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Abstract

Background Congenital anomalies are one component of the overwhelming surgical disease burden in low- and
middle-income countries (LMICs). Lymphatic malformations (LMs) are a common congenital deformity of the head
and neck in which the utilization of sclerotherapy may avoid surgery and yield superior outcomes. To be useful in
LMICs, sclerosing agents must be widely available, inexpensive, and effective.

Methods A retrospective review of 10 pediatric patients with macrocystic or mixed LMs who were treated with self-
compounded doxycycline sclerotherapy at Rwanda’s Central University Teaching Hospital of Kigali was performed.
Doxycycline oral tablets were crushed by hand, mixed with normal saline at a concentration of doxycycline 10 mg/
mL, and injected directly into LMs of the head and neck.

Results Ten pediatric patients underwent 21 sclerotherapy sessions with a mean of 2.1 sessions per patient (SD 1.3,
range 1-5). Of the 8 patients that were seen in follow-up, all achieved at least 80% resolution, 6 of 8 achieved 100%
resolution, and none required surgery. One patient developed an infection at the injection site which resolved with
antibiotics.

Conclusions Self-compounded doxycycline sclerotherapy is a safe, effective, and widely available treatment option

for sclerotherapy of LMs in LMICs.

Introduction

Congenital anomalies are responsible for an alarming 57.7
million disability-adjusted life years (DALYs) worldwide.
[1] Lymphatic malformations (LMs) are congenital, cystic
lesions that occur most commonly in the head and neck at a
rate of 1:2000-1:4000 live births [2-6] (Fig. 1). Abnormal
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development of lymphatic channels results in macrocystic,
microcystic, or mixed lesions lined by vascular endothe-
lium [7]. Spontaneous resolution is rare (3%), and without
treatment, infection or hemorrhage can compress adjacent
structures in the head and neck, including the airway [8, 9].

Surgical resection has historically been the mainstay of
treatment, but is technically challenging and fraught with
complications due to the proximity of vital neurovascular
structures [10]. Sclerotherapy has emerged as a preferential
therapeutic option, particularly in the management of
macrocytic lesions [11]. Sclerotherapy relies on the infil-
tration of an inflammatory agent that scars, contracts, and
eventually consolidates the vascular endothelium. A wide
variety of sclerosing agents exist, including absolute
ethanol [12], sodium tetradecyl sulfate (STS), acetic acid,
doxycycline, OK-432 (Picibanil) [7, 13], and bleomycin


http://orcid.org/0000-0002-9377-5715
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-020-05667-z&amp;domain=pdf
https://doi.org/10.1007/s00268-020-05667-z

World J Surg (2020) 44:3616-3619

3617

Fig. 1 A 10-day-old infant (Patient No. 1, Table 1) with a lymphatic
malformation prior to treatment and after 3 treatment sessions with
self-compounded “homemade” doxycycline sclerotherapy. Follow-
up at 34 months

[14]. Although a variety of sclerosing agents exist, it is
important to note that many agents can be exorbitant in
cost or scarcely available in low- and middle-income
countries (LMICs). Furthermore, in high-resource settings,
LMs are treated by multi-disciplinary teams of physicians
comprised of pediatric surgeons, otolaryngologists, plastic
and reconstructive surgeons, interventional radiologists,
psychiatrists, nutritionists, and others [14, 15]. An average
admission may cost USD $30,995 [16]. Thus, in LMICs
where there is an immense burden of congenital surgical
disease [17], safe, effective, inexpensive, and widely
available therapeutic options are of paramount importance.

At Rwanda’s Central University Teaching Hospital, our
protocol for macrocystic and mixed LMs of the head and
neck has relied on self-compounding doxycycline oral
tablets to formulate a sclerosing agent. The method was
derived from necessity, is technically simple, cost-

effective, and easily adapted to any setting. Herein, we
evaluate outcomes of our initial cohort of pediatric LM
patients treated with self-compounded “homemade”
doxycycline sclerotherapy.

Materials and methods
Subjects

Institutional review board approval was granted by the
Central University Teaching Hospital of Kigali. Medical
records of LM patients with macrocystic (> 1-2 cm in
size) [4-6], microcystic (< 1-2 cm in size) [18-20], or
mixed lesions who were treated with self-compounded
doxycycline sclerotherapy between May 2015 and October
2017 were reviewed. Patient age, sex, radiographic imag-
ing, district, village, LM type, maximum diameter of
lesion, sclerosing agent, concentration, number of treat-
ments, and time interval between treatments were recorded.
Two surgeons (DAS, AG) evaluated percent resolution on
follow-up examination. Patient families were compensated
for transportation fees for all follow-up visits. Statistical
analysis was performed using Microsoft Excel (version
16.16.20).

Sclerosing technique

Uncoated doxycycline oral tablets (200 mg) were crushed
by hand and vigorously mixed with normal saline at a
concentration of doxycycline 10 mg/ml. In an operating
room setting, under general anesthesia or ketamine seda-
tion, a 30-mL syringe with an 18-gauge needle was used to
aspirate and discard cystic fluid contents. A volume of

Table 1 Clinical presentations, treatment regimens, and outcomes. Treatment concentration was doxycycline 10 mg/mL (maximum dose

150 mg/patient) for each treatment session for all patients

Patient Sex Age at Ist Imaging Predominant Predominant lesion size Treatment Complications Follow- %
treatment lesion type (greatest dimension cm) sessions (#) Up (mo) Resolution
(months)

1 M 0.3 mo CT Macrocyst 20 3 Infection 34 100

2 F 29 mo CT Multicystic 7 5 None 20 100

3 M 3 mo UsS Multicystic 3 None 20 100

4 F 13 mo CT Macrocyst 2 None 26 80

5 M 34 mo usS Macrocyst 1 None - -

6 M 31 mo CT Macrocyst 10 1 None 16 100

7 F 0.5 mo NR NR 4 1 None 20 100

8 F 29 mo UsS Multicystic 7 1 None - -

9 M 3 mo UusS NR 11 2 None 22 90

10 F 16 mo UsS Macrocyst 8.5 2 None 4 100

M, male; F, female; mo, month; d, day; CT, computed tomography; US, ultrasound; NR, not recorded; c¢m, centimeter
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doxycycline solution (10 mg/mL) equivalent to half of the
volume aspirated was infiltrated into the LM up to a
maximum dose of 150 mg. The aspiration and infiltration
was performed through a single needle stick to limit vio-
lations of the skin. All children were admitted overnight for
observation. Antibiotics were not routinely given.

Results

Ten pediatric patients with LMs underwent sclerotherapy, five
males (50%) and five (50%) females (Table 1). The mean age
at first treatment was 15.9 months (SD 13.7, range 0.3-30).
Pre-treatment lesion types were classified as macrocystic for
70% (N = 5) of cases. The mean maximum lesion dimension
was 8.3 cm (SD 4.8, range 3-20) (Table 1).

All ten patients (100%) underwent successful scle-
rotherapy reduction of their lesions with 10 mg/mL of
doxycycline. A total of 21 sclerotherapy sessions were
performed. Four patients (40%) required only one scle-
rotherapy session. Mean number of sessions per patient
was 2.1 (SD 1.3, range 1-5) with average follow-up of
20.3 months (SD 8.4, range 4-34 months). One patient was
unable to return for examination but confirmed to be fully
healed, while the other was lost to follow-up. Of the 8
patients examined in follow-up, all achieved at least 80%
resolution of their LM. Six of 8 patients ultimately
achieved 100% resolution, 1 patient achieved 90% reso-
lution, and 1 patient achieved 80% resolution. Complica-
tions included 1 patient with an infection at the infiltration
site that resolved with antibiotics.

Discussion

Congenital anomalies are responsible for a significant
portion of global surgical disease burden [1]. The vast
majority (94%) of the congenital disease burden falls
within LMICs where higher birth rates, nutritional defi-
ciencies, and a surgical workforce crisis contribute to this
trend [21]. LMs of the head and neck, otherwise referred to
as cystic hygromas or lymphangiomas, are one such
example.

Sclerotherapy is a non-surgical option to treat LMs that
requires access to inexpensive, safe, and readily available
sclerosing agents to be effective in LMICs. Our series
demonstrates that oral doxycycline tablets can be self-
compounded and used effectively as a sclerosing agent. All
patients achieved at least 80% resolution, with 6 of the 8
achieving 100% resolution. This is comparable to previ-
ously reported doxycycline studies that use pharmaceuti-
cally prepared solutions to achieve 70-100% resolution
[9, 13]. Furthermore, doxycycline tablets are widely
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available and inexpensive in LMICs. In Rwanda, parents
purchased doxycycline at a cost of USD $0.04 per tablet.

Doxycycline has a low risk profile compared to other
sclerosing agents. As an antibiotic of the tetracycline
family, it produces an inflammatory reaction that scars and
contracts the cystic endothelium [22]. While ethanol and
STS are commercially available and cost-effective, their
use has remained limited due to risk. Ethanol has been
shown to lead to systemic toxicity, leading to cardiac
arrhythmias, respiratory depression, seizures, rhabdomy-
olysis, and hypoglycemia in small children [23]. STS has
demonstrated an increased rate of infection [20]. Bleomy-
cin has been effective, but is associated with pulmonary
fibrosis and death along with increased cost [24]. Com-
plications associated with doxycycline include tooth dis-
coloration, electrolyte disturbances, skin scarring, and
Horner’s syndrome [25-27]. In our series, complications
were limited to one patient who developed a local infection
that resolved with antibiotics.

Sclerotherapy is performed in the operating room setting
under general anesthesia, since doxycycline infiltration has
been reported as painful [28]. Therefore, while scle-
rotherapy treatment still consumes operating room time, it
is less morbid, less invasive and requires decreased pro-
cedural time when compared to surgical resection. Also, in
an effort to minimize infection risk, the entire infiltration is
performed at one time and no catheters are left in place for
daily infiltrations, as described elsewhere [11].

While a multi-disciplinary care team for patients with
complex, congenital problems is the gold standard, it is not
yet accessible to the majority of the world. Furthermore,
there exists a surgical workforce crisis that drastically
affects the care of pediatric patients in LMICs [29-31].
Treatment options, such as sclerotherapy, which do not
include technically challenging surgical resection, are
therefore essential to effectively address the disease burden
in tertiary and referral level hospitals in LMICs.

This study is not without limitations. First, despite
patients achieving resolution of disease comparable to
previous studies utilizing doxycycline sclerotherapy
[9, 13, 20], it is an underpowered, retrospective study.
Also, two patients were lost to follow-up: One patient was
confirmed by phone to be alive and fully healed, while the
other patient’s overall health and location remain unknown.
Nevertheless, mean follow-up in this study exceeded that
of other studies [32]. Additionally, imaging could not be
relied upon as a standard outcome measure as costs
incurred to patients were prohibitive. While further
prospective studies are warranted, to our knowledge this is
the first study to describe self-compounded doxycycline
tablets for the use of sclerotherapy in low-resource settings.

LM sclerotherapy using self-compounded doxycycline
tablets is a safe, effective, and low-cost therapeutic option
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in

LMICs. All patients who presented in follow-up

demonstrated at least 80% resolution of their LMs, with the
majority (6 of 8) demonstrating 100% resolution. Com-
plications were limited to an injection site infection in one
patient, which resolved with antibiotic management, and
surgery was avoided in all patients. Self-compounded
doxycycline for LM sclerotherapy should be considered as
a therapeutic option to address the congenital surgical
disease burden in LMICs.
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