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Abstract
Background Lymphatic malformations (LMs) are congeni-
tal lesions of the lymphatic system and consist of lymphatic
channels and cystic spaces of varying sizes. Recent
evidence has shown that LMs respond well to intralesional
sclerotherapy.
Objective The purpose of this retrospective study is to eval-
uate the outcome and efficacy of using doxycycline in
treating macrocystic, microcystic and combined macro-
and microcystic LMs in a tertiary-care pediatric center.
Materials and methods Fifty children (32 boys, 18 girls)
underwent doxycycline sclerotherapy for treatment of LMs
between January 2005 and October 2010. Demographics,
imaging, doxycycline treatment details, complications and
follow-up details were documented.
Results The mean age at first treatment was 5.9 years
(3 days–17.8 years), median 4.2 years. Cervicofacial (19/50
children) and truncal (16/50 children) locations were the
most frequently affected. One hundred forty-six sclero-
therapy sessions were performed in 50 children (mean
2.9/child). The mean doxycycline dose/kg body weight
for 146 sessions was 15.3 mg/kg (0.6–85.7 mg/kg).
Complications occurred in 4/146 procedures. Clinical
follow-up showed excellent response in 14/16 children with
macrocystic LMs, 21/27 children with combined LMs and 4/7
children with microcystic LMs.
Conclusion Doxycycline is a safe and effective sclerosant
agent for treating LMs in children, with a low complication
rate.

Keywords Doxycycline sclerotherapy . Lymphatic
malformations . Efficacy . Safety . Complications .

Outcomes . Children

Introduction

Lymphatic malformations (LMs) are a specific type of vas-
cular malformation that arises because of errors of vascular
morphogenesis during early embryonic life resulting in ab-
normal lymphatic channels and cystic spaces of varying size
[1]. LMs can involve skin, soft tissue, bone and thoraco-
abdominal or pelvic viscera. Histologically, LMs are a com-
plex of multiple dilated cystic spaces lined with a single
layer of vascular endothelium, supported by connective
tissue with a matrix of fibrous tissue and smooth muscle
with small feeding vessels and aggregates of lymphocytes
[2]. The cysts sometimes communicate and can contain
serous, proteinaceous or hemorrhagic fluid [3].

LMs are characterized as macrocystic (with minimum cyst
diameter ≥1 cm), microcystic (maximum cyst diameter
<1 cm), or combined macro- and microcystic [4]. They are
most frequently located in the head and neck region (48%),
truncal and extremity locations (42%) and intrathoracically or
intra-abdominally (10%) [5]. Although the disease is often
contiguous when affecting multiple anatomical sites (such as
in the neck and mediastinum), multifocal non-contiguous
disease can also be seen in some children. The presentation
of LMs is dependent upon their location, size and functional
impairment. Sudden expansion with skin discoloration can
occur because of intralesional bleeding, infection or inflam-
mation. This can compromise vital functions when the LMs
are present in certain anatomical locations (e.g., near airway/
orbit). Blue skin discoloration can sometimes be seen when
the cysts contain bloody fluid.
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Surgical resection was previously considered standard
treatment but the infiltrative nature and ill-defined limits
especially of microcystic LMs can make surgery difficult
[6]. With incomplete excision, disease persistence is likely.
Recent evidence has shown that LMs respond well to intra-
lesional sclerotherapy, with macrocystic LMs showing a
better response than microcystic LMs [7, 8]. Multiple sclero-
sant agents have been used in the treatment of LMs including
ethanol, OK-432, ethibloc, sodium tetradecyl sulphate, bleo-
mycin and doxycycline [9–14].

Doxycycline is an inexpensive and readily available an-
tibiotic of the tetracycline group with a good safety profile
and widespread usage. It has been extensively used in the
treatment of postoperative lymphoceles, pleurodesis (to treat
recurrent pneumothorax and malignant pleural effusions), be-
nign lymphoepithelial parotid cysts and mediastinal/esopha-
geal cysts [15–19].

The experience of using doxycycline as a sclerosant for
the treatment of LMs is limited. In this study, we report our
experience using doxycycline for treating pediatric macro-
cystic, microcystic and combined LMs in a tertiary-care
pediatric center.

Materials and methods

Patients

Institutional Research Ethics Board approval was obtained
before conducting this retrospective study. Informed consent
was waived. We included 50 children (32 boys, 18 girls)
who underwent sclerotherapy using doxycycline for treat-
ment of LMs between January 2005 and October 2010 in a
tertiary care paediatric centre. Children with a diagnosis of
veno-lymphatic malformations and Klippel-Trenaunay syn-
drome were excluded.

Data collection

Data were collected from the hospital medical records (the
Electronic Patient Chart [EPC] and the Interventional Radi-
ology database). The imaging undertaken before treatment
was variable and included MRI, US and CT. This was
reviewed from the PACS imaging system.

Patient demographics, age at initial clinical presentation,
clinical details, imaging modalities in the assessment and
imaging details were documented. The lesion location was
classified as cervicofacial (including orbit), truncal (including
axilla, chest wall, mediastinum, abdomen) or extremity. After
reviewing the images, the LMs were grouped according to the
cyst diameters as macrocystic (≥1 cm), microcystic (<1 cm) or
combined macro- and microcystic (Fig. 1). In children
who had cross-sectional imaging pre-treatment, the greatest

diameters of the lesion were measured and the total volume
was calculated using the formula for volume of an ellipsoid 0
0.523 × diameter1 × diameter2 × diameter3 [20]. Previous
treatment data including surgical excision and prior sclero-
therapy were documented.

Details regarding type of anesthesia, use of antibiotics,
number of sclerotherapy sessions, time interval between
treatment sessions, dose of doxycycline per session, body-
weight at each session and presence of any complications
were noted. Complications were classified as minor or major
according to the standards of practice of the Society of Inter-
ventional Radiology [21]. Minor complications required ei-
ther no therapy or nominal therapy with an overnight hospital
stay for observation only. Major complications were those
requiring a hospital stay >48 h, major therapy or an unplanned
increase in level of care, and having permanent adverse
sequelae or resulting in death.

Clinical and in some cases imaging follow-up was done
after 4–6 weeks of treatment to assess change in size of the
lesions and response to treatment. Imaging follow-up was
done from images available on PACS. When images were
not available on PACS, notes from the last follow-up in the
clinic were accessed using EPC and details of any limited
US performed in the clinic and physical examination were
noted. Overall clinical response was classified as (1) excel-
lent (decrease in size of ≥95%), (2) satisfactory (decrease
≥50%) and (3) no change/poor (<50% decrease in the size of
the lesion/unchanged) [9, 22]. Children with lesion persis-
tence or cysts amenable to further treatment were offered
more sessions of sclerotherapy.

Technique

All procedures were performed by a pediatric interventional
radiologist. Most procedures, including all those requiring
general anesthesia (GA), were done in the Interventional
Radiology (IR) suite. Informed consent was obtained prior
to the procedure from all of the patients or parents. The
procedures were performed depending upon the type and
size of the LMs under GA or under topical/local anesthesia
(LA). LA in addition to GA was used sometimes when
percutaneous drains were inserted. In cases where LA was
used without GA, it was either topically applied to the skin
or it was injected into the cyst via a preexisting drain prior to
doxycycline injection. Antibiotic prophylaxis using Cefazolin
(Novopharm, Toronto, Ontario, Canada) 30–40 mg/kg body
weight and dexamethasone 0.1 mg/kg body weight were
administered intravenously at the beginning of the procedure.
Steroids were routinely given to children having sclerotherapy
under GA when a larger volume of the LM was treated, to
decrease the post-procedure swelling, pain and emesis.

US was used to confirm the location to be treated and the
lesion characteristics. The skin was prepped and draped
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using sterile technique. All cysts were punctured under US
guidance. Larger macrocysts were cannulated with a micro-
puncture set and drained with a 5 French Duan drain (Cook,
Bloomington, IN) or a 6–8 French APD drain (Boston
Scientific, Natick, MA). Fluid was aspirated until the cyst
was emptied. Smaller macrocysts were directly cannulated
using a 20- to 22-gauge angiocatheter. Microcysts were
treated by direct needle puncture (22- to 27-gauge) and
occasionally fluid was aspirated if possible. When cysts
were aspirated, both the volume and color of cyst fluid were
documented.

Doxycycline solution at a concentration of 10 mg/ml was
prepared by mixing 100 mg of doxycycline powder (APP
Pharmaceuticals, LCC Schaumburg, IL) with 5 ml of sterile
water and 5 ml of water-soluble contrast (Omnipaque 300,
GE Healthcare Canada, Mississauga, Canada). An arbitrary
maximum dose of 300 mg was used for children ≤12 months
of age and 1,200 mg for those older than 12 years. For
children between 12 months and 12 years, we used a

maximum dose of 300 mg–1,200 mg, depending on the
age and weight of the child. The cysts were injected under
US guidance with doxycycline solution. The injected vol-
ume approximated to half of the volume of fluid aspirated
from the cyst. Only those microcysts visible on US were
injected with doxycycline. Cysts not identified on US in-
cluding solid echogenic tissue were not injected. In those
microcysts where no fluid was aspirated, only a small vol-
ume (0.2–0.5 ml) of doxycycline solution was injected at the
discretion of the interventional radiologist. Occasionally,
intercommunication between cysts was identified on US,
most frequently seen as passage of injected fluid between
the cysts or early deflation of an injected cyst. When cysts
inter-communicated, the increased capacitance of the cystic
spaces allowed for more sclerosant to be injected. As many
cysts as possible were treated at each session. Following the
injection of sclerosant into each cyst, the needle/cannula
was removed. If drains were used, these were switched off
for 4 h following doxycycline injection and then re-opened

Fig. 1 Combined macro- and
microcystic LM involving the
subcutaneous tissue of the left
thigh. a Clinical photograph of
the child with a large swelling on
the medial and anterior aspect of
left thigh with overlying skin
discolouration. b T1-W MRI
shows multiple hypointense cys-
tic spaces of varying sizes in the
anteromedial aspect of left lower
limb; the microcystic component
of the LM is not verywell defined
on T1-W imaging. c T2-W STIR
MRI shows multiple hyperin-
tense cystic spaces ranging from a
few millimeters to centimeters in
size. d Post-contrast T1-W fat-
suppressed MRI shows
peripheral enhancing rim of
the larger cysts (macrocystic ele-
ment) and mild enhancement
of remaining LM
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to free drainage. Children were kept under observation for a
minimum of 4 h and analgesics (morphine [0.05 mg/kg
body weight] and acetaminophen [15 mg/kg body weight])
were administered if required on a 4-hourly PRN basis.
Children without indwelling drains were usually discharged
the same day when stable and satisfactory. In children with
indwelling drains, a repeat treatment was performed the fol-
lowing day, with children remaining in hospital overnight.

During our study period we introduced some changes to our
technique. Early on in our experience, we undertook an initial
single-day treatment at each session followed if needed by
repeat single-day treatments at 6-week intervals. The number
of repeat treatments was determined by the clinical response.
Usually no more than three treatment sessions were undertak-
en. In August 2006, we increased the number of treatments at
each interval for selected patients. Children underwent 2–3
treatment sessions over 2–3 consecutive days to improve treat-
ment outcome in children with large macrocystic LMs. In these
interval treatment sessions, the first procedure was performed
under GA in the IR suite. For those undergoing second-day
treatment via existing drains, the procedures were carried out
on the ward. Analgesia (i.v. morphine 0.05 mg/kg and p.o.
acetaminophen 15 mg/kg) was administered prior to the injec-
tion of the LA lidocaine 1% (Astra Zeneca, Mississauga,
Canada) and doxycycline via the drain. The amount of lido-
caine 1% used depended on cyst size, and the maximum dose
did not exceed 4.5 mg/kg of body weight. Lidocaine 1% was
left in the cyst for 10 min and aspirated before injection of
doxycycline. In most subsequent treatment sessions, no anti-
biotics or steroids were administered and GAwas given only if
more cysts were to be treated. In August 2007, we introduced
sodium tetradecyl sulphate 3% (STS) foam (1:1 STS:air) as
an adjunct sclerosing agent to irrigate the cysts (dwell time
10–20 min) prior to doxycycline injection. The volume of
STS used depended upon the cyst size to a maximum of
1 ml/kg of STS foam.

Results

The children’s mean age at the first treatment session was
5.9 years (range 3 days to 17.8 years) with a median age of
4.2 years. The majority of LMs (27/50 children) were com-
bined macro- and microcystic type (15 boys, 12 girls). The
most common lesion location was the neck (14 children)
followed by the chest wall (12 children). The lesions were
on the left side in 26 children, right side in 22 children and
bilateral in 2 children. The patient demographics and lesion
characteristics are summarized in Table 1.

Thirty-two children had MRI as the primary imaging
modality before treatment, 16 had US and 2 had CT. The
mean pretreatment lesion volume was 181.3 ml (range 2.8–
2,071 ml) in 40/50 children. In 10 children with extensive or

non-contiguous disease, total lesion volume could not be
accurately measured.

A total of 146 sclerotherapy treatment sessions were per-
formed in 50 children with a mean of 2.9/child (range 1–7)
(Table 2).

The mean doxycycline dose per kg body weight for all
procedures was 15.3 mg/kg (range 0.6–85.7 mg/kg). In 38
children the total mean dose/kg was ≤20 mg/kg (mean
7.2 mg/kg) and in 12 children it was ≥20 mg/kg (mean
40.8 mg/kg).

Twenty-three children (46%) underwent interval single-
day treatment, 12 (24%) underwent interval consecutive-day
treatment. The mean treatment time interval was 15.1 weeks
(106 days), range (21–1,036 days). The best responses were
identified in children undergoing interval treatment every
6 weeks, whether single-day or consecutive-day treatments
(Table 3).

Of the 50 children treated, 39 (78%) received doxycycline
alone and 11 (22%) received doxycycline plus STS. STS 3%
foam was used as an adjunct to wash macrocysts before
injecting doxycycline in children who did not respond to
doxycycline injection and in the more recent children not
previously treated. These 11 children received doxycycline
plus STS during 24/44 (55%) treatments (mean volume

Table 1 Patient demographics and lesion characteristics

Total patients 50

Mean age 5.9 years (range 3 days–17.8 years)

Gender 32 M; 18 F

Prior surgery 6

Prior sclerotherapy 10 (Alcohol-8, Alcohol + STS-1,
Bleomycin-1)

Lesion type

-Combined 27 (15 M/12 F)

-Macrocystic 16 (12 M/4 F)

-Microcystic 7 (5 M/2 F)

Lesion location

Cervicofacial 19 (38%)

-Neck 14

-Cheek 3

-Orbit 2

Trunk 16 (32%)

-Mediastinum 1

-Chest wall 12

-Chest & abdominal wall 1

-Intra-abdominal 2

Extremity 10 (20%)

-Upper lib 8

-Lower limb 2

Neck & trunk 1 (2%)

Trunk & extremity 2 (4%)

Neck, trunk & extremity 2 (4%)
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8.9 ml; range 3–20 ml). In our patients the outcomes did not
differ much between these groups (Table 4).

The mean follow-up between the last treatment and latest
clinical follow-up was 1.2 years (range 42 days to 4.7 years).
Three of the 50 children were lost to follow-up and therefore
excluded from analysis. Imaging follow-up was available in
39/47 children (83%). In eight children (17%) the treatment
outcome was based on clinical examination alone. Clinical
follow-up showed improvement of pre-treatment symptoms
in 45/50 (90%) patients (Fig. 2). See Fig. 3 for clinical
outcomes following treatment of different types of LMs
with doxycycline and doxycycline plus STS.

Complications were seen in 4/146 procedures (2 major
and 2 minor) (Table 5). One child with a large mediastinal
LM with neck extension of the disease developed Horner
syndrome after the third-consecutive-day treatment, showing
almost complete resolution of the Horner syndrome at 4-
month clinical follow-up. The other major complication was
severe pain seen in one child after the first treatment with
doxycycline under local anesthesia. On serial treatments under
GA no more complications were noted in this child.

Discussion

Doxycycline is a readily available antibiotic of the tetracy-
cline group. It was first used in the treatment of LM by

Molitch and associates [23]. Its use in sclerotherapy of LMs
is based on its mechanism of inhibition of matrix metal-
loproteinase and cell proliferation, as well as suppression of
vascular endothelial growth factor (VEGF) induced angio-
genesis and lymphangiogenesis [24]. It causes collagen and
fibrin deposition, leading to dense adhesions and fibrosis,
and various studies have shown it to be effective as an agent
for pleurodesis [25].

In our study, successful sclerotherapy was achieved in the
majority (90%) of the children regardless of LM location.
Successful sclerotherapy with doxycycline included chil-
dren with an excellent (≥95% decrease in size) or satisfac-
tory (<95% to ≥50% decrease in size) overall clinical
response. Acute and chronic clinical symptoms (such as
respiratory distress, pain, swelling leading to cosmetic de-
formity, and leakage of fluid from the skin) resolved in
almost all children. The best response was seen in macro-
cystic LMs. Combined macro- and microcystic LMs also
showed a favorable response. Microcystic LMs, however,
showed a less favorable response. Other authors have also
reported excellent clinical results when using doxycycline
for the treatment of macrocystic LMs and good results in the
treatment of microcystic LMs [6–8].

In our study MRI was the predominant imaging modality,
used in 32/50 children, with US used in 16/50 children to
assess the lesions before sclerotherapy. CT scanning was
used in two children prior to referral to our service. In our

Table 2 Treatment details

No. of
treatment
sessionsa

No. of patients
undergoing each
treatment session

No. of patients
receiving GA
(±LAb)/LA at
each treatment session

No. of patients
receiving prophylactic
i.v. antibiotics at each
treatment session

No. of cysts
treated in each
treatment session
mean (range)

Sclerosant usage
(doxycycline/
STS + doxycycline)

Doxycycline dose
in each treatment
session mean (range)
mg/kg- bodywt/session

1 50 45/5 38/50 11.3 (1–33) 41/9 18 (0.6–85.7)

2 42 29/13 23/42 10.2 (1–37) 38/4 18 (0.4–85.7)

3 28 24/4 18/28 11 (1–45) 23/5 12.7 (0.2–57.7)

4 13 11/2 9/13 8 (1–23) 11/2 12.3 (1.7–33.6)

5 7 6/1 5/7 10 (1–27) 5/2 13.9 (1.1–50)

6 4 2/2 1/4 7.5 (1–20) 3/1 18.2 (2.8–54.6)

7 2 1/1 0/2 28.5 (1–56) 1/1 35.5 (11.9–59.1)c

a Includes single- and consecutive-day treatments as well as interval treatments
b LA injected into the skin prior to drain insertion into macrocysts
c The patient who received the higher total dose of doxycycline was a newborn with a large LM compared to bodyweight

Table 3 Different treatment types and the overall response in each

Single-day
treatment (n08)

Interval single-day
treatment (n023)

Consecutive-day
treatments (n07)

Interval consecutive-day
treatments (n012)

Excellent 75% (6) 91% (19) 67% (4) 83% (10)

Good 12.5% (1) 9% (2) 17% (1) 17% (2)

No change 12.5% (1) – 17% (1) –

No follow-up – (2) (1) –
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practice we would recommend MRI as the imaging modal-
ity of choice to assess LMs because of its tissue-specificity
and clear depiction of disease extent and tissue involvement.
US, however, is extremely useful, not simply as a bedside
tool but when disease is visible and involves the superficial
tissues with no deep extension.

During the latter half of our study period we introduced
some changes in the treatment protocol. We introduced
consecutive-day treatments (i.e. 2–3 treatments over 2–3
consecutive days) and interval consecutive-day treatments
(repeat consecutive-day treatments approximately every
6 weeks) in children with large or persistent LMs. The aim

Table 4 Overall treatment outcome for children treated with doxycy-
cline and doxycycline + STS

Overall
treatment outcome

Only doxycycline
(n039)

Doxycycline +
STS (n011)

Excellent 86% (32) 70% (7)

Good 11% (4) 20% (2)

No change 3% (1) 10% (1)

No follow-up (2) (1)

a b

c d

Fig. 2 Clinical treatment response of a large cervical macrocystic LM. a
Clinical photograph of a child with a large neck swelling on the left side
prior to sclerotherapy. b Contrast-enhanced axial CT image of the neck
shows the presence of a large macrocystic LM causing swelling and
displacing the airway (black arrow). c US image during sclerosant
injection. Puncture needle tip (white arrow) shown prior to drain inser-
tion. The macrocyst has expanded with echogenic fluid due to

spontaneous bleeding into the cyst lumen. d Flouroscopic image of neck
and chest. Three small 5-F drains were placed at time of sclerotherapy
into the macrocystic LM. The cyst cavities are outlined with contrast
agent. eClinical photograph at 3-month follow-up (after the last treatment
session) shows no residual swelling and normal appearance of the neck. f
US image at 3-month follow-up shows almost complete resolution of the
macrocyst with residual echogenic tissue lateral to left lobe of thyroid
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was to determine whether this improves treatment effective-
ness. Our clinical observation is that improved results are
seen with drainage and repeat sclerotherapy of large macro-
cysts within a shorter time period compared to those after
single-day sessions. We also started using 3% sodium

tetradecyl sulphate to wash the cysts, i.e. injecting then
aspirating immediately before doxycycline injection in chil-
dren with large or persistent LMs who did not show a good
response to doxycycline injection alone. The mechanism of
action of STS is unknown, but some studies have shown that
its detergent action emulsifies the lipids within the cell
membrane of LMs and increases membrane permeability
to doxycycline thus enhancing its action toward cell death
and fibrosis [14]. Pre-treatment with STS showed good
success, especially with interval treatments, but we cannot
ascribe this higher success rate to either consecutive-day
treatments, interval treatments or to the use of STS. Given
the heterogeneity of patient and cyst selection in those
treated with STS in addition to doxycycline it is difficult
to evaluate the effectiveness of STS. A randomized study in
LM patients with similar disease distribution is needed to
evaluate doxycycline effectiveness vs. doxycycline + STS.

As expected, lesions with larger volumes required multi-
ple treatment sessions. A child who clinically presented with
acute respiratory distress had a large LM involving the
mediastinum; this was successfully treated using a combi-
nation of consecutive-day interval treatment sessions using
doxycycline. However, in one child with a large intra-
abdominal LM, excellent response following a single treat-
ment session was confirmed on follow-up MRI. In two
children the LMs were seen to increase in size post

Fig. 2 (continued)

RESPONSE MACROCYSTIC 
LM 

COMBINED 
LM 

MICROCYSTIC 
LM 

TOTAL 
OVERALL 
RESPONSE 

Excellent 88% (14) 84%  (21) 66% (4) 83% (39) 

Satisfactory 6% (1) 16% (4) 17% (1) 13% (6) 

No change/ 
Poor response 6% (1) - 17% (1) 4% (2) 

No follow-up - (2) (1) (3) 

a

b

Fig. 3 Clinical outcomes after treatment of different types of LM with
doxycycline and doxycycline plus STS. a Clinical treatment outcomes
according to the type of LM. b Clinical treatment outcomes

Table 5 Complications
among the 146 treat-
ment sessions

Minor (n02)

-Skin blisters 1

-Post-op ileus 1

Major (n02)

-Severe pain 1

-Horner syndrome 1
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treatment after one and two treatment sessions, respectively.
One of these children had a microcystic LM involving the
extremity and chest wall. The other had an extensive macro-
cystic LM involving the cervicofacial location. Although it
is known that bleeding can occur during sclerotherapy,
which can cause an increase in the cyst size, we could not
find a satisfactory explanation for cyst size increase in these
children.

In our study group most of the children did not have
significant pain or discomfort following sclerotherapy with
doxycycline. Most of the procedures (118/146) were done
under GA. Of the remaining 28 procedures without GA, two
were associated with significant pain following doxycycline
injection. In these two children excellent pain control was
obtained with a bolus dose of intravenous morphine and in
one of these children, aspirating the doxycycline through an
existing drain also helped in reducing the pain. In children
with existing drains without GA, doxycycline injection was
tolerated relatively well with minimum discomfort. These
children were given oral acetaminophen, intralesional 1%
lidocaine and intravenous morphine.

Two major and two minor complications were seen.
One child with an LM involving the cervicofacial region
developed Horner syndrome after the third session of a
consecutive-day treatment. Although the Horner syndrome
most likely developed as a result of lesion swelling adjacent
to the cervical sympathetic chain, interestingly doxycycline
has been reported to cause demyelination of neural tissue
[26]. Another child developed severe pain following the first
treatment session, which was done under local anesthesia.
On subsequent procedures under GA no similar complica-
tions were noted. This case highlights the importance of
appropriate pain management, as doxycycline sclerotherapy
can be very painful. The minor complications were skin
blistering in one child and post-operative ileus in another,
which can be seen in patients with intra-abdominal LMs.
None of the cases in our study showed evidence of persis-
tent pain, skin ulceration, airway obstruction, renal failure or
scarring.

No conclusive data are available regarding the acceptable
dose of doxycycline in the form of intralesional injections
for treating LMs in children. In our study the average dose
of doxycycline used was 213.7 mg (range 10–1,000 mg).
Doxycycline was injected using a concentration of 10 mg
doxycycline in 1 ml of sterile water. An arbitrary maximum
dose of 300 mg was used for children ≤12 months of age
and 1,200 mg for those older than 12 years. For children
between 12 months and 12 years, we used a maximum dose
of 300 mg–1,200 mg, depending on the age and weight of
the child. The suggested empirical dose in the literature is
20 mg/kg [2, 27].

Regarding side effects, recent studies have shown that
doxycycline is safe for use in children with little concern for

staining of teeth [28]. Our study outcome was in accordance
with other studies as we did not find this side effect in any of
the children during the follow-up period (maximum being
4.7 years in one child) [7]. Our study data include cases
where a significantly higher dose/body weight of doxycy-
cline was used, as some of the children in our study group
were newborns with extensive lesions necessitating a high
dose/bodyweight. Longer follow-up is necessary to have
more conclusive data on this aspect.

Defining end points in treating LMs is easier for macro-
cystic than microcystic disease because of the difficulty in
eradicating microcystic disease. Many reports used end
points of treatment such as achieving a decrease in swelling
or size of the lesion or a cosmetic improvement on physical
examination. Treatment end points for microcystic LMs are
generally not well reported [6, 24]. According to literature,
microcystic LMs include a spectrum of small cysts <1 cm in
diameter and although some of these small cysts are visible
on US, many are microscopic and appear only as solid tissue
on US (which is echogenic) and MRI [4, 7]. When small
sonographically visible microcysts are present and particu-
larly when they are few in number in relation to the amount
of echogenic solid-looking component, there remains debate
as to the efficacy of sclerotherapy in treating such few
microcysts. Surgical excision of microcystic LM is also
problematic as it is well recognized that patients can be left
with significant disfigurement, loss of function of the affect-
ed body part, non-healing scars and the possibility of recur-
rent disease [6, 7]. From our experience we would suggest
treating those microcystic LMs in which multiple small
injectable cysts are visible on US in an attempt to reduce
lesion size. The risk from spontaneous bleeding and infec-
tion in macro- and microcystic LMs persists when the dis-
ease cannot be fully eradicated, irrespective of the treatment
modality.

Our study highlights problems with post-treatment out-
comes based on clinical evaluation alone without imaging.
LMs can have deep extension of visible external disease and
therefore follow-up after treatment, irrespective of the treat-
ment modality (sclerotherapy, surgery or other) should in-
clude both an imaging and clinical evaluation. Imaging with
appropriate modalities such as MRI is suggested because
this can assess changes in the deep non-visible components
of the disease, if and when present. This allows for a better
assessment of treatment response, provides a potential win-
dow to compare response among treatment modalities, and
allows us to view with caution claims for cures of micro-
cystic LMs. Disease re-growth or recurrence might be
missed if residual disease post treatment is located in deeper
areas. The length of follow-up post treatment in our study
varied between 42 days and 4.7 years. This relatively short
follow-up for some children poses limitations in assessing
disease recurrence, particularly for microcystic disease.
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However, most children in our practice are followed up in
the clinic until 18 years of age.

This study is limited because of its observational and
retrospective nature. Not all children had the same pre-
procedure workup, and follow-up imaging was not available
in all children. Nevertheless we have shown doxycycline to be
an effective sclerosant in children with LMs.

Conclusion

Doxycycline is a safe and effective sclerosant for treatment
of LM, with excellent clinical results seen in children with
all types of LM. We recognise the limitation of sclerother-
apy and other treatment modalities in those with extensive
microcystic disease where very few cysts within the lesion
can be injected percutaneously. Doxycycline has a low side-
effect profile and low incidence of major complications.
Selected patients can be offered staged treatment sessions,
which can to some degree improve treatment outcome.
Long-term follow-up is required for more conclusive data
on disease persistence and recurrence.
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