the asymptomatic limbs may already be experiencing
underlying lymphatic dysfunction. This progression of
primary lymphedema has not been previously reported;
however, it is critical for the diagnosis and management
of these patients. It is also important to note that ICG lym-
phography may yield false-negative results in early lymph-
edema.” This implies that asymptomatic limbs with early
lymphatic dysfunction may have a false-negative ICG study.

Recent advancements in surgical management, includ-
ing supermicrosurgical lymphaticovenular anastomosis,
lymph node-to-vein anastomosis, vascularized lymph vessel
transplantation, and vascularized lymph node transplanta-
tion, which have notably improved the outlook for individ-
uals with secondary lymphedema, have also been extended
to the treatment of primary lymphedema without careful
consideration of the nuanced differences between these
2 distinct disease entities.”** Our discovery of widespread
lymphatic dysfunction in patients with primary lymph-
edema carries profound implications for the selection of
appropriate management strategies. Notably, tissue trans-
plant procedures such as vascularized lymph node trans-
plantation and vascularized lymph vessel transplantation,
when performed in patients with primary lymphedema,
may potentially pose a higher risk of inducing donor site
lymphedema by further compromising lymphatic function
at a site with preexisting functional insufficiency.

Extending the diagnosis of lymphatic insufficiency
beyond the symptomatic regions in patients with pri-
mary lymphedema not only enables timely interven-
tion but also holds the potential to halt the progression
toward symptomatic disease. Considering the routine
practice of lymph node dissections and removal during
cancer surgery, it is prudent to contemplate screening
patients for preexisting asymptomatic primary lymphatic

insufficiency—a predisposition to developing lymph-
edema—as a valuable measure in disease prevention or
delaying its onset. The preoperative identification of
asymptomatic lymphatic insufficiency would provide
oncologic surgeons with critical information regarding a
heightened risk of lymphedema development compared
with their healthy counterparts, potentially guiding the
use of more lymph-sparing techniques.””* Moreover, the
consideration of immediate lymphatic reconstruction, or
the lymphatic microsurgical preventive healing approach,
and delayed distal lymphaticovenular anastomosis to miti-
gate the risk of developing symptomatic disease may be
even more compelling for oncologic patients who com-
mence their cancer treatment with a compromised lym-
phatic system.?%

Our study provides compelling evidence that primary
lymphedema is not confined to specific anatomic regions
but represents a global lymphatic insufficiency affecting
the entire lymphatic system. Our findings underscore
the importance of evaluating the entire body, even when
patients initially present with limited symptoms, leading to
earlier diagnosis and more effective management strate-
gies for primary lymphedema.
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