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ABSTRACT

Introduction: Venous malformations (VMs) are a prevalent type of congenital vascular disorder, affect-
ing nearly 1% of the population. These low-flow vascular anomalies often lead to chronic swelling, pain,
and mobility challenges, often interfering with a child’s daily life. Their development is mostly caused
by genetic abnormalities in the TIE2/TEK and PIK3CA pathways, which cause poor venous remodeling
and vascular proliferation. This study aims to assess the clinical manifestations, diagnostic methods, and
therapeutic alternatives for pediatric venous malformations, emphasizing the effectiveness of different
treatment modalities. Recognizing clinical presentations and understanding treatment outcomes are essential
for improving early diagnosis and optimizing patient-centered care strategies.

Materials and methods: Between 2019 and 2023, the Clinic for Pediatric Surgery in Skopje treated 38
pediatric patients with venous abnormalities. Patient demographics, lesion characteristics, and treatment
options (including conservative management, sclerotherapy, and surgical intervention) were examined.

Results: The majority of patients (39.5%) received conservative treatment, whereas 23.7% underwent
sclerotherapy and 34.2% needed surgical intervention. Sclerotherapy results were evaluated according to
lesion size. Treatment was effective for smaller lesions (<5 cm), while bigger or recurring cases required
multiple treatment sessions.

Conclusion: The results highlight the importance of early identification and individualized treatment
strategies for pediatric venous malformations. Sclerotherapy is the primary therapeutic option for minor
to moderate lesions, whereas surgical intervention is designated for symptomatic or refractory patients.
A multidisciplinary approach is crucial for enhancing patient outcomes, and future research should focus
on the advancement of minimally invasive therapeutic techniques and the exploration of targeted genetic
medicines.

Keywords: venous malformations, pediatric vascular anomalies, sclerotherapy, surgical management,
congenital vascular disorders, imaging in vascular anomalies

INTRODUCTION

Vascular malformations make up 1% of all ~ capillaries, veins, arteries, and lymphatic vessels.
pathological disorders in pediatrics. A vascular [1] Slow-flow vascular abnormalities with dys-
abnormality refers to abnormal development of plastic venous channels that fail to retract during
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embryogenesis cause chronic swelling, discom-
fort, and functional disability [2]. From isolated
cutaneous lesions to large infiltrative abnormali-
ties affecting muscles, joints, and internal organs,
VMs vary in clinical presentation [3].

Genetic mutations, particularly in the TIE2/
TEK and PIK3CA pathways, play a significant
role in the development of venous malformations.
These alterations affect endothelial cell function,
disrupting normal vascular remodeling and con-
tributing to irregular venous growth. [4]As a result,
vascular proliferation may become dysregulated,
which, in turn, can facilitate progressive lesion
expansion and an elevated risk of thrombosis.[5]
In contrast to infantile hemangiomas, which gen-
erally experience spontaneous regression, vascu-
lar malformations (VMs) endure throughout life
and frequently necessitate multimodal treatment
approaches, such as sclerotherapy, laser therapy,
and surgical excision, contingent upon the size
of the lesion and its anatomical involvement [6].

Timely diagnosis and proper management
of venous malformations in children are critical
to preventing complications such as localized in-
travascular coagulopathy (LIC), persistent pain,
and reduced mobility. [7] Due to the complexity
of these lesions, a multidisciplinary strategy that
includes pediatricians, interventional radiologists,
dermatologists, and vascular surgeons is frequent-
ly essential to enhance treatment outcomes [8].
This paper explores venous malformations in pe-
diatric patients, with a focus on their underlying
pathogenesis, clinical manifestations, diagnostic
challenges, and treatment options. These vascular
anomalies are frequently mistaken for hemangi-
omas, which can result in delayed diagnosis and
inappropriate management. Enhancing clinical
awareness is crucial for facilitating timely and
effective interventions.

MATERIALS AND METHODS

From 2019 to 2023, a total of 38 patients
with venous malformations were treated at the
Clinic for Pediatric Surgery in Skopje. The pa-
tients initially reported to the outpatient depart-
ment with a diagnosis of hemangioma.

Patient histories revealed that all lesions
were congenital. Parents observed that the swell-
ing pronounced during crying or physical activity
and did not regress over time. Diagnosis was con-

firmed via ultrasound, while MRI was performed
in two children with atypical features to exclude
arteriovenous malformations. The cohort com-
prised 20 males and 18 females, aged between 4
and 14 years, with a mean age of 8.6 years. In 28
individuals, the venous malformation was situated
on the extremities (14 with lesions on the upper
extremities and 14 on the lower extremities), on
the back in 4 patients, and in the neck region in 3
patients. In the remaining three individuals, the
lesion was located in different regions (facial,
inguinal area, etc.). The primary symptom was
discomfort and edema in the afflicted region, re-
ported by nearly all participants. Concerning le-
sion dimensions, three patients exhibited lesions
measuring up to 5 cm, whilst the rest 35 patients
had lesions beyond 5 cm. Conservative manage-
ment was implemented in 15 patients.

RESULTS

The management of venous malformations
in this study included a variety of therapeutic
approaches, reflecting the diverse clinical pre-
sentations and severity of lesions. Conservative
treatment was employed in 15 patients (39.5%),
whereas sclerotherapy was delivered to 9 in-
dividuals (23.7%). Surgical intervention was
necessary for 13 patients (34.2%), while only 1
patient (2.6%) had a combination approach uti-
lizing numerous therapy modalities. The majority
of patients (63.2%) responded well to non-inva-
sive treatments, including conservative manage-
ment and sclerotherapy. However, a significant
portion (34.2%) required surgery, highlighting
the importance of tailoring treatment strategies
to lesion severity and patient-specific factors.
(Table 1).

Table 1. Treatment Distribution of Patients
with Venous Malformations (N = 38)
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The images (Figure 1) show several types
of venous malformations affecting the upper and
lower extremities. The top row shows a local-
ized venous malformation on the palm, which
appears as a compressible, bluish subcutaneous
mass with well-defined boundaries. The bottom
row shows venous malformations on the lower
extremities, which are distinguished by large,
dilated veins and patchy blue coloring. These
findings are consistent with low-flow vascular
abnormalities, which can result in edema, dis-
comfort, and functional impairment. Early di-
agnosis and effective intervention are critical to
improving patient outcomes.

Figure 2a shows a venous or lymphatic
malformation in the lateral neck before sclero-
therapy, presenting as a bluish, swollen lesion
without signs of acute inflammation. After
treatment, Figure 2b demonstrates a reduction
in swelling with post-procedural bruising and
mild discoloration, indicating a positive thera-
peutic response.

Sclerotherapy patients were classified
according to the extent of their lesions and the
method of treatment, which offered a perspec-
tive on the efficacy of this therapeutic approach.
Sclerotherapy was administered as a monothera-
py to three patients in Group I, who had venous
malformations that were less than 5 cm in size.
The results were exceptional, indicating that this
intervention is particularly effective for minor
lesions. In Group II, three patients with venous
malformations more than 5 cm in size underwent
sclerotherapy as monotherapy. However, the re-
sults were classified as satisfactory, suggesting
a slightly lower success rate than that of smaller
lesions. Group III was composed of four patients
who underwent repetitive sclerotherapy sessions
over a three- to four-month period. The outcomes
were still classified as good, despite the necessity
of this approach in these cases. This underscores
the fact that larger or more complex malforma-
tions may necessitate multiple treatment cycles
to achieve optimal results. (Table 2)

Figure 1. Clinical Presentation
of Venous Malformations in Pediatric Patients

Figure 2a/2b. Pre- and post-sclerotherapy changes
in a venous malformation.
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Table 2. Sclerotherapy Treatment Categories and Patient Outcomes

Category Treatment Patients Results
Grqup L . Sclerotherapy as monotherapy 3 Excellent

Venous malformations (< 5 cm in size)
Group I1I:

Venous malformations (> 5 cm in size) Sclerotherapy as monotherapy 3 Good

Group III: Sclerotherapy - repetitive after | Sclerotherapy as monotherapy 4 Good

3 to 4 months

These findings indicate that while conser-
vative and minimally invasive treatments were
generally effective throughout the study period
(2019-2023), a considerable number of patients
still required surgical management, especially
for larger or symptomatic lesions.

Figure 3 illustrates the distribution of treat-
ment approaches among 38 patients, specifically

- repetitive after 3 to 4 months

the proportion of conservative, sclerotherapy, op-
erative, and combined treatments. Furthermore,
Figure 4 illustrates the efficacy of sclerotherapy
in relation to various lesion sizes, emphasizing
the necessity of repeat procedures in specific
instances and the influence of lesion size on treat-
ment outcomes.

Distribution of Treatment Types in Patients with Venous Malformations
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DISCUSSION

The management of venous malformations
in this study, covering the period from 2019 to
2023, included a variety of therapeutic approaches,
highlighting the varied clinical presentations and
lesion severity.

The introduction of imaging techniques, in-
cluding Doppler ultrasonography, magnetic reso-
nance imaging (MRI), and computed tomography
(CT), has markedly enhanced the precision of vas-
cular malformation diagnosis and lesion charac-
terization [9]. Doppler ultrasound is the primary
diagnostic modality, demonstrating compressible,
hypoechoic venous channels with diminished flow,
while MRI offers comprehensive anatomical de-
tails and is crucial for evaluating deep or severe
lesions [10]. The application of contrast-enhanced
MRI has shown advantageous in distinguishing
VMs from other vascular abnormalities, facilitat-
ing treatment planning [3].
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Figure 4. Ultrasound Imaging
of a Testicular Venous Malformation

The grayscale B-mode ultrasound scan
shows heterogeneous hypoechoic and hypere-
choic areas, indicating the presence of a venous
malformation. The image (Figure 4) shows dilat-
ed venous channels with irregular architecture,
characteristic of low-flow vascular malformations.
While this imaging modality offers detailed an-
atomical insights, Doppler ultrasound is crucial
for assessing slow venous flow and differentiating
the lesion from other vascular anomalies. Further

evaluation using contrast-enhanced imaging may
be required to determine the level of involvement
and optimize treatment plans.

Therapeutic strategies for venous malfor-
mations have progressed throughout time, with
sclerotherapy becoming the primary treatment
modality. Sclerosing drugs, including ethanol, po-
lidocanol, and sodium tetradecyl sulfate, cause
endothelial injury and fibrosis, resulting in lesion
reduction [6]. The selection of sclerosing agent is
based upon the lesion's location, dimensions, and
the patient's tolerance. Bleomycin sclerotherapy
has been especially efficacious in managing large
and infiltrative vascular malformations, owing to
its reduced risk of tissue necrosis relative to eth-
anol-based treatments [5]. Recent studies indicate
that the combination of sclerotherapy and laser
treatment can improve outcomes in superficial
vascular malformations.

Surgical resection is typically designated
for well-defined, symptomatic lesions that do not
respond to conservative treatments or sclerothera-
py [10]. Nonetheless, total excision is frequently
difficult, especially for diffuse or infiltrative vas-
cular malformations, as inadequate resection may
result in recurrence and worsen symptoms [8]. In
some instances, surgical intervention is coupled
with preoperative sclerotherapy to diminish lesion
size and mitigate surgical complications [6].

Extensive venous malformations increase
the risk of localized intravascular coagulopathy
(LIC), leading to recurring blood clot formation
and potential bleeding complications. [5] The
management of LIC entails anticoagulation uti-
lizing low-molecular-weight heparin (LMWH)
and, in certain instances, fibrinolytic treatment,
especially for individuals experiencing recur-
rent thrombosis [7]. Furthermore, it is imper-
ative to watch for indications of disseminated
intravascular coagulation (DIC), especially in
individuals presenting with extensive, symp-
tomatic lesions [5].

Despite progress in diagnostic and thera-
peutic techniques, the long-term care of pediatric
vascular malformations remains complex. Consis-
tent follow-up is essential to evaluate lesion ad-
vancement, determine therapy effectiveness, and
address consequences [9]. Our findings emphasize
the importance of a multidisciplinary approach in
optimizing patient care. Future research should
focus on refining minimally invasive therapies and
exploring targeted genetic treatments to enhance
outcomes [4]. Considering the influence of venous
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malformations on quality of life, a patient-cen-
tered, multidisciplinary strategy is essential for
enhancing outcomes in affected children [1].

CONCLUSION

Venous malformations are complex vas-
cular anomalies that require early and correct
diagnosis to avoid consequences such as local-
ized intravascular coagulopathy (LIC), chronic
pain, and functional loss. This study emphasizes
the various clinical manifestations of pediatric
VMs and the significance of a multimodal ther-
apy approach. Sclerotherapy is highly effective
for treating small to moderate venous malfor-
mations, especially when used alone for lesions
<5 cm. However, larger or more complex le-
sions frequently require numerous therapy cy-
cles or surgical intervention, emphasizing the
importance of personalized patient management.
Since venous malformations can progress over
time, long-term follow-up is crucial to monitor
treatment effectiveness, prevent complications,
and improve functional outcomes. Future devel-
opments should concentrate on improving mini-
mally invasive therapeutic approaches, expanding
pharmacological therapy options, and investigat-
ing genetic-based targeted medicines to improve
venous malformation care. A multidisciplinary
collaboration among pediatricians, vascular sur-
geons, and interventional radiologists is crucial
for providing comprehensive, patient-centered
care and optimizing outcomes in the management
of pediatric venous malformations.

Abbreviations
VMs — Venous Malformations

LIC — Localized Intravascular Coagulop-
athy

DIC — Disseminated Intravascular Coagu-
lation

MRI — Magnetic Resonance Imaging
CT — Computed Tomography
LMWH — Low-Molecular-Weight Heparin
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Pe3ume

BEHCKHU MAJI®OPMALNU KAJ IIEJUJATPUCKHU TIAHUEHTU: KIMHUYKHU
MAHU®ECTAIOIUH, IMJATHOCTUYKU METOAN U CTPATET MU HA JIEKYBAIBE

la6an Memern" > Mapujan Kamunocku' 2, Po3a CokomnoBa'?,
Xapuc Cyanejmann’, lbom3a Jbymanu bakuy', Buosiera 3axoBcka‘, lanu Yeky?

! VauBep3uTeTCKa KIMHUKA 32 AeTcKa xupypruja, Ckomje, PC Makeaonuja

2 MenunumHckH akyareT, YauBep3ureT ,,CB. Kupun u Meronuj“ Bo Cromje, PC Makenonuja

3 KnnHuKa 3a JIeTCKa XUPypruja, YHUBEP3UTSTCKU KIMHNYKY 1ieHTap Ha Kocoso, IIpuritiaa, KocoBo
* VHMBep3UTETCKA KIIMHKMKA 33 XUpypIiuku 6omectr ,,CB. Haym Oxpuacku‘, Ckorje, PC Makenonwuja

Bogen: Benckute mandopmannu (BM) npercraByBaaT uecTa BpoZieHa BacKyJiapHa aHOMaJHja, Koja
3ataka peuncu 1 % on nonynauujara. OBue BaCKyJIapHH aHOMAJIMHM CO HU30K MPOTOK YECTO PE3yJITHpaar co
XPOHUYHH OTOILH, OOJIKA M OTPaHUUYCHA TOABMKHOCT, ILTO 3HAYUTEIHO BIIMjae BP3 KBAJIUTETOT Ha )KUBOTOT
Kaj nenara. Hajuecto oBue Mandopmanun HacTaHyBaaT Kako pe3yaTaT Ha FeHeTCKH nmpoMeHu Bo TIE2/
TEK u PIK3CA curnanuute naTuiTa, peAn3BUKYBajKi HENPaBUIIHO (hOPMHUpPame Ha BEHCKUOT CHCTEM H
MIPEKyMEPHO pacTemhe Ha KpBHUTE caoBH. LlenTa Ha oBaa cTyauja € 1a I' aHaIu3upa KIMHUYKUTE MaHH-
(ecranuuu, 11jarHOCTUIKUTE METOH U TEPAIIEBTCKHUTE OILMH Kaj [IeINjaTPUCKUTE BEHCKH Majtdopmanuy,
CO aKIEHT Ha eUKACHOCTA HA pa3IMYHUTE METOIU Ha JIEKyBame. PaHOTO npeno3HaBambe Ha KITMHAYKATa
Ipe3eHTalMja 1 NoA00pOTO pa3dupame Ha pe3ylTaTuTe Of TPETMAHOT ce KIIyYHH 3a paHa AMjarHos3a u
mofo0pyBame Ha HHANBUAYATU3UPAHUTE IPUCTAIH BO JICKYBabETO.

Marepujaau u meroau: Bo nepuonor ox 2019 no 2023 roguna va KnuHukara 3a 1eTcka Xupyp-
ruja Bo Ckorje Oea TpeTupaHu 38 nennjaTpruCcKy MAMeHTH CO BEHCKH Man(opManii. AHATH3NpaHu Oea
nemMorpadCcKuTe OoAaToIH, KapaKTEPUCTHKUTE Ha Mal(hOpMaIIMATE M KOPUCTEHUTE METO/IN HA JIEKYBambe
(KoH3epBaTHUBEH TPETMaH, CKJIepoTepaIvja i XUpypIiKa HHTEPBEHIIN]a).

Pesyararu: Hajronem aen ox nmarmuenture (39,5 %) Ouie nekyBaHU KOH3EpBaTUBHO, moneka 23,7
% Ouie TpeTUpaHu co ckiepoTepanwuja, a 34,2 % umane nmorpeda o Xxupypiuika nHTepBeHIuja. Edukac-
HOCTa Ha CKJIepoTepanujara Oemie oreHyBaHa CIiope/l ToJeMiHaTa Ha MadopmMarujara, mpu MTo moMa-
nuTe Je3uu (< 5 cm) mokaxaa ToOpH pe3yiTaTH, o/eKa IMOToJIEMUTE WiIH MIOBTOPYBaYKUTE JIe3nn Oapaa
MTOBEKEKPAaTHU TPETMaHH.

3akay4ok: Pesynrature ja HoTEHIMpaaT BAXKHOCTA HA PAHOTO OTKPUBAC U WHIAMBHYAJTU3UPAH
MIPUCTAIl BO JICKYBAETO HA IMEAMjaTpUCKUTE BeHCkH Mandopmaiuu. CkieporepanujaTta OCTaHyBa MpPB
n300p 3a MOMaJM U YMEPEHH JIe3UH, OJIeKa XUPypIIKaTa HHTEPBEHIIMja € Pe3epBUpaHa 3a MaIllMEeHTH CO
CUMIITOMATCKU U TEUIKU clydau. MyJITHAMCUMIUIMHAPHUOT MPUCTAIl € HEOMXOJCH 3a M0J100pyBame Ha
pe3yaTaTtuTe ojl TpeTMaHOT. MiHuTe nctpakyBama 0 Tpedaso ga OujaT HaCOUSHH KOH pa3Boj Ha MUHHU-
MaJIHO MHBAa3MBHM TEXHUKU U MCIIUTYBakE HA LIEJTHUTE TEHETCKU TePAIlUy.

Kuyunu 300poBu: BeHCKH MasihopMaLiny, IEANjaTPUCKH BaCKyJIapHH aHOMAJINH, CKIIEpOTepaIiuja,
XUPYPLIKH TPETMaH, BPOJICHH BacKyJapHHU HapyIIyBamba, UMULIMHT BO BACKyJapHH aHOMAaJIUH



