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Artigo Revisão 

A importância da abordagem multidisciplinar nas anomalias vasculares congénitas 

 Inês Monteiro 

 

                                Abstract 

As anomalias vasculares congénitas (AVaC´s) são patologias prevalentes, com 

uma complexa abordagem diagnóstica e terapêutica. Um dos principais 

obstáculos para os avanços do conhecimento científico nesta área advém da 

inconsistência na utilização de uma nomenclatura estandardizada. O 

progressivo conhecimento etiopatogénico destas patologias, o novo sistema de 

classificação, o surgimento de novas técnicas diagnósticas e de tratamento e a 

incorporação de conhecimentos de outras especialidades, tem salientado a 

importância de uma abordagem multidisciplinar, específica e adequada. Esta 

revisão tem como objectivo a análise bibliográfica da importância e do impacto 

da abordagem multidisciplinar na identificação da patologia, na planificação de 

uma intervenção e acompanhamento terapêutico e no outcome. Apesar dos 

poucos estudos comparativos relativos às diferentes abordagens, a estratégia 

multidisciplinar tem-se revelado vantajosa no diagnóstico, tratamento e 

seguimento dos doentes com anomalias vasculares, potenciando um 

conhecimento holístico das diferentes anomalias. 

 

Definição 

As anomalias vasculares congénitas (AVaC´s) são um grupo heterogéneo de lesões com uma 

prevalência de cerca de 4,5% (1). São um grupo de patologias endoteliais resultantes de erros 

(difusos ou localizados), da embriogénese vascular, as quais se podem manifestar como tumores ou 

malformações (2) (3). Ocorrem numa fase precoce da gestação, normalmente, entre a 3ª e a 7ª 

semanas de desenvolvimento embrionário, podendo afectar o sistema arterial, capilar, venoso e 

linfático (4). Estas anomalias englobam várias alterações possíveis, que ocorrem de forma isolada ou 

combinada: i) ausência de vasos que, normalmente, se encontram presentes; ii) presença de vasos 

anómalos; iii) presença de vasos de morfologia e tamanho anormal, com alterações nas suas paredes. 

(5) (6)  
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As anomalias vasculares simples são patologias comuns nas crianças e estima-se que cerca de 1/3 dos 

recém-nascidos nascem com uma “marca”. (7) Dado a sua natureza, têm um largo espectro de 

apresentações, mas são geralmente diagnosticadas durante a infância e adolescência, uma grande 

imprevisibilidade de progressão e resposta terapêutica, bem como elevada recorrência e morbilidade 

quer psicológica, quer algumas vezes, funcional. (5) (3) (8) (9) (10)  (11) (6) . 

 

Etiopatogenia 

A etiologia das AVaC´s permanece por explicar mas recentemente, os avanços na área da genética 

permitiram a identificação de inúmeras mutações genéticas quer germinativas quer somáticas. (2) 

(12) Alguns estudos sugerem uma possível ligação etiológica à diminuição da capacidade de regular o 

processo responsável pela sinalização, maturação, adesão e apoptose das células vasculares. (2) 

 

Classificação 

A classificação das AVaC´s tem sofrido inúmeras alterações, ao longo dos anos. (13) As AVaC´s 

englobam um grande espectro de lesões, o que dificulta a sua sistematização. (3) (1) (14) O uso de 

uma inadequada nomenclatura continua a ser a causa de diagnósticos incorrectos e de falsos 

negativos. (14) Inicialmente, as classificações baseavam-se na aparência patológica das lesões. (13) 

Foi apenas em 1982, com Mulliken e Glowacki, que foi criado um sistema de classificação binário que 

permitiu uma melhor categorização destas patologias. (13) (14) Este sistema baseava-se na clínica, na 

radiologia, no comportamento biológico e nas características endoteliais e dividia as AVaC´s em duas 

grandes categorias: Tumores vasculares (Hemangiomas) e Malformações vasculares. (13) (15) (16) 

Em 1993, Jackson e colaboradores surge com uma classificação radiológica que tinha por base o fluxo 

e a hemodinâmica das anomalias, subdividindo-as em alto e baixo fluxo. (17) A classificação binária 

de Mulliken e Glowacki foi a base estrutural adotada pela International Society for the Study of 

Vacular Anomalies (ISSVA). Esta nova abordagem dividia as anomalias em duas categorias principais, 

nomeadamente tumores vasculares ou vasoproliferativos e malformações vasculares, sendo que a 

principal diferença assentava na presença ou ausência de um aumento do turnover das células 

endoteliais, identificado histologicamente pela presença ou ausência de mitoses. Desta forma, os 

tumores vasoproliferativos apresentam um aumento do turnover das células enquanto que as 

malformações vasculares não apresentam turnover celular, sendo consideradas anormalidades 

estruturais cujo crescimento acompanha o crescimento da criança. (14) (18) Este sistema de 

classificação é dinâmico e tem sofrido várias atualizações, nomeadamente pela inserção de novos 

tumores, e a subclassificação das malformações vasculares em simples e combinadas. (13) (12) (14) 

(17) A classificação do ISSVA, permitiu avanços consideráveis, nomeadamente nos estudos genéticos, 

na patofisiologia, no diagnóstico, no tratamento e no prognóstico. (16)  
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Em 2014, a classificação preconizada pela ISSVA, sofreu algumas alterações, nomeadamente, na 

subclassificação dos Tumores e na associação com outras anomalias ou síndromes. (17) (Tabela 1)  

A utilização de uma classificação universalmente aceite como a da ISSVA, permite uma constante 

evolução e adaptação ao conhecimento científico, nomeadamente aos achados genéticos e 

histológicos que vão sendo descobertos. (12) 

Tabela 1 Classificação das Anomalias Vasculares congénitas (Adaptada da ISSVA (a)) 

Anomalias Vasculares 

Tumores Vasculares Malformações Vasculares 
Benignas Localmente Agressivas Malignas Simples Combinadas 

 
Hemangioma 

Infantil 

 
Hemangioendotelioma  

Kaposiforme 

 
Angiossarcoma 

Malformação 
 Capilar 

(CM) 

 
CM+ VM 

 
Hemangioma 

Congénito 

 
Hemangioendotelioma 

Retiforme 

 
Hemangioendotelioma 

Epitelióide 

Malformação  
Linfática 

 (LM) 

 
CM + LM 

 
Hemangioma 

Tufoso 

Angioendotelioma Papilar 
Intralinfático 

Tumor de “Dabska” 

 
Outros 

Malformação 
Venosa 
 (VM) 

 
CM + AVM 

 
Hemangioma 

Células 
fusiformes 

  
Hemangioendotelioma 

Composto 

Malformação 
Arteriovenosa 

 (AVM) 

 
LM + VM 

 
CM+ LM + VM 

 
Hemangioma 

Epitelióide 

  
Sarcoma de Kaposi 

 
Fístula Arteriovenosa 

  (AVF) 

 
CM + LM + AVM 

 
Granuloma 
Piogénico 

 
Outros 

 
CM + VM + AVM 

 
Outros 

 
CM + LM + VM + AVM 

Malformações Vasculares associadas a outras anomalias 
Síndrome de Klippel – Trenaunay CM + VM +/- LN + hiper crescimento de membros 

Síndrome de Parkes Weber  CM + AVF + hiper crescimento de membros 

Síndrome de Servelle – Martorell  VM de membro + crescimento ósseo deficitário 

Síndrome de Sturge – Weber  Facial + leptomeníngeo CM + anomalias oftalmológicas +/- hiper 
crescimento ósseo e/ou tecidos moles 

CM de membro + hipertrofia congénita não progressiva de membro 

Síndrome de Maffucci  VM +/- hemangioma células fusiformes + encondroma 

Macrocefalia CM (macrocefalia – malformação capilar /mega-encefalia – malformação 
capilar -polimicrogiria) 

Microcefalia CM (microcefalia – malformação capilar) 

Síndrome de CLOVES  LM + VM + CM +/- AVM + hiper crescimento lipomatoso 

Síndrome de Proteus  Cm, VM e/ou LM + hiper crescimento somático assimétrico 

Síndrome de Bannayan – Riley – Ruvalcaba  AVM + VM + macrocefalia, hiper crescimento lipomatoso 
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Paradigma do Hemangioma 

Apesar da etiologia, progressão e tratamento, os termos hemangiomas ou angiomas são utilizados de 

modo frequente para se referir a qualquer tipo de AVaC, quer tumores quer malformações. (3) (12) 

(14) (19) Segundo alguns estudos, mais de 70% dos autores utilizam a palavra hemangioma de forma 

indiscriminada para descrever uma anomalia vascular. Este erro pode-se repercutir num tratamento 

desadequado em cerca de 20% dos casos. (6) Dentro das AVaC´s, o erro de nomenclatura estende-se 

por exemplo às malformações vasculares, que não são patologias hipercelulares, mas sim compostas 

de endotélio normal, possuindo um grande crescimento na infância, com tendência à expansão na 

puberdade e não à sua regressão, contrariamente ao hemangioma infantil. (3) A adopção de uma 

nomenclatura correta é fulcral para a diferenciação e categorização das diferentes patologias.  

 

Abordagem isolada - Limitações 

Apesar dos esforços, nos últimos anos, as AVaC´s constituem patologias de difícil diagnóstico e 

terapêuticas. (8) (10) A adopção de uma nomenclatura e abordagem inadequada tem resultado em 

altas taxas de insucesso com consequências desastrosas, quer ao nível de terapêuticas desajustadas, 

quer ao nível da morbilidade de tratamentos desnecessários ou invasivos. (3) (10)  

Felizmente, nas últimas décadas, a abordagem às AVaC´s têm sofrido progressos consideráveis. Esta 

mudança de paradigma só foi possível após o surgimento de uma nova classificação, de técnicas 

diagnósticas adequadas e de novas modalidades terapêuticas. (3) (18) O surgimento de novas 

técnicas diagnósticas, sobretudo não invasivas, veio potenciar o conhecimento destas patologias, por 

forma a realizar um diagnóstico mais preciso. (3) Dada a raridade de algumas patologias, a natureza 

heterogénea e a complexidade das AVaC´s, é fulcral que a abordagem englobe um conjunto de 

profissionais de várias especialidades, capacitados de conhecimentos e visões de diferentes áreas, 

por forma a alcançar um conhecimento holístico da patologia e individualizado do doente. (2) (16) 

(18) (19) 

 

Abordagem multidisciplinar 

Na realidade, algumas das AVaC´s, nomeadamente os hemangiomas infantis assintomáticos, 

possuem um diagnóstico e tratamento simples. Porém, outras patologias, nomeadamente as 

malformações, necessitam do contributo de diferentes especialidades para a sua avaliação e 

planificação de tratamento. (5) (20) (21) Alguns centros multidisciplinares referem que cerca de 47% 

dos casos que lhes são referenciados possuem um diagnóstico inicial errado, sendo que as 

malformações (54,4%) têm maior probabilidade de erro, quando comparadas com os tumores 

(29,6%). (6) (20) (22) Noutro estudo comparativo, cerca de 42% dos casos referenciados para uma 

equipa multidisciplinar, possuíam um diagnóstico inicial incorreto, tendo os tumores uma taxa de 

erro diagnóstico inicial de 11% e as malformações de 68%. (5)  
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Salienta-se, ainda, que os hemangiomas foram corretamente identificados em mais de 90% dos 

casos. Após referenciação para estes centros, a maior parte dos casos acaba por ser correctamente 

diagnosticada após a revisão da história clínica e do exame físico. (22) Alguns centros têm-se 

debruçado no estabelecimento de guiões orientadores para a referenciação dos casos suspeitos de 

AVaC´s, por defenderem que, nos centros especializados, o diagnóstico é mais preciso, 

particularmente em tumores raros, havendo melhor acesso ao conhecimento e terapêutica mais 

actualizados. (22) 

Uma equipa multidisciplinar vai permitir reunir o conhecimento relativo à patologia, às estratégias 

terapêuticas e aos resultados das mesmas, permitindo um melhor acompanhamento. (5) Esta 

abordagem permite o acesso do doente a um conjunto de serviços, nomeadamente, a terapias 

médicas, imagiologia, intervenção e cirurgia. (19) Uma equipa coordenada e multidisciplinar 

experiente, que tenha contacto com o maior número destas patologias, das suas diferentes 

manifestações e evolução, acaba por reunir em si, como grupo, o conhecimento necessário para 

tratar os casos mais complexos, com uma elevada taxa de sucesso. (5) (23)  

A abordagem multidisciplinar deve iniciar-se logo no diagnóstico, devendo permitir que o diagnóstico 

seja mais célere e adequado, e poupando a criança a exames desnecessários e invasivos e a 

procedimentos terapêuticos desnecessários. (19) De facto, como mencionado anteriormente, as 

AVaC´s constituem patologias de difícil reconhecimento e classificação. (8) Esta complexidade 

diagnóstica advém, muitas vezes, da coexistência, na mesma ou em diferentes regiões corporais, de 

mais do que uma anomalia vascular, ou a mesma anomalia, em diferentes formas e estádios de 

desenvolvimento. (3) Deste modo, só uma compreensão holística dos diferentes tipos de anomalias 

permite a sua correta caracterização. Idealmente, a avaliação clínica do paciente deve ser realizada, 

individualmente, por cada interveniente do processo e as conclusões individuais devem ser 

partilhadas e discutidas, posteriormente, para uma melhor planificação da estratégia terapêutica. (2) 

(8) A existência de um responsável pela coordenação entre os elementos da equipa multidisciplinar é 

fundamental, por forma a avaliar o processo, as suas necessidades e a ligação com o doente e a sua 

família. (2) Uma história clínica completa e detalhada, bem como um exame físico minucioso são 

fundamentais. Na maioria das vezes é também necessário o recurso a exames complementares, 

idealmente o menos invasivos possível. (2) A escolha da melhor combinação de exames diagnósticos 

só é possível após uma recolha eficiente e completa dos achados clínicos prévios, realizados pelas 

diferentes áreas envolvidas. (3) Desde já, o contributo dos especialistas das áreas da Pediatria e da 

Radiologia torna-se indispensável. (2)   

Com o aumento das opções terapêuticas, a comunicação entre os elementos da equipa 

multidisciplinar torna-se ainda mais importante. (24) (25) A abordagem multidisciplinar decide, 

inicialmente, sobre a necessidade ou não de intervenção médica. (3) Caso essa se venha a 

comprovar, a equipa estabelece um plano de tratamento individualizado, que facilita a integração e 

discussão das melhores opções terapêuticas, sejam elas farmacológicas, de intervenção ou cirúrgicas. 

(3) (2) (5) (26)  
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Para o planeamento terapêutico, é necessário reunir a informação relativa à natureza da anomalia, à 

região anatómica envolvida, à profundidade, dimensão e ritmo de crescimento da lesão, ao grau de 

envolvimento do tecido circundante e à idade do paciente. Desta forma, é possível estabelecer uma 

estratégia terapêutica ao longo do tempo, com eventual associação de diferentes terapias. (3) (27)  

Outra das vantagens das equipas multidisciplinares diz respeito às possíveis complicações da doença 

e/ou do tratamento, cujo contributo das diversas especialidades, para a sua previsão e gestão é 

crucial. As complicações mais comumente encontradas nas malformações vasculares, são a dor, a 

anemia, a trombose local, a hipertensão, as coagulopatias, a sepsis e a celulite. Outros estudos 

referem ainda morbilidades sistémicas de maior gravidade, nomeadamente insuficiência cardíaca 

congestiva, coagulação disseminada intravascular, embolia pulmonar e a trombocitopenia. (6) (20) 

Em contraste com os hemangiomas, as malformações vasculares não têm tendência para regredir e, 

como tal, o tecido que envolve as mesmas pode sofrer processos isquémicos e necróticos, por 

hipertensão venosa ou dermatite por estase. (7) Além das complicações inerentes às patologias, é 

necessário que os intervenientes conheçam os potenciais riscos das próprias intervenções. (7)  Um 

plano terapêutico deve prever e antecipar as complicações a curto e a longo prazo, como eventuais 

deformidades residuais. (20) 

No que diz respeito ao seguimento, também é necessário uma abordagem multidisciplinar, em 

relação à recorrência e à morbilidade, nomeadamente das malformações arteriovenosas. (7) (20) Em 

relação às comorbilidades associadas, deve-se promover atitudes e medidas profiláticas adequadas, 

por forma a minimizar o risco do surgimento de complicações. (27) Por exemplo, em relação às 

malformações das extremidades, as atitudes profiláticas podem passar pela compressão e profilaxia 

antibiótica. Esse seguimento multidisciplinar deve ainda identificar atempadamente complicações, 

como a trombose venosa e o embolismo pulmonar. (27)  

 

Especialidades Médicas envolvidas 

As malformações vasculares englobam uma variedade de diagnósticos individuais que necessitam do 

contributo de diferentes especialidades médicas. (11)  

Pediatria 

Os Hematologistas / Oncologistas pediátricos desempenham um papel fulcral, quer no diagnóstico, 

nomeadamente, na análise da necessidade da realização de biópsias, quer no tratamento, 

nomeadamente, na seleção e monitorização de fármacos, bem como em todo o processo de 

coordenação no que diz respeito à eventual necessidade de intervenções médicas e cirúrgicas, para 

além das inicialmente planeadas. (11) A Hematologia é adicionalmente necessária, devido à alta 

prevalência de coagulopatias e ao risco aumentado de eventos trombo-embólicos e hemorrágicos. 

(2) (11) 
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Radiologia 

O contributo da imagiologia é fundamental para o planeamento e tratamento das anomalias 

vasculares congénitas. Tem-se assistido à diminuição de intervenções diagnósticas invasivas. (1) (25) 

Desde logo, os avanços da tecnologia imagiológica, quer diagnóstica quer de intervenção, permitiram 

um importante contributo a nível do diagnóstico, do planeamento e da terapêutica. (26) (25) Numa 

perspectiva diagnóstica, a radiologia pode avaliar o tipo de vascularização e o respetivo fluxo por 

ecodopler, a dinâmica vascular e o envolvimento dos tecidos periféricos por ressonância ou angio-

ressonância magnética (RM) ou, menos frequentemente por angio-tomografia computorizada. (1) 

(26) Ao nível de tratamento, a escleroterapia, a radiologia de intervenção através da escleroterapia, 

da embolização ou do LASER endovascular, posicionam-se na primeira linha de tratamento de 

inúmeras AVaC´s. (24) (25) Com base em diferentes métodos de imagem é ainda possível monitorizar 

a eficácia de terapêuticas farmacológicas, percutâneas e/ou cirúrgicas. (26)  

Cirurgia 

No campo da cirurgia, nomeadamente a cirurgia pediátrica, o seu contributo vai desde a excisão do 

defeito vascular em si, até à correcção de alguns efeitos tardios das AVaC´s, como as distorções 

anatómicas. (8) (23) (26) (28) A Ortopedia é também necessária, no caso do envolvimento muscular e 

ósseo que algumas AVaC´s apresentam. (20) (21) Perante anomalias combinadas, como a Síndrome 

de Klippel-Trenaunay e a Síndrome de Parkes Weber, o contributo da ortopedia pode ser necessário, 

uma vez que estas patologias estão associadas a um sobre-crescimento e assimetria dos membros. 

Nestes casos, terapias conservadoras ou de ressecção e amputação podem ter que ser contempladas. 

(28) (29) Dado que grande parte dos hemangiomas e malformações vasculares ocorrem na região da 

cabeça e do pescoço, o contributo dos otorrinolaringologistas e oftalmologistas pode ser necessário 

para prevenir, por exemplo, a ambliopia e o estigmatismo. (30)  

Dermatologia 

Os dermatologistas são, muitas vezes, a especialidade para a qual os doentes com AVaC´s são 

referenciados. (1) (31) Desta forma, assume um papel importante no diagnóstico e na identificação 

de associações ou síndromes, para que possam ser alvo de referenciação posterior para as equipas 

multidisciplinares. (1)  

Anatomia Patológica 

No campo da Anatomia Patológica, as biópsias podem ter um contributo definitivo, quando a sua 

análise é realizada por um especialista experiente e com conhecimento da classificação actual da 

ISSVA. (5) 
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Psicologia 

É importante não negligenciar a componente psicológica destas anomalias. Doentes com AVaC´s em 

áreas como a face, são confrontados diariamente com uma imagem corporal desfigurada. Alguns 

estudos referem que doentes com AVaC´s possuem menor qualidade de vida, quando comparados 

com indivíduos saudáveis, apresentando baixa auto-estima, ansiedade, depressão, angústia, medo e 

insatisfação perante a sua aparência. (19) (24) (32) A identificação e a gestão atempadas deste 

sentimento, vai permitir promover o empowerment do doente, em vista à obtenção do melhor 

outcome possível. (24) A importância desta vertente psíquica é corroborada pela existência, de 

grupos de ajuda presenciais e online, associados a diferentes patologias, por forma a apoiar a 

estigmatização que os doentes vivenciam, perante determinada patologia. (24) 

A abordagem multidisciplinar pode mesmo ter influência a nível prenatal, com recurso aos 

conhecimentos da obstetrícia, da radiologia e da cirurgia pediátrica. As anomalias vasculares podem 

ser diagnosticadas, a partir do segundo e terceiro trimestres. (27) (33) Os hemangiomas congénitos, 

por exemplo, podem ser detetados a partir da 12º semana gestacional, através de ecografias e RM. 

Normalmente, trata-se de lesões que não se associam a complicações durante o parto; porém, em 

alguns casos, estão descritas complicações cardíacas e pulmonares, em que é necessário intervir de 

forma multidisciplinar. (27) (33) O diagnóstico pré-natal incorreto de algumas malformações 

linfáticas, foi associado ao aumento de morbilidade e ao aumento do número de cirurgias 

desnecessárias. (33) Lesões linfáticas císticas, cervicais e linguais e lesões que comprimam a via 

respiratória podem e devem ser diagnosticadas, in utero, durante o segundo trimestre, sendo que o 

diagnóstico prenatal vai influenciar o tipo, a data e o local do parto e as possíveis intervenções 

necessárias para corrigir as condições que afetam a viabilidade do recém-nascido. (27) 

A maior parte destas patologias surge de forma esporádica, enquanto outras podem surgir associadas 

a síndromes. Em alguns casos, a AVaC é a causa principal da morbilidade; porém, quando em 

associação sindrómica, esta pode ser a causa patológica principal. (13)  Um exemplo da necessidade 

da multidisciplinariedade é a Síndrome de PHACE, que consiste na associação de malformações 

cerebrais, hemangiomas, arteriais, cardíacas, oftalmológicas ou endócrinas, cuja gestão vai envolver a 

intervenção adicional da cardiologia, da oftalmologia e da neurologia. Outro síndrome associado é o 

Síndrome de Sturge-Weber, que se caracteriza por malformações capilares da pele, oculares e 

cerebrais, e que pode potenciar convulsões, atraso mental, glaucoma e alterações dermatológicas. 

Perante tais alterações, é crucial o contributo adicional de áreas como a oftalmologia e a neurologia. 

(1) 
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Conclusão 

São poucos os estudos comparativos entre as abordagens realizadas de forma isolada e através de 

equipas multidisciplinares das AVaC´s. Na maior parte dos estudos que comparam estas abordagens, 

o grau de maior complexidade referenciados às equipas multidisciplinares é maior, o que dificulta a 

comparação. O surgimento de uma nomenclatura universal é fundamental. Novas técnicas 

diagnósticas e terapêuticas e o contributo das diversas especialidades, vieram potenciar o 

conhecimento da etiopatogénese das diferentes AVaC´s. A estratégia de abordagem multidisciplinar 

tem vindo a alcançar resultados significativamente superiores, sobretudo a nível do diagnóstico e 

terapêutico. Dada a natureza imprevisível destas patologias, as equipas multidisciplinares permitiram 

a partilha de conhecimento científico, possibilitando quer a discussão diagnóstica, quer das opções 

terapêuticas mais apropriadas, quer do acompanhamento holístico do doente, por forma à obtenção 

do melhor resultado possível. O futuro advinha-se promissor devido aos avanços tecnológicos quer 

no campo diagnóstico, quer no campo terapêutico, sendo que o progressivo conhecimento destas 

anomalias vai permitir: a intervenção cada vez mais precoce e adequada nas patologias que já se 

conhecem, bem como de novas entidades que vão surgindo à medida que o conhecimento vai 

aumentando. 
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Congenital Vascular Anomalies: The Importance of a Multidisciplinary Approach 

Inês Monteiro 

 

                                A     Abstract 

Congenital vascular anomalies (AVaC's) are prevalent pathologies, with a 

complex diagnostic and therapeutic approach. One of the main obstacles to 

the advance of scientific knowledge in this area occurs as a consequence of 

inconsistency in the use of a standardized nomenclature. The progressive 

etiopathogenic knowledge of these pathologies, the new classification 

system, the emergence of new diagnostic and treatment techniques and the 

incorporation of knowledge from other specialties, have emphasized the 

importance of a specific and adequate multidisciplinary approach. This 

review aims to make a bibliographic analysis of the importance and impact 

of the multidisciplinary approach in identifying the pathology, in planning an 

intervention and therapeutic follow-up and in the outcome. Despite the few 

comparative studies regarding the different approaches, the 

multidisciplinary strategy has been proved advantageous in the diagnosis, 

treatment and follow-up of patients with vascular anomalies, enhancing a 

holistic knowledge of the different anomalies.  

Definition  

Congenital vascular anomalies (AVaC’s) are a heterogeneous group of lesions with a prevalence of 

4,5%.  (1) They are a group of vascular endothelium disorders resulting from errors (diffuse or 

located) of vascular embryogenesis, and can manifest as tumors of malformations. (2) (3) They 

occur in an early gestation phase, normally, between the 3ª and 7ª week of embryonic 

development, and can affect arteries, veins, capillaries and the lymphatic systems.  (4) These 

anomalies comprise a large range of possible alterations that can occur in a isolated or in 

combining form, namely: i) the absence of vessels,  that normally are present; ii) the presence of 

anomalous vessels; iii) the presence of vessels with abnormal morphology and size, with 

alterations in their walls. (5) (6) Simple vascular anomalies are common pathologies in children, 

and it estimates that a birth mark occur in about 1/3 of births. (7) Given its nature and 

pathogeneses, they have a wide range of presentations, being normally diagnosis during childhood 

and adolescence, and they have unpredictable behavioral and therapeutic progression, and also a 

high recurrence and psychological and sometimes functional morbidity. (5) (3) (8) (9) (10)  (11) (6)  
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Etiopathogenesis 

The etiology of AVaC´s remains unknown, however, in recent years, advances in the genetic field 

were made, allowing the identification of hereditary and somatic genetic mutations. (2) (12) Some 

genetic studies suggest an etiological link with the reduction of the capacity of regulating the 

process for signaling, maturing, adhesion and apoptosis of the vascular cells. (2) 

 

Classification 

Throughout the years the AVaC´s classification has suffered numerous alterations. (13) AVaC´s 

comprises a variety of different injuries which makes it difficult for its systematization. (3) (1) (14) 

The use of an inadequate nomenclature continues to be the genesis of incorrect diagnostics and 

false negatives. (14) Initially, the classifications were based on the appearance of the anomalies. 

(13) It was only, in 1982, with Mulliken and Glowacki, that a binary system of classification was 

created, allowing a better categorization. (13) (14) This system was based on the clinic and 

radiology aspects, the biological behavior and the endothelial characteristics, and divided AVaC´s 

in two categories: Vascular tumors (Hemangiomas) and vascular Malformations. (13) (15) (16) In 

1993 Jackson and his collaborators appeared with a radiologic classification based on the flow and 

the hemodynamics components, subdividing them in high and low flow. (17) The binary 

classification of Mulliken and Glowacki was the structural base adopted by the International 

Society for the Study of Vascular Anomalies (ISSVA). This new approach divided the anomalies in 

two main categories, namely vascular or vasoproliferative tumors and vascular malformations, in 

which the main difference was based in the presence or absence of an increase turnover of the 

endothelial cells, histologically identified with the presence or absence of mitoses. Therefore, the 

vasoproliferative tumors exhibit increase turnover of the cells as opposed to vascular 

malformations in which this turnover is absence, being considered structural abnormality’s, whose 

growth accompanies the growth of the child. (14) (18)  

This classification system is dynamic, and has suffered alterations, namely the insertion of other 

tumors and the subdivision of the vascular malformations in simple and combined. (13) (12) (14) 

(17) The ISSVA classification allowed considerable advances, namely in the genetic, 

pathophysiology, diagnostic and therapeutic fields. (16) In 2014, the ISSVA classification, suffered 

some changes, namely in the subclassification of the tumors and the association with other 

anomalies and syndromes. (17) (Table 1) The use of a universal and unified classification such as 

the ISSVA, allows the constant evolution and the adaptation of the scientific knowledge, namely 

the genetic and histological findings that have been discovered. (12) 
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Table 1. Congenital Vascular Anomalies Classification (ISSVA adaptation (a)) 

Vascular Anomalies 

Vascular Tumors Vascular Malformations 
Benign Locally Aggressive Malignant Simple Combined 

 
Infantile  

Hemangioma 

 
Kaposiform  

Hemangioendothelioma 

 
Angiosarcoma 

Capillary 
Malformation 

(CM) 

 
CM+ VM 

 
Congenital 

 Hemangioma 

 
Retiform  

Hemangioendothelioma 

 
Epitheloid  

Hemangioendothelioma 

Lymphatic 
Malformation 

(LM) 

 
CM + LM 

 
Tufted  

Hemangioma 

Papillary intralymphatic angi         
angioendothelioma 

“Dabska” tumor 

 
Others 

Venous 
Malformation 

(VM) 

 
CM + AVM 

 
Spindle-cell 

Hemangioma 

 
Composite 

 Hemangioendothiome 

 
Arteriovenous 
Malformation 

(AVM) 

 
LM + VM 

 
CM+ LM + VM 

 
Epithelioid  

Hemangioma 

 
Kaposi Sarcoma 

 
Arteriovenous 
Fistula (AVF) 

 
CM + LM + AVM 

 
Pyogenic 

 Granuloma 

others  
CM + VM + AVM 

 
Others 

 
CM + LM + VM + AVM 

Vascular malformations associated with other anomalies 
Klippel – Trenaunay syndrome CM + VM +/- LN + limb overgrowth 

Parkes Weber syndrome CM + AVF + limb overgrowth 

Servelle – Martorell syndrome Limb VM + bone undergrowth 

Sturge – Weber syndrome Facial + leptomeningeal CM + ophthalmology anomalies +/- bone and/or 
soft tissue overgrowth 

Limb CM + congenital non  progressive limb hypertrophy 

Maffucci syndrome VM +/- spindle-cell hemangioma + enchondroma 

Macrocephaly CM (macrocephaly - capillary malformation /megalencephally – capillary 
malformation -polymicrogyria) 

Microcephaly CM (microcephaly – capillary malformation) 

CLOVES syndrome LM + VM + CM +/- AVM + lipomatous overgrowth 

Proteus syndrome Cm, VM and/or LM + asymmetrical somatic overgrowth 

Bannayan – Riley – Ruvalcaba syndrome AVM + VM + macrocephaly, lipomatous overgrowth 

 

Hemangioma Paradigm 

Despite the etiology, progression and treatment, the terms hemangiomas or angiomas are 

frequently use to refer to any AVaC´s, either tumors or malformations. (3) (12) (14) (19) According 

to some studies, more than 71% of the specialists use the word hemangioma indiscriminately to 

describe a vascular anomaly. This mistake is reverberated in inappropriate therapeutic, in about 

20% of the cases. (6)  
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The nomenclature error encompasses, for example, vascular malformations, that are not 

hypercellular pathologies, but instead composed of normal endothelium, with a vast growth in 

infancy, with tendency to expand in puberty, as opposed to the infantile hemangioma. (3) The 

adoption of the right nomenclature is essential for the differentiation and categorization of the 

different pathologies.  

 

The isolated approach 

Despite the efforts in the last years, AVaC´s still constitute difficult diagnostic and therapeutic 

entities. (8) (10) The adoption of an inadequate nomenclature and approach has resulted in high 

rates of failure and disastrous consequences, product of therapeutic maladjustment or high rates 

of morbidity due to unnecessary and invasive treatments. (3) (10)  

Fortunately, in the last few decades, the AVaC´s approach has suffered substantial progress. This 

paradigm change was only possible after the appearance of a new classification, diagnostic 

techniques and new therapeutic modalities. (3) (18) The emergence of new diagnostic techniques, 

especially noninvasive ones, came to improve the knowledge of these pathologies, allowing a 

more precise diagnosis. (3) Given the uncommonness of some of these anomaly’s,  the 

heterogeneity nature and the complexity of the AVaC´s, it is vital that its approach incorporates a 

group of professionals of multiple specialties, skilled with contents and visons from multiple areas, 

in order to reach holistic knowledge of the anomaly, and individualize of the patient. (2) (16) (18) 

(19) 

 

The multidisciplinary approach 

In reality, some of AVaC´s, namely asymptomatic infantile hemangiomas, have simple diagnosis 

and treatment; however, other pathologies, namely malformations, need the contribute of 

different specialties for its evaluation and therapeutic planning strategies. (5) (20) (21) Some 

multidisciplinary centers state that about 47% of the cases that are referred to them have an 

incorrect initial diagnosis, in which malformations have greater error probability (54.4%), when 

compared with the tumors (29.6%). (6) (20) (22) In another comparative study, 42% of the referral 

cases for the multidisciplinary team had an incorrect initial diagnosis, with tumors having an initial 

diagnostic error of 11% comparatively to 68% of the malformations. (5) In addition, hemangiomas 

had been correctly identified, in more than 90%. After the referral for these centers, most of the 

cases are correctly diagnosed, subsequently the revision of clinical history and the physical 

examination. (22) Some centers have been focused in the establishment of guiding guides for the 

referral of suspicious cases of AVaC´s, for defending that, in specialized centers, the diagnosis is 

more accurate, particularly in rare tumors, enabling the access to a more updated knowledge and 

therapy. (22) 
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A multidisciplinary team will allow gather the knowledge related to the pathology, the therapeutic 

strategies and their results, enabling a better follow-up. (5) This approach provides to the patient a 

set of services, namely, medical and imagological therapy, interventions and surgery. (19) A 

coordinate and experience multidisciplinary team, that has contact with a large number of these 

anomalies, its different manifestations and evolution, has, in itself, as group, the necessary 

knowledge to treat the most complex cases, with a high rate of success. (5) (23)  

The multidisciplinary approach must be initiated early in the diagnosis, allowing the diagnosis to 

be as prompt and adequate as possible, sparing the child to unnecessary and invasive 

examinations and needless therapeutic procedures. (19) In fact, as previously mentioned, AVaC’s 

constitute a difficult recognition and classification pathology. (8) This diagnostic complexity 

emerges from the coexistence, in the same one or different corporal regions, of one or more 

vascular anomaly, or the same anomaly in different forms and stadiums of development. (3) Only 

a holistic understanding of the different types of anomalies allows the correct characterization. 

Ideally, the clinical evaluation of the patient must be carried through individually, by each 

intervening element of the process, and individual conclusions must be later shared and discuss, 

for the planning of the best therapeutic strategy. (2) (8)  

The existence of a coordinator of the team elements is fundamental, someone who can evaluate 

the process and its needs and can made the link between the multidisciplinary team and the 

patient and his family. (2) A complete and detail clinical history, and a thorough physical 

examination are fundamentals. In most of the times, it is necessary to resort to complementary 

exams, as least invasive as possible. (2) Choosing the best combination of diagnostic exams is only 

possible after an efficient and complete gathering of previous clinical findings, carried through by 

the different areas involved. (3) It´s clear that Pediatric and a Radiology contribution becomes 

essential. (2)    

With the proliferation of treatment options, the communication between the multidisciplinary 

team elements becomes even more important. (24) (25) Initially, the multidisciplinary approach 

decides on the necessity or not of medical intervention. (3) In the inevitability of medical 

intervention, the team establish an individualize treatment plan, that facilitates the integration 

and discussion of the best therapeutic options, whether pharmacological, interventional or 

surgical. (3) (2) (5) (26) For the therapeutic planning, it is necessary to assemble the information 

related to the nature of the anomaly, the anatomic region involved, the depth, dimension and 

growth rhythm, the degree of surrounding tissue involvement and the age of the patient. Thus, it 

is possible to establish a therapeutic strategy throughout time with the eventual combination of 

the different therapies. (3) (27)   
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Another advantage of multidisciplinary team regards to the potential complications of the disease 

and/or the treatment, and so, the contribution of the different specialties is crucial, for its forecast 

and management. The most common complications encounter in the vascular malformations, are 

pain, anemia, local thrombose, hypertension coagulopathy, sepsis e cellulite. Other studies refer 

systemic morbidity of greater severity, namely, heart congestive failure, intravascular 

disseminated coagulation, pulmonary embolism and thrombocytopenia. (6) (20) In contrast with 

hemangiomas, vascular malformations do not tend to regress and so, the surrounding tissue, can 

suffer ischemic and necrotic processes, due to venous hypertension and dermatitis due to stasis. 

(7) Besides the inherent pathologies complications, it´s necessary that, the intervening ones, have 

knowledge of the potential risks of the future interventions. (7)  A therapeutic plan should 

anticipate and prevent the complications that can occur in a short and long period of time as well 

as possible residual deformities. (20)  

Concerning the follow-up, a multidisciplinary approach it´s also necessary, regarding the 

recurrence and morbidity, namely arteriovenous malformations. (7) (20) Concerning the co-

morbidity associated, it’s essential to promote adequate attitudes and prophylactic procedures for 

minimizing the risk of the developing of complications. (27) For example, regarding malformations 

of the extremities, the prophylactic attitudes are often compression and broad-spectrum 

antibiotic. This multidisciplinary follow-up must also timely identify complications such venous 

thrombosis and pulmonary embolism. (27)    

 

Medical specialties  

The vascular malformations comprehend a variety of individual diagnostics that need contribute of 

the different specialties. (11)  

Pediatrics 

The pediatric Hematologists and oncologists play a central role, both in the diagnosis, namely, in 

the analysis of the necessity for biopsies, and in the treatment, specifically in the selection and 

monitoring of the use of pharmacology, as well as  in the whole coordination process  regarding  to 

the necessity of medical and surgical interventions additionally to those initially planned. (11) The 

Hematology is additionally necessary, due to the high prevalence of coagulopatias and to the 

increased risk of thromboembolic and hemorrhagic events. (2) (11) 

Radiology 

The imaging contribute is fundamental to the planning and treatment of the AVaC´s. We have 

witnessed the decrease of the invasive diagnostic interventions. (1) (25) The advances of the 

technology imaging, diagnostic and/or interventional, have given an important diagnostic, 

planning and therapeutic contribute. (26) (25)  
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In a diagnostic perspective, radiology evaluates the type of vascularization and the respective flow 

by ecodoppler, the vascular dynamics and the involvement of surrounded tissues using magnetic 

resonance imaging (MRI) or angio-MR or, less frequently by angio-computed tomography (CT). (1) 

(26) Regarding the treatment, interventional radiology through sclerotherapy, embolization or 

endovascular LASER, are considered first line treatment in innumerous AVaC’s. (24) (25) Based on 

different imaging methods, it is still possible to monitor the efficacy of pharmacological, 

percutaneous and / or surgical therapies. (26)  

Surgery 

In the surgery field, namely pediatric surgery, its contribution ranges from the excision of the 

vascular defect in itself, to the correction of some late effects of AVaC´s, such as anatomical 

distortions. (8) (23) (26) (28) Orthopedics is also necessary in the case of muscular and bone 

involvement that some AVaC´s present. (20) (21) In the presence of combined anomalies such as 

Klippel-Trenaunay Syndrome and Parkes Weber Syndrome, the contribution of orthopedics may 

be necessary, since these pathologies are associated with limb overgrowth and asymmetry. In 

these cases, conservative or resection and amputation therapies have to be considered. (28) (29) 

Since most hemangiomas and vascular malformations occur in the head and neck region, the 

contribution of otolaryngologists and ophthalmologists may be necessary to prevent, for example, 

amblyopia and astigmatism. (30)   

Dermatology 

Dermatologists are often the specialty for which patients with AVaC´s are referenced. (1) (31) 

Therefore, they play an important role in the diagnosis and identification of possible associations 

or syndromes, so that they can be a target for later referral for multidisciplinary teams.(1)   

Pathology 

In the field of pathology, biopsies can make a definitive contribution when their analysis is 

performed by an experienced specialist with knowledge of the current ISSVA classification. (5) 

Psychology 

It is important not to neglect the psychological component of these anomalies. Patients with 

AVaC´s in areas such as the face are confronted daily with their disfigured body image. Some 

studies report that patients with AVaC´s have lower quality of life when compared to healthy 

individuals, presenting low self-esteem, anxiety, depression, anguish, fear and dissatisfaction with 

their appearance. (19) (24) (32) The timely identification and management of these feelings will 

allow the empowerment of the patient in order to achieve the best outcome possible. (24) The 

importance of this psychic aspect is corroborated by the existence of face-to-face and on-line help 

groups associated with different pathologies, in order to support the stigmatization that patients 

experience in the face of certain pathology. (24)  
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The multidisciplinary approach may even have an influence at prenatal level, by using the 

knowledge of obstetrics, radiology and pediatric surgery. Vascular anomalies can be diagnosed as 

early as the second and third trimesters. (27) (33) Congenital hemangiomas, for example, can be 

detected from the 12th gestational week, through ultrasound and MRI scans. Usually, these 

lesions are not associated with complications during childbirth; however, in some cases, cardiac 

and pulmonary complications are described, in which it is necessary to intervene in a 

multidisciplinary way. (27) (33) The incorrect prenatal diagnosis of some lymphatic malformations 

was associated with increased morbidity and in the number of unnecessary surgeries. (33) Cystic, 

cervical, and lingual lymphatic lesions and lesions that compress the respiratory tract can and 

should be diagnosed in utero during the second trimester, these prenatal diagnosis can influence 

the type, date and place of birth and possible necessary interventions to correct conditions 

affecting the viability of the newborn. (27) 

The majorities of these pathologies emerge sporadically, while others may arise associated with 

syndromes. In some cases, AVaC is the main cause of morbidity; however, when in syndromic 

association, the syndrome may be the main pathological cause. (13)  An example of the need for 

multidisciplinarity is PHACE Syndrome, which consists of the association of cerebral 

malformations, hemangiomas, arterial, cardiac, ophthalmological or endocrine, whose 

management will involve the additional intervention of cardiology, ophthalmology and neurology. 

In the case of Sturge-Weber Syndrome, which is characterized by capillary malformations of the 

skin, ocular and cerebral, that can potentiate seizures, mental retardation, glaucoma and 

dermatological alterations. Faced with such changes, the additional contribution of areas such as 

ophthalmology and neurology is crucial. (1)  

 

Conclusion 

There are few comparative studies between the approaches carried out in isolation approach and 

through multidisciplinary teams of AVaC´s. In most studies comparing these approaches, the 

degree of greater complexity referred to multidisciplinary teams is greater, which makes 

comparison difficult. The development of a universal nomenclature is fundamental. New 

diagnostic and therapeutic techniques and the contribution of the different specialties came to 

potentiate the knowledge of the etiopathogenesis of the different AVaC´s. The strategy of 

multidisciplinary approach has been achieving significantly greater results, especially at a 

diagnostic and therapeutic level. Given the unpredictable nature of these pathologies, the 

multidisciplinary teams allowed the sharing of scientific knowledge, boosting and allowing both 

diagnostic discussion, the most appropriate therapeutic options and the patient's holistic follow-

up, in order to obtain the best possible result. The future is promising due to the technological 

advances in the field of diagnosis and therapeutic; the progressive knowledge of these anomalies 

will allow: an increasingly precocious and adequate intervention in pathologies already known, as 

well as new entities which are emerging as knowledge grows. 
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http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://www.publishingcampus.com
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Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission from the
patient (or, where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and videos) must
be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://www.evise.com.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Additional information
Revision of manuscripts
As with new submissions, revisions must be submitted electronically through http://www.evise.com
. Ensure that the revised manuscript is prepared in accordance with the Journal's format and style
for the type of article being revised. Adherence to these guidelines is important to prevent a delay
in processing the revised manuscript.
Revisions must include the following:
1. Responses to Comments document that includes point-by-point responses to the comments
made by the Reviewers, Editor, and Editorial Office. In your Responses to Comments document,
reproduce each comment verbatim and in its entirety and follow the comment with your detailed
response. Each of the comments should be preceded by the word "COMMENT," and the font style for
each comment should be bold. Each of your responses should be preceded by the word "RESPONSE,"
and the font style for each response should be regular (not bold). In each response, indicate where
relevant changes have been made in the manuscript or explain why no changes would be appropriate.
If any alterations have been made to your figures or if any figures have been removed or replaced,
describe the changes.
2. Marked Manuscript. The Marked Manuscript should be a version of your revised manuscript in
which all of the ways in which it is different from the original manuscript are indicated for the sake
of the Editor. The preferred method of indicating changes is Microsoft Word's Track Changes feature.
Alternately, any text that has been added should be underlined, and any text that was deleted should
be indicated by strikethrough formatting. Any table that was part of your original submission should
be either embedded within the Marked Manuscript or provided as a separate file (e.g., "Table II -
Marked"); if changes have been made to the table, they should be indicated. Likewise, any figure
that was part of your original submission should be either embedded within the Marked Manuscript
or provided as a separate file (e.g., "Figure 1 - Marked"); if changes have been made to the figure,
they should be described in your Responses to Comments document. Line numbering (continuous)
should be used throughout the Marked Manuscript.

http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
http://www.elsevier.com/patient-consent-policy
http://www.elsevier.com/patient-consent-policy
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=PBJ
http://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=PBJ
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3. Conflict of Interest Disclosure forms. If you are submitting your Conflict of Interest disclosure
forms to us as part of your electronic submission in EES, please be sure to include all of these forms
with each subsequent revision of your manuscript.

PREPARATION
Double-blind review
This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
include the following separately:
Title page (with author details): This should include the title, authors' names and affiliations, and a
complete address for the corresponding author including an e-mail address.
Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

ARTICLE STRUCTURE
The title page, abstract, highlights, key words, abbreviations, text, acknowledgments, references,
tables and figure legends should be included in one word-processing file (in .doc or .wpd format).
Figures should be loaded as separate files in the format specified below.
The manuscript should be written in clear and concise English. Authors whose primary language is
not English should obtain assistance with writing to avoid grammatical problems. The text should be
organized in sections as follows: Introduction, Methods, Results, and Discussion. Each section should
begin on a new page. The generic terms for all drugs and chemicals should be used.
It is the Editors' expectation that authors will perform a comprehensive search of the literature to
gather the most current articles relative to the subject matter. All references that are five years old
or more should be replaced with current literature, unless the referenced publication is a classic work
that underscores the core subject.
In studies involving human subjects, a statement describing approval by the appropriate Institutional
Review Board is required. Studies involving experimental animals must include a statement in the
Methods section indicating which guidelines were followed for the care and use of the animals (e.g.,
the "Principles of Laboratory Animal Care" formulated by the National Society for Medical Research or
the "Guide for the Care and Use of Laboratory Animals" prepared by the Institute of Laboratory Animal
Resources, National Research Council, and published by the National Academy Press [revised 1996]).

1. Title, authors and funding body
• Keep the title succinct: Limit it to 12 words or fewer.
• Communicate a single subject or idea in the title.
•Construct the title around the article's key words.
• Include the specific symptom, condition, intervention, mechanism, or function of the paper's central
focus.
• Mention any defining population, age, gender, or animal species that distinguishes the work.
•Use terms that are specific rather than general (e.g., "penicillin" rather than "betalactam antibiotic")
and include terms that clarify (e.g., "CXCR4" rather than "chemokine receptors").
•Avoid using strong words (such as "robust," "innovative," "significant," "vigorous," and "aggressive"),
as they may suggest exaggerated or unwarranted claims.
• Use wit carefully and appropriately; be informative first and clever second. Although a universally
understood pun can work well to attract interest, ensure that it will not confuse or mislead the reader .

http://www.elsevier.com/reviewers/what-is-peer-review
http://www.elsevier.com/guidepublication
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The titles of papers accepted for publication in the Porto Biomedical Journal may be revised for
improved clarity and appeal to the readership. Such revision will have final approval by the authors.

3. Highlights Highlights are a short collection of bullet points that convey the core findings of the
article. Highlights are optional and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum
85 characters, including spaces, per bullet point).

4. Key words. A list of up to ten key words should follow the highlights.

5. Abbreviations. Provide a list of any abbreviations/acronyms and their definitions following the key
words. Only standard abbreviations are to be used. If you are uncertain whether an abbreviation
is considered standard, consult Scientific Style and Format by the Council of Science Editors or
the AMA's Manual of Style. A laboratory or chemical term or the name of a disease process that
will be abbreviated must be spelled out at first mention, the acronym or abbreviation following in
parentheses.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Artwork
Image manipulation
Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

http://www.elsevier.com/artworkinstructions
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• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Illustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Text graphics
Text graphics may be embedded in the text at the appropriate position. See further under Electronic
artwork.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://webshop.elsevier.com/illustrationservices
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Reference style
Text: Indicate references by superscript numbers in the text. The actual authors can be referred to,
but the reference number(s) must always be given.
List: Number the references in the list in the order in which they appear in the text.
Examples:
Reference to a journal publication:
1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51–9.
Reference to a book:
2. Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:
3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281–304.
Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927–34)(see also Samples
of Formatted References).

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

RESEARCH DATA
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.sciencedirect.com
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/authors/journal-authors/research-data
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

ARTICLE ENRICHMENTS
AudioSlides
The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Google Maps and KML files
KML (Keyhole Markup Language) files (optional): You can enrich your online articles by providing
KML or KMZ files which will be visualized using Google maps. The KML or KMZ files can be uploaded
in our online submission system. KML is an XML schema for expressing geographic annotation and
visualization within Internet-based Earth browsers. Elsevier will generate Google Maps from the
submitted KML files and include these in the article when published online. Submitted KML files will
also be available for downloading from your online article on ScienceDirect. More information.

3D molecular models
You can enrich your online articles by providing 3D molecular models (optional) in PDB, PSE or
MOL/MOL2 format, which will be visualized using the interactive viewer embedded within the article.
Using the viewer, it will be possible to zoom into the model, rotate and pan the model, and change
display settings. Submitted models will also be available for downloading from your online article
on ScienceDirect. Each molecular model will have to be uploaded to the online submission system
separately, via the '3D molecular models' submission category. More information.

AFTER ACCEPTANCE
Availability of accepted article
This journal makes articles available online as soon as possible after acceptance. This concerns the
accepted article (both in HTML and PDF format), which has not yet been copyedited, typeset or
proofread. A Digital Object Identifier (DOI) is allocated, thereby making it fully citable and searchable
by title, author name(s) and the full text. The article's PDF also carries a disclaimer stating that it is
an unedited article. Subsequent production stages will simply replace this version.

Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in the
e-mail so that authors can download the files themselves. Elsevier now provides authors with PDF
proofs which can be annotated; for this you will need to download the free Adobe Reader, version 9
(or higher). Instructions on how to annotate PDF files will accompany the proofs (also given online).
The exact system requirements are given at the Adobe site.
If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent back
to us in one communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

http://www.elsevier.com/databaselinking
http://www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
http://www.elsevier.com/audioslides
http://www.elsevier.com/audioslides
http://www.elsevier.com/googlemaps
http://www.elsevier.com/3DMolecularModels
http://get.adobe.com/reader
http://helpx.adobe.com/reader/system-requirements.html
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Additional information

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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