Resultados de médio e longo prazo do tratamento endovenoso
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consideragoes técnicas
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Resumo

Contexto: Desde a introdugao do laser endovenoso para tratamento das varizes, ha uma busca pelo comprimento
de onda ideal, capaz de produzir o maior dano seletivo possivel com maior seguranga e menor incidéncia de efeitos
adversos. Objetivos: Avaliar os resultados de médio e longo prazo do laser de diodo de 1940 nm no tratamento
de varizes, correlacionando os parametros utilizados com a durabilidade do desfecho anatémico. Métodos: Revisio
retrospectiva de pacientes diagnosticados com insuficiéncia venosa crénica em estagio clinico baseado em clinica,
etiologia, anatomia e patofisiologia (CEAP) C2 a C6, submetidos ao tratamento termoablativo endovenoso de varizes
tronculares, com laser com comprimento de onda em 1940 nm com fibra 6ptica de emissdo radial, no periodo de
abril de 2012 a julho de 2015. Uma revisdo sistematica dos registros médicos eletronicos foi realizada para obter dados
demograficos e dados clinicos, incluindo dados de ultrassom diplex, durante o periodo de seguimento pds-operatério.
Resultados: A média de idade dos pacientes foi de 53,3 anos; 37 eram mulheres (90,2%). O tempo médio de seguimento
foi de 803 dias. O calibre médio das veias tratadas foi de 7,8 mm. A taxa de sucesso imediato foi de 100%, com densidade
de energia endovenosa linear (linear endovenous energy density, LEED) média de 45,3 J/cm. A taxa de sucesso tardio foi
de 95,1%, com duas recanalizagdes por volta de 12 meses pés-ablagédo. Ndo houve nenhuma recanalizagéo nas veias
tratadas com LEED superior a 30 )/cm. Conclusées: O laser 1940 nm mostrou-se seguro e efetivo, em médio e longo
prazo, para 0s parametros propostos, em segmentos venosos com até 10 mm de diametro.
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Abstract

Background: Introduction of the endovenous laser technique for treatment of varicose veins triggered a efforts to
identify an ideal wavelength, capable of producing the highest possible selective damage with the greatest safety
and lowest incidence of adverse effects. Objectives: Assess medium to long term results of 1940nm diode laser
treatment of varicose veins, correlating parameters used with durability of the anatomic outcome. Methods: This was
a retrospective study of patients diagnosed with Chronic Venous Insufficiency at clinical stages CEAP C2 to C6 who
underwent thermoablative treatment of trunk varicose veins using a 1940nm wavelength laser with a radial emission
optical fiber, from April 2012 to July 2015. A systematic review was conducted of electronic medical records to obtain
demographic and clinical data, including postoperative follow-up duplex ultrasound findings. Results: The average
age of the 41-patient sample was 53.3 years and 37 patients were women (90.2%). The average follow-up time was
803 days. The average caliber of the treated veins was 7.8 mm. The immediate success rate was 100% with an average
LEED of 45.3 J/cm. The late success rate was 95.1%, and two recanalizations were observed around 12 months after
ablation. There was no recanalization in veins treated with a LEED greater than 30 J/cm. Conclusions: The 1940nm
laser proved to be safe and effective in venous segments up to 10 mm in diameter, with the parameters proposed,
over medium to long term time follow-up.
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Tratamento de varizes com laser de diodo em 1940 nm

INTRODUGAO

A fototermoablag@o endovenosa (endovenous laser
ablation, EVLA) emergiu como padrdo no tratamento
da insuficiéncia venosa em varios centros espalhados
pelo mundo e como uma alternativa minimamente
invasiva no tratamento de varizes tronculares. Desde
entdo, houve uma busca continua pelo comprimento
de onda ideal capaz de produzir o maior dano seletivo
possivel com maior seguranga e menor incidéncia de
eventos adversos. Diferentes comprimentos de ondas e
diferentes tipos de fibras opticas foram testados com essa
finalidade'. Véarios autores demonstraram que todos
os comprimentos de ondas utilizados para tratar varizes
foram igualmente capazes de produzir os resultados
anatomicos desejados. A diferenca fundamental no
resultado entre os diferentes comprimentos de ondas
foi relacionada a ocorréncia de eventos adversos®!!.

Do ponto de vista da fisica, quanto maior o
coeficiente de absor¢do da luz por um tecido ou
cromoforo, maior é a quantidade de calor gerado e
maior o confinamento da zona de geracdo de calor.
Esses principios apontariam uma vantagem do
laser de 1940 nm, com atuagdo no segundo pico de
maior absor¢do pela agua, tornando o procedimento
teoricamente mais efetivo e mais seguro.

A durabilidade ¢ uma importante caracteristica de
longo prazo de todos os procedimentos vasculares.
No que diz respeito ao tratamento de varizes, a
recorréncia é potencialmente uma medida valiosa
do resultado de médio e longo prazo das diferentes
modalidades de tratamento da doenga venosa'>'.

Esse estudo tem por finalidade analisar,
retrospectivamente, os resultados de médio e longo
prazo do tratamento endovenoso de varizes com laser
de diodo de 1940 nm, correlacionando os parametros
utilizados no tratamento com a durabilidade do desfecho
anatomico (oclusdo fibrotica ou recanalizagio), melhora
clinica na classifica¢io CEAP e eventos adversos.

METODOS

Foi realizada uma revisao retrospectiva de pacientes
diagnosticados com insuficiéncia venosa cronica
em estagio clinico C2 a C6 na classificacdo baseada
em clinica, etiologia, anatomia e patofisiologia
(CEAP), submetidos ao tratamento endovenoso de
varizes tronculares, em um unico centro, com laser
com comprimento de onda em 1940 nm (Medilaser,
DMC, Séao Carlos, SP, Brasil), registro na Agéncia
Nacional de Vigilancia Sanitaria n° 80030810129),
com fibra optica de emissdo radial, no periodo de
abril de 2012 a julho de 2015. O objetivo foi analisar
os resultados de médio e longo prazo com relagdo ao
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desfecho anatomico (oclusdo fibrotica, recanalizagdo
parcial e recanalizagdo completa), melhora clinica na
classificacdo CEAP e eventos adversos (pigmentagao,
tromboflebite, trombose venosa, parestesias, corddo
fibrotico e outros). Todos os dados foram de-identificados.

Os sujeitos da populagéo do estudo foram inicialmente
identificados através de busca nos arquivos eletronicos
de pacientes com diagnostico de varizes, insuficiéncia
venosa ou hipertensao venosa, com ou sem ulceragao,
que tenham sido submetidos a ablagdo endovenosa de
varizes tronculares com /aser pelo menos 12 meses
antes e que tenham realizado os controles clinicos e
ultrassonograficos conforme a rotina estabelecida pelo
servigo (7 dias, 30 dias, 3 meses, 6 meses, 9 meses,
12 meses, 18 meses, 24 meses e anualmente). Pacientes
com sindrome pos-trombética prévia ao tratamento
cirurgico ou com refluxo no sistema venoso profundo
foram excluidos.

Apbs a aprovagio do Comité de Etica em Pesquisa
(parecer n° 1.693.514), uma revisdo sistematica dos
registros médicos eletronicos foi realizada para obter
dados demograficos e dados clinicos, incluindo dados
de ultrassom duplex, durante o periodo de seguimento
pos-operatorio.

Os dados demograficos incluiram idade, género,
raca e comorbidades. Os dados clinicos incluiram data
do procedimento, diagndstico clinico (classificacdo
CEAP) pré-operatorio, segmento venoso tratado
por fototermoablagdo, extensdo e calibre médio do
segmento venoso tratado, procedimentos associados,
dor pds-operatéria mensurada por escala visual
analogica (EVA), intercorréncias intraoperatorias,
intercorréncias pos-operatorias imediatas (até 30 dias),
intercorréncias tardias com data da constatacdo e
evolugdo, parametros de laser empregados (poténcia,
total de energia e densidade de energia endovenosa
linear, LEED), classificagdo clinica CEAP na tltima
revisdo do seguimento clinico dentro do periodo de
estudo, data da ultima revisdo para calculo do tempo
de seguimento em dias e, adicionalmente, informagdes
sobre os achados ultrassonograficos obtidos na ultima
revisao realizada no periodo de estudo, relativos ao
aspecto da veia ablacionada (fibrotica, fibroelastica,
trombotica, completamente recanalizada, parcialmente
recanalizada, extensdo do segmento recanalizado,
competéncia ou ndo das jungdes safeno-poplitea e
safeno-femoral).

Anilise estatistica

Os dados foram compilados em tabela Excel®
2011, versao 14.3.6 (Microsoft, Redmond, WA,
EUA), e analisados com o programa Bioestat,
versdo 5.3 (Instituto Mamiraua, Belém, PA, Brasil).



As variaveis categoricas foram apresentadas em
tabelas de contingéncia contendo valores absolutos e
relativos. As variaveis quantitativas foram analisadas
por estatistica descritiva e expressas como média,
desvio padrao (DP) e valor maximo e minimo. A analise
das diferengas dentro do grupo foi realizada com o
teste ¢ de Student. Foi considerado estatisticamente
significante um valor de p < 0,05.

RESULTADOS

Entre abril de 2012 e julho de 2015, foram
identificados 152 pacientes submetidos ao tratamento
termoablativo de varizes tronculares com laser de
diferentes comprimentos de ondas. Todas as intervengoes
foram realizadas por um unico cirurgido com larga
experiéncia em EVLA, em regime ambulatorial
extra-hospitalar, com anestesia perivenosa tumescente
ecoguiada associada ao bloqueio do nervo femural
orientado por ultrassom. Desse total, 50 membros em
50 pacientes foram tratados com laser de 1940 nm. Entre

Tabela 1. Dados demograficos dos pacientes (n = 41).

Média de idade (variagdo), anos 53,3 (30-74)
Género

Feminino 37 (90,2%)

Masculino 4(9,8%)
Raga

Brancos 34 (82,9%)

Negros 7(17,1%)
IMC (variagao) 26,1(18,6-43,1)
Histéria familiar de doenga venosa 36 (87,8%)
Tabagismo 4(9,8%)
Dislipidemia 7 (17,1%)
Diabetes 3(7,3%)
HAS 7 (17,1%)
Obesidade 5(12,2%)

IMC: indice de massa corporal; HAS: hipertensdo arterial sistémica. Os dados
sdo apresentados como numeros (%), salvo indicagdo em contrario.

Tabela 2. Classificacdo clinica pré-operatéria (CEAP).

C1 C2 c3 C4 Ccs5 c6
Geral (n = 41) 0 19 7 10 0 5
VSM* (n = 34) 0 18 6 8 0 2
VSP* (n = 7) 0 1 1 2 0 3

CEAP: clinica, etiologia, anatomia e patofisiologia; VSM: veia safena magna;
VSP: veia safena parva. * Pacientes com insuficiéncia exclusiva da VSM;
** Pacientes com insuficiéncia exclusiva da VSP.

Tabela 3. Pardmetros anatémicos das veias ablacionadas.
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0s 50 casos elegiveis para o propdsito desse estudo,
nove foram excluidos, sendo dois por apresentarem
follow-up registrado inferior a 12 meses, quatro por
apresentarem sindrome pos-trombotica prévia ao
tratamento e trés por seguimento inadequado e dados
incompletos.

Trinta e sete pacientes (90,2%) eram mulheres e
quatro (9,8%) eram homens, com média de idade
de 53,3 anos (minimo: 30 anos; maximo: 74 anos;
DP: 12,4 anos). Entre as mulheres, o nimero médio de
gestacdes foi de 2,2 (minimo: 0; maximo: 9 gestacdes;
DP: 1,71). Todos os dados demograficos estdo
sintetizados na Tabela 1.

Foram tratadas 34 veias safenas magnas (VSMs)
(82,9%) e sete veias safenas parvas (VSPs) (17,1%)
em 41 membros de 41 pacientes, sendo 19 membros
do lado direito (16 VSMs e 3 VSPs) e 22 membros do
lado esquerdo (18 VSMs e 4 VSPs). A classificacao
clinica CEAP pré-operatoria estd sumarizada na
Tabela 2. Os parametros anatomicos dos segmentos
venosos tratados e os parametros de /aser empregados
estdo sumarizados nas Tabelas 3 e 4, respectivamente.

A ablacdo primaria foi obtida em 100% dos casos.
Como procedimento associado, foi realizada flebectomia
de tributarias e ramos varicosos em todos os pacientes.
Nao houve nenhuma intercorréncia intraoperatoria.

O tempo médio de seguimento pos-operatorio foi
de 803 dias, variando de 467 a 1.360 dias (DP: 291,3).

A dor intraoperatoria, mensurada por EVA variando
de 0 a 10 (onde 0 corresponde ao estado “sem dor”
e 10 a “dor intensa”), foi “sem dor” em 23 pacientes
(56,1%), “dor leve” (até 3 pontos na EVA) em
17 pacientes (41,5%) e “dor moderada” (4 a 6 pontos
na EVA) em um paciente (2,4%). Em todos os casos,
a dor esteve relacionada a flebectomia.

Durante o periodo de seguimento, foram observadas
duas recanalizagdes, sendo uma recanalizagdo em
toda a extensdo da VSM (caso 1), detectada aos
421 dias de pds-operatorio; e uma recanalizagdo no
segmento infragenicular da VSM (caso 2), detectada
aos 342 dias de pos-operatorio (Tabela 5).

Nao foi observada nenhuma recanalizagao ou falha
de tratamento nas VSPs. Nas veias safenas tratadas
com sucesso anatomico (VSM + VSP), a LEED média
foi de 46,8 J/cm (variando de 30,7 J/cm a 104,7 J/cm).

A taxa de sucesso global (oclusdo permanente das
veias tronculares) foi de 95,1% no periodo de seguimento.
Em todos os casos com sucesso anatomico tardio

@ médio (mm) Variagdo (mm) DP Extensdo ablacionada (cm) Variagdo (cm) DP
VSM 7,82 (622 10,4) 1,08 48,1 (292 80) 119
VSP 7,14 (50a10,5) 2,03 24,3 (152a34) 6,2

VSM: veia safena magna; VSP: veia safena parva; DP: desvio padréo.
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pos-ablagdo, os achados ultrassonograficos registrados
na ultima visita médica descrevem competéncia das
juncdes safeno-femoral e safeno-poplitea, veias
tronculares ocluidas com aspecto fibrotico e calibre
muito reduzido e de dificil identifica¢do (Figura 1).
Nos casos que evoluiram com recanalizacdo (dois
pacientes, género feminino, com insuficiéncia da
VSM), os achados ultrassonograficos pos-operatorios,
prévios a identificacdo da recanalizagdo, descrevem
insuficiéncia da jungao safeno-femoral, VSM ocluida
com contetido predominantemente hipoecogénico e
retracdo venosa inferior a 50% do didmetro inicial.
Os eventos adversos foram leves e autolimitados,
com resolugdo espontanea entre 10 dias e 6 meses de
pos-operatorio (Tabela 6). Além disso, 39 pacientes
(95,1%) apresentaram e mantinham uma melhora
na classificacdo clinica CEAP na tltima revisdo, em
comparagao a classificacdo clinica inicial.

DISCUSSAO

Atualmente, a EVLA ¢ considerada o padrao ouro
para o tratamento da insuficiéncia venosa superficial
troncular dos membros inferiores nos Estados Unidos

Tabela 4. Parametros de tratamento a laser.

e Reino Unido, sendo recomendada como terapia de
primeira escolha'®!8, Diversos trabalhos demonstram
a alta eficiéncia da termoablagdo endovenosa, com
elevadas taxas de sucesso técnico e baixos niveis de
complicagdes, sobretudo com o /aser com comprimento
de onda (A) de 1470 nm associado a fibra 6ptica de
emissdo radial'*?2,

Além do consagrado /aser de diodo com emissdo
de 1470 nm (meio ativo: InGaAsP), novos /asers com
comprimentos de onda de interesse vém surgindo
também baseados em diodos semicondutores, como
os diodos com comprimento de onda de emissdo
centrados em 1908 nm, 1920 nm e 1940 nm (meio
ativo: AlGaln)®?. As vantagens praticas desses
comprimentos de ondas sdo também advindas da
elevada absorcao da luz /aser pela agua intersticial
presente na parede venosa, representada pelos
respectivos coeficientes de absorgdo (u ") por esse
cromoforo (Tabela 7)*. A situagao de entrega da luz
laser a parede venosa por fibra radial, com A na regido
de 1940 nm, pode ser considerada uma evolugdo
incremental ao atual estado da arte da técnica de

Poténcia média (W) Variagao (W) DP LEED média (J/cm) Variagao (J/cm) DP
VSM 4,1 (3527,0) 0,6 45,5 (15 2 104,7) 15,9
VSP 3,86 (3,024,0) 0,38 45,9 (35,8 a2 54,6) 7,52
Global 4,06 (302a7,0) 0,57 45,3 (152 104,7) 14,8
VSM: veia safena magna; VSP: veia safena parva; DP: desvio padrao; LEED: densidade de energia endovenosa linear.
Tabela 5. Casos com recanalizagdo pos-operatoria tardia.
Tempo Veia Diametro Poténcia utilizada I'E,El?
(dias) CEAP tratada médio (mm) PO (w) média Imc
(J/cm)
Caso 1 421 c3 VSM 3,5 19,0 28,1
Caso 2 342 cé6 VSM 5,0 15,0 29,6

VSM: veia safena magna; IMC: indice de massa corporal; PO: pré-operatério.

Figura 1. Aspecto fibrotico da veia safena magna na crossa, 1.360 dias apos ablagdo com endolaser (seta). JSF = jungao safeno-femoral;
VFC = veia femoral comum; VSM = veia safena magna.
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termoablacao endovenosa a /aser, representado pelo
laser 1470 nm com irradiagdo por fibra radial.

Efetivamente, vantagens importantes de comprimentos
de onda situados na regido near-infrared (NIR) do
espectro Optico com relacdo a ablagdo endovenosa
sdo o alto coeficiente de absor¢do pela agua e a
consequente baixa profundidade de penetracao tecidual
(confinamento da zona onde o calor é gerado no tecido
exposto a radiag@o laser). Quanto maior o valor do
coeficiente de absor¢do de um cromoéforo (aqui, a
agua tecidual), fungdo de A, maior a quantidade de
calor gerado em consequéncia de uma dada energia
optica aportada ao tecido e mais superficial (maior
seguranca); portanto, menor a quantidade de energia
necessaria para obtengao do dano térmico pretendido
(termoablagdo)?.

Comparando-se os valores de 142 (1) nesses novos
comprimentos de onda com aquele de 1470 nm, temos
p e (1940 nm) = 4,83. pe* (1470 nm). Com relagio
a 1940 nm e 980 nm, o laser com A = 1940 nm ¢
aproximadamente 266 vezes mais absorvido pela
agua do que o laser A = 980 nm ¢ 4,8 vezes mais
absorvido pela agua do que o laser com A = 1470 nm
(Tabela 7)*. Devido ao maior coeficiente de absor¢ao,
LEEDs necessarios com o laser 1940 nm sio
inferiores aqueles empregados para termoablagdo
com laser 980 nm e 1470 nm. Além disso, os valores

Tabela 6. Eventos adversos.

Eventos adversos n (%)
Pigmentagdo no trajeto venoso 4(9,75%)
Fibrose/induragao no trajeto venoso 2 (4,87%)
Parestesia transitoria 3(7,30%)
EHIT classe I* 1(2,43%)
EHIT classe II* 1(2,43%)
EHIT classe 1II* 0
EHIT classe IV* 0
TVP/TEP 0
Tromboflebite superficial 0
Infeccdo 0

EHIT: endothermal heat-induced thrombosis; TVP: trombose venosa profunda;
TEP: romboembolia pulmonar. * Classificagao descrita por Kabnick et al.”.
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de penetracdo optica efetiva na adgua, baseados em
ambos os processos de absorcao e de espalhamento,
relativos a 1470 nm e 1940 nm, sdo aproximadamente
220 p e 48 p, respectivamente, em contraste com
aquele em 980 nm (aproximadamente 3,0 mm)>+2627,

Baseado nesses fatos, a ablagdo endovenosa com
laser 1470 nm, procedida por irradiacdo tecidual
homogénea (fibra radial) da parede venosa como alvo
direto (cromoforo: dgua intersticial), representou, de
fato, um grande avango (breakthrough) na técnica
de endolaser, com impacto de minimizag¢ao dos
efeitos adversos inerentes a técnica com outros
lasers (808, 810, 940 e 980 nm, por exemplo)®-1-2028,
Por sua vez, a técnica com fibra radial e A = 1940 nm
representa um avango incremental no estado da arte
atual da termoablagdo a laser.

Nessa analise retrospectiva, as elevadas taxas
de sucesso anatomico (oblitera¢ao) tanto imediato
(100%) quanto tardio (95,1%) podem ser explicadas,
do ponto de vista tedrico, com as bases anteriormente
expostas e que se aplicam, igualmente, ao /aser com
comprimento de onda em 1470 nm, produzindo
resultados semelhantes!®!1:2029-30,

Um dado interessante que merece ser lembrado,
relacionado ao laser com A de 1940 nm em comparagado
a0 laser com A de 1470 nm, ¢ o fato de ser quase
cinco vezes mais absorvido pela 4gua e com uma
profundidade de penetracdo Optica efetiva de cerca
de Y4 da profundidade de penetragdo do laser de
1470 nm>*+*%?7, Isso significa que quanto maior a absor¢ao
de fotons de um /aser por um dado alvo contendo
cromoforos absorvedores, maior ¢ a quantidade de
calor gerado e mais confinada € a zona de geracdo
de calor, ou seja, a absorc¢ao dos fétons de um /laser
pelos cromoéforos do tecido induz um aquecimento
tecidual (aquecimento absorptivo). O calor absortivo
(J/cm?), gerado in situ, ¢ proporcional ao coeficiente
de absor¢do p, (cm™) multiplicado pela irradiancia
(W/cm?) e dependente linearmente do tempo de
exposi¢ao®-!,

Tabela 7. Coeficiente de absorgao da agua na faixa NIR do espectro eletromagnético®.

% (hm) Laser W (em™) Absorcao ) Absorgao 1910 Absorgao ?470 Absorcao ‘980 nm

dgua 1940 nm relativa nm relativa nm relativa relativa

808 Diodo AlGaAs 0,02 5.991,50 4.517,00 1240,75 22,50

975 Diodo InGaAs 0,45 266,29 200,76 55,14 1

1064 Nd:YAG 0,12 998,58 752,83 206,79 3,75

1470 Diodo InGaAsP 24,815 4,83 3,64 1 0,018

1910 Diodo AlGaln 90,34 1,33 1 0,27 0,005

1940 Diodo AlGaln 119,83 1 0,75 0,21 0,004

2100 Ho:YAG 26,93 4,45 3,35 0,92 0,017

A: comprimento de onda; . coeficiente de absorgao da agua.

gua
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Enquanto o aporte térmico no tecido, oriundo
da energia Optica absorvida e liberada na forma de
calor, depende das propriedades opticas do tecido ¢
dos parametros da irradiagdo, como a irradiancia e o
tempo de exposi¢do, o processo de difusdo térmica
condutiva ¢é responsavel pela transmissao (fluxo) de
calor gerado pontualmente (fluxo de calor de uma
regido de maior temperatura para uma regido de
menor temperatura)®. Em outras palavras, o parametro
governante de toda interagdo /aser-tecido, relativo aos
lasers de efeito fototérmico, € a temperatura. Quanto
maior a absor¢do de fotons pelo croméforo, maior
¢ a quantidade de calor gerado e mais confinada ¢ a
geracdo do calor; porém, uma vez gerado, o calor se
difunde do ponto de geragdo para as areas termicamente
mais frias, ou seja, a natureza e a extensdo do dano
térmico vao depender das propriedades opticas do
tecido (espalhamento e absor¢o), das propriedades
térmicas do tecido (calor especifico e condutividade
térmica) e também, muito fortemente, dos parametros
de exposicao do laser (densidade de poténcia, tempo
de exposicao e densidade de energia).

O dano térmico ao coldgeno tem um papel
proeminente na ablagdo endovenosa nos resultados
de curto e longo prazo. Biesman* demonstrou que
0 colageno se contrai com temperaturas proximas a
50°C, mas a necrose de coagula¢do s6 ocorre com
temperaturas entre 70 e 100°C. Somente a administragdo
de uma energia relativamente alta por unidade de
comprimento resulta em temperaturas suficientemente
elevadas para causar a desnaturagdo do colageno®.

Na ablagdo endovenosa com /aser, as temperaturas
intraluminais podem elevar-se acima de 100°C?83+39,
e estes perfis de temperatura sdo independentes do
comprimento de onda, ou seja, o uso de diferentes
comprimentos de ondas ndo influencia o perfil da
temperatura endovenosa®®>¢. Por outro lado, considerando
que as propriedades opticas e térmicas dos tecidos,
nesse caso, s30 as mesmas, a temperatura sofre forte
influéncia dos parametros de exposicao do laser.

Essas consideragdes nos fornecem, de certo modo,
uma explicagdo racional para as duas falhas técnicas
observadas neste estudo revisional. Em ambos os
casos, a poténcia utilizada (Tabela 5) foi semelhante a
poténcia média (4,1 W) empregada nos demais casos
(Tabela 4). O didmetro médio do segmento venoso
tratado também nao foi significativamente diferente da
média dos diametros dos segmentos venosos tratados
com sucesso em médio ¢ longo prazo (Tabelas 3 ¢ 5).
O unico parametro divergente dos casos bem-sucedidos
foia LEED, com uma média de 17 J/cm nos casos que
recanalizaram e de 46,8 J/cm nos casos com sucesso
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anatomico, sendo essa diferenca estatisticamente
significativa (p = 0,0041).

Como ja citado, a desnaturacdo do colageno
ocorre em temperaturas entre 70 e 100°C; portanto,
no processo de ablacdo ¢ necessario administrar uma
energia suficientemente alta para gerar temperaturas
suficientemente elevadas para que o processo seja
efetivo®. Nos dois casos em que houve recanalizagéo,
aproximadamente 12 meses apos o tratamento
endovenoso, a quantidade de energia entregue (LEED
média = 17 J/em) provavelmente nao foi suficiente
para aumentar a temperatura a ponto de produzir a
desnaturagdo do colageno. Esse aumento insuficiente da
temperatura se traduziu nos achados ultrassonograficos
jadescritos e bem diferentes dos achados observados
Nos casos com sucesso anatdomico.

Nenhum caso tratado com LEED superior a
30 J/em (média: 46,8 J/cm) e diametro maximo
de 10 mm, utilizando o laser com A em 1940 nm,
apresentou falha no tratamento durante o periodo de
seguimento (média: 803 dias), com uma incidéncia
muito baixa de eventos adversos, sem relevancia
clinica e autolimitados em sua totalidade.

Nesse ponto, torna-se absolutamente necessario
compreender o conceito de extingdo molar, que é a
capacidade de uma substancia absorver a luz a um
dado comprimento de onda*. Devido ao coeficiente
de exting@o molar ser similar para a agua e o sangue,
quando se utiliza o /aser com comprimento de onda
de 1470 nm ou 1940 nm, é importante esvaziar a
veia de sangue intraluminal®, pois, contrariamente,
a maior parte da energia seria absorvida pelo sangue
intraluminal, levando a uma oclusdo trombotica e
possivel recanalizagdo apds poucos meses?’3337-38,

Essa afirmativa baseia-se em estudo de
Vuylsteke et al.**#°, em que foi avaliado o papel do
sangue no resultado do tratamento endovenoso com
laser de 1500 nm, verificando histologicamente o
grau de destruicdo da parede venosa. Nesse estudo,
concluiram que o volume de sangue intraluminal
resulta em uma redugdo na destruicdo da parede
venosa. A infiltracdo tumescente de liquido reduz a
quantidade de sangue intraluminal, resultando em
um aumento na destrui¢do da parede venosa, além
de atuar como um dissipador de calor prevenindo a
destrui¢do de tecidos perivenosos®. Segundo esses
autores, a influéncia da tumescéncia sobre o didmetro
venoso ¢ mais importante quando comparado com a
posic¢do de Trendelenburg.

Em sintese, o objetivo final do tratamento de varizes
por termoablagdo a laser ¢ a eliminacao do refluxo
patoldgico de sangue por oclusdo duravel ou permanente
do limen venoso. De maneira geral, isso pode ser



obtido pelo encolhimento da veia até que o lumen
venoso desapareca completamente ou por substancial
dano no endotélio e na parede interna da veia, levando
auma oclusao secundaria do limen por um coagulo,
de maneira similar ao efeito produzido pelos agentes
esclerosantes. A transferéncia substancial de calor para
aparede da veia produz um significante encolhimento
das fibras colagenas, com consequente reducdo do
limen venoso. O montante de encolhimento parietal
parece ser importante porque o limen remanescente,
apos o tratamento a /aser, esta sujeito a oclusao por
formacao de coagulo. Tardiamente, esse coagulo
poderia estar sujeito a recanalizagcdo e poder-se-ia
supor que quanto maior o didmetro do coagulo, maior
o risco de posterior recanalizagdo®*’. Idealmente,
apos a termoablagdo a /aser, a oclusdo trombotica da
veia safena ¢ substituida por um cordao fibrético que
pode ser detectado frequentemente pelo ultrassom,
mesmo anos apos o procedimento (Figura 1).

CONCLUSAO

O laser 1940 nm mostrou-se muito seguro e efetivo,
em médio e longo prazo, para os parametros utilizados,
ou seja, poténcia média de 4,0 W e LEED acima de
30 J/em (média de 46,8 J/cm) paraa VSM e VSP com
até 10 mm de didmetro, independentemente da regiao
tratada. Pode ser realizado em regime ambulatorial
com anestesia local tumescente, com uma incidéncia
muito baixa de eventos adversos, sem relevancia
clinica e autolimitados.
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Medium and long-term outcomes of endovenous treatment of
varicose veins with a 1940nm diode laser: critical analysis and
technical considerations

Resultados de médio e longo prazo do tratamento endovenoso de varizes com laser de
diodo em 1940 nm: andlise critica e consideragées técnicas

Luiz Marcelo Aiello Viarengo'?, Gabriel Viarengo', Aline Meira Martins', Marilia Wechellian Mancini?,
Luciana Almeida Lopes’

Abstract

Background: Introduction of the endovenous laser technique for treatment of varicose veins triggered a efforts to
identify an ideal wavelength, capable of producing the highest possible selective damage with the greatest safety
and lowest incidence of adverse effects. Objectives: Assess medium to long term results of 1940nm diode laser
treatment of varicose veins, correlating parameters used with durability of the anatomic outcome. Methods: This was
a retrospective study of patients diagnosed with Chronic Venous Insufficiency at clinical stages CEAP C2 to C6 who
underwent thermoablative treatment of trunk varicose veins using a 1940nm wavelength laser with a radial emission
optical fiber, from April 2012 to July 2015. A systematic review was conducted of electronic medical records to obtain
demographic and clinical data, including postoperative follow-up duplex ultrasound findings. Results: The average
age of the 41-patient sample was 53.3 years and 37 patients were women (90.2%). The average follow-up time was
803 days. The average caliber of the treated veins was 7.8 mm. The immediate success rate was 100% with an average
LEED of 45.3 J/cm. The late success rate was 95.1%, and two recanalizations were observed around 12 months after
ablation. There was no recanalization in veins treated with a LEED greater than 30 J/cm. Conclusions: The 1940nm
laser proved to be safe and effective in venous segments up to 10 mm in diameter, with the parameters proposed,
over medium to long term time follow-up.

Keywords: laser; varicose veins; endovenous ablation; thermoablation.

Resumo

Contexto: Desde a introdugéo do laser endovenoso para tratamento das varizes, ha uma busca pelo comprimento
de onda ideal, capaz de produzir o maior dano seletivo possivel com maior seguranga e menor incidéncia de efeitos
adversos. Objetivos: Avaliar os resultados de médio e longo prazo do laser de diodo de 1940 nm no tratamento
de varizes, correlacionando os parametros utilizados com a durabilidade do desfecho anatémico. Métodos: Revisio
retrospectiva de pacientes diagnosticados com insuficiéncia venosa crénica em estagio clinico baseado em clinica,
etiologia, anatomia e patofisiologia (CEAP) C2 a C6, submetidos ao tratamento termoablativo endovenoso de varizes
tronculares, com laser com comprimento de onda em 1940 nm com fibra 6ptica de emissdo radial, no periodo de
abril de 2012 a julho de 2015. Uma reviséo sistematica dos registros médicos eletronicos foi realizada para obter dados
demograficos e dados clinicos, incluindo dados de ultrassom diplex, durante o periodo de seguimento pds-operatério.
Resultados: A média de idade dos pacientes foi de 53,3 anos; 37 eram mulheres (90,2%). O tempo médio de seguimento
foi de 803 dias. O calibre médio das veias tratadas foi de 7,8 mm. A taxa de sucesso imediato foi de 100%, com densidade
de energia endovenosa linear (linear endovenous energy density, LEED) média de 45,3 J/cm. A taxa de sucesso tardio foi
de 95,1%, com duas recanalizagdes por volta de 12 meses pds-ablagéo. Ndo houve nenhuma recanalizagéo nas veias
tratadas com LEED superior a 30 )/cm. Conclusées: O Jaser 1940 nm mostrou-se seguro e efetivo, em médio e longo
prazo, para 0s pardmetros propostos, em segmentos venosos com até 10 mm de diametro.

Palavras-chave: [aser; varizes; terapia a laser; técnicas de ablacéo.
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Varicose vein treatment with 1940nm diode laser

INTRODUCTION

At many different centers worldwide, endovenous
laser ablation (EVLA) has emerged as a standard for
treatment of venous insufficiency and as a minimally
invasive option for treatment of trunk varicose veins.
Since its appearance, there have been continuous efforts
to identify the ideal wavelength that will produce the
maximum possible selective damage with the greatest
margin of safety and the lowest incidence of adverse
events. Many different wavelengths and different types
of optical fibers have been tested in attempts to achieve
this objective.!® Several authors have demonstrated
that all of the wavelengths employed to treat varicose
veins are equally capable of producing the desired
anatomic results. The fundamental differences between
different wavelengths are related to occurrence of
adverse events.”!!

From the point of view of physics, the higher a tissue
or a chromophore’s coefficient of light absorption,
the greater the quantity of heat generated and the
more confined the zone in which heat is generated.
These principles indicate that a 1940nm laser would
offer advantages, because it acts on water’s second
largest absorption peak, theoretically increasing both
the efficacy and safety of the procedure.

Durability is an important long-term characteristic of
all vascular procedures. For varicose vein treatments,
recurrence rates are potentially a valuable measure for
assessing medium and long-term results of different
venous disease treatment modalities.'*'

The objectives of this study are to conduct a
retrospective analysis of the medium and long-term
results of endovenous treatment of varicose veins using
a 1940nm diode laser and to correlate the parameters
used during treatment with durability of anatomic
outcome (fibrotic occlusion or recanalization), clinical
improvement according to the CEAP classification,
and adverse events.

METHODS

A retrospective review was conducted of patients
diagnosed with chronic venous insufficiency at clinical
stages C2 to C6 on the clinical, etiology, anatomical,
and pathophysiology scale (CEAP), who had been
treated endovenously for trunk varicose veins at a
single center, using a laser with a wavelength of
1940nm (Medilaser, DMC, Sao Carlos, SP, Brazil),
National Agency for Sanitary Vigilance [ANVISA]
registration number 80030810129), with a radial
emission optical fiber, from April 2012 to July
2015. The objective was to analyze medium and
long-term results in terms of anatomic outcome
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(fibrotic occlusion, partial recanalization, and total
recanalization), clinical improvement on the CEAP
classification, and adverse events (pigmentation,
thrombophlebitis, venous thrombosis, paresthesias,
fibrous cord, and others). All data were anonymized.

The members of the study population were initially
identified by searching electronic records for patients
diagnosed with varicose veins, venous insufficiency,
or venous hypertension (with or without ulceration)
who had been treated with endovenous laser ablation
of trunk varicose veins at least 12 months previously
and had presented for the service’s routine clinical
and ultrasonographic control examinations (at 7 days,
30 days, 3 months, 6 months, 9 months, 12 months,
18 months, 24 months, and annually thereafter).
Patients with postthrombotic syndrome prior to
surgical treatment or with reflux in the deep vein
system were excluded.

Once approval had been granted by the Research
Ethics Committee (ruling number 1.693.514), a
systematic review was conducted of electronic
medical records to obtain demographic data and
clinical data, including duplex ultrasound findings
during the postoperative follow-up period.

The demographic data analyzed included age, sex,
race, and comorbidities. Clinical data included date
of procedure, preoperative clinical diagnosis (CEAP
classification), venous segment treated with laser
ablation, extension and mean caliber of the venous
segment treated, associated procedures, postoperative
pain measured on an analog visual scale (AVS),
intraoperative intercurrent conditions, immediate
postoperative intercurrent conditions (within 30 days),
late intercurrent conditions (with date of identification
and progression), laser parameters employed (power,
total energy and linear endovenous energy density
[LEED], CEAP clinical classification at last clinical
follow-up within study period, date of last follow-up
for calculation of follow-up in days) and, additionally,
information on the ultrasonographic findings from
the last follow-up appointment attended within the
study period, covering appearance of the ablated
vein (fibrotic, fibroelastic, thrombotic, completely
recanalized, partially recanalized, extension of
recanalized segment, and competence or incompetence
of saphenopopliteal and saphenofemoral junctions).

Statistical analysis

Data were compiled in a table on Excel® 2011,
version 14.3.6 (Microsoft, Redmond, WA, USA),
and analyzed using Bioestat, version 5.3 (Instituto
Mamiraua, Belém, PA, Brazil). Categorical variables
were expressed as absolute and relative values and



arranged in contingency tables. Quantitative variables
were analyzed using descriptive statistics and expressed
as means, standard deviations (SD), and maximum
and minimum values. Intragroup differences were
analyzed using Student’s ¢ test. Results with p values
< 0.05 were considered statistically significant.

RESULTS

A total of 152 patients were identified who had been
treated with thermoablation of trunk varicose veins
between April of 2012 and July of 2015 using lasers
of a number of different wavelengths. All procedures
were conducted by the same surgeon, who has a great
deal of experience with EVLA, in an ambulatory,
extra-hospital setting with ultrasound-guided perivenous
tumescent anesthesia combined with femoral nerve
block, also guided with ultrasound. Of these, 50 limbs
in 50 patients were treated with a 1940nm laser.
Nine of these 50 cases that fit the study objective
were excluded, two because follow-up records were
available for less than 12 months, four because of

Table 1. Patients’ demographic data (n = 41).

Mean age (range), years 53.3 (30-74)
Sex

Female 37 (90.2%)

Male 4(9.8%)
Skin color

White 34 (82.9%)

Black 7 (17.1%)
BMI (range) 26.1(18.6-43.1)
Family history of venous disease 36 (87.8%)
Smoking 4(9.8%)
Dyslipidemia 7 (17.1%)
Diabetes 3(7.3%)
SAH 7 (17.1%)
Obesity 5(12.2%)

BMI: body mass index; SAH: systemic arterial hypertension. Data are expressed
as absolute values (%), except where indicated otherwise.

Table 2. Preoperative clinical classification (CEAP).
C1 C2 c3 C4 cs5 c6

Overall (n = 41) 0 19 7 10 0 5
GSV* (n = 34) 0 18 6 8 0 2
SSV** (n =7) 0 1 1 2 0 3

CEAP: clinical, etiology, anatomical, and pathophysiology; GSV: great
saphenous vein; SSV: small saphenous vein. * Patients with GSV incompetence
only. ** Patients with SSV incompetence only.

Table 3. Anatomic parameters of veins ablated.

Luiz Marcelo Aiello Viarengo, Gabriel Viarengo et al.

postthrombotic syndrome prior to treatment, and three
because of incomplete follow-up and data.

There were 37 (90.2%) female and 4 (9.8%) male
patients and mean age was 53.3 years (range: 30 - 74 years;
SD: 12.4 years). Mean number of gestations among the
women was 2.2 (range 0 - 9; SD: 1.71). All demographic
data are summarized in Table 1.

A total of 34 great saphenous veins (GSVs)
(82.9%) and seven small saphenous veins (SSVs)
(17.1%) were treated in 41 limbs of 41 patients,
19 right limbs (16 GSVs and 3 SSVs) and 22 left
limbs (18 GSVs and 4 SSVs). Preoperative CEAP
clinical classifications are summarized in Table 2.
The anatomic parameters of the venous segments treated
and the laser parameters employed are summarized
in Tables 3 and 4 respectively.

Primary ablation was achieved in 100% of cases.
In all patients, phlebectomy of tributaries and varicose
branches was conducted as a supplementary procedure.
There were no intraoperative complications.

The mean length of postoperative follow-up was
803 days, varying from 467 to 1,360 days (SD: 291.3).

Intraoperative pain was rated on an AVS ranging
from 0 to 10 (where 0 indicated “free from pain” and
10 “intense pain”). Twenty-three patients reported “free
from pain” (56.1%), 17 patients (41.5%) chose “mild
pain” (up to 3 points on the AVS), and one patient
(2.4%) reported “moderate pain” (4 to 6 points on the
AVS). In all cases, pain was related to phlebectomy.

Two recanalizations were observed during the
follow-up period, one was a recanalization of the
entire extension of a GSV (case 1), detected 421 days
postoperatively; and the other was a recanalized
infragenicular segment of a GSV (case 2), detected
342 days postoperatively (Table 5).

No recanalizations or treatment failures were
observed in SSVs. Among the anatomically successful
saphenous veins treatments (GSV + SSV), mean
LEED was 46.8 J/cm (varying from 30.7 J/cm to
104.7 J/em).

Overall success rate (permanent occlusion of trunk
veins) was 95.1% over the follow-up period. In all
of the cases of late post-ablation anatomic success,
the ultrasonographic findings recorded at the last
medical examination describe competence of the
saphenofemoral and saphenopopliteal junctions, trunk

Mean @ (mm) Range (mm) sD Extension ablated (cm) Range (cm) SD
GSV 7.82 (62 t0 10.4) 1.08 48.1 (29 to 80) 119
SsV 7.14 (5.0 t0 10.5) 2.03 243 (15 to 34) 62

GSV: great saphenous vein; SSV: small saphenous vein; SD: standard deviation.
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veins occluded, with fibrotic appearance and a very
reduced caliber, and difficult to identify (Figure 1).

In the two cases that progressed to recanalization (two
female patients with GSV incompetence), postoperative
ultrasonographic findings prior to identification of the
recanalization described saphenofemoral junction
incompetence, GSV occluded with predominantly
hypoechogenic content, and venous retraction of less
than 50% of the initial diameter.

Adverse events were mild and self-limiting, with
spontaneous resolution occurring from 10 days to
6 months after the procedure (Table 6). Additionally,
39 patients (95.1%) achieved and maintained to the
last examination an improvement in CEAP clinical
classification, compared with their initial clinical
classifications.

DISCUSSION

Currently, EVLA is considered the gold standard
for treatment of insufficiency of superficial trunk veins
in both the United States and the United Kingdom

Table 4. Laser treatment parameters.

and is recommended as the first-choice treatment.'6'3
Many different studies have demonstrated the elevated
efficacy of endovenous thermoablation, with high rates
oftechnical success and low levels of complications,
particularly when a laser with a wavelength (L) of
1470nm is used in combination with a radial emission
optical fiber.'?

In addition to the well-established diode laser with
emission wavelength of 1470nm (active medium:
InGaAsP), new semiconductor diode-based lasers
with wavelengths of interest have been emerging,
including emission wavelengths centered on 1908nm,
1920nm, and 1940nm (active medium: AlGaln).®%
The practical advantages of these wavelengths
are also because of the high degree of absorption
of laser light by the interstitial water in the vein
walls, which can be illustrated by their respective
absorption coefficients (u ") for this chromophore
(Table 7).>* It can be considered that delivering laser
light to the vein wall via a radial fiber at a A in the
region of 1940nm is an incremental development
over the current state-of-the-art technique for laser

Mean power (W) Range (W) SD Mean LEED (J/cm) Range (J/cm) SD
GSV 41 (35 t0 7.0) 06 455 (15 to 104.7) 15.9
SsV 3.86 (3.0t0 4.0) 038 459 (35.8 t0 54.6) 7.52
Overall 406 (3.0 t0 7.0) 057 453 (15 to 104.7) 14.8
GSV: great saphenous vein; SSV: small saphenous vein; SD: standard deviation; LEED: linear endovenous energy density.
Table 5. Cases with late postoperative recanalization.
" Vein Mean PO diameter Power employed Mean LEED
Time (days) CEAP treated (mm) w) (J/cm) BMI
Case 1 421 c3 GSvV 8.1 35 19.0 28.1
Case 2 342 (€9 GSvV 9.0 5.0 15.0 29.6

GSV: great saphenous vein; BMI: body mass index; PO: preoperative.

Figure 1. Fibrotic appearance of the great saphenous vein at the arch, 1,360 days after endolaser ablation (arrow). CFV = common
femoral vein; GSV = great saphenous vein; SF] = saphenofemoral junction.
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endovenous thermoablation, which is the 1470nm
laser with irradiation via a radial fiber.

The important advantages for endovenous ablation
effectively offered by wavelengths within the near
infrared (NIR) region of the optical spectrum are
their high coefficients of absorption by water and
the resultant shallow depth of penetration through
tissues (which constrains the zone in which heat is
generated in the tissues exposed to laser radiation).
The higher the value of the absorption coefficient
in a chromophore (in this case, water in tissues),
which is a function of A, the greater the quantity of
heat generated for a given amount of optical energy
supplied, the shallower the penetration (increasing
safety), and, therefore, the lower the quantity of
energy that is needed to produce the thermal damage
intended (thermoablation).?

If we compare the Y (A) values offered by the
new wavelengths with the figure for 1470nm, we find
that py*< (1940nm) is 4.83 times the py*" (1470nm).
Comparing the 1940nm and 980nm wavelengths,
a laser at A = 1940nm has an absorption in water
approximately 266 times greater than a laser at
A=980nm and 4.8 times greater than the absorption in
water of a laser at L = 1470nm (Table 7).% The higher

Table 6. Adverse events.

Adverse events n (%)
Pigmentation along vein trajectory 4(9.75%)
Fibrosis/induration along vein trajectory 2 (4.87%)
Transitory paresthesia 3 (7.30%)
Class | EHIT * 1(2.43%)
Class Il EHIT * 1(2.43%)
Class Il EHIT * 0
Class IV EHIT * 0
DVT/PTE 0
Superficial thrombophlebitis 0
Infection 0

EHIT: endothermal heat-induced thrombosis; DVT: deep venous thrombosis;
PTE: pulmonary thromboembolism. * Classification described by Kabnick et al.”

Luiz Marcelo Aiello Viarengo, Gabriel Viarengo et al.

absorption coefficient means that the LEEDs needed
when treating with a 1940nm laser are lower than
those needed to achieve thermal ablation with a
980nm or even a 1470nm laser. Additionally, the
values for effective optical penetration in water for
1470nm and 1940nm, based both on absorption and
scattering processes, are approximately 220 pand 48 p
respectively, in contrast with a value of approximately
3.0 mm for 980nm.>*2627

Based on these facts, endovenous laser ablation at
1470nm, conducted by homogeneous tissue irradiation
(with a radial fiber) with the vein wall as the direct
target (chromophore: interstitial water) was indeed
amajor breakthrough for endolaser techniques, with
impacts on minimization of the adverse effects inherent
to the technique performed with other types of lasers
(808, 810, 940 and 980nm, for example).?11-20-2¢8
In turn, conducting the technique with a radial fiber
and A = 1940nm is an incremental development of
the state-of-the-art in laser thermal ablation.

In this retrospective analysis, the high rates of
anatomic success (obliteration), both immediate
(100%) and late (95.1%), can be explained from a
theoretical perspective on the basis of the principles
outlines above, which are applicable in the same way
as with the 1470nm wavelength, producing similar
reSultS . 10,11,20,29,30

One interesting feature that should be borne in
mind in relation to the laser with a A of 1940nm,
compared with the laser at a A of 1470nm, is that its
light is absorbed almost five times more by water
and it has an effective depth of optical penetration
that is around one quarter of the penetration of the
1470nm laser.>**?" This is because the greater the
absorption of the photons from a laser by a given
target containing absorbent chromophores, the greater
the quantity of heat generated and the more restricted
the zone of heat generation, i.e., it is absorption of
the photons from the laser by chromophores in the
tissue that causes the tissues to heat up (absorptive
heating). Absorptive heat (J/cm®), generated in situ, is

Table 7. Coefficient of absorption in water in the NIR band of the electromagnetic spectrum.*

Relative absorption:

Relative absorption:

Relative absorption: Relative absorption:

% (nm) Laser Huneer (€7 1940nm 1910nm 1470nm 980nm
808  AlGaAs diode 0.02 5,991.50 4,517.00 124075 22550
975  InGaAs diode 045 26629 20076 55.14 1
1064 Nd:YAG 0.12 998.58 752.83 206.79 3.75
1470 InGaAsP diode 24815 4.83 3.64 1 0018
1910 AlGalndiode 9034 133 1 027 0.005
1940  AlGalndiode  119.83 1 0.75 021 0.004
2100 Ho:YAG 2693 445 3.35 092 0017

A: wavelength; i, - coefficient of absorption in water.
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proportional to the coefficient of absorption p, (cm™)
multiplied by the irradiance (W/cm?) and linearly
dependent on exposure time.?>!

While the heat produced in the tissue, from the optical
energy absorbed and released as heat, is dependent
on the optical properties of the tissues and on the
parameters of irradiation, such as irradiance and exposure
time, the process of conductive thermal diffusion is
responsible for transmission (flow) of heat generated
locally (flow of heat from a higher-temperature region
to a lower temperature region).? In other words, the
parameter that governs the entire interaction between
laser and tissue, in relation to lasers that work by
photothermal effects, is temperature. The greater the
absorption of photons by the chromophore, the greater
the quantity of heat generated and the more spatially
restricted that generation of heat is; however, once
generated, the heat diffuses from the site of generation
to cooler areas. The result is that the nature and
extent of thermal damage will depend on the optical
properties of the tissue (scattering and absorption),
the thermal properties of the tissue (specific heat and
thermal conductivity) and also, very strongly, on the
parameters of exposure to the laser (power density,
exposure time, and energy density).

Thermal damage to collagen plays a preeminent
role in endovenous ablation, affecting short and long-
term results. Biesman®? demonstrated that collagen
contracts at temperatures close to 50°C, but that
coagulation necrosis only occurs at temperatures
from 70 to 100°C. Only administration of a relatively
high energy per unit of length results in sufficiently
high temperatures to cause denaturing of collagen.™

During endovenous laser ablation, intraluminal
temperatures can rise to over 100°C,%3** and these
temperature profiles are independent of wavelength,
i.e. use of different wavelengths does not influence
the endovenous temperature profile.?®3¢ On the
other hand, considering that the optical and thermal
properties of the tissues, in this case, are the same,
the temperature is strongly influenced by the laser
exposure parameters.

To a certain extent, these considerations provide
a rational explanation for the two technical failures
observed in this review study. In both cases, the
power employed (Table 5) was similar to the mean
power (4.1 W) employed in the other cases (Table 4).
Additionally, the mean diameter of the venous
segment treated did not differ significantly from the
mean diameters of the venous segments for which
treatment was successful over the medium and long
term (Tables 3 and 5). The only parameter that was
different from the successful cases was LEED, at a
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mean of 17 J/cm in the recanalization cases, compared
to 46.8 J/cm in cases in which anatomic success was
achieved, which is a statistically significant difference
(p=0.0041).

As already mentioned, denaturing of collagen
occurs at temperatures from 70 to 100°C; therefore, it
is necessary to administer sufficient energy during the
ablation process to generate high enough temperatures to
make the process effective.*® In both the cases in which
there was recanalization (at approximately 12 months
after endovenous treatment), it is probable that the
quantity of energy delivered (mean LEED =17 J/cm)
was not enough to increase the temperature to the
point at which denaturing of collagen would occur.
This insufficient increase in temperature was translated
into the ultrasonographic findings described, which
were very different from the findings observed in
cases with anatomic success.

None of the case treated with a 1940nm A laser
using a LEED greater than 30 J/cm (mean: 46.8 J/cm)
for a maximum diameter of 10 mm resulted in
treatment failure detected during the follow-up period
(mean: 803 days). The incidence of adverse events
was very low, and all of those that did occur were not
clinically relevant and were self-limiting.

At this point, it is absolutely necessary to understand
the concept of molar extinction, which is a substance’s
capacity to absorb light of a given wavelength.®
Since the coefficient of molar extinction is similar for
water and blood, when a laser with a wavelength of
1470nm or 1940nm is used, it is important to empty
the vein of intraluminal blood,** because otherwise
the majority of the energy will be absorbed by the
intraluminal blood, leading to thrombotic occlusion
and possible recanalization after a few months 2733373

This statement is based on a study by Vuylsteke et al., >4
that assessed the role played by blood in the results
of endovenous treatment with a 1500nm laser,
histologically evaluating the degree of destruction of
the vein wall. The study concluded that the volume
of intraluminal blood results in a reduction of vein
wall destruction. Tumescent infiltration of liquid
reduces the quantity of intraluminal blood, resulting
in an increase in vein wall destruction, in addition to
acting to dissipate the heat, preventing destruction
of perivenous tissues.* According to the authors, the
influence of tumescence on venous diameter is more
important than the Trendelenburg position.

In summary, the final objective of treating varicose
veins with laser ablation is to eliminate pathological
reflux of blood by durable or permanent occlusion
of the vein lumen. In general, this can be achieved
by shrinking the vein until the lumen disappears



completely or by substantial damage to the endothelium
and the internal wall of the vein, leading to secondary
occlusion of the lumen by a clot, in a similar manner
to the effect produced by sclerosing agents. Substantial
transfer of heat to the vein wall reduces on significant
shrinkage of its collagen fibers, with a consequent
reduction in the lumen. The magnitude of parietal
shrinkage appears to be important because the
lumen that remains after laser treatment is subject
to occlusion by clot formation. Later, this clot may
be subject to recanalization and it can be supposed
that the greater the diameter of the clot, the greater
the risk of recanalization later.>** Ideally, after
laser thermal ablation, thrombotic occlusion of the
saphenous vein is substituted by a fibrous cord that
can often by detected by ultrasound, even years after
the procedure (Figure 1).

CONCLUSIONS

The 1940nm laser proved to be very safe and
effective over the medium and long term with the
parameters employed, i.e. a mean power of 4.0 W
and a LEED greater than 30 J/cm (mean of 46.8 J/cm)
for GSVs and SSVs with diameters of up to 10 mm,
irrespective of the region treated. It can be conducted in
an ambulatory setting using tumescent local anesthesia,
with a very low incidence of adverse events, which
are without clinical relevance and are self-limiting.
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