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ABSTRACT
Background: Lymphatic malformations are uncommon hamartomatous congenital malformations of
lymphatic system that can manage by different percutaneous scleroting agents.
Aim of study: This prospective study is to assess the effectiveness of doxycycline in all types of
lymphatic malformations in terms of dose calculation and number of sessions and to evaluate risks versus
benefits.
Patients and method: one year period,(7) patients with simple Lymphatic malformations at the age (1-
23) years were treated using doxycycline ( 10mg/ml ) as percutaneous intralesional scleroting agent
guided by Doppler Ultra -sound, Magnetic resonance imaging was obtained in follow ups 6 weeks
postoperatively .
Results: there were (4) patients with macrocystic Lymphatic malformations (57.1%), (1) patient with
microcystic Lymphatic malformations (14.3%) ,and (2) patients with combined Lymphatic malformations
(28.6%) , there was complete resolution in( 6) patients (85.7%) including all types of Lymphatic
malformations and residual lesion of (1) patient (14.3%) of combined type. All macrocystic type required
only one session and the combined type required more sessions than other types, follow up range was (2-
7) months after complete resolution.
Conclusions: doxycycline is an effective, inexpensive, available scleroting agent that can achieve
excellent result in all types of Lymphatic malformations with large doses even in small children with
minor and manageable side effects.
Keywords: Lymphatic malformations, Sclerotherapy , Doxycycline ,Doppler ultrasound guide.

INTRODUCTION
In the past four decades, great progress had been made for the understanding of tumors and tumor like
proliferations of vascular origin and in 1982, Mulliken and Glowacki had made a biological classification
of vascular anomalies; into: vascular tumors and vascular malformation. [1] Then this classification was
adopted by the ISSVA in1996 and 2018 .[2]
Lymphatic malformations are congenital slow flow type vascular malformations due to early errors of
lymphatic morphogenesis of embryonic life .2 Different management modalities had emerged, but in the
last 30 years , intralesional sclerotherapy had become a favorable approach by many due to low risk
,complications and less invasive ,if it is compared with surgery . [4]
Doxycycline is a broad spectrum antibiotic and a scleroting agents that has been shown to be effective for
benign lymphoepithelial cysts and lymphoceles treatment with minimal side effect, for this reason,
doxycycline, as a scleroting ,agent should be evaluated . [5]
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PATIENT AND METHOD
The patients: (7) patients ,(4) females (3) males,
age (1-23) years..
The study criteria: Inclusion criteria: LMs
confirmed diagnosis by ( imaging ,preoperative
histopathological examination (FNA ), all age
groups .
Exclusion
malformation.
Methods: All guardians signed the written consent
for treatment plan.
Imaging study: initially to ensure a simple slow
flow type malformation then MRI, for
confirmation and classification.
Fine needle aspiration: for confirmation ( all the
patients preoperatively).
Operative procedure: patients either were
endotracheal intubated orally or were sedated
(medazolam 0.02 mg/kg and fentannyl 1micro-
gram/kg). Antibiotic, analgesic, corticosteroids
were given intra -operatively.
1) Preparation of the patient and equipments :
A) Supine position, lateral position was needed for
only one patient due to posterior position of the
LM in the neck. B) Sterile prep and draping were
carried out in the same conventional manner. C)
Surgical trolley was prepared as shown in figure
(1). 4) Portable Doppler US machine with straight
transduce , were cleaned and disinfected in a
conventional manner and placed at the right side of
the patients.
2) Preparation of the sclerotic agent injection :
scleroting injection is the product of ( 100 mg)
doxycycline vial mixed with 3 ml of ( iohexol/
omnipague 350 mg) as contrast medium to outline
the cysts s wall and septa ). and 7ml distal water
Jfigure (1),the volume of injection was calculated
in a 1:1 ratio of the aspirated lymphatic fluid and
the dose of doxycycline injected per session ranged
from 100mg to 1000mg and was determined by the
capacity of the LMs, with the maximum dose of
1000mg or 20mg/kg.

criteria: combined vascular

Figure(1) surgical trolley :1-(povidone iodine)
,2- gauze,3- 10 ml syringe ( aspiration) ,4-three
way stopcock cannula ,5- 10 ml syringe for
doxycycline injection ,6-iohexol 350 mg contrast
medium ,7-doxycycline vial 100mg ,8-distal
water ,9-container for the aspirated fluid ,10-
strip bandage plaster.

3) The interventional procedure:

The radiologist started to identify each cyst which
appeared anechoic figure(2)- a, ¢ or hyper echoic if
it is hemorrhagic or contain debris by using a
straight transducer as a guide. 2) Once the
radiologist identified the largest cyst, a three way
stopcock cannula figure (1) was inserted by using
21 gauge needle head into the intended cyst while
the US screen guided the depth of penetration.
Figure(3)-a . 3) Then the 1st 10 ml syringe was
used to aspirate the lymphatic fluid and recorded
its volume .figure (3)-b. 4) Then the 2nd 10 ml
syringe was used to inject the scleroting mixture,
hyper echoic appearance on the screen started to
increase in size inside the cyst walls until it
became fill and distended, figure(3)-b,d. 5) The
same procedure was repeated for all the cysts in
the LM . 6) For microcystic type, a little or no
lymphatic fluid could be obtained, so it required
only a small volume and dose of doxycycline to
appear hyper echoic and distended on the screen.
7) Finally, all the recorded dosages and volumes
were added together to reach the total injection
dose per volume of that session and was recorded
on the case sheet. 8) The area of injection was
disinfected and strip bandage plaster was applied.
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Figure (2) ‘:(Aa) big, and (c) smaller, anechoic
cystic LM, (b)and (d) they became hyper echoic
after doxycycline mixture injection .

figure(3),(a)the insertion of three way stopcock
cannula under the Doppler US guide,(b)the
aspiration of lymphatic fluid and injection of
doxycycline, 1- aspirated lymphatic fluid , 2-
syringe  doxycycline mixture) ,3- straight
transducer for guidance 4- three way stopcock
cannula.

4) Postoperative Care:
A)Meperidine(pethidine)ampoule50mg(0.5-
2mg/kg) was wused once immediately after
recovery. B) Ceftriaxone vial (50mg/kg/d g12h).
C) Acetaminophen (15mg/Kg/d g6h) .D)
dexamethasone ampoule (0.02-0.03 mg /kg/ d
g12h) only for the 1st day. H) oxygen saturation
,edema evaluation, neurological signs monitoring
J) Patients stayed in the hospital for 1 day

(overnight ) except for two patients who
discharged at the same day of operation .

5) postoperative follow up :

A. schedule one week follow up postoperatively:
clinical examination of lesion size, edema , healing
of the injection sites, and exclude any signs or
symptoms of infection.

B. schedule 6th week follow up postoperatively:
I) clinically: Healing of percutaneous injection
sites evaluation by inspection and Palpation then
documentation by photographs.

I1) imaging: color Doppler , MRI . If there was a
complete resolution, we scheduled a new 6 weeks
follow up appointment and repeat the imaging (US,
MRI). If there was a residual or recurrent
malformation, a new operation scheduled as soon
as possible.

" C. post resolution follows up: clinically and

imaging (US or MRI or both).

RESULTS
Descriptive statistical analysis of the type:
There were (4) patients with macrocystic LMs
(57.1%), (1) patient with microcystic LMs (14.3%)
,and (2) patients with combined LMs (28.6%) .
Descriptive statistical analysis of the number of
sessions:
The total no. of sessions was (14) the mean no. of
sessions is (2.0) for all the patients , (range 1-
5),(SD=1.5) :one session for( 4) patients, two
sessions for( 1) patient, three sessions for( 1)
patient and five sessions for (1) patient .
3)Dose assessment:
Dose evaluation was calculated for each patient
depending on: 1. Amount of aspirated lymphatic
fluid (macrocystic) or the weight of the patient. 2.
The distension of the lesion on US monitor post
injection. Table (1).

Table 1. total doses of all the patients

PATIENTS | WT/KG | LMs SIZE (MRI) NO.S | Doxycycline solution dose
NO.1 101 In.s. 2 1%ts. (100mg)/10ml
11*10mm & 10*6mm 2"'s, (300 mg) /30ml
fus
7*4 mm and 2*1 mm
NO.2 20 21*18 mm 1 (330 mg)/33ml
NO.3 14.5 50*20 mm & 20*15 1 450mg/45ml
NO.4 13 70*26 mm 1 400mg/40ml
NO.5 12 54*14 mm 1 550mg/55ml
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NO.6 63 In.s.55* 12 mm 5 1ts. 100mg/10ml
1 f.u.s. 2M's, 230mg/23 ml
34*13mm & 22*22mm 3s. 200mg/20 ml
2" f.u.s 4th's. 100 mg /10ml
12*7mm & 23*8 mm 5ths. 75mg /7.5 ml
34 f.u.s. 24*6mm
4" f us. 5*5,5*3,4*3 mm

NO.7 15 In.s. 63*28 mm 3 1%ts. 75mg/7.5ml
1% f.us.65*40 mm 2" s, 340mg/34ml
2" f.u.s. 259 mm 3s. 210 mg/21ml
3¢ f.u.s. 16*10 mm & 12*10 mm

(NO.=number), (WT=weight),(MRI=magnetic resonance imaging ),(in.S.=initial size ),(f.u.s.

=follow up size ) , (S.=sesstion)
4)Descriptive statistical analysis of LMS
response to doxycycline sclerotherapy:

Excellent response of (6) patients ,They
manifest complete resolution of their LMs (85.7%)
, only one patient (14.3%) manifest residual LMs
but( six times smaller than original size ), see
figures(4,5,6,) complete resolution was achieved in
all three types .

Figure (4) patient no. 1 in table (2),1(a-b-C)
preoperative clinical , MRl & US images

showed multiple microcystic spaces. 2(a-B-C)
final postoperative clinical , MRl &US of
granulation tissue.

Figure (5) patient no.5 in table( 2),1( a-b-
c)preoperative clinical , MRl & US showed
macrocystic spaces posterior to the carotid
sheath , 2(a-b-c) final postoperative clinical ,
MRI & US showed picture of complete
resolution .

2(a) D\ <

figure (6)patient no.6 in table (2), 1(a-b-c)
clinical ,MRI& US image of combined LMs
superficial to lower part of right parotid gland
,2(a-b-c) final postoperative clinical ,MRI& US
showed area of complete resolution.
5)Descriptive statistical analysis of
postoperative complications:

All the patients suffered from temporary
severe pain and postoperative edema after every
session (100%) ,infection and eschar of cutaneous
puncture sites were only in one patient (14.3%) .
All information of this study is summarized in
Table (2).
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Table 2. all patients characteristics of the study and their results, complications and post resolution follow

up
7 Gender | Age | Site TYPES Intial NO.S. &Dose | Final complications | Post
patients (yrs) | (LMs) Size of resolution
(LMs) (MRI) doxycycline size follow up
solution
NO.1 f 23 RT. Microcystic | 11*10 Two sessions | Complete | Post op. | 7 months
cheek mm Ists. resolution | edema &
& 100mg/10ml pain
10*6mm | 2nd s.
+other 300 mg /30ml
multiple
smaller
cysts
NO.2 f 7 Thoracic | Macrocystic | 21*18 Ones. Complete | Post op. | 3months
inlet LT. mm 330mg/33ml resolution | edema&
Para pain
midline
NO.3 m 1 Neck Macrocystic | 50*20 Ones. Complete | Post op. | 2months
LT. PT. mm & | 450mg/45ml | resolution | edema&
20*15 pain
mm
NO.4 m 1 Neck Macrocystic | 70  *26 | Ones. Complete | Post op. | 2months
LT. PT. mm 400mg/40ml | resolution | edema&
pain
NO.5 f 6 Neck Macrocystic | 54*14 Ones. Complete | Post op. | 3months
LT. PT. mm 550mg/55ml | resolution | edema&
pain
NO.6 m 13 Neck Combined Largest five sessions | Complete | Post op. | 2months
RT. AT. 1ts, resolution | edema&
& PT. 55*12mm | 100mg/10ml pain
2nd S.
+multiple | 230mg/23 ml
small 3rd S.
cysts < 1 | 200mg/20 mi
cm 4ths,
100 mg/10ml
5ths.
75mg/7.5ml
NO.7 f 3 Neck Combined Largest Three Residual Post op. | veviinnnns
RT. AT. 63*28mm | sessions two edema,
& PT. 1t s. | cysts16*10 | Pain, infection
+multiple | 75mg/7.5ml mm & scar
small 2nd 12*10
cysts < 1 | s.340mg/34ml | (covid 19
cm 3rd patient)
5.210mg/21ml | s.were
terminated

(NO.=number),(yrs=years), (LMs= lymphatic malformations) , (RT= right), (LI.=left ),

(s.=session), (PT=posterior triangle), (AT= anterior

imaging ).

DISCUSSION
1) The type of LMs of the patients:

triangle),

(MRI=magnetic resonance

There were (4) patients with macrocystic LMs
(57.1%), (1) patient with microcystic LMs (14.3%)
,and (2) patients with combined LMs (28.6%)
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,which goes with Jeremy D Prager etal 2019 and
Jason L Acevedo etal 2019 about the
predominance of the microcystic type above the
mylohyoid muscle and the macrocystic type below
the mylohyoid muscle . [6, 7]

2) Doxycycline dose assessment of the patients:
Burrows et al. 2008 used a study dose of 10mg/ml
doxycycline injected per session ranged from 100
mg to1000 mg and was determined by the capacity
of the LM, with A maximum dose of 1000 mg or
20 mg/kg and the doxycycline solution was
prepared by mixing 100 mg doxycycline powder
with 5 ml distal water and 5 ml Contrast medium
(100mg/10 ml).[ 8] ,Rashi et al. 2019 used the
same previous doses with a ratio of 1:1 of
(aspirated lymphatic fluid :doxycycline solution
).[9] .in this study a similar protocol was use in
dose calculations, and 100 mg to 1000 mg was the
main range guide for dose per session since
20mg/kg was not always amenable in children with
small weight and big macrocystic or combined
LMs. Only one small difference in this study from
these previous studied concerning the preparation
of doxycycline solution; the contrast medium was
3ml instead of the previous 5ml, because it was
observed that this smaller volume provided the
same effect of outlining the walls and septa of the
LMs .In this study dose evaluation was calculated
for each patient depending on the amount of
aspirated lymphatic fluid (macrocystic and
macrocystic part of combined type) or the weight
of the patient if 20mg/kg dose rule was used,
furthermore the distension of the lesion on US
monitor (capacity) post injection was a vital
indicator because it seemed to result into a faster
and better outcome , in fact sometimes bigger
volume of doxycycline( bigger than the inspirated
lymphatic fluid) could be injected to make the LMs
fully distended on US monitor which was possible
due to inter communication of the cysts septa
within the LMs ( without exceeding the maximum
dose of 1000 mg) .

3) Number of sessions of the patients:

The total no. of sessions were ( 14) sessions for (7)
patients , with a mean of 2 sessions for each patient
,(SD=1.5), (range 1- 5)which coincided with shaye
et al. 2020 in which (10) patients underwent total
(21) sclerotherapy sessions with a mean of 2.1
sessions per patient ,(SD=1.3), (range 1-5). [10]
,Shergill et al.2012 had a total ( 146)sessions for(
50) child , a mean of (2.9) sessions . [11] ,which is

higher than this sample. In this study the number of
session in 3 patients increased probably due to the
following variables :i. only in the first session of
patients no. 1,6,7(table (2)), the volume of
injection was half of the aspirated lymphatic fluid
following the study of Arvind Shergill et al.2012 .
[11,12], then on 2019 a new study of Rashi et al.
,that suggested that better result had been obtained
when the injection volume was equal to the
aspirated lymphatic fluid .[9], by doing this, each
cyst became distended with the scleroting agent ,
for that in this study a ratio of 1:1 of (aspirated
lymphatic fluid :doxycycline solution ) was
maintained in macrocystic type and macrocystic
part of combined type for the rest of all sessions of
all patients in this study . ii. the type of the LMs
had a great effect upon the number of sessions ,in
this sample all macrocystic types required only one
session to reach complete resolution in spite of
their bigger sizes as compared with other types
.which coincided with Shiels et al. 2009 who
reported (93%) of macrocyst patients required 1
treatment session. [13], Ju Yeon Lee et al.2019
study in which (8) of (15) macrocystic LMs
achieved complete resolution in average of (1.5)
session. [14], which is higher in no. of sessions
than this sample, on other hand the combined type
in this sample seemed to require multiple sessions
to achieve complete resolution which coincide with
shaye et al. 2020 who reported (5) sessions for
patient with combined type to reach complete
resolution . [10] , in this sample only one patient
for microcystic type , required 2 seesions which
coincided with Shiels et al. 2009 study in which
the range number of sessions for microcysts was (
1-4).[13]

4)Follow up of the patients:

Rashi et al.2019 suggested 3 weeks follow up
postoperatively.[9], Thomas et al. 2016 suggested
4-6 weeks follow up postoperatively.[ 8], Joseph
Reis 2020 , Shergill et al.2012 suggested 6 weeks
follow up postoperatively.[15,11],burrows et al
2008, suggested 6-8 weeks follow up
postoperatively.[8] , in this study , two follow ups
periods were obtained, the first( only clinical) was
one week postoperatively and the second was 6
weeks postoperatively . Covid 19 pandemic
severely affect the result in terms of the real time
needed to collect a bigger sample and in term of
follow up attendance ( both in between sessions
and post resolution follow up ) , in patient
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no.5(table (2)) her 6 weeks follow up was
postponed she couldn't attend until 2 months
postoperatively , MRI showed residual( 5*4) mm
lesion at the previous injection site with nearby
granulation tissue ,2nd operation was not feasible ,
4 months and half later ,the patient attended a visit
and new MRI obtained showing a complete
resolution, that might suggest longer follow ups
and less number of sessions .In this study the mean
of post resolution follow up period was (2-7)
months which coincide with 6 months of Thomas
et al 2016 to ensure complete resolution and to
exclude recurrence.[16]. Burrows et al. 2008
reported no recurrence over a longer post
resolution follow up period (at least 1 year).[8],
Rashi etal. 2019 follow up was until complete
remission only .[9]

5)Response to doxycycline sclerotherapy of the:
Excellent response of (6) patients, They manifest
complete resolution of their LMs (85.7%)
figure(4,5,6), only (1) patient manifest residual but
smaller lesions (14.3%).In this study the
macrocystic type(4 patients ) had an excellent
response of 100% complete resolution which
coincide with Thomas et al. 2016, Ju Yeon Lee et
al.2019, Rashi et al. 2019, Kavitha Ranganathan
and Steven J. Kasten(2020) , all suggested that
macrocystic LMs have an excellent response to
doxycycline .[9 ,17] ; improvement for combined
LMs.[16,14], However in this study, the (2)
patients with combined type ,(1) showed complete
resolution after 5 sessions (which coincide with
shaye et al.( 2020). [10] , and the other combined
type patient in this study got infected with the
covid 19 virus , the treatment was terminated for
this particular patient, although a complete
resolution was highly expected because the
residual lesion was 6 times less than the initial size
,50 in this study not only improvement for the
combined type( as mentioned in previous studies) ,
but probably a complete resolution could be
expected requiring more sessions to reach the same
result of macrocystic type . One patient for
microcystic type in this sample, she had a complete
resolution after 2 sessions which was not coincide
with Burrows et al. 2008 ,Shergill et al.2012 who
mentioned that the microcystic type had the lowest
response to doxycycline sclerotherapy. [8, 11] ;
probably because of our small sample, but Burrows
stated that doxycycline seems to be more effective
in treating microcystic type than OK-432.8 , Shiels

et al 2009 reported complete resolution (100%) of
(179) cyst in( 17) patients of microcystic type
treated with doxycycline sclerotherapy.[18,13], Ju
Yeon Lee et al.2019 suggested that microcystic
lymphangiomas may respond very well to
doxycycline. [14], which supported the result of
this study .Regarding agents, doxycycline had the
highest cure rate (62.4%) compared with all other
agents, that was the result study of De Maria, L et
al. 2020 in a meta-analysis from 2000 to 2018 for
evaluating the safety and efficacy of percutaneous
sclerotherapy of head, face, and neck .[19]

6) Postoperative complications of patients:

In this study all the patients suffered from
temporary severe pain and post injection edema
after every session (100%), all reports of the
literature including Burrows 2008et al. ,shergill et
al.2012 ,De Maria, L et al. (2020) mentioned the
most common two post injection complications of
doxycycline ,which were (edema and pain ) .[8, 11,
20] , in this study , edema was moderate ,
temporary and resolved within few days ; the pain
even it was sever but it only lasted 3-4 hrs.
postoperatively , Shergill et al.2012 suggested the
use of morphine .[11] , in this study postoperative
pain was managed with meperidine ampoule 50mg
(0.5-2mg/kg) immediately after recovery which
provided an instant relieve of pain in addition to
Acetaminophen (15mg/Kg/d g6h) was used in
intravenous vial form intraoperatively and
postoperatively Rashi et al.2019 mentioned
infection in(13%) and fever( 39%)as a problem in
varying proportion of cases throughout the follow
up period .[9],that coincide with infection ratio in
this study which was (14.3%) ; encountered in one
patient two months postoperatively ,probably
because she was from a poor socioeconomic
community so good nutrition and hygiene was
spectacle ,then she was treated immediately by
intravenous wide spectrum antibiotic ( ceftriaxone
vial (50mg/kg/d g12h ) for 10 days , fever was
never encountered in this study . Ju Yeon Lee et
al.2019 encountered a skin necrosis only in (1) of
(21) patients and considered as a rare complication
, the necrosis was recovered by wound
management .[14] ,Thomas et al. reported
superficial skin ulceration and then eschar in (1) of
(32) patients .[8 ],in this sample no skin necrosis
was encountered ,only a small eschar( 14.3%)
corresponding to previous injection site , It is
worth mentioning that the eschar was developed in
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same patient who underwent infection so the scar
might probably a sequel of infection . No major
complication was encountered (horner syndrome )
in this study and no dental stain was reported ,both
Shergill et al.2012, and Burrows et al.2008
encountered a horner syndrome in (1) patient of
(50) and of (41) respectively after injection into the
cervical lymhangioma which was gradually
improved.[ 18 ] ,and both declared that no dental
stain was encountered in their follow up period
.[8,11], 4 years follow up in Shergill study.[7], No
methemoglobinemia  in this study ,Katherine
Coughlin et al.2019 encountered a
methemoglobinemia in 1 week old infant born with
cervical lymphangioma after sclerotherapy with
doxycycline who developed low oxygen
saturations being found on pulse oximetry and
elevated methemoglobin level.[21]

CONCLUSIONS

i. complete resolution can be achieved for all types
of LMs even the microcystic type which was
commonly known to be resistant to sclerotherapy,
the difference was in the rapidity of response; the
macrocystic type was the fastest to respond and the
combined type was the slowest in response. ii. In
nonextensive LMs, 1.1 ratio of (aspirated
lymphatic fluid: doxycycline solution) or slightly
more volume of doxycycline can be injected until
the cavity on US be filled that would result in
better response (than 1:1/2 ratio) without
exceeding the maximum dose of 1000 mg. iii.
Doxycycline sclerotherapy was effective, both
complications and side effects were minor and
manageable, and large doses could be given with
trivial risk of toxicity. iv. MRI and US were vital
imaging modalities in both diagnosis and follow
ups stages of this study. V. Doppler US was crucial
modality for interventional guidance to ensure full
injection of all part of LMs and prevent systemic
escape of scleroting agent and prevent injury to
adjacent anatomic  structures. vi. General
anesthesia was necessary, and couldn't be
avoidable especially in children due to sever post-
operative pain.
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