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Desenvolvimento de modelo clinico para predicao da possibilidade
de identificacao da artéria de Adamkiewicz por angiotomografia

Development of a clinical model to predict the likelihood of identification of the
Adambkiewicz artery by angiotomography

Alexandre Campos Moraes Amato'?, José Rodrigues Parga Filho®, Noedir Anténio Groppo Stolf*

Resumo

Contexto: Diferencas morfoldgicas da artéria de Adamkiewicz (AKA) entre a populacdo portadora e ndo portadora de doenca
adrtica tém importancia clinica, influenciando as complicagdes neuroisquémicas da medula espinhal em procedimentos
operatérios. Ainda ndo é conhecida a correlagéo entre parametros clinicos e a previsibilidade da identificagio dessa artéria pela
angiotomografia. Objetivo: Desenvolver um modelo matematico que, através de parametros clinicos correlacionados com
aterosclerose, possa prever a probabilidade de identificacio da AKA em pacientes submetidos a angiotomografias. Método: Estudo
observacional transversal utilizando banco de imagens e dados de pacientes. Foi feita andlise estatistica multivariada e criado
modelo matematico logit de predicio para identificagdo da AKA. Variaveis significativas foram utilizadas na montagem da
formula para calculo da probabilidade de identificagdo. O modelo foi calibrado, e a discriminagéo foi avaliada pela curva receiver
operating characteristic (ROC). A selegao das variaveis explanatérias foi guiada pela maior area na curva ROC (p = 0,041) e pela
significincia combinada das variaveis. Resultados: Foram avaliados 110 casos (54,5% do sexo masculino, com idade média de
60,97 anos e etnia com coeficiente B -2,471, M -1,297, N -0971), com AKA identificada em 60,9%. Indice de massa corporal:
27,06 + 0,98 (coef.-0,107); fumantes: 55,5% (coef. -1,614/-1,439); diabéticos: 13,6%; hipertensos: 65,5% (coef. -1,469); dislipidémicos:
58,2%; aneurisma aortico: 38,2%; dissecgdo adrtica: 12,7%; e trombo mural: 24,5%. Constante de 6,262. Formula para

calculoda probabilidade de detecciio: (e—(c(;ef. Etnia+(Coef . IMCxIMC )+Coef . fumante-+Coef .HAS +Coef dislip+Cons tan te) N l)’l O modelo de
predicao foi criado e disponibilizado no link https://vascularpro/aka-model. Conclusao: Com as covariaveis etnia, indice
de massa corporal, tabagismo, hipertensao arterial e dislipidemia, foi possivel criar um modelo matematico de predicéo de
identificagdo da AKA com significancia combinada de nove coeficientes (p = 0,042).
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Abstract

Background: There are clinically important morphological differences in the Adamkiewicz artery (AKA) between populations
that doand do not have aortic disease and they have an influence on the neuroischemic complications involving the spinal cord
during surgical operations. It is not yet known whether clinical parameters correlate with the predictability of identification of
theartery using angiotomography. Objective: To develop a mathematical model that by correlating clinical parameters with
atherosclerosis enables prediction of the probability of identification of the AKA in patients examined with angiotomography.
Method: This is a cross-sectional, observational study using a patient database and image bank. A multivariate statistical
analysis was conducted and a logit mathematical model was constructed to predict AKA identification. Significant variables
were used to build a formula for calculation of the probability of identification. This model was calibrated and its power of
discrimination was assessed using receiver operating characteristic (ROC) curves. Selection of explanatory variables was based
on largest area under the ROC curve (p = 0.041) and combined significance of variables. Results: A total of 110 cases were
analyzed (54.5% were male, mean age was 60.97 years, and ethnicity coefficients were white -2.471, brown -1.297, and black
-0971) and the AKA was identified in 60.9%. Body mass index: 27.06 + 098 (coef. -0.101); smokers: 55.5% (coef. -1.614/-1.439);
diabetes: 13.6%; hypertension: 65.5% (coef. -1.469); dyslipidemia: 58.2%; aortic aneurysm: 38.2%; aortic dissection: 12.7%; and

mural thrombus: 24.5%. The constant was 6.262. The formula for calculating the probability of detection is as follows:

—(Coef . Etnicity+(Coef .BMIxBMI )+ Coef smoker+Coef SAH +Coef dyslip+Constant) - .
(e (Coef - Etnicty+(Coef BMIxBMI + Cocf smoker:+Coef o¢f dyslip+Cons tan )+1) ' The prediction model was constructed and

made available at: https://vascularpro/aka-model. Conclusions: Using the covariates ethnicity, body mass index, smoking,
arterial hypertension, and dyslipidemia, it proved possible to create a mathematical model for predicting identification of
the AKA with a combined significance of nine coefficients (p = 0.042).
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INTRODUGAO

O estudo das diferengas morfologicas da artéria de
Adamkiewicz (AKA) entre a populacdo de portadores
e ndo portadores de doenga tem importancia clinica,
pois pode influenciar as complicagdes neuroisquémicas
da medula espinhal em procedimentos operatorios.
Pode também auxiliar a estabelecer a importancia
de se preservar essa artéria em cirurgias aorticas e
neurologicas, diminuindo o risco de isquemia medular'-.

As artérias intercostais e lombares que alimentam
a medula espinhal originam-se da aorta. As artérias
lombares e intercostais dividem-se trés vezes antes de
alcangar a medula espinhal. A ultima bifurcagdo do
ramo espinhal é constante para o suprimento anterior ¢
posterior do canal vertebral, somente em alguns niveis.
Geralmente, uma das artérias radiculares anteriores €
dominante perante as outras em calibre e ¢ chamada
de artéria radicular anterior magna ou AKA?.

O conhecimento da irrigacao da medula espinhal é
importante no planejamento terapéutico das doencas
aorticas; porém, sua vasculatura ¢ complexa e dificil
de estudar devido ao pequeno calibre de suas artérias,
que correm em uma intrincada rede tridimensional
com grande variabilidade anatdmica®* (Figura 1).
A auséncia de um consenso sobre o exame de imagem
padrdo-ouro também dificulta a comparagao dos
métodos de imagem existentes.

As diferengas na importancia da AKA na irrigagdo
medular entre as doengas, como aneurismas, disseccoes,
presenga de trombo mural e outras, também nao
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sdo conhecidas, embora essa seja a populacao mais
propensa a necessidade de tratamento cirtirgico e,
consequentemente, mais exposta ao risco de isquemia
medular. Foi demonstrado que a prépria doenga adrtica
pode alterar a visualizagdo da irrigagdo medular®.
Apesar do conhecimento dos fatores que influenciam a
identificagdo da irrigacdo medular na angiotomografia,
o efeito concomitante deles nao ¢ conhecido.

OBJETIVO

Criar um modelo matematico de predigdo para
a identificacao ou ndo da AKA na angiotomografia
utilizando variaveis clinicas.

METODO

Casuistica

Realizamos um estudo observacional transversal
envolvendo banco de dados e imagens de estudo
prévio® em pacientes portadores ou ndo de doenca
aortica, submetidos a angiotomografia entre outubro
de 2011 e julho de 2012.

Nesse periodo, no Instituto do Corag@o do Hospital
das Clinicas da Faculdade de Medicina da Universidade
de Sao Paulo (InCor-HC-FM-USP), foram realizadas
128 angiotomografias de aorta no equipamento
Aquilion One (Toshiba™, Medical Systems, Otawara,
Japdo) no departamento de diagnostico por imagem.
Dessas, 110 foram consideradas elegiveis, com base
nos critérios de inclusdo e exclusao.

a. espinhal anterior

Artéria de
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Figura 1. Representagdo anatdmica ilustrada da irrigacdo medular com remogéo do corpo vertebral anteriormente.
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Os critérios de inclusdo utilizados foram os
seguintes: pacientes que realizaram angiotomografia
de aorta no equipamento Aquilion One seguindo
protocolo predefinido, independentemente do motivo
da realizacdao do exame; pacientes que aceitaram a
realizacdo da angiotomografia de aorta, caso nao
tivesse sido solicitada pelo médico de origem, como
complemento do exame.

Os critérios de exclusdo utilizados foram: pacientes
que realizaram cirurgia prévia de aorta descendente;
pacientes portadores de doengas incomuns que
pudessem comprometer os resultados devido a
presenca de circulagdo colateral (Takayasu, coarctagdo
aortica); pacientes paraplégicos ou tetraplégicos;
alergia conhecida a contraste radioldgico; inclusdao
concomitante em outro estudo que interferisse no
protocolo; pacientes com hematoma intramural e
ulcera penetrante aortica; idade menor que 25 anos
para homogeneidade da amostra; falha técnica na
opacificagdo da aorta.

Procedeu-se a analise prospectiva de angiotomografias
realizadas em pacientes de rotina em ambulatdrio,
por meio do software open source OsiriX® (Pixmeo,
Genebra, Suica)®. A analise das imagens foi cega;
o avaliador ndo tinha conhecimento do motivo da
realizagdo do exame ¢ a avaliagdo da presenca de doenga
adrtica somente foi realizada em um segundo ciclo de
avaliagdo das imagens, também sem conhecimento
da identificacdo ou nao da AKA.

A angiotomografia seguiu o padrio preestabelecido:
as imagens foram adquiridas no mesmo aparelho
Aquilion One de 320 detectores, com software
para deteccao helicoidal com 80 a 160 detectores,
seguindo protocolo de fase arterial contrastada por
100 a 110 mL de contraste ndo idnico tri-iodado
administrado por via intravenosa em 30 s com bomba
injetora, na velocidade de 4 a 5 mL/s, com gatilho
configurado para maior concentragio de contraste em
aorta descendente com limiar (threshold) de 150 HU.
Os parametros técnicos do método angiotomografico
seguiram a recomendagdo das diretrizes de diagnostico
e tratamento de doengas adrticas’.

Foi realizada a estratificacdo das seguintes
caracteristicas dos pacientes: sexo, idade, grupo
étnico, peso, altura e indice de massa corporal (IMC).
A presenca ou nao da artéria espinhal anterior, a
presenca ¢ localizagdo da AKA e a presenca ou nao
de doenga aértica, trombo e dissec¢ao foram avaliadas
por observador Unico ¢ experiente diretamente nas
imagens de maior qualidade raw DICOM do exame
do paciente. Secundariamente, foram avaliados os
fatores de risco dicotomicos relacionados as doengas
adrticas: diabetes melito, sindrome metabolica,
hiperlipidemia e hipertensdo arterial. A variavel
tabagismo foi avaliada como fumante, ex-fumante
e ndo fumante.

Alexandre Campos Moraes Amato, José Rodrigues Parga Filho et al.

Os dados sociodemograficos foram obtidos nos
prontudrios e por contato direto com os pacientes e
seus familiares: idade, sexo € etnia. A etnia foi definida
pela cor relatada pelo participante e considerada
autoavaliagdo. Varia¢des multirraciais autodeclaradas,
como mulato e mestico, foram entendidas como pardo.
Permitiu-se ignorar a pergunta.

A coleta dos dados se deu a partir da anamnese
dos pacientes, de informagdes obtidas nos prontuarios
e por contato telefonico com familiares quando
necessario. Os seguintes pardmetros foram avaliados:
peso, altura e IMC. Peso ¢ altura foram aferidos
em balanca antropométrica; o IMC foi calculado
pela féormula: peso (em quilogramas) dividido por
altura elevada ao quadrado (em metros). Tabagismo:
considerou-se tabagista atual o individuo que fumou
um ou mais cigarros nos ultimos 30 dias e ex-tabagista
quem fumou ha mais de 30 dias. Diabetes melito
(DM): foram considerados diabéticos aqueles que
faziam uso prévio de hipoglicemiante oral e/ou
insulina, ou com duas dosagens de glicemia de
jejum > 126 mg/dL. Hipertensdo arterial sistémica
(HAS): foram considerados hipertensos pacientes
em uso de anti-hipertensivo e aqueles com pressao
arterial sistélica (PAS) acima de 140 mmHg e/ou
pressao arterial diastélica (PAD) acima de 90 mmHg.
Dislipidemia: foram considerados dislipidémicos
aqueles pacientes em uso de hipolipemiantes
e/ou elevagdo de colesterol de lipoproteina de baixa
densidade (LDL-C > 160 mg/dL) e/ou elevacdo de
triglicérides (TG > 150 mg/dL) e/ou colesterol de
lipoproteina de alta densidade (HDL-C) <40 mg/dL
para homens e < 50 mg/dL para mulheres®. Sindrome
metabolica: o diagnostico de sindrome metabdlica
foi estabelecido segundo critérios da Federagao
Internacional de Diabetes. Inclui a presenga de
obesidade abdominal como essencial e dois ou mais
dos seguintes critérios: triglicérides > 150 mg/dL;
HDL-C <40 mg/dL para homens e < 50 mg/dL para
mulheres; PAS > 130 mmHg e/ou PAD > 85 mmHg
ou tratamento para hipertensdo; glicemia de jejum
> 100 mg/dL ou tratamento para diabetes melito®.

O método de identificagdo da AKA ja foi utilizado
pelo autor, publicado e validado previamente®®, ¢ o
video explicativo da técnica esta disponibilizado em
http://vascular.cc/aka.html.

Analise estatistica

As informacgdes obtidas a partir da anamnese ¢ dos
prontudrios dos pacientes foram digitadas em um banco
de dados online seguro (GoogleDocs®). Apds a verificagdo
da consisténcia dos dados, procedeu-se a andlise
descritiva de cada grupo de pacientes.

A analise estatistica multivariada dos dados foi
efetuada utilizando o sofiware Wizard 1.9.7 (Evan Miller,
Chicago, US). Area da curva caracteristica de operagio
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do receptor (receiver operating characteristic, ROC)
maior que 0,7 foi considerada um bom modelo ¢ maior
que 0,85 foi considerada um excelente modelo. Optou-se
pelo modelo logit pelo desfecho bindrio, buscando
significancia com p < 0,05. Apos a criagao do modelo,
foi criada uma férmula de predigio para a variavel de
desfecho. A formula de predicao calcula o valor esperado
do desfecho (identificagdo ou ndo da AKA) baseada
nas variaveis iniciais selecionadas que preencheram os
critérios para a area da curva ROC maior que 0,7.
Considerando a amostra global, a Tabela 1 lista
as variaveis coletadas e as analises preliminares do
banco de dados ja publicados®”. Foi selecionado como
desfecho a identificacdo ou nao da AKA pelo método
proposto. O conhecimento prévio da influéncia da
massa corporal, da doenga arterial e da aterosclerose
guiou a eleigdo inicial das covaridveis explanatorias.
Foram mantidas as covaridveis com o coeficiente
significativamente diferente de zero para o nivel de
10% e, assim, etnia, tabagismo, IMC, hipertensdo
e dislipidemia foram escolhidas para a criacdo do

Tabela 1. Dados sociodemograficos da populagéo estudada.

modelo de predicao (Tabela 2). A selecao das varidveis
explanatorias foi guiada pela maior area da curva
ROC (Figura 2A) e pela significancia combinada das
variaveis (Figura 2B), de modo que o equilibrio em
numero de variaveis explanatdrias, sem excesso, €
maior influéncia na ROC fosse atingida.

Tabela 2. Significincia da variavel no modelo estudado e
coeficientes de influéncia das variaveis no desfecho.

Variavel . Standard s A
explanatéria Coeficiente error p Significancia
Etnia 0,0677 *
Branco -2,471 (1,264)  0,0505 *
Mulato 1,297 (1,329)  0,3291
Negro -0,971 (1,597)  0,5433
IMC -0,101 (0,055)  0,0664 *
Fumante 0,0196 .
Sim 1,614 (0,801)  0,0439 w*
Ex -1,439 0,595)  0,0156 w*
HAS 1,469 (0,604)  0,0150 **
Dislipidemia 0,97 (0,555)  0,0806 *
Constante 6,262 (2,018) 0,0019 ok

Caracteristica N=110
Sexo Masculino 60 (54,5%)
Feminino 50 (45,5%)
Idade Média 60,97 £ 2,34
IMC Média 27,06 + 0,98
Etnia Amarelo 6 (6,8%%)
Branco 55 (62,5%)
Pardo 21(23,9%)

Negro 6(6,8%)
AKA Sim 67 (60,9%)
Nao 43 (39,1%)
Fumante Sim 61 (55,5%)
Nio 32 (29,1%)
Ex 17 (15,5%)
Diabetes Sim 15 (13,6%)
Nio 95 (86,4%)
HAS Sim 72 (65,5%)
Nio 38 (34,5%)
Dislipidemia Sim 46 (58,2%)
Nio 64 (41,8%)
Sindrome meta- Sim 25 (22,7%)
bélica Nio 85 (77,3%)
Aneurisma de aorta Sim 42 (38,2%)
Nio 68 (61,8%)
Dissecgdo de aorta Sim 14 (12,7%)
Nio 96 (87,3%)
Trombo mural Sim 27 (24,5%)
Nio 83 (75,5%)

AKA, artéria de Adamkiewicz; HAS, hipertensdo arterial sistémica; IMC, indice

de massa corporal.

22 ) VascBras. 2018 Jan.-Mar; 17(1):19-25

*Coeficiente significativamente diferente de zero no nivel de 10%; **Coeficiente
significativamente diferente de zero no nivel de 5% **Coeficiente
significativamente diferente de zero no nivel de 1%. HAS, hipertensao arterial
sistémica; IMC, indice de massa corporal.

Receiver operating characteristic

a 1.0

True Positive Rate (Sensitivity)
X
N

False Positive Rate (1 — Specificity)
b ["] Area Under Curve — 0.8039

Combined significance test for 9 selected coefficients p=00415

2(9) =17.493

Figura 2. (a) Curva caracteristica de operacdo do receptor
(ROC). Quanto maior a area, melhor o ajuste (1,0 = perfeito;
0,5 = aleatério). Area sob a curva de 0,8039; (b) Distribuicio t usada
no teste da hipdtese centrado no ponto da estimativa, com teste
de significancia para nove covariaveis selecionadas, resultando
em p = 0,0415.



Essa investiga¢ao foi realizada de acordo
com os principios da Declaragdo de Helsinki.
Este estudo foi aprovado pela Comissdo Cientifica
do Instituto do Coracdo (InCor) da Universidade
de Sio Paulo e pelo Comité de Etica e Pesquisa
do HC-FMUSP em 05/05/2010 sob o niimero de
referéncia 0089/10. Esté registrado no Sistema
Nacional de Informagdes sobre Etica em Pesquisa
(SISNEP) envolvendo seres humanos da Comissao
Nacional de Etica em Pesquisa (CONEP) sob o
nimero 0088.0.015.000-10. Todos os pacientes ou
responsaveis foram esclarecidos sobre o objetivo
deste estudo e concordaram e assinaram o termo
de consentimento livre e esclarecido, sendo que
a atual analise dos dados estava contemplada na
permissao.

RESULTADOS

AférmulaparacalculodaprobabilidadededetecgdodaAK A

Coef Etnia+(Coef.IMCxIMC)+ Coef . fumante'+ Coef HAS +Coef dislip+ Cons tante) B!

@
permite a criagdo de modelo de predi¢ao criado e
exportado para planilha Excel (Figura 3). A constante e
os coeficientes de influéncia das variaveis selecionadas
para calculo do desfecho sdo apresentados na Tabela 2.
Apo6s formatagdo e envio para servico online, o
modelo foi publicado para utilizagdo geral no site
https://vascular.pro/aka-model. As variaveis permitem
amudanga em tempo real e calculam a probabilidade

de identificacdo da AKA.

Alexandre Campos Moraes Amato, José Rodrigues Parga Filho et al.

DISCUSSAO

A isquemia medular é uma complicacdo da cirurgia
adrtica que, apesar de ndo ser frequente, ¢ devastadora
e merece ser estudada’. O estudo in vivo da AKA ¢é
prejudicado, pois 0 método considerado padrdo-ouro,
a angiografia, apresenta complicagdes graves em
uma frequéncia inaceitavel atualmente: 8,2% para
complicagdes locais, 3,7% para ndo neurologicas
e 2,2% para neurologicas'®, além de néo apresentar
detecgdo de 100% dos casos (sem doenga adrtica:
68%!%; com doenga adrtica: 60%!'").

As caracteristicas angiotomograficas da AKA
na populacdo ndo portadora de doenca aortica e
portadora de doenca aortica foi estudada previamente
pelo autor®®. O aprofundamento do conhecimento da
irrigagdo medular deve alterar e subsidiar a criagdo de
novas estratégias de prevencao de isquemia medular
durante a cirurgia aértica e outros procedimentos
neurocirurgicos. Boll et al. analisaram 100 exames
de pacientes portadores de neoplasia pancreatica
e aplicaram um algoritmo grafico modificado de
reconstrucao de imagens de vasos cerebrais. A AKA
foi visualizada em todos os casos, mas nao podemos
estabelecer se a alta detecgdo foi devida a auséncia de
doenga adrtica ou ao diferente método de processamento
de imagens'?.

A identificagdo da AKA na literatura, por meio de
tomografia computadorizada, ¢ possivel em torno de
70% dos casos analisados'*%12, sendo que a causa da
ndo identificag@o no restante ndo ¢ clara. Foi sugerida
ainfluéncia da aterosclerose, trombo mural, dissec¢do
e massa corporal®?,

A B C
1 variable prediction 1
2 |etnia (B -
3 IMC 36,594
4 fumante 0
5 'has 0
6 | dislip. 0
7
8 Predicted chance AKA =0 47,97%
9 Predicted chance AKA =1 52,03%
10

Figura 3. Aparéncia simplificada do modelo de predicdo de identificagdo da AKA em planilha eletrénica comum. Interface de

coleta de dados para o calculo da probabilidade do desfecho.
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O protocolo de imagem utilizado foi 0 mais préximo
da angiotomografia habitual, de modo que representa
o exame feito rotineiramente em muitos centros
médicos. Observou-se com critério a minimizagao
da dose de radiagdo para diminuir os riscos".

A angiotomografia, por ser um método baseado nos
raios X, apresenta artefatos proximos de estruturas
muito densas, como 0ssos. Os vasos estudados estdo
circundados por um arcabougo dsseo, porém o uso
de equipamentos modernos permite a minimizagao
desse problema'*'¢ (Figura 4).

Todas as variaveis de comorbidades e fatores
de risco para aterosclerose testadas apresentaram
diminui¢do na identificacdo da AKA. No grupo de
pacientes fumantes, ex-fumantes e hipertensos, a
chance de ndo identificacdo da AKA teve significancia
estatistica. Os pacientes em que a AKA ndo pode
ser demonstrada apresentaram maior incidéncia de
sindrome metabolica (31,1%), ao passo que, naqueles
em que a AKA pode ser avaliada, o indice de sindrome
metabdlica foi mais baixo (15,7%). Esse fato pode
ser consequéncia dessa sindrome estar relacionada a
danos vasculares ateroscleroticos mais avangados'”’,
aumentando em 2,42 vezes (p = 0,054) a chance de
nao identificacdo da AKA na comparagdo com os
que ndo apresentam sindrome metabdlica. Todas as
variaveis binarias de doengas da aorta testadas (trombo
mural, dissec¢do e/ou trombo, aneurismas com e sem
dissecao) apresentaram reducdo na identificacdo da
AKA com significancia estatistica, provavelmente por

Figura 4. Resultado final da metodologia aplicada de identificagdo
da AKA, em corte obliquo no espago medular de angiotomografia,
demonstrando AKA visualizada.
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alteracdo do fluxo sanguineo na aorta e seus ramos,
oclusao do ostio das artérias intercostais, tortuosidade
das artérias por distor¢do anatdmica, oclusao pelo
flap da disseccdo, por placa aterosclerdtica ou por
trombo mural. Quando a AKA ndo ¢ identificada, ela
pode estar ocluida, pode ndo existir ou pode ser fina
demais para detecgdo pelo método utilizado.

Foram identificadas variaveis clinicas de significancia
para identificagdo da AKA, e que permitiriam a
construcao de modelo matematico para predi¢do de
resultado. A auséncia de um método padrao-ouro
com baixo risco para comparagao de métodos ¢ uma
limitagao deste estudo. A estipulagdo de um valor limite
de radiagdo aceitavel também limitou a qualidade
da imagem adquirida; porém, o método utilizado
necessitou, em média, de 12 mSv/(mGy-cm), dose
considerada segura, reprodutivel'®!° ¢ que propicia
cobertura satisfatoria da aorta.

CONCLUSAO

Com as covariaveis etnia, IMC, tabagismo,
hipertensdo arterial e dislipidemia, foi possivel criar
modelo matematico de predicao de identificacao da
AKA.
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Development of a clinical model to predict the likelihood of
identification of the Adamkiewicz artery by angiotomography

Desenvolvimento de modelo clinico para predigdo da possibilidade de identificagdo da
artéria de Adamkiewicz por angiotomografia

Alexandre Campos Moraes Amato'?, José Rodrigues Parga Filho®, Noedir Anténio Groppo Stolf*

Abstract

Background: There are clinically important morphological differences in the Adamkiewicz artery (AKA) between populations
that doand do not have aortic disease and they have an influence on the neuroischemic complications involving the spinal cord
during surgical operations. It is not yet known whether clinical parameters correlate with the predictability of identification of
the artery using angiotomography. Objective: To develop a mathematical model that by correlating clinical parameters with
atherosclerosis enables prediction of the probability of identification of the AKA in patients examined with angiotomography.
Method: This is a cross-sectional, observational study using a patient database and image bank. A multivariate statistical
analysis was conducted and a logit mathematical model was constructed to predict AKA identification. Significant variables
were used to build a formula for calculation of the probability of identification. This model was calibrated and its power of
discrimination was assessed using receiver operating characteristic (ROC) curves. Selection of explanatory variables was based
on largest area under the ROC curve (p = 0.041) and combined significance of variables. Results: A total of 110 cases were
analyzed (54.5% were male, mean age was 60.97 years, and ethnicity coefficients were white -2.471, brown -1.297, and black
-0971) and the AKA was identified in 60.9%. Body mass index: 27.06 + 098 (coef. -0.101); smokers: 55.5% (coef. -1.614/-1.439);
diabetes: 13.6%; hypertension: 65.5% (coef. -1.469); dyslipidemia: 58.2%; aortic aneurysm: 38.2%; aortic dissection: 12.7%; and

mural thrombus: 24.5%. The constant was 6.262. The formula for calculating the probability of detection is as follows:

—(Coef . Etnicity+(Coef .BMIx BMI )+ Coef .smo ker+Coef .SAH + Coef .dyslip+Cons tan t 1 .
(e (Coef (Coof )+Coef f S dyslip )+1) . The prediction model was constructed and

made available at: https://vascularpro/aka-model. Conclusions: Using the covariates ethnicity, body mass index, smoking,
arterial hypertension, and dyslipidemia, it proved possible to create a mathematical model for predicting identification of
the AKA with a combined significance of nine coefficients (p = 0.042).

Keywords: spinal marrow; spinal column; aorta; Adamkiewicz.

Resumo

Contexto: Diferencas morfologicas da artéria de Adamkiewicz (AKA) entre a populagéo portadora e nio portadora
de doenga adrtica tém importancia clinica, influenciando as complicagdes neuroisquémicas da medula espinhal
em procedimentos operatorios. Ainda ndo é conhecida a correlagéo entre parametros clinicos e a previsibilidade da
identificagdo dessa artéria pela angiotomografia. Objetivo: Desenvolver um modelo matematico que, através de
pardmetros clinicos correlacionados com aterosclerose, possa prever a probabilidade de identificagio da AKA em pacientes
submetidos a angiotomografias. Método: Estudo observacional transversal utilizando banco de imagens e dados de
pacientes. Foi feita analise estatistica multivariada e criado modelo matematico logit de predicéo para identificacio da
AKA. Variaveis significativas foram utilizadas na montagem da férmula para calculo da probabilidade de identificagéo.
O modelo foi calibrado, e a discriminagdo foi avaliada pela curva receiver operating characteristic (ROC). A selegdo das
variaveis explanatorias foi guiada pela maior area na curva ROC (p = 0,041) e pela significancia combinada das variaveis.
Resultados: Foram avaliados 110 casos (54,5% do sexo masculino, com idade média de 60,97 anos e etnia com coeficiente
B -2,471, M -1,297, N -0,971), com AKA identificada em 60,9%. Indice de massa corporal: 27,06 + 0,98 (coef. -0,101);
fumantes: 55,5% (coef. -1,614/-1,439); diabéticos: 13,6%; hipertensos: 65,5% (coef. -1,469); dislipidémicos: 58,2%;
aneurisma adrtico: 38,2%; dissecgdo adrtica: 12,7%; e trombo mural: 24,5%. Constante de 6,262. Formula para calculo

da probabilidade de deteccio: (e—(Cvef.Erm'a+(Coef.IMCxIMC)+CDe/.fumante+Coq/'.HAS+Coq'.dislip+Canstanle)+1)71 O modelo de
predicdo foi criado e disponibilizado no link https://vascularpro/aka-model. Conclusao: Com as covariaveis etnia,
indice de massa corporal, tabagismo, hipertensao arterial e dislipidemia, foi possivel criar um modelo matematico de
predi¢do de identificagdo da AKA com significincia combinada de nove coeficientes (p = 0,042).

Palavras-chave: medula espinhal; coluna vertebral; aorta; Adamkiewicz.
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INTRODUCTION

Studying morphological differences of the
Adamkiewicz artery (AKA) between populations with
and without diseases is of clinical importance, because
they can influence neuroischemic complications of the
spinal cord during surgical operations. The findings
could also help to establish the importance of preserving
this artery in aortic and neurological surgery, reducing
the risk of spinal cord ischemia.'"

The intercostal and lumbar arteries that feed the
spinal cord originate from the aorta. The intercostal and
lumbar arteries divide three times before reaching the
spinal cord. The last bifurcation of the spinal branch
is constant for anterior and posterior supply of the
vertebral canal, at some levels only. Generally, one
of the anterior radicular arteries is dominant over
the others, in terms of caliber, and is called the great
radicular artery or the AKA.?

Knowledge of the blood supply to the spinal cord
is important when planning treatment for aortic
diseases, but the vasculature is complex and difficult
to study because of the small caliber of the arteries
involved, which form an intricate three-dimensional
network with a large degree of anatomic variability**
(Figure 1). The fact that there is no consensus on a
gold standard imaging exam also makes it difficult
to compare existing imaging methods.

Differences in the AKA’s importance to spinal
blood supply between different diseases, such as
aneurysms, dissections, mural thrombi, and others,

S

dorsal
branch

vertebral
branch

o PBA
N | |

are also unknown, even though this is the population
that is most likely to need surgical treatment and,
consequently, most exposed to the risk of spinal cord
ischemia. It has been demonstrated that aortic disease
itself can change the appearance of the spinal blood
supply.® While it is known which factors influence
identification of the vessels of the spinal blood supply
using angiotomography, their effects in combination
are unknown.

OBJECTIVE

To construct a mathematical model using clinical
variables to predict whether or not the AKA will be
identifiable with angiotomography.

METHOD

Patients

We conducted a cross-sectional observational
study of a database and archived images from a prior
study? of patients with or without aortic disease who
had been examined with angiotomography between
October 2011 and July 2012.

During this period, the Instituto do Coragdo do
Hospital das Clinicas da Faculdade de Medicina
da Universidade de Sao Paulo conducted a total of
128 angiotomographies of the aorta in the diagnostic
imaging department, using an Aquilion One scanner
(Toshiba™, Medical Systems, Otawara, Japan).
One hundred and ten of these examinations were

anterior spinal

Adamkiewicz
artery

T9 vertebra

radicular anterior

spinal branch

posterior intercostal
artery

Figure 1. lllustration of the anatomy of the spinal blood supply, after removal of the vertebral body.
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considered eligible for the study, on the basis of the
inclusion and exclusion criteria.

The inclusion criteria were as follows: patients
who had undergone angiotomography of the aorta
using an Aquilion One scanner and following a
predefined protocol, irrespective of the reasons for
ordering the examination; patients who accepted an
aortic angiotomography as a supplementary test, in
cases in which the treating physician had not ordered
the examination.

The exclusion criteria employed were as follows:
patients who had previously undergone surgery on
the descending aorta; patients with rare diseases that
could compromise the results because of collateral
circulation (Takayasu’s disease, aortic coarction);
paraplegic or tetraplegic patients; known allergy to
radiology contrast; concurrent enrollment on another
study that would interfere with the protocol; patients
with intramural hematoma and penetrating aortic ulcer;
age less than 25 years, to ensure sample homogeneity;
technical failure of opacification of the aorta.

Routine outpatients angiotomographies were analyzed
prospectively, using the open source software package
OsiriX® (Pixmeo, Geneva, Switzerland).® Images were
blindly analyzed; the evaluator was unaware of why
the examination had been conducted and assessments
of whether aortic disease was present were made in
a second round of analyses of the images, during
which the evaluator was unaware of whether or not
the AKA had been identified.

Angiotomography examinations were conducted
according to a preestablished routine: images
were all acquired using the same Aquilion One,
320-detector scanner, with software for helical scanning
with 80 to 160 detectors, following the protocol for
arterial contrast studies with 100 to 110 mL of non-ionic
contrast administered intravenously over 30 s with an
injection pump at a velocity of 4 to 5 mL/s, with the
trigger configured for a greater contrast concentration
in the descending aorta and a threshold of 150 HU.
The technical parameters of the angiotomographic
method used follow the recommendations contained
in aortic disease diagnosis and treatment guidelines.”

Patients were stratified according to the following
characteristics: sex, age, ethnic group, weight, height,
and body mass index (BMI). Presence or absence of
the anterior spinal artery, presence and location of
the AKA, and presence or absence of aortic disease,
thrombus, and dissection were evaluated by a single,
experienced observer directly on the highest quality
raw DICOM images from the patient’s examination.
Additionally, dichotomous risk factors related to
aortic diseases were also assessed: diabetes mellitus,
metabolic syndrome, hyperlipidemia, and arterial
hypertension. The variable smoking was categorized
as smoker, ex-smoker, or non-smoker.

Alexandre Campos Moraes Amato, José Rodrigues Parga Filho et al.

Sociodemographic data were obtained from
the patients’ medical records and directly from
patients and their relatives, as follows: age, sex, and
ethnicity. Ethnicity was defined according to the skin
color reported by the participant, i.e. self-assessed.
Self-reported multiracial variations were coded as
brown skin. Patients were also told they could ignore
this question.

Data were collected when taking patients’ histories,
from medical records, and by telephone from relatives
when necessary. The following parameters were
evaluated: weight, height, and BMI. Weight and
height were measured using an anthropometric
balance; BMI was calculated with the formula:
weight (in kilograms) divided by the square of height
(in meters). Smoking: patients were defined as current
smokers if they had smoked one or more cigarettes
during the preceding 30 days and as ex-smokers
if they had ever smoked for more than 30 days.
Diabetes mellitus (DM): patients were classified as
diabetics if they had been taking oral hypoglycemic
drugs and/or insulin, or had two fasting glycemia
results > 126 mg/dL. Systemic arterial hypertension
(SAH): patients were considered hypertensive if they
were taking antihypertensives and/or had systolic
arterial blood pressure (SBP) greater than 140 mmHg
and/or diastolic arterial blood pressure (DBP)
greater than 90 mmHg. Dyslipidemia: patients were
classified as having dyslipidemia if they were taking
antihyperlipidemics and/or had elevated low density
lipoprotein cholesterol (LDL-C > 160 mg/dL) and/or
elevated triglycerides (TG > 150 mg/dL) and/or high
density lipoprotein cholesterol (HDL-C) <40 mg/dL
for men and < 50 mg/dL for women.® Metabolic
syndrome: diagnoses of metabolic syndrome were made
according to International Diabetes Federation criteria.
Presence of abdominal obesity is an essential criterion,
combined with two or more of the following criteria:
triglycerides > 150 mg/dL; HDL-C < 40 mg/dL for
men and < 50 mg/dL for women; SBP > 130 mmHg
and/or DBP > 85 mmHg, or treatment for hypertension;
fasting glycemia > 100 mg/dL or treatment for
diabetes mellitus.

The method used to identify AKA has been used
by the author, described and validated in a previous
publication,*® and an explanatory video illustrating the
technique is available at http://vascular.cc/aka.html.

Statistical analysis

The data obtained from patient histories and
medical records were input on a secure online database
(GoogleDocs®). After verification of the consistency
of data, descriptive analyses were conducted for each
group of patients.

Multivariate statistical analysis of data was conducted
using Wizard 1.9.7 software (Evan Miller, Chicago,
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US). Models were defined as good if the area under
the receiver operating characteristic (ROC) curve
was greater than 0.7 and as excellent if the area under
the ROC curve exceeded 0.85. The logit model was
chosen since the outcome was binary and significance
was defined as p < 0.05. Once the model had been
constructed, a formula was derived to predict the
outcome variable. The prediction formula calculates
the expected value of the outcome (identification
or failure to identify the AKA) based on the initial
variables selected as meeting the criterion of area
under the ROC curve greater than 0.7.

Considering the entire sample, Table 1 lists the
variables collected and the preliminary analyses of
the database that have been published previously.*
The outcome selected was identification or failure
to identify the AKA using the method proposed.
The initial explanatory co-variables were chosen
on the basis of prior knowledge of the influence
of body mass, arterial disease, and atherosclerosis.
Covariates with coefficients significantly different

Table 1. Sociodemographic data on the study population.

from zero to the 10% level were maintained.
Thus, ethnicity, smoking, BMI, hypertension, and
dyslipidemia were chosen to construct the predictive
model (Table 2). Selection of explanatory variables

Table 2. Significance of variables in the model studied and
coefficients for the influence of variables on the outcome.

S
2
g g 5 g
® o 2 h H]
c 3 v (] é
S ® £ ] =
BT g & )
g 8 ] a o »
Ethnicity (skin color) 0.0677 *
White 22471 (1264)  0.0505 *
Brown -1.297 (1.329) 0.3291
Black 0971 (1597) 05433
BMI -0.101 (0.055) 0.0664 *
Smoker 0.0196 o
Yes 1614  (0.801)  0.0439 *r
Ex-smoker -1.439 (0.595)  0.0156 o
SAH -1469  (0.604) 00150 *r
Dyslipidemia 0.97 (0.555)  0.0806 *
Constant 6.262 (2.018)  0.0019 ok

*Coefficient significantly different from zero to the 10% level, **Coefficient

Characteristic N=110
Sex Male 60 (54.5%)
Female 50 (45.5%)
Age Mean 60.97 £ 2.34
BMI Mean 27.06 +0.98
Ethnicity (skin color) Yellow 6 (6.8%%)
White 55 (62.5%)
Brown 21(23.9%)
Black 6 (6.8%)
AKA Yes 67 (60.9%)
No 43 (39.1%)
Smoker Yes 61 (55.5%)
No 32(29.1%)
Ex-smoker 17 (15.5%)
Diabetes Yes 15 (13.6%)
No 95 (86.4%)
SAH Yes 72 (65.5%)
No 38 (34.5%)
Dyslipidemia Yes 46 (58.2%)
No 64 (41.8%)
Metabolic syndrome Yes 25 (22.7%)
No 85 (77.3%)
Aortic aneurysm Yes 42 (38.2%)
No 68 (61.8%)
Dissection of the Yes 14 (12.7%)
aorta No 96 (87.3%)
Mural thrombus Yes 27 (24.5%)
No 83 (75.5%)

AKA, Adamkiewicz artery; SAH, systemic arterial hypertension; BMI, body

mass index.
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significantly different from zero to the 5% level; ***Coefficient significantly
different from zero to the 1% level. SAH, systemic arterial hypertension; BMI,
body mass index.

Receiver operating characteristic

a 1.0

True Positive Rate (Sensitivity)
N

False Positive Rate (1 — Specificity)
b [] Area Under Curve = 0.8039

Combined significance test for 9 selected coefficients

Figure 2. (a) Receiver operating characteristic (ROC) curve.
The greater the area under the curve, the better the fit
(1.0 = perfect; 0.5 = random). Area under the curve = 0.8039;
(b) T distribution used to test the hypothesis centered on the
point of estimation, with test of significance for nine selected
covariates, with a result of p = 0.0415.

p = 0.0415
$(9) = 17.493




was guided by largest area under the ROC curve
(Figure 2A) and by the combined significance of the
variables (Figure 2B), so that a balance was achieved
between the number of explanatory variables, without
excessive variables, and the greatest influence on
area under the ROC curve.

This investigation was conducted in accordance
with the principles set out in the Helsinki Declaration.
The study was approved by the Scientific Commission
at the Instituto do Coragéo (InCor), Universidade
de Sdo Paulo, and the Research Ethics Commission
at the HC-FMUSP on 05/05/2010, under reference
number 0089/10. It is registered on the Brazilian
national human research ethics register (SISNEP)
maintained by the National Research Ethics Commission
(CONEP - Comissdo Nacional de Etica em Pesquisa),
under number 0088.0.015.000-10. All patients or
their guardians were given explanations about the
objectives of the study, agreed to participation, and
signed free and informed consent forms, which
included the current data analysis in the terms of
permission.

Results

The formula for calculating the probability of
detecting the AKA
(ef((_'a(‘f.Etniciry+(Cnef.BM[xBMl)+Cnef.smn ker+Coef .SAH +Coef dyslip+Cons tant) i 1)"
enabled construction of the prediction model, which
was exported to an excel spreadsheet (Figure 3).
Table 2 lists the constant and the coefficients for the
influence of the variables selected for calculation of
the outcome. The model was formatted and sent to
an online service and then published for general use
at the web address https://vascular.pro/aka-model.
The variables can be changed in real-time and calculate

the probability of identification of the AKA.

A
1 variable
2 |ethnicity
3 |BMI
4 smoker
5 ' SAH
6 |dyslip.
7
8 |Predicted chance AKA
9 |Predicted chance AKA
10
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DISCUSSION

Spinal cord ischemia is a possible complication
of aortic surgery and, while rare, it is devastating
and merits study.’ In vivo examination of the AKA
is difficult because the method considered to be the
gold standard, angiography, currently has unacceptably
high rates of serious complications: 8.2% for localized
complications, 3.7% for non-neurological complications,
and 2.2% for neurological complications,'” and does
not achieve detection in 100% of cases (without aortic
disease: 68%;'® with aortic disease: 60%)."!

The angiotomographic characteristics of the AKA
in populations with and without aortic disease have
been studied and reported in an earlier publication
by the author.>* Improved knowledge of the spinal
blood supply should affect and provide a foundation
for creation of new strategies for prevention of
spinal cord ischemia during aortic surgery and other
neurological surgical procedures. Boll et al. analyzed
100 examinations of patients with pancreatic cancer
and applied a modified version of a graphical algorithm
for reconstruction of images of cerebral vessels.
The AKA was identified in all cases, but it is unclear
whether the high rate of detection was because of the
absence of aortic disease or the different method used
to process the images.'?

According to the literature, it is possible to identify
the AKA using computed tomography in around
70% of cases analyzed,'%%!? although the cause of
non-identification in the remaining cases is unclear.
Influence from atherosclerosis, mural thrombus,
dissection, and body mass has been suggested.>*

The imaging protocol used was as close as possible
to habitual angiotomography protocols, so that it
represented the routine examinations conducted at
many medical centers. Care was taken to minimize
the radiation dose to reduce risks."

B C
rediction 1
||3 Iv
36.594
0
0
0
=0 47.97%
=1 52.03%

Figure 3. Simplified appearance of the model for prediction of identification of the AKA on a basic electronic spreadsheet. Interface

for data collection for calculating the probability of the outcome.
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AKA prediction model

Figure 4. Final result of the methodology employed for
identification of the AKA, angular angiotomography slice of
the spinal space, showing the AKA.

Since angiotomography is a method based on X-rays,
it suffers from artifacts close to very dense structures,
such as bones. The vessels studied are surrounded by
abony framework, but modern equipment allows this
problem to be reduced to a minimum'#'¢ (Figure 4).

All of the variables tested representing comorbidities
and risk factors for atherosclerosis were associated
with lower rates of AKA identification. In the subset
of smokers, ex-smokers, and hypertensive patients,
the likelihood of non-identification of the AKA was
statistically significant. Patients in whom the AKA
could not be identified had a higher incidence of
metabolic syndrome (31.1%), compared with those in
whom the AKA could be evaluated, who had a lower
rate of metabolic syndrome (15.7%). This fact may
be a consequence of this syndrome being related to
more advanced atherosclerotic vascular damage,'”
increasing the likelihood of non-identification of the
AKA by 2.42 times (p = 0.054) in comparison with
those who did not have metabolic syndrome. All of
the binary aortic disease variables tested (mural
thrombus, dissection and/or thrombus, and aneurysms
with and without dissection) were associated with
reductions in identification of AKA with statistical
significance, probably because of abnormal blood
flow through the aorta and its branches, occlusion of
the ostia of intercostal arteries, tortuosity of arteries
secondary to anatomic distortion, and/or occlusion
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by dissection flap, atherosclerotic plaque, or mural
thrombus. When the AKA 1is not found, it could be
occluded, it may not exist, or it may be too narrow
to be detected by the method used.

Clinical variables were identified that have
significance with relation to identification of the
AKA, enabling a mathematical model for prediction
of the result to be constructed. The absence of a
low-risk gold-standard method for comparison of
methods is one factor limiting this study. Setting
a maximum limit for acceptable radiation dosage
also limited the quality of the images acquired.
However, the method employed required a mean
of 12 mSv/(mGy-cm), which is considered a safe
dose, is reproducible,'®!? and provides satisfactory
coverage of the aorta.

CONCLUSIONS

It proved possible to use the covariates ethnicity,
BMI, smoking, arterial hypertension, and dyslipidemia
to create a mathematical model to predict identification
of the AKA.
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