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Background: Few studies have focused on the morphology of systematic lymphatic abnormality-related
osseous lesions. In this study, we classified systematic lymphatic abnormality-related osseous lesions into
four types based on their morphology and density. We also discussed the imaging features of computed
tomography lymphangiography (CTL) in this disease.

Methods: In this retrospective cohort study, the clinical and imaging data of 39 patients with systematic
lymphatic abnormality-related osseous lesions were collected. All patients underwent computed tomography
(CT) scans of the chest and abdomen after direct lymphangiography, and two experienced radiologists
evaluated the CTL features of intraosseous and extraosseous lymphatic vessel abnormalities.

Results: Intraosseous osteolytic changes were observed in all 39 patients. According to the morphological
density of the lesions, systematic lymphatic abnormality-related osseous lesions were classified into four
types: cyst-like (76.9%), canal-like or honeycomb-like (87.2%), osteoporosis-like (41.0%), and osteosclerosis-
like (20.5%), with abnormal deposits of lipiodol seen in the first two types. Enhanced CT of the thorax and
abdomen was performed in 11 cases, and enhancement was not seen in any intraosseous lesions.
Conclusions: The CTL features of systematic lymphatic abnormality-related osseous lesions have specific
characteristics and are often accompanied by extraosseous abnormalities, which can provide a vital imaging

basis for the diagnosis and differentiation of this disease.
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Introduction lymphatic vessels causing resorption and dissolution of

Systematic lymphatic abnormality-related osseous bone (1). The 2018 International Society for the Study of

lesions constitute a rare disease of the lymphatic system Vascular Anomalies renamed lymphangioma as lymphatic

characterized by the proliferation and expansion of malformations (LM) and classified it into common
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(cystic) LM, generalized lymphatic anomaly, kaposiform
lymphangiomatosis, LM in Gorham-Stout disease, channel
type LM, “acquired” progressive lymphatic anomaly,
primary lymphedema, and others (2). Generalized lymphatic
anomalies, kaposiform lymphangiomatosis, and LM in
Gorham-Stout disease can involve the skeleton and lead to
systematic lymphatic abnormality-related osseous lesions
(3,4). Gorham-Stout disease shows progressive osteolysis
which may eventually lead to complete absorption and loss
of entire bones, also known as vanishing bone disease. On
the contrary, bone involvement in generalized lymphatic
anomalies progresses slowly, and osteolysis is confined to
the medulla (5-7). There are no lymphatic vessels in normal
bone, and the mechanisms and triggers of lymphatic vessel
endothelial cell invasion into normal bone are unknown.
Lymphatic vascular epithelial cells have been shown to
proliferate outside the bone, such as in the periosteum,
extraosseous connective tissue, joint capsule, and synovium,
and gradually invade bone tissue after breaking through the
periosteum (8-10).

Direct lymphangiography (DLQG) is an imaging technique
in which a contrast agent is injected directly into lymphatic
vessels to visualize them under X-ray. This method can
provide a more intuitive picture of the lymphatic system and
show the lymphatic vascular pathways throughout the body
(11). A computed tomography lymphangiography (CTL)
is performed a certain time after DLG, and due to the high
spatial resolution of CT and powerful image postprocessing
technology, the location and quantity of contrast agents
deposited in the body can be displayed accurately. Tortuous
dilatation and reflux of lymphatic vessels can be shown more
accurately and carefully, which is an essential reference value
for diagnosing and evaluating the site and degree of lesions
(12,13). In addition, DLG can detect other comorbidities,
such as abnormalities of lymphatic vessels in the chest and
substantiality organs of the abdominopelvic cavity or soft
tissue.

To our knowledge, there has been no large sample
study on the CTL manifestation of systematic lymphatic
abnormality-related osseous lesions. Therefore, this study
aimed to improve the understanding of this disease by
retrospectively analyzing the manifestation of 39 patients
with the disease. We present the following article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-21-1202/rc).
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Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Beijing Shijitan
Hospital, Capital Medical University, and informed consent
was waived due to the retrospective nature of the study.
Between January 2018 and December 2020, the clinical
and imaging data of 39 patients (18 males and 21 females)
diagnosed with systematic lymphatic abnormality-related
osseous lesions were retrospectively reviewed at Beijing
Shijitan Hospital, Capital Medical University. A total of
24 patients with generalized lymphatic anomalies and 15
patients with LM in Gorham-Stout disease were evaluated.
The inclusion criteria were as follows: (I) systematic
lymphatic abnormality-related osseous lesions diagnosed
by a combination of clinical, radiological, and histological
findings; and (II) DLG and CTL were performed.
The exclusion criteria were as follows: (I) bone tumors,
osteomyelitis, bone tuberculosis, and metabolic diseases
such as brown tumors; and (II) DLG and CTL were not
performed (Figure I).

The age at diagnosis ranged from 1 to 62 years, with
a mean of 19.82+15.86 years, and the duration of the
disease ranged from 1 month to 24 years. The clinical
manifestations of cases are shown in Tuble 1. Biopsy
evidenced disease was seen in 13/39 cases, 16 had follow
up imaging 2-111 months later, and five patients showed
evidence of progressive disease.

DLG and CTL

A total of 39 cases underwent DLG followed by plain CT
scans, and 11 underwent CT-enhanced scans of the chest
and abdomen.

The DLG was performed using a GE Innova 2000-1Q
DSA machine (AXIOM; Siemens Healthineers, Erlangen,
Germany). The skin and subcutaneous area between
the 1st and 2" and 2™ and 3" toes of the healthy or less
edematous side of the foot were punctured and injected
with 2 mL of methylene blue stain (2.5% Patent Blue V
dye; 1 mL Guerbet Laboratories, Aulnay-sous-Bois, France)
mixed with 2% lidocaine 1:1. Superficial lymphatic vessels
were found under microscope, and ultraliquid iodized oil
(Lipiodol UF, Guerbet, France) was injected with a fine
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lymphatic surgery department

639 consecutive primary lymphatic abnormalities treated in

between January 2018 and December 2020

Exclusion:

Y

47 cases with lymphatic osteolysis

e 592 without osteolysis

| Exclusion:

Y

39 cases with lymphatic osteolysis and
direct lymphangiography

Y Y

e 8 cases without direct lymphangiography

Osteolysis was confined to the
cortex with the diagnosis of
bone involvement in generalized
lymphatic anomalies (n=24)

Osteolysis involved the bone
marrow with the diagnosis of bone
involvement in Gorham-stout
disease (n=15)

Figure 1 Study flowchart and exclusions.

Table 1 Primary clinical features of the 39 patients with systematic
lymphatic abnormality-related osseous lesions

Characteristic or symptom Cases Proportion
Gender

Male patients 18/39 46.2%

Female patients 21/39 53.8%
Fever 8/39 20.5%
Chest tightness 13/39 33.3%
Cough 8/39 20.5%
Abdominal pain and distension 5/39 12.8%
Diarrhea 1/39 2.6%
Bone pain 2/39 5.1%
Lumbago 3/39 7.7%
Chyluria 2/39 5.1%
Chyloptysis 1/39 2.6%
Primary limb swelling 8/39 20.5%

needle puncture of 8-20 mL. The DLG was terminated
when (I) the patient breathed calmly or deeply when the
contrast agent was visible in the blood from the left neck
(thoracic duct) or right neck (right lymphatic duct), and
sufficient lipiodol was observed in the groin at the injection
site, and (II) lipiodol could not enter the thoracic duct
or the right lymphatic duct as it moved cephalad but was
visible in the peripheral blood vessels. In this route, due to
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the lack of hydrostatic pressure from the large vessels of the
jugular vein, the lipiodol enters the bloodstream rapidly,
and excessive amounts can lead to pulmonary embolism,
requiring cessation of the procedure.

All cases were examined by unenhanced thoracic and
abdominal CT scans for 30 min to 2 h on a Siemens
SOMATOM Sensation 16 (Somatom Sensation Cardiac
16, Siemens Healthcare) or Philips iCT (Brilliance iCT,
Philips Medical Health care, Best, the Netherlands). The
CT scan ranged from the level of the inferior border of the
thyroid cartilage in the neck to the inferior border of the
pubic symphysis, and scan parameters were set as follows:
tube voltage of 80-120 kV, tube current of 250-300 mA,
and pitch of 1. After scanning, the raw data were transferred
to the workstation for thin-layer reconstruction with a layer
thickness of 2 mm and a layer spacing of 2 mm.

The contrast agent ioversol (Guerbet Laboratories,
Villepinte, France, 320 mg/mL, 80-100 mL) was used to
perform CT-enhanced scans of the chest and abdomen,
and was administered by bolus injection at a flow rate of
2-4 mL/s. A three-phase enhanced CT scan was performed,
and after scanning, the raw data were transferred to
the CT postprocessing workstation for postprocessing
reconstruction, such as multiplanar reformation (MPR),
maximum intensity projection (MIP), and volume

rendering (VR).

Iimage analysis

Two radiologists with more than 10 years of experience
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Table 2 CTL features of bone lesions in 39 patients with systematic
lymphatic abnormality-related osseous lesions

Lesions site Cases Proportion
Vertebra 39/39 100%
Cervical vertebra 10/39 25.6%
Thoracic vertebra 28/39 71.8%
Lumbar vertebra 32/39 82.1%
Sacral vertebra 29/39 74.4%
Pelvis 38/39 97.4%
llium 37/38 97.4%
Ischium 20/38 52.6%
Pubis 17/38 44.7%
Clavicle 7/39 17.9%
Sternum 17/39 43.6%
Scapula 19/39 48.7%
Rib 21/39 53.8%
Limb bone 24/39 61.5%
Pathological fracture 12/39 30.8%
Thoracic collapse 712 58.3%
Pelvic collapse 3/12 25%
Vertebral compression fracture 3/12 25%

CTL, computed tomography lymphangiography.

evaluated the following features of intra- and extraosseous
lymphatic vessel abnormalities: (I) the location, size,
number, morphology, margins, density, and abnormal
distribution of lipiodol of intraosseous lesions; (II) abnormal
lymphatic vessels of extraosseous lesions, including the
location, size, density, lymphatic fluid reflux of cystic
lesions, and abnormal distribution of lipiodol at other sites.
A consensus was reached under the guidance of a senior
physician in cases of inconsistent observations.

Results

The involvement locations and incidence of bone lesions
in 39 cases are detailed in Tzble 2. According to the
morphology of bone lesions, these were divided into
the following four types: (I) cystic changes (n=30; Figure
2), which showed single or multiple round-like cystic
hypodense shadows in bone. The lesions had clear borders
with or without sclerotic margins, and the maximum

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Figure 2 A 48-year-old woman with systematic lymphatic
abnormality-related osseous lesions. Axial CT of the chest showed
a round-like cystic hypodense shadow of the left clavicle with clear
margins and no sclerotic border (white short arrow). CT, computed

tomography.

diameter was less than 5 cm. Marginal sclerotic margins
(n=28), with one case showing iodized oil deposits within
the lesion. (I) canal-like or honeycomb-like changes (n=34;
Figure 3), which showed a tortuous, tubular distribution
of hypointense shadow with clear margins and continuous
at multiple levels above and below. The bone cortex was
smooth or irregularly fractured in a worm-like pattern,
while lesions were seen in 20 cases with iodized oil deposits.
(IIT) Osteoporosis-like changes (n=16 cases; Figure 4), which
showed a diffuse decrease in bone density and thinning of
bone trabeculae. No lipiodol deposition was seen in any of
the 16 cases in this group. (IV) Osteosclerosis-like changes
(n=8; Figure 5), with two cases showing smooth thickening
of the bone cortex, three cases showing increased density
of osteophytes in the medullary cavity, three cases showing
mixed presence, and five cases showing narrowing of the
medullary cavity. lodized oil deposition was not observed in
any case.

A total of 11 cases underwent CT-enhanced scans of the
chest and abdomen, and no enhancement was seen in any of
the osseous lesions. The extraosseous lesions of 39 cases are
shown in Table 3, Figures 6,7, and the abnormal distribution
of lipiodol in different extraosseous areas in CTL are shown
in Table 4, Figure 7D, and Figure §.

Biopsies at different locations were performed in
13 cases, with three biopsies of cervical lesions, one of
pulmonary lesions, one of pleural lesions, two of chest wall
lesions, one of mediastinal lesions, one of mesenteric lesions,
one of splenic lesions, two of retroperitoneal lesions, one
of inguinal lesions, and one of perineal lesions. Pathology
showed irregularly dilated, malformed lymphatic vessels in
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Figure 3 A 25-year-old woman with systematic lymphatic
abnormality-related osseous lesions. (A) Axial CTL showing a
tortuous tubular hypointense shadow (white long arrow) in the 4™
lumbar vertebra with multiple abnormal distribution of lipiodol
(white short arrow). (B) Sagittal CTL showing a tortuous tubular
hypointense shadow in the 4" lumbar vertebral body (white long
arrow). CTL, computed tomography lymphangiography.

the lesions, with some lumens interfacing with each other.
Smooth muscle hyperplasia around the lumen and focal
lymphocyte aggregates were also observed. All cases were
diagnosed with systematic lymphatic abnormality-related
osseous lesions by clinical, radiological, and histological
combination.

Discussion

Systematic lymphatic abnormality-related osseous lesions
are very rare and are mostly reported as single cases (14,15).
Lesions can occur at any age, mostly in adolescents, with no
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Figure 4 A 25-year-old woman with systematic lymphatic
abnormality-related osseous lesions. Sagittal CT scan of the
abdominopelvic region showing diffuse hypodensity of bone in the
vertebral body of the thoracolumbar spine with sparse trabeculae

(white arrow head). CT, computed tomography.

Figure 5 A 27-year-old man with systematic lymphatic
abnormality-related osseous lesions. Axial CT of the pelvis showing
bilateral iliac bone cortical thickening and sclerosis, narrowing of
the medullary cavity, and a cystic hypodense shadow in the right
iliac bone (black long arrow). CT, computed tomography.
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Table 3 CTL features of extraosseous abnormalities in 39 patients
with systematic lymphatic abnormality-related osseous lesions

Features of extraosseous abnormalities Cases  Proportion
Cystic lesions 29/39 74.4%
Neck 6/29 20.7%
Chest 17/29 58.6%
Spleen 18/29 62.1%
Retroperitoneum 12/29 41.4%
Small intestine wall thickening 1/39 2.6%
Ground glass opacity and/or interlobular 9/39 23.1%
septal thickening in the lung
Pleural effusion 21/39 53.8%
Peritoneal effusion 10/39 25.6%
Pericardial effusion 3/39 7.7%

CTL, computed tomography lymphangiography.

gender differences. The male-to-female ratio in this study
was approximately 1:1, and the mean age of the patients
was 19.82+15.86 years, which is older than that previously
reported. The disease progresses slowly (16,17), and in this
study, 16 cases were reexamined on CT from 2 months
to 9 years and 3 months after diagnosis, and only five had
an increase in the size or number of lesions. The clinical
symptoms of this disease are atypical, and most patients are
not seen for symptoms of the lesioned bone itself, but rather
for extraosseous symptoms (18). In our group, 35 cases were
seen for clinical signs due to extraosseous lesions, and four
were seen for bone pain or neurological symptoms when
the lesions involved the spine.

Although pathology is the gold standard for diagnosing
systematic lymphatic abnormality-related osseous lesions,
pathological diagnosis often requires large bone specimens.
However, it is often difficult to obtain satisfactory
pathological results clinically due to the sampling method,
location, and tissue volume. The diagnosis is usually a
combination of clinical, radiological, and pathological
diagnoses, and the former two are more critical (4,19).
Imaging can clarify the location, extent, and type of lesions
(11,19-21). According to Lala, Steiner, and Winterberger
et al. (16,22,23), systematic lymphatic abnormality-related
osseous lesions can occur in all body bones, with common
sites of involvement the tibia, humerus, ilium, and spinal
bones, and rarely in the skull. The prevalent sites in this
study differed slightly from the literature, with the most

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Figure 6 A 23-year-old woman with systematic lymphatic
abnormality related osseous lesions. (A) Axial enhanced CT of
abdomen showing round-like hypodensity of the second lumbar
vertebra and no enhancement on enhanced scan (short white
arrow). (B) Axial enhanced CT of abdomen showing an enlarged
spleen with multiple round-like cystic shadows of different sizes
with clear margins, edge enhancement on enhancement scan, and
no enhancement in cystic cavity (long white arrow). CT, computed

tomography.

common being the spinal and pelvic bones, followed by
the bones of the extremities, ribs, scapulae, and sternum,
although this may be because the scans were mostly
confined to the thoracic and abdominal regions or to sites
where clinical symptoms were present. Lesions may involve
a single part of the bone or may be distributed in multiple
or jump-like patterns across joints and are predominantly
cancellous but can also be cortical or mixed. In the present
study, all patients had lesions involving cancellous bone,
including two cases with cortical sclerosis and 19 with
irregular worm-like interruption of the bone cortex.
Previous literature has reported the CT manifestations
of systematic lymphatic abnormality-related osseous
lesions include the following (4,23): (I) osteolytic lesions
in the medulla and cortex with visible or invisible sclerotic
margins; (II) no periosteal reaction in the lesioned bone;
(IIT) no vascular penetration within the lesion; and (IV)
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Figure 7 A 9-year-old male with systematic lymphatic abnormality-related osseous lesions. (A) Axial CTL showing the first lumbar vertebra

with round-like hypodensity (white short arrow). (B) Lung window shows thickened lobular septa in both lungs (white long arrow), and

scattered patchy ground glass opacity is seen (white arrow head). (C) Coronal CT of mediastinal window showing diffuse thickening of the

mediastinal soft tissue (black arrow head). (D) Coronal CTL of mediastinal window showing thickened mediastinal soft tissue (black short

arrow) with poor demarcation and abnormal distribution of lipiodol around bilateral pulmonary hilar and bronchial vascular bundles (black

long arrow). CTL, computed tomography lymphangiography; CT, computed tomography.

swelling of the soft tissue adjacent to the affected bone
but no soft tissue mass formation. All 39 cases had lesions
involving cancellous bone with or without sclerotic margins
in this study, and no periosteal reaction was seen. No
enhancement within the lesions on enhanced CT was seen
in 11 cases, which could exclude vascular-related lesions,
and 25 patients had extraosseous soft tissue hyperplasia
and swelling, which is consistent with literature reports.
Lipiodol deposition within the lesions shown in CTL
is a characteristic manifestation of systematic lymphatic
abnormality-related osseous lesions, which has not been
reported in the literature. In this study, based on the density
and morphological characteristics of the lesions, four types
of systematic lymphatic abnormality-related osseous lesions

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

were classified: cyst-like, duct-like or honeycomb-like,
osteoporosis-like, and osteosclerosis-like. Among them,
lipiodol deposits were seen in only one of the lesions with
cystic changes, which was considered because: (I) the lesion
did not communicate with the lymphatic vessels; (II) the
waiting time after direct lymphangiography was short, and
lipiodol had not yet entered the lesion. The extraosseous
manifestations of CTL are suggestive for the diagnosis of
systematic lymphatic abnormality-related osseous lesions. In
our study, extraosseous lymphatic abnormalities were seen
in all 39 patients, including lymphangiectasia, celiac disease,
small bowel lymphangiectasia, and abnormal distribution
and reflux of lipiodol in various extraosseous sites.

There is no gold standard for treating this disease, and
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Table 4 Abnormal distribution of extraosseous lipiodol in CTL in Table 4 (continued)
39 patients with systematic lymphatic abnormality-related osseous
lesions Abnormal distribution of lipiodol Cases Proportion
Abnormal distribution of lipiodol Cases  Proportion Perineum 8/39 20.5%
Soft tissue around the bone 22/39 56.4% Perienteric region 3/39 7.7%
Thoracic duct 26/39 66.7% Hepatic hilus 3/39 7.7%
Neck 5/39 12.8% Splenic hilus 1/39 2.6%

Right side 2/5 40.0% Renal sinus 2/39 5.1%

Left side 3/5 60.0% Left side 1/2 50%
Supraclavicular region 17/39 43.6% Bilateral sides 1/2 50%

Left side 11/17 64.7% Perirenal region 2/39 51%

Bilateral sides 6/17 35.3% Left side 172 50%
Infraclavicular region 16/39 41.0% Bilateral sides 1/2 50%

Right side 1/16 6.2% CTL, computed tomography lymphangiography.

Left side 10/16 62.5%

Bilateral sides 5/16 31.3%

Axilla 8/39 20.5%
Right side 5/8 62.5%
Left side 3/8 37.5%

Mediastinum 14/39 35.9%

Pericardium 5/39 12.8%

Intercostal region 10/39 25.6%

Right side 6/10 60%

Left side 3/10 30%

Bilateral sides 1/10 10%

Soft tissues on both sides of the spine 8/39 20.5%

Pleural cavity 12/39 30.8%

Right side 5/12 41.7%

Left side 4/12 33.3%

Bilateral sides 3/12 25%

Lung 3/39 7.7%

Right side 1/3 33.3%

Left side 23 66.7% Figure 8 An 8-year-old female with systematic lymphatic
lliac reflux 20/39 51.3% abnormality related osseous lesions. (A) Axial CT showing soft
Inguinal reflux 10/39 25.6% tissue thickening on both sides of the spine (black short arrow).
Retroperitoneum 17/39 43.6% (B) Axial CTL showing multiple abnormal distribution of lipiodol

on both sides of the spine (black long arrow). CTL, computed
Table 4 (continued)
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tomography lymphangiography; CT, computed tomography.
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treatment varies according to the severity and location.
"Treatment includes drugs (e.g., sirolimus, trametinib, INF-
a2b, bisphosphonates) (5,24-26), surgery, radiotherapy,
chemotherapy, and combination therapy (1,27). Different
treatment methods have their own advantages, and
individualized treatment schemes can be formulated
according to the individual circumstances of patients (1).
Although the prognosis is varied and challenging to predict,
younger age and patients with chest symptoms, such as
chylothorax and pericardial effusion, seem to have a poorer
prognosis (5,25,28).

There were some limitations to our study. Firstly,
this was a retrospective study, and as the scan covered
the thoracic and abdominal areas or areas where clinical
symptoms were present; other areas may have been
overlooked. Secondly, all cases in this study were diagnosed
as systematic lymphatic abnormality-related osseous lesions
by a combination of clinical, radiological, and pathological
tests, 13 of which were puncture biopsies, and the puncture
sites were not at the lesioned bones. Therefore, a controlled
study of pathology and imaging at the lesion bone was not
performed.

In conclusion, systematic lymphatic abnormality-
related osseous lesions is a rare lymphatic disease with
multiorgan involvement. A CTL can provide critical
diagnostic information in showing lymphatic abnormalities
and provides a vital imaging basis for diagnosing and
differentiating the disease.
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