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OBJECTIVE: To analyze the sclerotherapy of giant (≥8mm) lymphatic malformations in neonates and discuss effective treatment.
METHODS: This was a single-center retrospective study. Twelve patients received bleomycin (BLM) (six patients) or BLM combined
with polidocanol (POL) (eight patients). The safety and effects of BLM and BLM+ POL were analyzed using a t-test for categorical
data and likelihood ratios or Fisher’s exact test for continuous data. Factors resulting in an increased number of treatment sessions
were studied.
RESULTS: Treatment began 2–5 days after birth. The patients in the BLM group underwent more treatment sessions. Gestational
age, lesion size and type, total response, and complications showed no significant differences between groups. Larger and mixed-
ype lesions required more treatment sessions.
CONCLUSIONS: Both BLM group and BLM+ POL group appear relatively safe and effective in neonates with giant lymphatic
malformations. The combination of the two agents reduced the number of procedures and general anesthesia required.
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INTRODUCTION
Lymphatic malformations (LMs) are vascular malformations that
result from the abnormal development of the lymphatic system
during the embryonic period [1]. LMs are divided into three
morphological types: macrocystic, microcystic, and mixed [2].
LMs can occur in any region; however, the neck is the most
common location. Patients with giant LMs often face several
risks during the newborn stage. The most severe complication is
airway compression, including that of the larynx and trachea,
especially in patients with spontaneous hemorrhage [3, 4]. In
addition, infection and subsequent abscesses may occur in LM
cysts [5].
Although spontaneous regression has been observed in some

LMs, giant LMs require treatment even in neonates because of
their high risk of compression. Therapies for LMs include
sclerotherapy, surgery, and systemic drugs [6–8]. Considering its
minimal injury, effectiveness, and low complication rates, scler-
otherapy has been regarded as the optimal choice in recent years,
particularly for macrocystic lesions. However, neonatal treatment
remains challenging. Neonates, especially preterm babies and
early neonates, face a higher risk of anesthesia and other possible
complications during the perinatal period. Giant and multi-cystic
lesions often require higher drug doses; however, the low body
weight and immature liver and renal function of neonates restrict
the drug type and dosage. The optimal choice of sclerosants for
neonates remains unclear.
This study aimed to analyze sclerotherapy for giant LMs in

neonates, identify the possible factors that may affect the
outcome, and discuss the treatment strategy for this disease in
neonates.

METHODS
Patients and clinical data
Fourteen patients with LMs >8 cm at the West China Second University
Hospital of Sichuan University were retrospectively enrolled from
September 2017 to October 2022. The LMs were found either during the
fetal period or at birth. The following data were collected: sex, gestational
age, body weight at birth, site of LM, type of lesion, lesion diameter, tissue/
organ compression, treatment, and complications. The patients’ parents
provided informed consent, including permission to use their clinical data
and publishing patient photos. This study was approved by the ethics
committee of West China Second University Hospital of Sichuan University.
This study followed the ethical guidelines of the Declaration of Helsinki.

Treatment
The patients underwent color Doppler ultrasonography and/or magnetic
resonance image (MRI)/computed tomography (CT) for diagnosis. All
patients were treated with bleomycin and/or a 3% polidocanol injection
under ultrasonographic and radiographic guidance. If an obvious airway
compression was present, tracheal intubation was performed at birth or
before treatment. The neonates received general anesthesia, and cysts
within the lesions were punctured with 23-gauge needles under
ultrasound guidance. The cystic fluid was extracted before drug injection.
In total, 15 mg of bleomycin was dissolved in 10ml iopamidol, and the
solution was injected into different cysts under X-ray guidance. No more
than 1mg/kg of bleomycin was administered to each patient. In patients
receiving combination therapy, 3% polidocanol (POL) was used as an
additional treatment after bleomycin injection. The polidocanol foam was
prepared using the Tessari method. Two injection syringes containing 2ml
3% polidocanol and 8ml air, respectively, were connected using a three-
way valve. The agent and air were injected 20 times to form polidocanol
foam, which was injected into the lesions. The polidocanol dose was no
greater than 2ml. The lesions were compressed using a bandage for 5–7 d.
Six patients were treated with bleomycin (BLM group) and eight patients
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were treated with bleomycin + polidocanol (BLM+ POL group). Most of
the neonates had airway compression in this group, they received
trachea intubation with ventilation and all received antibiotics treatment
before or after treatment.
The effect of treatment was evaluated one month after drug injection.

A second or third drug injection session was performed if the lesions
were not completely involuted. Outcomes were classified using the
following criteria [9]: 1. Excellent (≥90% reduction in lesions), 2. Moderate
(≥50% reduction in lesions), 3. Mild (<50% reduction in lesions), 4. None
(no response to treatment). The patients were followed up for
6–28 months.
To study the possible risk factors that might increase the number of

treatment sessions, we compared gestational age, body weight, lesion
size and type, and sclerosants used for treatment between patients
undergoing ≤2 sessions and those undergoing >2 sessions.

Statistical analysis
SPSS (version 23.0) software was used for statistical analysis. Normally
distributed continuous data between the two groups were analyzed
using a t-test. Categorical data were analyzed using the likelihood ratio or
Fisher’s exact test. Statistical significance was set at p < 0.05.

RESULTS
Fourteen patients were included in this study, of whom 12 were
diagnosed during the fetal period and two were diagnosed after
birth. There were nine male and five female patients. Four
patients were born preterm, and the lowest gestational age was
34+6 weeks. The size of the LMs ranged from 8 to 18 cm and
included 11 macrocystic and three mixed lesions. Twelve
patients experienced airway compression. One patient experi-
enced compression of the thoracic wall. Only one patient had no
compression, but the lesion size was 10 cm. Considering the
possible risk of intralesional hemorrhage, the patient was treated
at birth. Six patients were in the BLM group and eight patients
were in the BLM+ POL group. Table 1 shows the patient
characteristics.
Treatment was initiated 2–5 days after birth. The average age

at first treatment in the two groups was 3.6 days in the BLM
group and 3.0 days in the BLM+ POL group (p= 0.325). The
mean lesion size in the BLM group was 9.5 cm while that in the
BLM+ POL group was 11.5 cm (p= 0.223). There were five
macrocystic lesions and one mixed lesion in the BLM group, and
six macrocystic lesions and two mixed lesions in the BLM+ POL
group (p= 0.615). Six patients in the BLM group and eight
patients in the BLM+ POL group underwent 16 and 15
treatments, respectively. Patients in the BLM group seemed to
receive more treatment sessions (2.7 sessions) than those in the
BLM+ POL group (1.9 sessions), although the difference was not
statistically significant (p= 0.064). All patients in the BLM+ POL
group showed an excellent response after 1–3 treatment
sessions. However, five patients in the BLM group showed an
excellent response after 2–4 treatment sessions. One patient in
the BLM group showed a moderate response after three sessions
and finally underwent surgical treatment. After the first session,
three patients (37.5%) in the BLM+ POL group showed an
excellent response; however, no patient in the BLM group
showed an excellent response (p= 0. 122). After the second
treatment session, seven patients (87.5%) in the BLM+ POL
group and three (50%) in the BLM group showed an excellent
response (p= 0.127) (Table 2).
Complications included fever (25.8%), vomiting (12.9%), and

intralesional hemorrhage (16.1%) during the 31 procedures. The
fever and vomiting lasted for no more than 48 h. No additional
antibiotics were administered to treat fever after sclerotherapy.
The ratios of fever and vomiting were not significantly different
between the two groups (p= 0.685 and p= 0.325, respectively).
Two patients in the BLM group and one in the BLM+ POL group
had intralesional hemorrhage after the procedures (p= 0.532);Ta
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however, blood transfusion was not needed. Liver function was
tested before and after the treatment and showed no abnorm-
alities. The patient’s urine output was normal before and after
treatment. None of the patients in either group exhibited
pulmonary fibrosis at follow-up (Table 3).
Four patients received >2 treatment sessions and 10 patients

received ≤2 sessions. The sclerosants used in the two groups were
not significantly different (p= 0.594). The size (p= 0.03) and type
(p= 0.011) of the lesions were significantly different between the
two groups, suggesting that larger LMs and more complex lesions
may require increased treatment sessions. However, age, preterm
status, and body weight did not affect the number of treatment
sessions (Table 4).
Typical images of patients in the two groups are shown in

Figs. 1 and 2.

DISCUSSION
Sclerotherapy has been used to treat LMs in neonates for decades.
To date, there have been limited studies focusing on neonates [3],
and many studies have been case reports [10, 11]. Besides, few
studies have focused on early neonates (≤7 days). A large cohort
study included 47 patients diagnosed at birth; however, treatment
in the neonatal period was not specifically analyzed [12]. A recent
study found sclerotherapy effective for LMs in the head and neck
in neonates and infants ≤12 months of age [13]. In this study, we
report a series of treatments for giant LMs in neonates that were
successfully treated with sclerotherapy with slight complications.
The first-time treatment was initiated at ≤5 days in all patients.
Neonates, especially preterm babies, usually have immature

organ functions, resulting in an increased risk when undergoing
anesthesia and drug therapy. Safety is always the first

consideration when treating newborns. Sclerotherapy is a safe
and effective method for treating LMs [14]. However, the safest
sclerosant for neonates remains unclear. Bleomycin is a sclerosant
that is widely used to treat LMs. In a pharmacokinetic study,
bleomycin was systemically absorbed as a sclerosant in venous
malformations and LMs [15], suggesting possible systemic adverse
events in patients. There have been no pharmacokinetic studies
on bleomycin in neonates. Complications of bleomycin include
fever, vomiting, intralesional hemorrhage, acute lung injury, and
pulmonary fibrosis [16–18]. Acute lung injury is rare and its
underlying mechanism is unclear. It can also occur in patients
treated with high or low doses [17]. Pulmonary fibrosis induced by
bleomycin is dose-dependent. The cumulative dose of LMs is
always too low to cause pulmonary fibrosis [19]. Pulmonary
fibrosis has not been documented in bleomycin-treated LMs.
Polidocanol, a detergent sclerosant, is often used to treat venous
malformation and has recently been used in LMs [20]. Polidocanol-
related complications are low. Intralesional hemorrhage has been
reported in 13% of the patients treated with polidocanol [9]. In
fact, bleomycin can also induce intralesional hemorrhage [12]. In
this study, the incidence of short-term fever (25.8%) after the
procedures was higher than in the previously reported cases
[12, 16], suggesting that neonates and young infants might be
more sensitive to sclerosants, especially bleomycin. Intralesional
hemorrhage is another common complication. Bandage compres-
sion is believed to reduce the frequency of hemorrhage; however,
further case-control studies are needed to confirm this.
Several sclerosants have been proven to be effective in the

treatment of LMs. Both bleomycin and OK-432 are widely used
agents [6, 21]. At our center, bleomycin is preferred because of its
availability, effectiveness, and safety at an appropriate dosage. In
neonates, a single dose of bleomycin cannot cover giant and
complex cysts because of safety-related dose limitation. Previously
reported combined therapies included bleomycin/pingyangmycin
(bleomycin A5) + polidocanol, bleomycin + ethanol, polidocanol
+ ethanol, and pingyangmycin + triamcinolone acetonide
[12, 22, 23]. The combined use of pingyangmycin and polidocanol
results in a better response than polidocanol alone [23]. However,
large-scale prospective studies are needed to establish the
optimal treatment strategies for neonates.
Other alternative therapies for LMs include surgical excision, oral

administration of sirolimus [24, 25]. However, to minimize injury and
complications, sclerotherapy has been regarded as the optimal

Table 2. Comparison of characteristics and treatment response between BLM and BLM+ POL groups.

BLM (n= 6) BLM+ POL
(n= 8)

P

Age at first treatment (day) (mean, range) 3.6 (2–5) 3.0 (2–5) 0.325

Body weight(kg) (mean, range) 2.90 (2.15–3.75) 3.24 (2.80–3.60) 0.173

Size (cm) (mean, range) 9.5 (8–12) 11.5 (8–18) 0.223

Type Macrocystic 5 6 0.615

Mixed 1 2

Treatment sessions 2.7 (2–4) 1.9 (1–3) 0.064

Total response Exellent 5 8 0.429

Moderate 1 0

Response after 1st session Exellent 0 3 0.122

Moderate 4 4

Mild 2 1

Response after 2nd session Exellent 3 7 0.127

Moderate 1 1

Mild 2 0

BLM bleomycin, POL polidocanol.

Table 3. Complications related to scleratherapy.

BLM
(n= 16)

BLM+ POL
(n= 15)

P

Fever 5 3 0.685

Vomit 3 1 0.325

Intralesional
hemorrhage

3 2 0.532

BLM bleomycin, POL polidocanol.
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treatment for large cyst lesions. Surgery is regarded as the first-line
treatment for circumscribed superficial microcystic LMs [26]. Sirolimus
is used for long-term treatment of LMs, especially complex lesions
[27]. Considering its immunosuppressive effects, careful consideration
is required when using sirolimus in early newborns.
General anesthesia is needed for safety in neonates and young

children undergoing sclerotherapy, especially in those undergoing
tracheal intubation. The effect of general anesthesia on the
nervous systems of neonates and young infants is not fully
understood. A study of children aged <3 years suggested that
multiple, but not single, exposures to procedures requiring
general anesthesia are related to a pattern of neuropsychological
changes associated with behavioral and learning difficulties [28].
Based on this study, a reduced number of procedures under
general anesthesia may be helpful in preventing nervous system
disorders in children. In our study, 37.5% of the patients in the
BLM+ POL group underwent one procedure and showed an
excellent response. None of the BLM groups showed excellent
response after the first session. Although some patients in other
studies could be cured with one session of bleomycin treatment,

in our study the patients were first treated at age ≤5 days with
relatively large lesions. Low body weight restricted the dosage of
bleomycin, whereas large lesions responded relatively poorly to
the inadequate agent. In this study, large mixed-type lesions were
associated with an increased number of procedures. Therefore,
combined sclerosant therapy may be a better choice for neonates
with giant LMs to reduce the number of procedures and the
associated general anesthesia.

CONCLUSIONS
Both bleomycin and bleomycin+polidocanol appear to be
relatively safe and effective for the treatment of neonates with
giant LMs. The combination of the two agents seemed to reduce
the number of procedures and general anesthesia required.

Limitations
The number of patients in this study was small because giant LMs in
neonates are not very common in a single center. Large-scale
multicenter studies may further verify the findings of the present study.

Table 4. The characteristics of ≤2 sessions group and >2 sessions group.

≤2 sessions (n= 10)
(mean, range)

>2 sessions
(n= 4)
(mean, range)

P

Age at first treatment (day) 3.3 (2–5) 3.3 (2–4) 0.947

Gestational age Preterm 2 2 0.520

Term 8 2

Body weight(kg) 3.08 (2.53–3.75) 3.13 (2.15–3.60) 0.279

Size (cm) 9.6 (8–12) 13.3 (8–18) 0.030*

Type Macrocystic 10 1 0.011*

Mixed 0 3

Sclerosant BLM 4 2 0.594

BLM+ POL 6 2

BLM bleomycin, POL polidocanol.
*P < 0.05.

Fig. 1 Macrocystic neck lymphatic malformation treated with bleomycin (two procedures in total). After the treatment, the lesion
decreased significantly and the compression at the neck was relieved.

Fig. 2 Mixed-type lymphatic malformation at chest wall with chest wall compression treated with bleomycin and polidocanol (three
procedures in total). After the treatment, the size of the lesion reduced and chest radiography showed relief of the chest wall compression.
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