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Combined surgery and
sclerotherapy for 13 years: a case
report of a patient with CLOVES
Shiqi Wang and Siming Yuan*

Department of Plastic Surgery, Jinling Hospital, Affiliated Hospital of Medical School, Nanjing University,
Nanjing, China
Congenital lipomatous overgrowth, vascular malformations, epidermal nevi, and
skeletal anomalies (CLOVES) constitute a rare overgrowth disorder resulting from
a mosaic function-acquiring mutation in the PIK3CA gene. Targeted drugs for
the PI3K-AKT signaling pathway remain under clinical trial and surgery is
commonly used to meet both aesthetic and functional requirements for
CLOVES patients. We report here the course and experience of a male patient
treated at our institution for up to 13 years. The course of treatment consisted
of nine anhydrous ethanol sclerotherapy procedures and two segmental trunk
mass resections. After undergoing sequential treatment, the patient
experienced improved thoracic deformity and scoliosis, enabling him to grow
and develop normally.
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Introduction

CLOVES syndrome was first identified in 2009 (1), derived from the acronym for four

distinguishing conditions: congenital lipomatous overgrowth, vascular malformations,

epidermal nevi, and scoliosis/skeletal/spinal anomalies. Its pathogenesis is attributed to a

post-zygotic, somatic mutation in PIK3CA gene, involved in the receptor tyrosine kinase

phosphatidylinositol 3-kinase (PI3)-AKT growth signaling pathway (2). In 2015, it was

classified as a more severe form of PIK3CA-related Overgrowth syndrome (PROS) (3). To

aid in the diagnosis, it is crucial to consider the patient’s medical history alongside the

presence of somatic PIK3CA gene mutations (e.g., hotspot mutations PIK3CA codons

542, 545, and 1,047) (4). The treatment guidelines for CLOVES syndrome are currently

still being developed and refined. Clinical trials are currently being conducted on

inhibitors that target individual molecules of the PI3K-AKT pathway, such as sirolimus

(rapamycin, mTOR inhibitor) (5), Alpesilib (BYL719) (6) that targets p110α, and

miransertib (MK-7075, previously ARQ092, an AKT inhibitor) (7). However, these

inhibitors are still in their trial stages and have been used only sympathetically in

critically ill patients. Currently, surgeons in plastic surgery often resort to surgical excision

when faced with patients with CLOVES syndrome. Due to the large size, surgical excision

of overgrowth masses often poses a significant challenge to medical staff (8). Minimally

invasive sclerotherapy is a common treatment for low-flow vascular malformations (9).

We present the case of a 17-year-old male CLOVES syndrome patient who initially

consulted our department at the age of 4 and received a formal diagnosis in 2015.

Exome sequencing revealed a missense mutation at the PIK3CA mutation locus

c.1258T>C in affected somatic cells, with a mutation frequency of 18.6%.
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2024.1336358&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2024.1336358
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2024.1336358/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1336358/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1336358/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2024.1336358
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Wang and Yuan 10.3389/fped.2024.1336358
Case description

A 4-year-old male child presented to the Department of Plastic

Surgery of the Jinling Hospital with a congenital large swelling on

the thoracic back, right axilla and upper limb. The child was born

at term without any special circumstances and was the first child

of a non-consanguineous relative in China. The swelling has been

present since birth and has gradually increased in size over time.

It tends to rapidly worsen in size and cause discomfort following a

cold. The swelling elicits tenderness and pain when palpated, but

no pulse can be detected, and the skin temperature is normal.

Moreover, there is an irregular port-wine stain on the left chest

near the axilla, and another on the right lower part of the back. A

smooth fatty-overgrowth mass is visible on the left side of the

lower back (Figures 1A,B).

On the CT scan, it was observed that there was a mass present in

the right upper extremity of the child. The borders of the mass were

poorly defined and there were uneven internal densities with mostly
FIGURE 1

Clinical features and mutation analysis of our patient. The patient has a large
the child has an irregular port-wine stain on the left chest near the axilla
Histopathology showed variable-sized vascular tissue with fibrous tissu
lymphoid fluid-like material visible in the lumen (C, left and right pan
hyperplasia (C, middle panel) (hematoxylin-eosin stain; magnification ×40
revealed the presence of the heterozygous missense mutation Cys420Arg
shows changes in protein structure before and after mutation (E).
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fluid densities. There were also fat-density shadows present on the left

side of the child’s back. The right side of the thorax appeared to be

extruded and deformed. The enhanced CT showed significant

enhancement of the solid portion in the venous and delayed phases.

Magnetic resonance imaging showed clear results: the left coronal

and transverse views revealed multiple, variable-sized, thin-walled

cystic long T1 and long T2 signals in the right shoulder, dorsum,

and left axilla. The capsule was rich in plasma. Short T1 isotropic

T2 signals were visible in the right axilla. Both T1WI and T2WI

showed high signals, which were associated with hemorrhage. The

enhancement scan reveals a marked improvement in the cyst wall.

The child has scoliosis (red arrow; Figure 2A) and thoracic

compression deformity (yellow arrow; Figure 2B).

During the examination, a color Doppler test was performed,

revealing a cystic mass encompassing both arterial and venous

blood flow. Additionally, an abdominal ultrasound detected

another cystic mass in the right adrenal area that subsequently

disappeared during follow-up without special treatment.
mass on the thoracic back, right axilla, and upper extremities (*; A,B), and
, and another on the right lower part of the back (blue arrows; A,B).
e hyperplasia and degeneration of the walls, with erythrocytes and
els), and pathology showed subcutaneous adipose tissue neoplastic
, local image magnification ×100). Mutational analysis of affected skin
in PIK3CA, which is absent in blood (D). Three-dimensional prediction
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FIGURE 2

Photographs and MRI images of the patient’s spine and thorax before and after treatment. Magnetic resonance imaging showed scoliosis (A; red
arrow) and thoracic compression deformity (B; yellow arrow). After treatment, the patient has a normal spine (A, right panel) and a symmetrical
thorax (B, right panel). The patient’s arms and chest have a nearly normal appearance, and the back mass has subsided significantly (C).

TABLE 1 Analysis of surgical treatment timeline and perioperative details
in the CLOVES patient.

Age (years
old)

Surgery Sclerosing agent Pathology
specimen
weight (g)

4 – –

8 Sclerotherapy Absolute ethane (124 ml) –

9 Sclerotherapy Absolute ethane (244 ml) –

10 Sclerotherapy/surgical
excision

Absolute ethane (154 ml) 825

11 Sclerotherapy/surgical
excision

Absolute ethane (144 ml) 563

12 Sclerotherapy Absolute ethane (174 ml) 341
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The hematology report upon admission showed that the child

had mild hypochromic anemia, likely due to iron deficiency, and

mild hypoproteinemia. It is worth noting that the child exhibited

an elevated D-dimer, potentially indicating a coagulopathy. The

child received a clinical diagnosis of CLOVES syndrome in 2015.

The adipose tissue from a mass on the child’s back underwent

whole exome sequencing, revealing a missense mutation

c.1258T>C in the PIK3CA gene (Figure 1D), which is absent in

blood, resulting in the substitution of cysteine with arginine in

position 420 of the protein crystal structure (Figure 1E). Other

pathogenic mutations screened by exome sequencing are listed in

Supplementary Table S1.

12 Sclerotherapy Absolute ethane (124 ml) –

13 Sclerotherapy Absolute ethane (104 ml) –

14 Sclerotherapy Absolute ethane (124 ml) –

17 Sclerotherapy Absolute ethane (124 ml) –
Surgical management and
sclerotherapy

The patient underwent ten admissions between 2010 and 2023,

the timeline of which is shown in Table 1. Except for the first

admission, where only anti-inflammatory treatment was

administered, sclerotherapy for giant lymphatic malformation in

the thoracic dorsum and the right upper limb was conducted on

the remaining nine occasions. Additionally, two left dorsal

lipoma resections were carried out in 2016 and 2017,

respectively. Figure 3 presents the pre and post-operative

photographs of the patient’s initial trunk mass resection coupled

with sclerotherapy intervention, along with intraoperative images.

The basic procedure of sclerotherapy is as follows (Figures 3D–E):

puncture with a syringe attached to an injection needle in the lesion

area, retraction of lymphatic fluid in the lesion and injection of
Frontiers in Pediatrics 03
anhydrous alcohol solution at multiple sites. The amount of

anhydrous ethanol sclerosing agent used ranged between 10 and

24 ml per session. Subsequent to two treatments, a considerable

reduction in the vascular deformity of the child’s right upper limb

was observed (Figures 3A vs. H).

The left dorsal hyperplastic lipectomy was bifurcated into two

resections, the upper one-third and the lower two-thirds, with

consideration to the patient’s tolerance. Magnetic resonance

indicated the tumor-encapsulated vascular system in the left

dorsal mass prior to the initial resection. During the operation,

after removing up to the deep fascial layer, large malformed

lymphatic vessels could be visualized (Figure 3F). The

postoperative pathology examination of the excised tissue
frontiersin.org
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FIGURE 3

Surgery-related photographs of our patient. Preoperative frontal, lateral, and dorsal photographs of the patient (A–C). Intraoperative demonstration of
the trunk mass as an adipose tissue-encapsulated giant lymphatic malformation (D) Excised trunk mass (E) Sclerotherapy with methylene blue tracing
and lymphatic fluid extraction (F,G). Frontal, lateral and dorsal photographs of the patient after resection of the trunk mass combined with
sclerotherapy (H–J).
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affirmed the presence of subcutaneous adipose tissue tumor-like

hyperplasia and vascular malformations (Figure 1C). The excised

specimens weighed 341 and 825 grams, respectively. Analysis of

the surgical treatment timeline and perioperative details can be

found in Table 1.
Follow-up

The child was followed up every 3 months. After treatment, the

child’s thorax changed from a right-sided giant complex vascular

malformation with compression and collapse to a left-right
Frontiers in Pediatrics 04
symmetrical and basically normal one (Figures 2A,C); the

scoliosis deformity improved significantly (Figures 2B,C). Upon

undergoing mass excision and sclerotherapy, the volume of

lipomatous hyperplasia was reduced (Figure 2C). Although the

lipomatous hyperplasia still grew slowly, it did not have a

considerable impact on the person’s quality of life.
Discussion

In this case report, we describe a case of CLOVES with up to 13

years of follow-up. Lipectomy and sclerotherapy were employed
frontiersin.org
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with positive outcomes, enabling normal growth and development

of the thorax and spine during childhood.

In 2007, Sapp et al. (10) reported on patients with congenital

lipomatous overgrowth and vascular problems. Malformations and

epidermal nevi presented unique symptoms and were named

CLOVE syndrome. Later, Alomari et al. (1) suggested expanding

the name to CLOVES to emphasize the association with scoliosis,

bone, and spine abnormalities. Through sequencing, the study

confirmed that CLOVES syndrome arises due to a somatic

PIK3CA mutation occurring during early embryonic development.

The detection of the same mutant allele at all sites indicates early-

onset development and subsequent effect on multiple cell lineages

(2). The existence of somatic gene mutations is deemed essential

evidence for the definitive diagnosis of CLOVES syndrome (3).

Targeted agents directed against various targets of the PI3K-

AKT pathway are also considered to have therapeutic potential.

Sirolimus (an mTOR inhibitor of rapamycin), a targeted agent for

breast cancer, was first shown to be effective and relatively safe in

inhibiting disease progression in a 61-case phase II clinical trial

(5). However, further investigations revealed that Sirolimus only

partially inhibits mTORC1 and has no impact on mTORC2,

resulting in weak mTORC1 inhibition triggering negative feedback,

amplifying upstream signaling, and ultimately facilitating AKT

signaling (7). In 2018, for palliative use in patients, Alpesilib

(BYL719) proved to be more effective than rapamycin at slowing

down the progression of the disease (6). PROS patients benefit

from the inhibition of AKT rather than mTOR. Therefore, clinical

development of the pan-AKT inhibitor miransertib (MK-7075,

formerly ARQ092) is underway in PROS patients (7). However, all

current drugs are in clinical trials, and in most hospitals, plastic

surgeons still employ surgery to achieve aesthetic and functional

recovery by removing the mass (8).

In this case, the patient initially received a diagnosis of giant

mixed vascular malformation, as CLOVES syndrome had not yet

been defined when he began treatment with us at age 4. It was

not until 2015 that the diagnosis was officially revised to CLOVES

syndrome. We observed an intriguing phenomenon where the

mass in our patient underwent rapid growth during periods of

cold and fever, which is a typical response of the lymphatic system

in the case of an infection. The child had undergone multiple

sclerotherapy and trunk mass resections since childhood, which

significantly alleviated their thorax and spine.

Anhydrous alcohol was used as the sclerosing agent during the

sclerotherapy. Anhydrous ethanol has a long-standing and

prevalent use in the sclerotherapy of lymphangiovenous

malformations and hemangiomas. Although studies indicate that

sclerosing agents, like polydocanol and bleomycin, have a less

severe effect, anhydrous ethanol is deemed to be the most

efficient, with the lowest recurrence rate (9, 11). The patient, in

this case, responded positively to the sclerotherapy with

anhydrous ethanol and did not experience any adverse effects (12).

The patient’s coagulation suggests mild hypercoagulation, which

is commonly observed in CLOVES syndrome (13, 14). The

prethrombotic state is linked with the depletion of coagulation

factors caused by abnormal venous stasis. This depletion is also due

to thrombosis, which is supported by raised D-dimer levels,
Frontiers in Pediatrics 05
reduced fibrinogen levels, extended prothrombinase time, and mild

thrombocytopenia (15). Furthermore, CLOVES syndrome has an

increased risk of developing pulmonary thromboembolism (14).

The dilated veins are connected to the deep venous system, serving

as reservoirs of coagulation factor depletion and foci of thrombosis,

as well as direct sources of pulmonary thromboemboli (13). These

findings suggest prompt anticoagulation, particularly before surgery.

At 4 years old, the patient underwent an ultrasound which

indicated a cystic mass in the right adrenal region. However,

during follow-up, the cystic mass disappeared without further

treatment. Although it has been ruled out that the patient has a

urological malignancy, it is worth noting that patients with

CLOVES have a higher likelihood of developing Wilms tumor (2,

16–18), a malignant embryonal renal tumor associated with

hemihypertrophy and certain overgrowth disorders. Wilms tumor

may result from the presence of PIK3CA mutant cells within

somatic cells at the kidney site of individuals with CLOVES (16).

We concur with the guidelines advocating the consideration of

quarterly abdominal ultrasound screenings until 7 years of age

for children with CLOVES syndrome (3).

In conclusion, surgical reduction and minimally invasive

therapies can be utilized to help CLOVES children return to

normal growth, and it is essential to minimize disease

progression and functional disability to avoid devastating

complications such as spinal cord invasion and consequent

spinal cord compression and paralysis.
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