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RESUM

CONTEXT

La diabetis mellitus (DM) és un factor de risc important en el desenvolupament de
I’aterosclerosi, principal causa d’aparicio de la malaltia cardiovascular i de mortalitat en
aquests pacients. La deteccié preco¢ d’aterosclerosi subclinica mitjancant ecografia
carotidia, avaluant la gruix intima-mitja (GIM) i la preséncia de placa d’ateroma, és un
meétode valid i fiable. No obstant aixo0, el procés arteriosclerotic s’inicia abans de la
deteccié d’un augment anormal en el GIM. Els vasa vasorum (VV) son un plexe de
microvasos fisiologicament presents a la capa adventicia de les grans i mitjanes arteries,
que subministren oxigen i nutrients a la part externa de la paret arterial. La hiperplasia
dels VV acompanya la fase inicial d’inflamaci6 1 a mida que avanca el procés ateromatos
apareixen nous microvasos que s’estenen des de 1’adventicia a la capa intima i mitja,
produint una neovascularitzacié anormal en aquestes zones. Fins a I’actualitat, els estudis
que s’han dut a terme s’han focalitzat en la implicacio de la neovascularitzaci6 en la
inestabilitat de la placa d’ateroma. Nosaltres suggerim que els microvasos de les grans
artéries sén una diana de la microangiopatia diabética similar a la d'altres localitzacions
ben reconegudes com la retina, el glomerul renal, i el nervi periferic. La situacid
d’hiperglucémia cronica, caracteristica de la diabetis, afecta la microcirculacio dels
organs diana classics. Plantegem, doncs, que la hiperglucémia origina també canvis
microangiopatics en altres territoris, com en els VV de les grans artéries i aquest podria
ser un dels factors que explica, almenys en part, les caracteristiques diferencials en
’aterosclerosi diabética. D'aquesta manera, la microangiopatia de la paret de les grans
artéries pot esdevenir el substrat per a una progressio més rapida i greu de 1’aterosclerosi,
concebent aixi que els pacients amb complicacions microangiopatiques també
presentarien una microangiopatia dels VV, amb signes d’angiogenesi incrementada en la

paret de les seves grans artéries.

El present treball pretén, en primer lloc, analitzar la prevalenca d’aterosclerosi
carotidia subclinica en una poblacié amb DM tipus 2 respecte a un grup control sense
diabetis, mesurant GIM i preséncia de placa. Seguidament, es va un pas més enlla en el
diagnostic preco¢ d’ateromatosis en fases molt inicials de disfuncié endotelial,
desenvolupant i estandaritzant un nou metode, que pugui ser valid, fiable i reproduible,

de quantificacié de la densitat dels VV adventicis en I’artéria cardtida comt mitjangant
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ecografia amb contrast, primer en un grup de poblacié sense factors de risc cardiovascular
per tal d’establir les mesures fisiologiques de senyal VV i, posteriorment, es planteja la
caracteritzacio d’aquest senyal en un grup de pacients amb DM tipus 1 amb i sense

retinopatia diabética.

METODES

En I’estudi d’ateromatosi subclinica en la DM2 es va utilitzar un disseny de casos i
controls, conduit per professionals infermers, que incloia 187 pacients amb diabetis
mellitus tipus 2 aparellats per edat i sexe amb 187 pacients sense diabetis. Es van tenir en

compte variables cliniques 1 les derivades de 1’ecografia, GIM i preséncia de placa.

En I’estudi de la densitat fisiologica dels VV adventicis de la carotida comu es va
dissenyar un métode de quantificacié del senyal VV mitjancant ecografia amb contrast
que va ser avaluat en 65 voluntaris sense factors de risc cardiovascular. En aquest estudi,
es descriu el desenvolupament del metode emprat per a I’adquisicio de les imatges i per

a la seva lectura quantitativa.

Posteriorment, una vegada validat el metode de quantificacié de la senyal VV, es
va aplicar per avaluar el senyal de VV en la carotida comd de pacients amb diabetis
mellitus tipus 1 amb i sense retinopatia diabetica. Es dissenya un estudi transversal en el
que es van incloure 113 pacients amb DM tipus 1, 60 amb i 53 sense retinopatia, tots
lliures de malaltia cardiovascular (MCV) i un grup control integrat per 78 subjectes sense

factors de risc cardiovasculars (CV).

RESULTATS

El GIM i la freqliéncia de plaques es trobaven significativament incrementats en els
pacients amb tipus 2 respecte al grup control, essent superiors en homes que en dones, i
augmentant progressivament amb 1’edat. En I’analisi multivariant, el GIM s’associava
significativament amb diabetis, edat, sexe i pressié arterial sistolica. No obstant, la
presencia de placa, que inicialment mostrava associacié amb diabetis, edat, perimetre de
cintura, pressio arterial sistolica i dislipémia, després d’ajustar el model per altres

variables només I’edat i el perimetre de cintura mantenien significacio positiva.

En subjectes sense factors de risc cardiovascular, el senyal de VV adventici en la

comu carotidia esquerra correlacionava amb el GIM en el mateix territori i també amb
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I’edat. Aquesta correlacio no es va trobar per a la carotida dreta, ni tampoc per als valors
mitjans entre dreta i esquerra. Els parametres bioquimics i antropomeétrics analitzats
(triglicerids, proteina C reactiva, pressio arterial sistolica i diastolica, perimetre de cintura
i index de massa corporal) tampoc van mostrar correlacio amb el senyal V'V ni de carotida

dreta ni tampoc de carotida esquerra.

Els pacients amb DM tipus 1 mostraren un major senyal de VV que els subjectes
no diabeétics, i aquestes diferencies es mantenien significatives després d’ajustar el model
per factors cardiovasculars de confusid. No es van trobar diferéncies significatives entre

el senyal VV o el GIM entre els pacients diabétics amb i sense retinopatia.

CONCLUSIONS

Els pacients amb diabetis mellitus tipus 2 presenten major prevalenca de malaltia

ateromatosa subclinica que els subjectes sense diabetis mellitus.

El rol dels professionals de la infermeria és essencial en la prevencié i promocié de
la salut, mitjancant la realitzacio dels procediments ecografics, la identificacio dels

factors de risc cardiovasculars i I’educacid per a la salut.

S’ha desenvolupat i estandarditzat un meétode ecografic de quantificacid del senyal

de vasa vasorum de 1’adventicia de la carotida comu que és valid, fiable i reproduible.

L’avaluacié del senyal de vasa vasorum en 1’adventicia de ’artéria carotida comu

pot ser un nou marcador per a I’exploracio 1 monitoritzacio del procés aterosclerotic.

Els pacients amb diabetis mellitus tipus 1 presenten major senyal de vasa vasorum
que aquells que no tenen diabetis, suggerint que la paret de les grans arteries es pot
considerar també una diana de la microangiopatia diabética.

No s’ha pogut demostrar una associacio entre el senyal de vasa vasorum i la

preséncia de retinopatia diabética en els pacients amb diabetis mellitus tipus 1.
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RESUMEN

CONTEXTO

La diabetes mellitus (DM) es un factor de riesgo importante en el desarrollo de la
aterosclerosis, principal causa de aparicién de la enfermedad cardiovascular y de
mortalidad en estos pacientes. La deteccidn precoz de aterosclerosis subclinica mediante
ecografia carotidea, midiendo el grosor intima-media (GIM) y la presencia de placa de
ateroma, es un método valido y fiable. No obstante, el proceso aterosclerdtico se inicia
antes de la deteccion de un aumento anormal en el GIM. Los vasa vasorum (VV) son un
conjunto de microvasos fisiolégicamente presentes en la capa adventicia de las grandes y
medianas arterias, que suministra oxigeno y nutrientes a la parte externa de la pared
arterial. La hiperplasia de los VV acompafia la fase inicial de inflamacion y a medida que
avanza el proceso ateromatoso aparecen nuevos microvasos que se extienden desde la
adventicia a la capa intima y media, produciendo una neovascularizacion anormal en estas
zonas. Hasta la actualidad, los estudios que se han llevado a cabo se han focalizado en la
implicacion de la neovascularizacion en la inestabilidad de la placa de ateroma. Nosotros
sugerimos que los microvasos de las grandes arterias son una diana de la microangiopatia
diabética similar al de otras localizaciones bien reconocidas como la retina, el glomérulo
renal y el nervio periférico. La situacion de hiperglucémia cronica, caracteristica de la
diabetes, afecta la microcirculacion de los organos diana clasicos. Planteamos pues, que
la hiperglucemia también origina los cambios microangiopaticos en otros territorios,
como en los VV de las grandes arterias y este podria ser uno de los factores que explica,
minimo en parte, las caracteristicas diferenciales en la aterosclerosis diabética. De esta
manera, la microangiopatia de la pared de las grandes arterias puede ser el sustrato para
una progresion mas rapida y grave de la aterosclerosis, concibiendo asi que los sujetos
con complicaciones microangiopéticas también presentarian una microangiopatia de los

VV, con signos de angiogénesis incrementada en la pared de sus grandes arterias.

El presente trabajo pretende, en primer lugar, analizar la prevalencia de
aterosclerosis carotidea subclinica en una poblacion con DM tipo 2 respecto a un grupo
control sin diabetes, midiendo GIM y presencia de placa. Seguidamente, se va un paso
mas alla en el diagndstico precoz de ateromatosis en fases muy iniciales de disfuncion
endotelial, desarrollando y estandarizando un nuevo método, que pueda ser valido, fiable

y reproducible, de cuantificacion de la densidad de los VV adventicios en la arteria
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carétida comun mediante ecografia con contraste, primero en un grupo de poblacién sin
factores de riesgo cardiovascular con el fin de establecer las medidas fisioldgicas de sefial
VV y posteriormente, se plantea la caracterizacion de este sefial en un grupo de pacientes
con DM tipo 1 con y sin retinopatia diabética.

METODOS

En el estudio de ateromatosis subclinica en DM2 se utilizd un disefio de casos y
controles, conducido por profesionales enfermeros, que incluia 187 pacientes con
diabetes apareados por edad y sexo con 187 pacientes sin diabetes. Se tuvieron en cuenta

variables clinicas y las derivadas de la ecografia, GIM y presencia de placa.

En el estudio de la densidad fisioldgica de los VV adventicios de la car6tida comun
se disefio un método de cuantificacion de la sefial VV mediante ecografia con contraste
que fue evaluado en 65 voluntarios sin factores de riesgo cardiovascular. En este estudio
se describe el desarrollo del método utilizado para la adquisicion de las imé&genes y para

su lectura cuantitativa.

Posteriormente, una vez validado el método de cuantificacion de la sefial VV, se
aplico para evaluar la sefial de VV en la carétida comun de pacientes con diabetes mellitus
tipo 1 con y sin retinopatia diabética. Se disefid un estudio transversal en el que se
incluyeron 113 pacientes con DM tipo 1, 60 con i 53 sin retinopatia, todos libres de
enfermedad cardiovascular (MCV) y un grupo control integrado por 78 sujetos sin

factores de riesgo cardiovascular (CV).

RESULTADOS

El GIM y la frecuencia de placas se encontraban significativamente incrementados
en los DM tipo 2 respecto al grupo control, siendo superiores en hombres que en mujeres,
y aumentando progresivamente con la edad. En el analisis multivariante, el GIM se
asociaba significativamente con la diabetes, edad, sexo y tensién arterial sistolica. No
obstante, la presencia de placa, que inicialmente mostraba asociacién con diabetes, edad,
perimetro de cintura, tension arterial sistdlica y dislipemia, después de ajustar el modelo
por otras variables tan solo la edad y el perimetro de cintura mantuvieron significacion

positiva.
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En los sujetos sin factores de riesgo cardiovascular, la sefial de VV adventicio en la
comun carotidea izquierda correlacionaba con el GIM en el mismo territorio y también
con la edad. Esta correlacion no se encontro para la carétida derecha ni tampoco para los
valores medios entre derecha e izquierda. Los parametros bioquimicos y antropométricos
analizados (triglicéridos, proteina C reactiva, tension arterial sistolica y diastdlica,
perimetro de cintura e indice de masa corporal) tampoco mostraron correlacion con la

sefial VV, ni de carétida derecha ni tampoco de carétida izquierda.

Los pacientes con DM tipo 1 mostraron mayor sefial de VV que los sujetos no
diabéticos, y estas diferencias se mantenian significativas después de ajustar el modelo
por otros factores cardiovasculares de confusion. No se encontraron diferencias
significativas entre la sefial VV o el GIM entre los pacientes diabéticos con y sin

retinopatia.

CONCLUSIONES

Los pacientes con diabetes mellitus tipo 2 presentan mayor prevalencia de

enfermedad ateromatosa subclinica que los sujetos sin diabetes mellitus.

El rol de los profesionales de la enfermeria es esencial en la prevenciony promocién
de la salud, mediante la realizacion de procedimientos ecogréficos, la identificacion de
los factores de riesgo cardiovasculares y la educacion para la salud.

Se ha desarrollado y estandarizado un método ecografico de cuantificacion de la
sefial de vasa vasorum de la adventicia de la car6tida comun que es valido, fiable y

reproducible.

La evaluacion de la sefial de vasa vasorum en la adventicia carotidea puede ser un

nuevo marcador para la exploracién y monitorizacion del proceso aterosclerdtico.

Los pacientes con diabetes mellitus tipo 1 presentan mayor sefial de vasa vasorum
que aquellos que no tienen diabetes, sugiriendo que la pared de las grandes arterias se

puede considerar también una diana de la microangiopatia diabética.

No se ha podido demostrar una asociacion entre la sefial de vasa vasorum y la

presencia de retinopatia diabética en los pacients con diabetes mellitus tipo 1.
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ABSTRACT

BACKGROUD

Diabetes mellitus (DM) is a major risk factor in the development of atherosclerosis,
the main cause of developing cardiovascular disease and mortality in those patients. Early
detection of subclinical atherosclerosis by carotid ultrasound, assessing the intima-media
thickness (IMT) and the presence of atherosclerotic plaque, is a reliable and valid method.
However, the atherosclerotic process begins before the detection of an abnormal increase
in IMT. The vasa vasorum (VV) are a plexus of microvessels physiologically present in
the adventitious layer of medium and large arteries, which supply oxygen and nutrients
to the outer arterial wall. The hyperplasia of VV accompanies the initial stage of
inflammation and as soon as the atheromatous process developes, new microvessels
appear ranging from the intima-media adventitious layer, producing an abnormal
neovascularization in these areas. Until now, studies that have been conducted, have
focused on the involvement of neovascularization in atherosclerotic plaque instability.
We suggest that the microvessels of the major arteries are a target of diabetic
microangiopathy similar to other well-known locations such as the retina, the glomerulus,
and peripheral nerve. The situation of chronic hyperglycemia, characteristic of diabetes,
affects the microcirculation of the targeted classic organs. We suggest, however, that
hyperglycemia originates microangiopathic changes in other areas, such as VV in the
large arteries and this could be one factor that explains, at least in part, the differential
characteristics in diabetic atherosclerosis. Thus, the wall microangiopathy of large
arteries can become the substrate for a more severe and faster progression of
atherosclerosis, considering that the subjects with microangiopathic complications would
also present a VV microangiopathy with signs of increased angiogenesis in the wall of

his major arteries.

The present study aims, firstly, to analyze the prevalence of subclinical carotid
atherosclerosis in people with type 2 diabetes compared to a control group without
diabetes, measuring IMT and presence of plaque. Then we took a step further in the early
diagnosis of atheromatosis in very early stages of endothelial dysfunction, developing
and standardizing a new method that can be valid, reliable, and reproducible which
quantifies the density of VV adventitious in the common carotid artery through an

ultrasound contrast, first in a group of people without cardiovascular risk factors in order
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to establish physiological measures of VV signal and then a characterization of this signal

in a group of patients with type 1 DM with and without diabetic retinopathy.

METHODS

In the study of subclinical atheromatosis in DM2 we used a case-control design, led
by professional nurses, which included 187 diabetes patients matched for age and sex
with 187 patients without diabetes. It took into account clinical variables and the ones

derived from the ultrasound, the IMT and the presence of plaque.

In the study of physiological density of adventitious VVV in the common carotid, a
method for quantifying VV signal ultrasound contrast was designed and evaluated to 65
volunteers with no cardiovascular risk factors. This study describes the development of

the method used for the acquisition of the images and for quantitative reading.

Later, once the method for quantifying signal VV was validated, we used this
method to evaluate the signal VV in common carotid patients with type 1 diabetes
mellitus with and without diabetic retinopathy. We designed a cross-sectional study that
included 113 patients with type 1 DM, 60 with and 53 without retinopathy, all free of
cardiovascular disease (MCV) and a control group consisting of 78 subjects without

cardiovascular risk factors (CV).

RESULTS

The GIM and the frequency of plaques were significantly increased in type 2 DM
compared to the control group, being higher in men than in women and increased
progressively with age. On multivariate analysis, the GIM was significantly associated
with diabetes, age, sex, and systolic blood pressure. However, the presence of plaque,
which initially showed association with diabetes, age, waist perimeter, systolic blood
pressure and dyslipidemia, after adjusting the model for other variables, only age and

waist perimeter had positive significance.

In subjects without cardiovascular risk factors, VV signal in the left common
carotid correlated the GIM in the same area and age. This correlation was not found in
the right carotid neither for average values between left and right. Once analyzed, the

anthropometric and biochemical parameters (triglycerides, C-reactive protein, systolic
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and diastolic blood pressure, waist perimeter and body mass index) we could not

demonstrate a correlation with the VV signal neither with the right and left carotid.

Patients with type 1 DM showed an increased VV signal compared with non
diabetic subjects and these differences remained significant after adjusting the model for
factors of cardiovascular confusion. There were no significant differences between the

VV signal and the GIM on patients with and without diabetic retinopathy.

CONCLUSIONS

Patients with type 2 diabetes mellitus have a higher prevalence of subclinical

atheromatous disease that subjects without diabetes mellitus.

The role of nursing professionals is essential in prevention and health promotion,
through the realization of ultrasound procedures, identification of cardiovascular risk

factors and the education for health.

It has been developed a standardized ultrasound method for quantifying the signal
of vasa vasorum in the adventitious common carotid which is valid, reliable, and

reproducible.

The signal evaluation of vasa vasorum in the adventitia carotid may be a new

marker for exploration and monitoring of the atherosclerotic process.

Patients with type 1 diabetes have greater vasa vasorum signal that those without
diabetes, suggesting that the wall of the large arteries can also be considered a target of
diabetic microangiopathy.

It was unable to demonstrate an association between VV signal and the presence of
diabetic retinopathy in patients with type 1 diabetes mellitus.
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ABREVIACIONS

ADA — American Diabetes Association

CV - Cardiovascular

DM - Diabetis Mellitus

DML — Diabetis Mellitus tipus 1

DM2 — Diabetis Mellitus tipus 2

GIM - Gruix intima-mitja

MCYV — Malaltia Cardiovascular

OMS - Organitzacié Mundial de la Salut

SNS — Sistema Nacional de Salut

UDETMA — Unitat de Prevencio i Tractament de Malalties Aterotrombaotiques

VV — Vasa Vasorum
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1. PRESENTACIO

Aquesta tesi doctoral s’estructura segons les directrius de la normativa per a la
presentacio de Tesis Doctorals en format d’articles, aprovada per Acord nim. 19/2002 de

la Universitat de Lleida.

Els estudis realitzats en la present Tesi Doctoral formen part d’una mateixa linia de
recerca iniciada 1’any 2010 1 dirigida a profunditzar en I’estudi en 1’aterosclerosi de la
paret arterial carotidia associada a la diabetis mellitus, aixi com en la identificacié dels

principals factors de risc cardiovascular.

Els resultats obtinguts han aportat informacio rellevant en aquest camp i han estat

publicats en forma de 4 articles en revistes d’impacte internacional.

Titol: Subclinical carotid atherosclerosis in asymptomatic subjects with type 2 diabetes

mellitus.

Autors: Rubinat E, Marsal JR, Vidal T, Cebrian C, Falguera M, Vilanova MB, Betriu

A, Fernandez E, Franch J, Mauricio D.
Revista: Journal of Cardiovascular Nursing. 2015 Mar 30. Publicacio online.

Factor d’impacte: 1.809 (Quartil 1)

Titol: Left carotid vasa vasorum signal correlates directly with age and with left carotid

intima-media thickness in individuals without atheromatous risk factors.

Autors: Arcidiacono MV, Rubinat E, Borras M, Betriu A, Vidal T, Trujillano J,

Mauricio D, Fernandez E.
Revista: Cardiovasc Ultrasound. 2015; 13:20.

Factor d’impacte: 1.283 (Quartil 3)
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Titol: Pseudo-enhancement does not explain the increased carotid adventitial vasa

vasorum signal in diabetic patients.
Autors: Arcidiacono MV, Rubinat E, Ortega E, Betriu A, Fernandez E, Mauricio D.
Revista: Atherosclerosis. 2013; 229:459-61.

Factor d’impacte: 3.971 (Quartil 1)

Titol: Microangiopathy of common carotid vasa vasorum in type 1 diabetes mellitus

Autors: Rubinat E, Ortega E, Traveset A, Alonso N, Betriu A, Granado-Casas M,

Hernandez M, Soldevila J, Puig-Domingo M, Jurjo C, Fernandez E, Mauricio D.
Revista: Atherosclerosis. 2015; 241:334-338.

Factor d’impacte: 3.971 (Quartil 1)

Com a informacié addicional, mencionar que la doctoranda ha format part de
I’equip d’investigacio dels segiients articles, centrats també en la paret arterial i la diabetis

mellitus:

- Alcubierre N, Valls J, Rubinat E, Cao G, Esquerda A, Traveset A, Granado-
Casas M, Jurjo C, Mauricio D. Vitamin D deficiency is associated with the
presence and severity of diabetic retinopathy in type 2 diabetes mellitus. J
Diabetes Res. Epub 2015 May 30; 215:374178.

Factor d’impacte: 3.536 (Quartil 2)

- Alonso N, Travest A, Rubinat E, Ortega E, Alcubierre N, Sanahuja J, Hernandez
M, Betriu A, Jurjo C, Fernandez E, Mauricio D. Type 2 diabetes-associated
carotid plaque burden is increased in patients with retinopathy compared to those
without retinopathy. Cardiovasc Diabetol. 2015; 14:33.

Factor d’impacte: 3.706 (Quartil 2)


http://www.ncbi.nlm.nih.gov/pubmed/?term=Arcidiacono%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rubinat%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ortega%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Betriu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mauricio%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23880205
http://www.ncbi.nlm.nih.gov/pubmed/23880205
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- Arciadiacono MV, Traveset A, Rubinat E, Ortega E, Betriu A, Hernandez M,
Fernandez, Mauricio D. Microangiopathy of large artery wall: a neglected
complication of diabetes mellitus. Atherosclerosis. 2013; 228:142-7.

Factor d’impacte: 3.971 (Quartil 1)

- Alcubierre N, Rubinat E, Traveset A, Martinez-Alonso M, Hernandez M, Jurjo
C, Mauricio D. A prospective crosssectional study on quality of life and treatment
satisfaction in type 2 diabetic patients with retinopathy without other major late
diabetic complications. Health Qual Life Outcomes. 2014; 12:131.

Factor d’impacte: 2.10 (Quartil 2)

La doctoranda va ser part activa, entre 01/2010 — 12/2014, de la recerca realitzada
al Servei d’Endocrinologia i Nutricid de 1’Hospital Universitari Arnau de Vilanova com
a coordinadora de projectes propis del servei i d’assajos clinics en pacients amb diabetis
mellitus tipus 2, tipus 1, tipus LADA, aterosclerosi i en prevenci6 cardiovascular. A més,
col-labora en linies d’investigacio paral-leles del Servei de Nefrologia i dins del marc de
la UDETMA (Unitat de Prevenci6 i Tractament de Malalties Aterotrombotiques). Per
Gltim, mencionar que és experta en tecniques ecografiques carotidies i femorals, duent a

terme aquestes exploracions a tots els participants de I’estudi.

Aquest treball ha estat finangat en part per el Instituto de Salud Carlos 11, en els
projectes FIS PS09/01035, P112/00183 i PS09/01999. La matricula de tesi durant el
primer any 2011 va ser finangada amb la beca de la Universitat de Lleida “Convocatoria

d’ajuts a la matricula en programes de doctorat de la UDL per al curs 2010-2011".






2. INTRODUCCIO

Segons I’ADA (American Diabetes Association), la diabetis mellitus (DM) és una
malaltia cronica 1 d’etiologia multifactorial que apareix quan el pancrees no produeix
insulina suficient i/o quan I’organisme no utilitza eficagment la insulina que produeix. La
definici6 de diabetis engloba varies malalties metaboliques amb un mateix nexe en comd,
la hiperglucémia. Aquesta situacid6 mantinguda d’hiperglucémia pot produir
complicacions microvasculars i/o macrovasculars, comuns en tots els tipus de diabetis

[1].

Els diferents tipus de DM es classifiquen segons la seva etiologia, pero en aquest
treball ens centrarem en la diabetis mellitus tipus 1 (DM1) i tipus 2 (DM2), que destaquen
per ser les més prevalents en la poblacio, especialment la darrera [2].

La DML representa entre el 5 i el 10% de tots els casos de DM a nivell mundial. La
incideéncia és molt variable en funci6 de ’area geografica, des de 0.7/100.000 persones a
Xina fins a 52.6/100.000 persones a Finlandia entre les poblacions en edat de risc, i aquest

fet es podria explicar tant per factors genétics com ambientals [3].

En I’estudi EURODIAB, dut a terme en 17 paisos europeus, es van estudiar els nous
casos de DML1 diagnosticats en la poblacié de menys de 15 anys entre 1989 i 2003,
detectant un increment en la taxa d’incidéncia anual en aquest periode d’un 3.9%,
especialment en el rang d’edat més jove (0-4 anys), i pronosticant que la prevalenga en
els menors de 15 anys augmentara de 94.000 casos 1’any 2005 a 160.000 en el 2020 [4].

La DM tipus 2 és una de les malalties croniques amb major prevalenca, afectant en

I’actualitat a més de 347 milions de persones arreu del moén [5].

Un estudi publicat I’any 2009 per Shaw et al. va estimar la prevalenca mundial de
diabetis entre 2010 i 2030, pronosticant un increment del 7.7% (439 milions d’adults)
I’any 2030. L’estimaci6é d'increment de casos en practicament totes les regions del mon

es situa en el 54% [6].

En I’ambit estatal, I’estudi Di@bet.es és el primer estudi que avalua la prevalenca

de diabetis mellitus a Espanya. Entre les dades que se’n desprenen figura una prevalenga


mailto:Di@bet.es

2. Introduccio

global de diabetis mellitus del 13.8% dels quals un 6.0% desconeixia 1’existéncia de la
malaltia. La prevalenca de glucemia basal alterada va ser del 3.4% i d’intolerancia a la
glucosa del 9.2%. La prevalenca augmenta progressivament amb 1’edat, i és més freqiient

en homes que en dones [7].

Aquesta elevada prevalenca de diabetis (DM1 i DM2) present en la nostra poblacio,
juntament amb les importants comorbiditats associades, repercuteix directament en les
despeses del Sistema Nacional de Salut (SNS), i encara més en la qualitat de vida i en els
anys de vida perduts. Es va calcular que I’any 2012 el cost global de la DM va ascendir a
5.809 milions d’euros, quantitat equivalent al 8,2% de la despesa sanitaria total per al
SNS. El cost anual per pacient diabétic es va estimar en 1.770 euros. Es important destacar
que les complicacions associades a la DM suposen el 37% del cost total anual de la
diabetes, representant el principal factor d’impacte economic. No obstant, son també els
costos més susceptibles de ser reduits mitjancant un millor control de la malaltia i un

tractament més optimitzat [8].

Es precisament com a conseqiiéncia d’aquestes complicacions associades que
I’Organitzacié Mundial de la Salut (OMS) estima que la DM esdevindra la setena causa
de mortalitat I’any 2030 [9].

Les complicacions de la DM es classifiquen segons la mida del vas arterial afectat
en macroangiopatiques (malaltia coronaria, malaltia cerebrovascular, malaltia vascular
periferica), i microangiopatiques (retinopatia, nefropatia, neuropatia), induint la lesio de
I’0rgan diana en aquestes ultimes a la ceguesa, la insuficiéncia renal i les amputacions

d’extremitats inferiors, respectivament.

La DM constitueix un factor de risc important per al desenvolupament de
I’aterosclerosi, principal causa en 1’aparicié de malalties cardiovasculars (MCV) [10].
L’aterosclerosi és un procés inflamatori cronic que es caracteritza per I’alteraci6 funcional

i estructural de la paret arterial.

Actualment, les MCV associades a I’aterosclerosi han esdevingut la primera causa
de mort a nivell mundial [11]. Els principals factors de risc cardiovascular s’han
classificat tradicionalment en no modificables (edat, sexe, raca, factors genetics), i
modificables per canvis en I’estil de vida com la diabetis, el tabac, la hipertensio,

I’obesitat i la dislipeémia. En els pacients amb diabetis mellitus, tant tipus 1 com tipus 2,
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el risc de malaltia ateromatosa es troba clarament incrementat i, per tant, la diabetis
mellitus és un factor de risc molt important en 1’aparicié d’esdeveniments CV en aquests
pacients [12,13]. La deteccio precog d’aterosclerosis subclinica en subjectes amb factors

de risc cardiovascular juga un paper principal en la prevencié de la MCV [14].

La deteccio d’aterosclerosi mitjangant ecografia carotidia, que inclou la mesura del
gruix intima-mitja (GIM) i la detecci6 de placa d’ateroma, és un meétode suficientment

descrit 1 validat en ’actualitat [15, 16, 17], a més de tractar-se d’un métode rapid, no

invasiu, barat i innocu per al pacient.

Per a I’avaluaci6 de la presencia d’aterosclerosi a les artéries carotides es segueixen
els criteris de Mannheim [18]. Cadascuna de les dues carotides s’estudiara
individualment, dividint-la en 3 segments: comu, bulb i interna (Figura 1). En cadascun
d’aquests segments es mesurara quantitativament el GIM 1 s’observara la preséncia o
absencia de placa d’ateroma, definida com un GIM superior a 1.5mm i que posteriorment

es classificara, en el cas del nostre grup, utilitzant la classificacié validada per de Bray

JM et al. [19].

-
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Figura 1 - CCA: Artéria Comu Carotidia, CB: Bulb Carotidi, ICA: Arteria
Carotida Interna, ECA: Artéria Carotida Externa.
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En les imatges que es presenten en la Figura 8es\adn les mesures de GIM en
cadascun dels segments carotidis sotmesos a ésbadlil, bulb i interna), en aquest cas
en concret en la carotida dreta, i paral-lelamgoests mateixos territoris ocupats per

una placa d’ateroma.

UDETMA 2011Feb22 11:02

ACCT D IMT
HFL

UDETMA 2011Feb02 10:31
ACC D PL|

-

2,7
IMT 1 Media 0,630mm Max. 0,8689mm Anch 10,0mm Suavizar
nicio B 16 B v B 3 i incio By 16 By 145 B 115 X Letras  Voler
GIM de la carotida comu Placa d’ateroma en la paret posterior

de la carotida comu
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nicio By ¥6 B 15 B 1/ X Letrs

GIM de la carotida interna

Placa d’ateroma en la carotida interna,

que s’estén des del bulb.

Figura 2 — Mesures de GIM i preséncia de placa en elstagsients carotidis estudiats: comu,
bulb i interna
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El GIM s’associa a la majoria de factors de risedicevascular (edat, sexe,
tabaquisme, hipertensié, dislipemia) [20, 21], méas és un predictor independent en

I'aparicio d’esdeveniments cardiovasculars tanddM2 [22] com en la DM1 [12].

Actualment, se sap que el procés arteriosclerdticis molt abans de I'aparicio
de I'event cardiovascular, inclis abans de la d#&iet’'un augment anormal en el GIM.
Els vasa vasorum (VV) son un plexe de microvasesagqucondicions normals es troben
a la capa adventicia de les grans i mitjanes astamb la missié de subministrar oxigen
i nutrients al terg¢ més extern de la paret artetialhiperplasia dels VV acompanya la
fase inicial d’'inflamacié, i a mida que progress$pmcés ateromatds apareixen nous
microvasos que s’estenen de l'adventicia cap aajpa dntima i mitja, produint una
neovascularitzacié anormal en aquestes zonesgBtom en la propia placa d’ateroma,

augmentant-ne la inestabilitat de la mateixa ilifact-ne la seva ruptura (Figura 3).

En la Figura 3, s’observa el procés aterosclerates de la fase més inicial
d’hiperplasia dels VV adventicis, passant per ltect®d d'un GIM augmentat i la
posterior formacio de la placa d’ateroma que pabac calcificant-se, si abans no es
despren com a consequeéencia de la inestabilitatugstadper la neovascularitzacio

intraplaca i que pot conduir a I'aparicio dels essheéments cardiovasculars.
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Vasa
\asorum

Disfuncio

endotelial

Y

Hiperplasia dels VV previa a
la disfuncién endotelial

Neovascularitzacié de la
placa associada a la seva
inestabilitat i a I’aparicié
d’events CV.

Figura 3 — Representacio del procés aterosclerdtic des de la disfuncié endotelial fins a la

calcificacio de la placa d’ateroma.

L’aterosclerosi s’ha observat principalment en les grans artéries (aorta, coronaria,
carotida i femoral), donant lloc a les anomenades complicacions macroangiopatiques de
la diabetis. No obstant aix0, recentment un nou corrent de pensament suggereix
I’existéncia d’un mecanisme comu per al desenvolupament de les complicacions
microangiopatiques i macroangiopatiques [24], entenent que comparteixen, al menys en

part, els mateixos mecanismes patogeénics [25, 26].

Barger et al. va evidenciar el rol de la neoangiogénesi dels vasa vasorum en la
patogénia de 1’aterosclerosi coronaria i en 1’aparicié d’esdeveniments coronaris
isquémics [27]. Posteriorment, es va trobar evidencia que la neovascularitzacio de la capa
intima arterial originada en I’adventicia jugava un paper important en ’aparicio d’aquests
esdeveniments [28, 29]. La hipoxia i la isquemia son els principals estimuls per a
I’angiogénesi dels VV [23], comll tamb¢ en els canvis vasculars que es produeixen en la

retinopatia diabetica [30].
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Tot i que diversos autors reconeixen una possible implicacié de la patologia
microvascular en la progressio de 1’aterosclerosi en la diabetis mellitus, fins ara els estudis
que s’han dut a terme han estat focalitzats en la contribucié de la neovascularitzacio dels
VV només especificament en el procés de formacio i ruptura de la placa d’ateroma [25,

26, 31, 32].

A la decada dels anys 60, Angerval et al. en un estudi postmortem avaluaren les
artéries aortes de subjectes joves amb diabetis tractada amb insulina i van trobar que els
VV mostraven caracteristiques analogues a la microangiopatia que es produia en altres
territoris, postulant doncs que les lesions en els VV possiblement esdevenen un factor
important en el desenvolupament de 1’aterosclerosi aortica [33]. Malauradament, aquest
estudi ha estat ignorat des de llavors per la comunitat cientifica que investiga en aquesta

area.

El nostre grup de recerca va proposar la hipotesis de que els microvasos de les grans
artéries sén una diana de la microangiopatia diabética similar a la d'altres localitzacions
ben reconegudes com en els casos dels microvasos de la retina, del glomérul renal, i del
nervi periféric [34]. Coneixem be que la situacié d’hiperglucémia cronica, caracteristica
de la diabetis, afecta la microcirculacié dels organs diana classics i, per tant, varem
hipotetitzar que la hiperglucémia origina tambeé canvis microangiopatics en els VV de les
grans artéries abans de que aparegui la placa d’ateroma, sent aquest un dels factors que
explicaria les caracteristiques diferencials en 1’aterosclerosi diabética. D’aquesta manera,
la microangiopatia de la paret de les grans artéries pot esdevenir el substrat per a una
progressié més rapida i greu de 1’aterosclerosi, concebent aixi que els subjectes amb
complicacions microangiopatiques també presentarien una microangiopatia dels VV,

amb signes d’angiogeénesi incrementada en la paret de les seves grans arteries.

Aquesta hipotesi va ser investigada pel nostre grup de recerca en un estudi previ
amb pacients amb diabetis mellitus tipus 2, en el que es va demostrar que els subjectes
amb aquest tipus de diabetis presentaven, a 1I’exploracio del senyal de VV, una major
angiogenesi dels VV en Iarteéria carotida comu que els subjectes no diabetics, i a més, el
senyal de VV en els subjectes diabetics amb retinopatia era més intensa que en aquells
sense retinopatia. Aixo suposava una evidéncia indirecta de 1’associacid de la retinopatia

amb una microangiopatia de la microcirculacié de la paret arterial de la carotida [34].
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Per a dur a terme 1’avaluacié quantitativa dels VV ens varem basar en la descripcio
del concepte comunicada previament com a resum d’un congrés per Adam D et al. [35],
i a partir del qual el nostre grup ha desenvolupat una tecnica de lectura del senyal de VV
mitjangant 1’ecografia amb contrast de microbombolles. Tant el procediment ecografic
per a I’adquisici6 de les imatges com el metode emprat per a la quantificacié del senyal
de VV es descriu en un dels articles que conformen aquesta tesi [36]. Es tracta d’un
meétode totalment innovador, ja que no hi ha a la literatura prévia cap article original que
descrigui la quantificacié de VV en un segment de I’artéria carotida (comu) lliure de placa
d’ateroma. El grup de Feinstein va ser el primer en utilitzar 1’ecografia amb contrast amb
I’objectiu d’estudiar el paper de la malaltia microvascular de la gran artéria en el
desenvolupament de la MCV [37]. Els seus estudis van demostrar que els VV de
I’adventicia 1 la neovascularitzaci6 de la placa estaven intimament associats a la gravetat
de la placa i als esdeveniments CV [38, 39]. Altres treballs que també van utilitzar
I’ecografia amb contrast van concloure que la preséncia de neovasos en la placa detectats
per ecografia es correlacionava amb troballes histologiques [40, 41]. No obstant aixo, tot
1 que en la mostra emprada per a dur a terme aquests estudis s’incloien pacients amb DM,
no es tractava d’uns resultats especifics per aquesta poblaci6 i tampoc es relacionava amb

la preséncia de microangiopatia en altres territoris.

Tenint en compte tot el descrit anteriorment, en aquesta tesi ens varem plantejar
avaluar la preséncia d’ateromatosi subclinica en pacients amb DM2, avaluar la validesa
de la tecnica de quantificacio del senyal de VV en poblacié lliure de factors de risc
cardiovasculars, i determinar si aquest senyal es trobava incrementat en pacients amb
DM1 en comparacié amb pacients no diabetics, a més de ser més elevat en aquells

pacients diabétics amb retinopatia associada.
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3. HIPOTESI | OBJECTIUS

3.1 Hipotesi

1. Els pacients amb diabetis mellitus tipus 2 sense malaltia cardiovascular clinica previa
presenten amb més freqliencia signes de malaltia ateromatosa subclinica precog en relacid
als pacients sense diabetis: major gruix intima-mitja i més freqliiencia de placa

ateromatosa en el territori carotidi.

2. El senyal de vasa vasorum en la paret de 1’artéria carotida comun es pot mesurar
mitjangant I’ecografia amb contrast de microbombolles. Aquest senyal es pot determinar
de manera estandarditzada a través d’un quocient entre el senyal de contrast de la paret i

el de la llum del vas.

3. En el procés d’aterosclerosi en la diabetis, la microangiopatia pot afectar a la paret de
les grans artéries com a factor que contribueix a I’aterosclerosi en aquests pacients. En la
diabetis mellitus tipus 1, el senyal de vasa vasorum esta incrementat i s’associa a la

preséncia de retinopatia diabética.

3.2 Objectius

1. Avaluar la preséncia de malaltia ateromatosa subclinica en els pacients amb diabetis
tipus 2 i la seva relacié amb els principals factors de risc cardiovascular, en comparacio

amb subjectes sense diabetes.

2. Establir i estandarditzar una metodologia de lectura del senyal de vasa vasorum de la
paret de I’artéria carotida comu mitjangant ecografia amb contrast de microbombolles en
un segment lliure de placa d’ateroma. Establir els valors de referéncia en subjectes sense

factors de risc cardiovascular.

3. Avaluar la microcirculacio de la paret de les arteries carotides (variable principal:
senyal de vasa vasorum en 1’ecografia amb contrast) en els pacients amb diabetis tipus 1,
amb i sense retinopatia, com a complicacié microvascular de referéncia i comparar-ho

amb persones sense diabetis.
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3. Hipotesi i objectius

3.3 Resum breu dels articles

El primer article, titulat “Subclinical carotid atherosclerosis in asymptomatic
subjects with type 2 diabetes mellitus”, va tenir com a objectiu avaluar la preséncia
d’indicadors d’ateromatosi carotidia en els pacients amb diabetis tipus 2 en comparacid
amb subjectes no diabétics, i la seva associacié amb els diferents factors de risc

cardiovascular. Aquest article ha estat publicat a Journal of Cardiovascular Nursing.

El segon article, titulat “Left carotid vasa vasorum signal correlates directly with
age and with left carotid intima-media thickness in individuals without atheromatous risk
factors.”, descriu una nova metodologia de manera estandarditzada de quantificacio6 del
senyal de vasa vasorum en I’adventicia de la carotida comi en subjectes sense cap factor
de risc cardiovascular, establint els valors fisiologics i de referencia en aquesta poblacio.

Aquest article ha estat publicat a Cardiovascular Ultrasound.

El tercer article es titula “Pseudo-enhancement does not explain the increased
carotid adventitial vasa vasorum signal in diabetic patients”. L’ objectiu en aquest article
va ser clarificar la validesa de la técnica utilitzada per a la lectura del senyal dels vasa
vasorum, i discutir-ne els diferents aspectes metodologics. Aquest article ha estat publicat
a Atherosclerosis, com a Invited Commentary, després de demanar 1’editor que
s’avaluessin i es comentessin els aspectes metodologics de la técnica emprada en els

nostres estudis.

El quart article es titula “Microangiopathy of common carotid vasa vasorum in type
1 diabetes mellitus”. Els objectius d’aquest estudi van ser avaluar les diferéncies entre el
senyal de vasa vasorum dels subjectes amb DM1 respecte un grup control lliure de factors
de risc cardiovascular, i avaluar si aguest senyal es trobava incrementat en els pacients
diabétics amb retinopatia respecte als que no presentaven aquesta complicacio

microangiopatica. Aquest article ha estat publicat a Atherosclerosis.
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4. ARTICLES

4.1 Subclinical carotid atherosclerosis in asymptomatic subjects with type 2 diabetes

mellitus.

Autors: Rubinat E, Marsal JR, Vidal T, Cebrian C, Falguera M, Vilanova MB, Betriu A,
Fernandez E, Franch J, Mauricio D.

Publicat online a Journal of Cardiovascular Nursing. 2015 Mar 30.

La MCV associada a I’aterosclerosi és la principal causa de mort en els pacients
amb DM2. L’avaluacié de la malaltia arteriosclerotica subclinica, mitjangant la
quantificacié del GIM 1 la preséncia de placa d’ateroma, per ecografia carotidia és un
meétode validat i acceptat de manera universal, recomanant-se el seu Us en determinats

grups de risc.

L’objectiu d’aquest estudi va ser avaluar la presencia d’aterosclerosi carotidia
subclinica en un grup de pacients amb DM2 sense MCV prévia, i la seva comparacié amb
pacients sense diabetes en la nostra poblacio.

Es dissenya un estudi de casos i controls, observacional i transversal en el que es
van incloure un total de 374 pacients, 187 pacients amb DM2 aparellats per sexe i edat
amb 187 pacients sense DM2, tots ells sense MCV.

Es van recollir dades demografiques, antropometriques 1 propies de I’ecografia

carotidia. Les variables i el seu métode d’avaluacio es descriuen en ’article.

Els resultats més rellevants van ser que tant el GIM com la freqlencia de plaques
es trobaven significativament incrementats en els DM2 respecte al grup control, trobant-
se més incrementats en homes que en dones, i mostrant un augment progressiu amb 1’edat.

En el model multivariant, el GIM s’associava amb la diabetis, 1’edat, el sexe i la tensio
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4. Articles

arterial sistolica; i la placa d’ateroma, que tot i que inicialment s’associava a la diabetis,
’edat, el perimetre de cintura, la tensio arterial sistolica 1 la hipercolesterolemia, després
d’ajustar el model aquesta associacid només es va mantenir positiva per a I’edat i el

perimetre de cintura.

Es conclou que els pacients amb DM2 presenten major prevalenca de malaltia
ateromatosa subclinica associada a factors de risc cardiovascular, i que 1’ecografia
carotidia és un instrument de cribatge validat de gran utilitat per a la deteccio6 precog de
malaltia aterosclerotica subclinica. A més, aquest estudi ha estat conduit per professionals
infermers 1 mostra la importancia del rol d’aquests professionals en la deteccio precog i

la prevencio de la MCV.
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Subclinical Carotid Atherosclerosis in
Asymptomatic Subjects With Type 2
Diabetes Mellitus
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Background: Subjects with type 2 diabetes mellitus are considered to be at high risk for cardiovascular disease.
The identification of carotid atherosclerosis is a validated surrogate marker of cardiovascular disease. Nurses
are key professionals in the improvement and intensification of cardiovascular preventive strategies. Aims: The
aim is to study the presence of carotid atherosclerosis in a group of asymptomatic subjects with type 2 diabetes

mellitus and no previous clinical cardiovascular disease. Methods: A total of 187 patients with type 2 diabetes
mellitus and 187 age- and sex-matched subjects without type 2 diabetes mellitus were studied in this
cross-sectional, observational, cohort study. Standard operational procedures were applied by the nursing team
regarding physical examination and carotid ultrasound assessment. Common, bulb, and internal carotid arteries
were explored by measuring intima-media thickness and identifying atherosclerotic plaques. Results: Carotid
intima-media thickness (c-IMT) and carotid plaque prevalence were significantly greater in diabetic subjects than
in the control group. Carotid plaques and c-IMT were more frequent in men than in women and increased with
increasing age. In the multivariate analysis, age, gender, waist circumference, systolic blood pressure, and
hypercholesterolemia were positively associated with c-IMT, whereas age, gender, and weight were positively
associated with carotid plaque. Conclusion: The current nurse-led study shows that subjects with type 2 diabetes
mellitus have a high prevalence of subclinical atherosclerosis that is associated with cardiovascular risk factors.

KEY WORDS: atherosclerotic plaque, cardiovascular diseases, carotid intima-media thickness

primary prevention, type 2 diabetes mellitus
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Cardiovascular disease is the main cause of death
in type 2 diabetic subjects.* It has been shown
that individuals with diabetes mellitus are at 2- to 4-fold
increased risk for cardiovascular disease. Furthermore,
65% of deaths in these individuals are related to cor-
onary heart disease or stroke,** the common basis for
which is atherosclerosis, a chronic degenerative process
characterized by a pathological asymmetric enlargement
of the internal layer of the artery.’

The identification of subjects at high cardiovascular
risk may play a major role in primary cardiovascular dis-
ease prevention.® The detection of subclinical atheroscle-
rosis is a surrogate marker to predict cardiovascular events,
and its assessment through carotid ultrasound, includ-
ing the measurement of carotid intima-media thickness
(c-IMT) and the identification of plaques, is a validated
method.”” Previous studies have shown that c-IMT is
significantly greater in diabetic subjects in comparison
with nondiabetic subjects.'® In addition, c-IMT is an
independent predictor of cardiovascular events in type
2 diabetic patients with no previous symptomatology."’
Moreover, increased ¢-IMT, coupled with the presence of
atherosclerotic plaques, is associated with acute ischemic
stroke and microvascular disease in subjects with type
2 diabetes mellitus.'*

It is known that atherosclerosis begins in the pre-
diabetic stage and has an asymptomatic progression
before the cardiovascular event occurrence,™ hence the
importance of early detection. The American Heart As-
sociation recommends carotid ultrasound assessing the
presence of atherosclerosis to identify those subjects at
high cardiovascular risk, such as diabetic patients.'®
Therefore, it is important to establish screening pro-
grams using carotid ultrasound for the early detection of
subclinical cardiovascular disease.

The role of the nurse may be pivotal in strategies aimed
at the identification of subjects at cardiovascular risk
and the promotion of health education focused on pre-
vention and health promotion. A well-trained nursing
team with ample experience in this area can lead the early
detection of atherosclerotic disease and related health-
promoting activities. The importance of nurses in these
areas has been established in the context of the mul-
tidisciplinary Unit for Detection and Treatment of
Atherothrombotic Disease (UDETMA) of the Hospital
Universitari Arnau de Vilanova in Lleida, Spain (www
.udetma.com). The UDETMA is a pioneering Spanish
organization with extensive experience in research, early
detection and treatment of atherosclerotic disease and is
focused on cardiovascular disease prevention.'” ' The
UDETMA is integrated as a multidisciplinary team, in
which the nursing role is especially relevant because it
is the nurse who conducts all carotid ultrasound
procedures, assesses cardiovascular risk factors, and
when necessary, offers individualized lifestyle advice and
potential follow-up.

Thus, within the framework of UDETMA research
activities, we aimed to investigate the presence of sub-
clinical carotid atherosclerosis and the association with
other cardiovascular risk factors in a population of type
2 diabetes mellitus subjects with no previous cardiovascular
disease and to compare this population with a control
group without diabetes. Furthermore, the results obtained
may help to better characterize the population at risk and
thus to design more specific future prevention strategies.

Methods
Design and Procedures

This was a cross-sectional, observational, cohort study.
From an original population of 700 subjects identified
during a 1-year period, we could identify a group of 187
subjects with type 2 diabetes and a comparison group
of 187 sex- and age-matched subjects without diabetes.

Diabetic subjects were included from their first clin-
ical visit with the nursing staff at UDETMA during a
1-year period. It is important to highlight that the ac-
tivity of the unit focused on cardiovascular prevention,
so none of the patients who attended this clinical unit
had established cardiovascular disease. All subjects are
referred to this unit by their primary care team if 2 or
more cardiovascular risk factors are detected. Comparison
subjects were randomly selected from the general popu-
lation as part of another ongoing population-based study
conducted at the primary care level by our team during
the same 1-year study period. Medical records of these
patients were reviewed to ensure that they did not have
history of cardiovascular disease, diabetes, hypercho-
lesterolemia, nor hypertension before screening. The in-
vestigation conforms with the principles outlined in the
Declaration of Helsinki.?’ These studies were all approved
by the local Ethics Committee, and all participants gave
signed informed consent before inclusion in the study.

The inclusion criteria for this study were to be 18 years
or older and having received the diagnosis of type 2 dia-
betes. Established cardiovascular disease defined by World
Health Organization as coronary heart disease, cerebro-
vascular disease, peripheral arterial disease, congenital
and rheumatic heart disease, deep vein thrombosis, and
pulmonary embolism were the only exclusion criteria
in both study groups. Ours is the only reference hospital
for cardiovascular disease and its related procedures in
the region. We also had access to reports from 3 secondary
hospitals in the region to exclude any previous cardiovas-
cular events. Therefore, apart from anamnestic evalu-
ation, we could ascertain any cardiovascular event that
occurred in the healthcare area.

The following data were collected from each subject:

— Demographic data: age; gender; smoking status; pre
vious diagnoses of hyperlipidemia and hypertension,
defined as current treatment with lipid-lowering and
blood pressure drugs, respectively; and type 2 diabetes
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mellitus diagnoses according to 1999 World Health
Organization criteria.!

— Anthropometric measures and physical examination:
blood pressure was recorded according to the Joint
National Committee on Prevention, Detection, Eval-
uation, and Treatment of High Blood Pressure guide-
lines,” using a blood pressure monitor (HEM-7001E;
Omron, Spain) to record the systolic blood pressure
and diastolic blood pressure. Body weight (kilograms),
height (meters), and waist circumference (centimeters)
were measured by standard procedures, and the body
mass index was also calculated.

— Carotid ultrasound was performed using a Vividi
(General Flectric Healthcare, Wisconsin) equipped with
a linear transducer (8L) with a frequency range from
8 to 13 MHz. Both carotids were examined following
the standardized operational procedure and the
Mannheim consensus.”® The standard procedure
conducted in this study consisted of first, a cross-sectional
view of the common, bulb, and internal carotid arteries
to identify atherosclerotic plaques, defined as a focal
encroachment into the lumen of the carotid. Second,
an online measurement of the carotid intima-media
thickness (c-IMT) in these 3 areas was performed
using the Auto-IMT software (GE Healthcare, Haifa,
Israel), and the average of these measures was calcu-
lated. Values of c-IMT above 1.5 mm were considered
as plaques.* For this study, the assessment of all of
the measures and the performance of ultrasound studies
were conducted by 2 research nurses (ER, TV).

Ethical Approval
The study was approved by the ethics committee of the
Arnau de Vilanova University Hospital (reference no. 766).

Sample Size Calculation

The inclusion of a high number of subjects in each group
enabled us to address the assessment of relevant differ-
ences between diabetic and nondiabetic study groups in
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terms of c-IMT. Data from a previous study of our group
were used to ensure that we could be able to detect a dif-
ference of at least 0.13 mm (SD, 0.13) between both study
groups, accepting an « risk of .05 and a B risk of .2 in a
bilateral contrast.'”

Statistical Analyses

Data were expressed as mean (SD) and n (%), when ap-
propriate. Conventional tests to assess the normality of
quantitative variables were applied. Group differences
were evaluated by the nonparametric Mann-Whitney test
for quantitative variables and the y* test for categorical
variables. A logistic regression model was applied to study
variables related to the presence of carotid plaque. The
discrimination and calibration were assessed using the
C statistic and Hosmer-Lemeshow test, respectively. In
contrast, linear regression was used for the c-IMT study,
and the R* was reported. All variables with a P <.2 on
the descriptive analysis were included in the final model
after individually removing the nonsignificant variables.
The significance level was defined as P <.05. Data anal-
yses were performed with the SPSS v 18.0 statistical pack-
age (IBM Corporation, Armonk, New York).

Results

The main characteristics of the study groups are shown
in Table 1. As expected, the diabetic subjects had higher
prevalences of hypertension and hypercholesterolemia
and higher values of body mass index, waist circumfer-
ence, and systolic and diastolic blood pressure.

As expected, c-IMT increased progressively with age
and was higher in men than in women (Table 2). Thus,
the ¢c-IMT mean (SD) value in the diabetic group was 0.79
(0.15), whereas for the control group was 0.72 (0.11).
These differences were statistically significant (P <.001).
However, when both groups were stratified by age and
sex, the differences remained significant except for men
between 51 and 60 years (Table 2).

M General Characteristics of the Study Groups

Control Group

Type 2 Diabetes

(n = 187) (n = 187) Overall (N = 374) P
Age mean (SD), y 187 55.1(12.4) 187 57 (8.8) 374 56.1 (10.8) 269
Gender, females, n (%) 187 112 (59.9) 187 112 (59.9) 374 224 (59.9) 1.000
Weight, mean (SD), kg 187 72.1(12) 187 85.5 (16.3) 374 78.8 (15.7) <.001
Body mass index, mean (SD), kg/m? 187 26.5 (3.7) 187 31.3 (5.7) 374 28.9 (5.4) <.001
Waist circumference, mean (SD), cm 187 95.2 (10.3) 187 106.0 (13.3) 374 100.6 (13) <.001
Systolic blood pressure, mean (SD), mm Hg 187 125.3 (15.4) 187 140 (20.1) 374 132.7 (19.3) <.001
Diastolic blood pressure, mean (SD), mm Hg 187 79 (9.3) 187 82.3(11.8) 374 80.6 (10.8) 0.004
Current smokers, n (%) 187 46 (24.6) 187 37 (19.8) 374 83 (22.2) 0.263
Hypertension, n (%) 187 32(17.1) 187 112 (59.9) 374 144 (38.5) <0.001
Hypercholesterolemia, n (%) 187 35 (18.7) 187 78 (41.71) 374 113 (30.2) <0.001
Carotid intima-media thickness, mean (SD) 187 0.72 (0.11) 187 0.79 (0.15) 374 0.76 (0.13) <0.001
Carotid plaque, n (%) 187 67 (35.8) 187 89 (47.6) 374 156 (41.7) 0.021
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Control Group (n = 187)

Type 2 Diabetes (n = 187)

Carotid Intima-Media Thickness N Mean (SD) N Mean (SD) P
Men
<50y 31 0.66 (0.09) 31 0.74 (0.16) .032
51-60y 26 0.77 (0.11) 26 0.77 (0.12) .840
>60y 18 0.81(0.12) 18 0.91 (0.15) .044
Women
<50y 18 0.62 (0.08) 18 0.72 (0.14) .014
51-60y 45 0.71 (0.09) 45 0.77 (0.15) .033
>60y 49 0.76 (0.09) 49 0.83 (0.14) .006

The findings on atherosclerotic plaques followed the
same pattern as ¢c-IMT (Table 3). Thus, the presence of
plaques increased with age and was higher in men than
in women. Overall, the prevalence of carotid plaques in
the diabetic group was 47.6, whereas that in the control
group was 35.8 (P <.021). However, for plaque, strat-
ification by age resulted in a significant difference that was
only maintained in the younger group (<50 years).

Regardless of the diabetes status, the multivariate model
showed that the frequency of plaques was significantly
associated with age, waist circumference, systolic blood
pressure, hypercholesterolemia, and diabetes (Table 4).
However, only age and waist circumference kept signif-
icance after the adjustment. The data in Table 4 show
that for each year increase in age or for each 1 cm in-
crease in waist circumference, the risk odds ratio (OR)
increased significantly at 1.02 and 1.01, respectively.

We performed a multivariate logistic regression anal-
ysis, taking the presence of carotid plaques as the depen-
dent variable. The results are displayed in Table 4. Age,
waist circumference, systolic blood pressure and hyper-
cholesterolemia, and type 2 diabetes mellitus were the
variables positively associated with the presence of carotid
plaque; however, only age and waist circumference re-
mained statistically significant after OR adjustment.

Type 2 diabetes was not significantly associated with
the presence of carotid plaques in the multivariate anal-
yses. The linear regression model applied to ¢-IMT showed

:\:11 318 Carotid Plaque Distributed by Gender

and Age in the 2 Study Groups

Control Group Type 2 Diabetes

(n = 187) (n =187)
Carotid Plaque N n (%) N n (%) P
Men
<50y 31 6(19.4) 31 18 (58.1) .002
51-60y 26 11(42.3) 26 11 (42.3) 1.000
>60y 18 12 (66.7) 18 9 (50.0) .310
Women
<50y 18 0 (0.00) 18 5(27.8) .016
51-60y 45 15(33.3) 45 20 (44.4) .280
>60y 49 23 (47.0) 49 26 (53.1) .544

a significant association with diabetes (P = .006). Age,
gender, and systolic blood pressure were also signifi-
cantly associated with ¢-IMT (Table 5).

Discussion

Our study showed that ¢-IMT and the frequency of
carotid plaques were greater in type 2 diabetic subjects
compared with nondiabetic controls. The main result was
that 47.6 of diabetic subjects have carotid plaque and that
c-IMT values were also significantly higher (0.79 mm
vs 0.72 mm for the control group). The c-IMT value in
the control group was in concordance with the published
reference values for the Spanish population (0.71 mm for
men and 0.67 mm for women).>> Moreover, the fre-
quency of carotid plaque found in the control group
(66.7% of men and 47% of women >60 years old) was
also in concordance with data previously published by
Junyent et al.*® These concordances, both in carotid
plaque frequency and c-IMT average values, showed
that our control group was representative of the general
population.

Diabetic patients showed a mean increase of 0.067 mm
compared with nondiabetic subjects, a finding that is
similar to the one reported by previous studies.”” Other
researchers found greater differences in ¢-IMT between
diabetic and nondiabetic subjects'®; however, it should
be noted that this depends largely on the characteristics
of the included diabetic subjects in each study and the
specific burden of cardiovascular disease in the back-
ground population. These differences were also found
for the presence of carotid plaques; thereby, type 2 diabetic
subjects had more than a 10% excess frequency of carotid
plaques. In the multivariate model, the ¢-IMT was asso-
ciated with diabetes (P = .006). However, although an
association between diabetes and plaque was detected
(crude OR, 1.63), after adjustment for other variables,
this association lost significance. This lack of significance
may exist because there is a high colinearity between
diabetes and other cardiovascular risk variables (Table 4).

The pathogenesis of atherosclerosis is multifactorial,
which is clearly verified in diabetic patients and is asso-
ciated to cardiovascular risk factors.?® The IMPROVE
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L2\ EE:38 Lineal Regression Model for the Presence of Carotid Plaques

Bivariate Comparisons Unadjusted Adjusted

Carotid Plaque No-Yes OR (95% Cl) P OR (95% Cl) P

Female gender 61.9%-57.1% 0.82 (0.54-1.24) .343 0.74 (0.46-1.20) 229
Age 54.1-58.8 1.04 (1.02-1.07) <.001 1.04 (1.02-1.07) .001
Waist circumference 98.3-103.8 1.03 (1.02-1.05) <.001 1.02 (1.01-1.04) .013
Systolic blood pressure 129.7-136.9 1.02 (1.01-1.03) .001 1.01 (1.00-1.02) 216
Hypercholesterolemia 25.2%-37.2% 1.75(1.12-2.74) .014 1.47 (0.91-2.38) .118
Type 2 diabetes mellitus 45%-57.1% 1.63 (1.07-2.46) .021 1.00 (0.6-1.65) .999

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; SBP, systolic blood pressure.

study positively associates the c-IMT with age, gender,
and smoking.*” Our results are concordant with these
data, except for weight and smoking; this might be ex-
plained because our sample was smaller, and further, our
study did not discriminate between nonsmokers and former
smokers. There is robust evidence that smoking leads to
atherosclerosis.*® 3% As in our study, the Gutenberg-Heart
study also found that men had higher ¢-IMT than women
did; however, in that study, gender differences disappear
with the increasing age of the subjects.® This effect may
be due to the presence of confounding factors. Our
results concerning the frequency of atheroma plaques
and its association with age and waist circumference are
also supported by previous findings,>* although these
include other significant factors that were not shown in
our study. This may be due to the study design, and possi-
bly in a more extensive population, we have found other
significant risk factors.

The care management programs conducted by nurses
using a multifactorial approach have been shown to re-
duce morbidity and mortality of those subjects at high
cardiovascular risk.** The nursing role runs from the
performance of diagnostic examinations and risk assess-
ments to supporting patients during the self-care pro-
cess.>® A recent meta-analysis has shown that a nurse-led
diabetes self-management education intervention improved
glycemic control and cardiovascular risk factors.?” Follow-
ing this line, our unit (UDETMA) places a nurse team
that leads the identification of high-risk population,
especially those at very high risk (ie, diabetic patients).
This nurse-led team performs relevant tasks such as car-
diovascular risk assessment, identification of subclinical
atherosclerosis through carotid ultrasound, and subse-

quent implementation of adapted individualized preven-
tive measures for these subjects. Also, an annual carotid
ultrasound is performed to detect changes in c-IMT or in
plaque composition and morphology. The UDETMA
has a preventive consultation led by experienced nurses
who provide advice aimed at reducing cardiovascular
risk, as well as periodic monitoring to increase com-
pliance and motivation. This nursing care should play
a central role in vascular risk management in different
healthcare setting; this has been previously shown to
achieve vascular risk reduction.’®

Limitations of our study should be noted. First, the
study involved the potential selection bias of the study
population, as the patients were not randomly selected.
In addition, we did not have information regarding
microvascular complications of diabetes (retinopathy,
nephropathy or neuropathy) that could influence the
prevalence of subclinical atherosclerosis.'” Therefore,
we should be cautious when extrapolating the results
of this study to other settings.

Conclusion

We have been able to show that type 2 diabetes mellitus
subjects from our population with no previously known
cardiovascular disease show an increased subclinical carotid
atherosclerotic disease. A nurse-led team is able to identify
and manage these high-risk patients. Atherothrombotic
disease evolves during a long clinically silent period, and
for this reason, it is most likely important to strengthen
all efforts aimed at early detection. Carotid ultrasound
can be used as a valuable routine screening tool for the
evaluation of atherosclerosis in type 2 diabetes mellitus

B Logistic Regression Model for Carotid Intima-Media Thickness
Unadjusted Effect

Adjusted Effect

Carotid IMT (Each 100) Coefficient (95% Cl)

P Coefficient (95% Cl) P

Age 46.19 (39.59 to 52.78)
Female gender 76.24 (74.07 to 78.41)
Weight (kg) 67.28 (60.31 to 74.25)
Systolic blood pressure (mmHg) 49.42 (40.28 to 58.56)
Smoking 76.36 (74.81 to 77.91)
Diabetes 72.30 (70.42 to 74.18)

<.001 0.54 (0.41 to 0.66) <.001
<.001 —2.92 (—5.70 to —0.14) .040
<.001 0.05 (—0.04 to 0.14) 271
<.001 0.07 (—0.01 to 0.14) .068
<.001 1.12 (—=1.89 to 4.13) 466
<.001 4.04 (1.18 t0 6.9) .006

Abbreviations: 95% Cl, 95% confidence interval; IMT, intima-media thickness; SBP, systolic blood pressure.

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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What's New and Important

B Early detection and implementation of preventive
measures for cardiovascular disease can be effectively
performed by a nurse-lead team.

B Type 2 diabetes has an increased burden of subclinical
carotid atherosclerosis even in the absence of previous
cardiovascular clinical disease.

pa

tients. In prevention and health promotion, the nursing

role is essential, being the key professionals who conduct
ultrasound procedures, identification of cardiovascular

ris

k factors, and health education follow-up in their daily

routine. It is important to conduct further studies with
more accurate characterization of the population, as well

as

evaluate the cost effectiveness of implementing pre-

vention programs led by nursing professionals.
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La deteccio precog d’ateromatosi subclinica és important en determinants pacients

amb alt risc de MCV per a la reduccio de la morbiditat i la mortalitat per aquesta causa.

Encara que el GIM és el predictor més utilitzat per a la deteccio d’aterosclerosi
establerta, en models experimentals s’ha observat una hiperplasia dels microvasos (vasa
vasorum) en la paret de I’adventicia de les grans arteries previ a la disfuncio endotelial.
Aquestes troballes suggereixen que I’avaluacio precog de la neovascularitzacio adventicia
podria ser Util per detectar subjectes en risc cardiovascular abans que apareguin altres
signes de malaltia ateromatosa preco¢ (GIM augmentat i/o presencia de placa). No obstant
aixo, els pocs estudis publicats fins ara s’han centrat exclusivament en la
neovascularitzaci6 de la placa d’ateroma. El primer article original sobre la quantificacio
de VV en I’adventicia de la paret de la carotida comud en segments lliures de placa és la

del nostre propi grup en un estudi previ en pacients amb DM2.

En aquest article, I’objectiu va ser establir el métode de quantificacié del senyal VV
en 1’adventicia de la carotida comu i caracteritzar-ho en una grup de subjectes sense
factors de risc CV. A més, es va pretendre avaluar si el senyal de vasa vasorum en la
carotida comu dreta i esquerra podria ser un marcador precog de lesions aterosclerotiques

subcliniques en poblacio6 sense factors de risc cardiovascular.

Es van estudiar 65 voluntaris amb edats compreses entre els 30 i els 70 anys i lliures
de factors de risc cardiovascular (tabac, hipertensio, dislipémia, i diabetis). A tots se’ls va
realitzar una ecografia en mode B (ecografia convencional sense contrast) per tal

d’obtenir dades de GIM i de la preséncia de placa, i seguidament es realitza una ecografia

25



amb aplicacio de contrast de microbombolles per tal de quantificar el senyal de VV en
I’adventicia de I’artéria carotida comU dreta i esquerra. En aquest article, es descriu
detalladament el procediment de captura d’imatges 1 el metode de lectura de quantificacio

del senyal VV.

Com a resultat principal es va observar que el senyal de VV de ’adventicia en la
carotidia comu esquerra correlacionava amb el GIM en aquest mateix territori i també
amb 1’edat. Aquesta alta correlacio, en subjectes sense factors de risc CV, suggereix que
la quantificacié dels VV en I’adventicia carotidia pot ser un marcador sensible i fiable per
a la deteccidé de malaltia ateromatosa subclinica, i també un potencial instrument de

monitoritzacid de ’eficacia de les intervencions dutes a terme sobre els factors de risc

CV.
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Left carotid adventitial vasa vasorum signal
correlates directly with age and with left carotid
intima-media thickness in individuals without
atheromatous risk factors

Maria Vittoria Arcidiacono'**", Esther Rubinat***, Mercé Borras', Angels Betriu'?, Javier Trujillano®?,
Teresa Vidal'#, Didac Mauricio®*® and Elvira Ferndndez'?

Abstract

Objective: The early identification of the onset of subclinical atheromatosis is essential in reducing the high mortality
risk from cardiovascular disease (CVD) worldwide. Although carotid intima-media thickness (cIMT) is the most commonly
used early predictor of ongoing atherosclerosis, an experimental model of atherosclerosis, demonstrated that increases
in adventitial microvessels (vasa vasorum (W)) precede endothelial dysfunction. Using the reported accuracy of
contrast-enhanced ultrasound (CEU) to measure carotid adventitial VWV, this study assessed whether measurements of
carotid adventitial VW serve as a marker of subclinical atherosclerotic lesions in a control population with none of the
classical risk factors for CVD.

Methods and results: Measurements of cIMT (B-mode ultrasound) and adventitial VW (CEU) were conducted in 65
subjects, 30-70 years old, 48% men, with none of the classical risk factors for CVD. Adventitial W strongly correlated with
its own cIMT only in the left carotid artery. Importantly, the left carotid adventitial W directly correlated with age.
Conclusions: The increases with age in left carotid adventitial W in individuals with zero risk for atheromatosis suggest
that the measurement of carotid adventitial W could be an accurate and sensitive marker for the diagnosis of subclinical

atheromatosis and therefore a prominent tool for monitoring the efficacy of anti-atheromatous therapies.

Keywords: Atheromatosis, Vasa vasorum, Contrast-enhanced ultrasound, Carotid arteries, Adventitial layer

Introduction
Atherosclerosis is the leading cause of death in the gen-
eral population worldwide [1]. The ability to identify the
atherosclerotic process at early stages is of great value
for attenuating the risk of adverse cardiovascular disease
(CVD) events.

At present, carotid intima-media thickness (cIMT) is
the earliest and most widely used predictor of atheroma-
tosis. Indeed, not only is cIMT associated with several
traditional risk factors including smoking, high choles-
terol, high blood pressure, and high glucose [2,3], but
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more significantly, cIMT improves the prognostic risk
prediction of either one or more than one of any of
these traditional risk factors, particularly in women [4].
Importantly, ultrasonographic measurements provide an
accurate estimation of cIMT. To this point, Pignoli et al.
find no significant differences between the ultrasono-
graphic measurements of the IMT in the common
carotid arteries and those determined histologically [5].
Important for the identification of the pathophysiology
underlying cIMT was the immunohistochemical analysis
of human carotid atherosclerotic lesions. At pre-atheroma
stages, microvessels originating from the adventitial layer
are present in the intima layer, while they are absent in the
normal intima and also in atheromatous lesions that are
independent of intimal thickening [6,7]. These microves-
sels are known as vasa vasorum (VV), and they are

© 2015 Arcidiacono et al, licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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physiologically located in the adventitial layer providing
nourishment to medium and large vessels including aorta,
coronary, femoral, and carotid arteries. Experimental evi-
dence supports a role of the neoangiogenesis originating
from the adventitial layer in the initiation and progression
of the atherosclerotic process [8]. This initial demonstra-
tion that hypercholesterolemia increases adventitial VV
before the development of atherosclerotic lesion in
porcine coronary arteries is further supported by the stud-
ies by Herrmann et al, using three-dimensional micro-
computed tomography (CT) [9]. In the coronary arteries of
pigs fed a hypercolesterolemic diet, the marked increases in
the density of adventitial VV precede endothelial dysfunc-
tion, the first alteration leading to atherosclerosis [9]. These
experimental findings suggest that imaging VV in the ad-
ventitia in vivo could identify stages in the development of
atherosclerosis prior to the well-recognized increases in
cIMT, thus favoring an early identification of patients with
a higher risk of cerebrovascular events.

Contrast-enhanced ultrasound (CEU) has been intro-
duced as a useful, non-invasive and inexpensive tech-
nique for studying VV in the carotid arteries [10].
Indeed, several studies have identified plaque neovascular-
ization using CEU, which were histologically confirmed
after endarterectomy [11-13]. However, these studies were
prevalently focused on intraplaque neovascularization. In
order to use the degree of neovascularization necessary for
CEU assessment to predict cerebrovascular risk, a better
understanding of the physiological/pathological amount of
VV in the carotid adventitial layer was necessary. Indeed,
the first report of an increase of the periadventitial VV
network in patients with carotid stenosis of at least >50%,
compared with that in patients with no carotid stenosis,
utilized a combination of sonographic contrast agent and
B-flow images [14]. More recently, the direct in vivo
visualization of the adventitial neovascularization by CEU
has been reported: values from type 2 diabetic patients
showed a higher adventitial vascularization in comparison
with the values from healthy subjects. Furthermore,
diabetic patients affected by retinopathy showed a higher
adventitial VV than did patients not affected by retinop-
athy [15].

Therefore, the aim of the study was to study a group
of healthy volunteers with none of the classical risk fac-
tors for CVD (smoking, hypertension, hypercholesterol-
emia, diabetes) to assess the physiological density of
adventitial VV.

Materials and methods

Study subjects

Subjects with none of the classical risk factors for car-
diovascular disease were enrolled to obtain a physio-
logical estimate of adventitial VV content prior to the
development of atheromatosis. All of the 65 enrolled
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subjects were non-smokers, and with morphometric and
biochemical parameters within the normal range. The
age range was between 30 and 70 years, and 48% were
men. During enrollment, some subjects were excluded
for the following reasons: 1) They met the exclusion cri-
teria for the administration of the contrast agent includ-
ing: a) recent cardiac instability, b) recent (<7 days)
coronary intervention, c) class III or IV heart failure, d)
severe pulmonary hypertension, or e) allergic reaction to
sulphur hexafluoride, the main component of the con-
trast agent; 2) The detection of a carotid plaque during
B-mode ultrasound. This protocol was approved by the
ethical committee at the University Hospital Arnau de
Vilanova (HUAYV, Lleida, Spain). After being informed
of the goals and protocols, all subjects signed con-
sents before morphometric parameter acquisition and
the drawing of blood.

Morphometric and biochemical parameters
Morphometric parameters were obtained by standard
methods. Briefly, weight and height were measured with
a digital weight scale with a stadiometer. Body mass
index (BMI) was then calculated as weight in kilograms
divided by the square of height in meters. The waist cir-
cumference (WC) was measured in centimeters at the
umbilicus level. Blood pressure (BP) was measured as
the average of triplicate values obtained with an auto-
mated oscillometer (Omron HEM-705CP) while patients
were seated and had rested for ten minutes. Pulse
pressure (PP) was calculated as the difference between
mean systolic (SBP) and mean diastolic blood pressure
(DBP). Biochemical parameters (glucose, total choles-
terol (Cholesterol), HDL and LDL cholesterol, and tri-
glycerides (TG)) were obtained after overnight fasting
using the standard methods of the laboratory of Clinical
Biochemistry at the HUAV. Ultrasensitive C-reactive
protein (CRP) was measured in the same laboratory
using an immunoturbidimetric assay (Roche Diagnostic
on a Hitachi automated analyzer).

Standard and contrast-enhanced carotid ultrasound

All subjects (supine position) underwent a B-mode ultra-
sound examination of the extra-cranial carotid arteries
including the common, bulb, internal, and the external
carotid artery (CA). A prior axial exploration was
followed by a longitudinal exploration for the evaluation
of atheromatous plaque presence and for measurements
of cIMT of the far wall of the common artery. The cIMT
was calculated as the gray-scale layer comprised within
the luminal blood and the carotid adventitia layer at the
level of 1 cm proximal to the bifurcation. Two independ-
ent readers (MVA, TV) read cIMT and reproducibility, ac-
cording to the obtained intraclass correlation coefficient
(ICC) of 0.822 (range 0.745-0.877), was classified as good



Arcidiacono et al. Cardiovascular Ultrasound (2015) 13:20

(range 0.7-0.9). Next, subjects underwent the CEU im-
aging procedure using the contrast agent Sonovue (Bracco
Spa, Milan, Italy), a phospholipidic shell containing sulfure
hexafluoride. A Sonovue vial was solubilized in 5 ml of sa-
line, and a 2.5 ml bolus was injected first, followed by
10 ml of a saline flush, in the antecubital vein for each CA
explored (20-gauge needle to avoid microbubbles rupture).
According to the manufacturer’s information, the contrast
agent has no adverse effects at this dose and was sufficient
to obtain a strong and clear signal for a 1-minute image
recording. The CEU imaging was performed with a
Siemens Sequoia 512 using the 15L8W linear array probe
(7 Mhz) with a low mechanical index of 0.18. The Sequoia
512 is equipped with Cadence contrast Pulse Sequencing
(CPS) technology able to combine the nonlinear funda-
mental and higher harmonic nonlinear fundamental con-
trast signals determining a high sensitivity and specificity
of contrast agent detection. During imaging acquirement
it is possible to specifically separate “tissue only”, “contrast
agent only” or “both together”, specifically we worked on
“CA” methodology that means “contrast agent only”. All
the videos were stored for a posterior reading using the
Siemens software Syngo. As previously described [15],
adventitial VV content in the far adventitial layer was cal-
culated as the average of the ratios of the intensities in the
2 mm above the intima-lumen boundary and the inten-
sities of the 2 mm below the media-adventitia boundary of
the common carotid artery 1 ¢cm proximal to the bifur-
cation. The final result (VV signal) was calculated as the
average of 10 to 20 ratios calculated for each diastolic
frame in which both the lumen intensity and the adventi-
tial intensity was high and stable within a 1 minute video
recording. As reported [15], the intraobserver variability
was classified as very good (CCI=0.930; 0.84-0.970);
while, the reproducibility of the method, calculated on two
readers (AMYV, RE), was classified as good (ICC =0.870;
0.780-0.920), comparable to the reproducibility of cIMT
measurements. As reported in [16] we excluded from
reading videos in which signals were observed in the far
arterial wall before contrast injection therefore avoiding
artefact images. Additional reasons for reading exclusion
were: 1) the contrast agent disappeared rapidly thus im-
peding to be properly visualized; or 2) the presence of an
ultrasound shadow in the area of the carotid under ana-
lysis that impeded the reading.

Statistical analysis

Data analysis was performed by an investigator totally
blinded to the characteristics of the patients. The SPSS
v17 software was used for analysis. Morphometric and
biochemical values, as well as cIMT and VV ratio, were
expressed as mean +* standard deviation if there was no
significant deviation from normal distribution, or as me-
dian (interquartile rage) if non-normal distribution was
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observed. Normal distribution was analyzed using the
Kolmogorov-Smirnov test. The Mann—Whitney test ex-
amined the statistical difference of the parameters in the
two genders. The Spearman’s rank correlation coeffi-
cients assessed the correlation between the adventitial
VV ratio and the cIMT and between the VV ratio and the
biochemical or anthropometric parameters. Statistical
significance was defined as p < 0.05.

Results
Subject characteristics, stratified by gender, are shown in
Table 1. According to the inclusion criteria, age distribution
was similar between women (50 + 10) and men (48 +11),
and all examined parameters were within the normal
physiological range. Gender differences were observed for
serum HDL and LDL levels (women: 58.8 +11 vs men:
49.1 +£12, p=0.003, and women: 106.3(94—120) vs men:
122.6(97-136), p =0.032, respectively), and, as expected,
the waist circumference (WC) was lower in women than in
men (85.7 £ 10 vs 91.9 + 8, p = 0.009, respectively).
Ultrasound measurements of cIMT and of adventitial
vasa vasorum (VV) content are shown in Table 2. As
shown in panel A, the mean cIMT value of the common
CA was 0.646 + 0.107, and no difference was observed
between women and men (0.636 + 0.107 vs 0.656 + 0.108).
The mean VV ratio (panel B) was 0.577 £ 0.119 and there
was no difference in VV ratio between women and men
(0.560 + 0.104 vs 0.594 + 0.133). In addition, there were no
statistical differences between cIMT and VV ratio in the
right and the left CA of both, women and men.

Table 1 Baseline characteristics of the study population

Female (n=34) Male (n=31) p-value
Age (years) 50+10 48+ 11 0626
Glucose (mg/dl) 91.7+10 939+7 0.092
Cholesterol (mg/dl) 1773426 1814 +27 0275
HDL-Cholesterol (mg/dl) 588+ 11 491£12 0.003
LDL- Cholesterol (mg/dl)* 1063 (94-120) 1226 (97-136) 0.032
TG (mg/dl)* 56.0 (48-68) 65.0 (47-90) 0.205
CRP (mg/l)* 0.8 (0.5-1.7) 0.8 (0.5-2.3) 0.568
SBP (mmHg) 1203+ 14 1244 £ 11 0.106
DBP (mmHg) 745+8 749+8 0.989
PP (mmHg) 458+10 486+9 0264
WC (cm) 857+ 10 919+8 0.009
BMI (Kg/m2) 248+4 252%2 0.290

*Identified variables with non-normal distribution. Values of these variables
are described with Median (IQR). For variables with no significant deviations
from normal distribution, values are provided as mean + standard deviation.
Mann-Whitney test p-values to test differences between females and males
are provided given the small sample size. Statistically significant p-values are
indicated in bold.

TG: triglycerides; CRP: C-reactive protein; SBP: systolic blood pressure;

DBP: diastolic blood pressure; PP: pulse pressure; WC: waist circumference;
BMI: body mass index.
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Table 2 cIMT and carotid adventitial VV values

A

cIMT (mm) Right cIMT (mm) Left cIMT (mm)
Female 0.636+0.107 0.626+0.102 0.646 +0.130
Male 0.656+£0.108 0.641+0.127 0671+0.127
Females vs. Males™ 0.340 0608 0412
Total 0646 +0.107 0633+0.114 0658 +0.128
B

VV (ratio) Right VV (ratio) Left VV (ratio)
Female 0.560+0.104 0.568+0.130 0544 +0.146
Male 0.594 +£0.133 0.598 +£0.208 0.596 +0.144
Females vs. Males” 0.162 0403 0270
Total 05770119 0.582+0.171 0573+0.146

Values are expressed as mean + standard deviation after confirming no
significant deviation from the normal distribution. (*) Mann-Whitney test
p-values to test differences between females and males are provided given
the small sample size.

As shown in Figure 1A, no correlation was observed
between the average left and right cIMT and the average
left and right of adventitial VV ratio of all 65 subjects.
Interestingly, although no correlation was observed be-
tween the right cIMT and the right carotid adventitial
VV (r=0.125, Figure 1 panel C), the left cIMT signifi-
cantly correlated with the left carotid adventitial VV
(r=0.370, p = 0.004, Figure 1 panel B).
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Moreover, as shown in Table 3, only age correlated
with the left VV ratio (r=0.313, p =0.015). None of the
biochemical or anthropometric parameters examined
correlated with the adventitial VV ratio, including when
separately considering the right and the left CA.

Discussion

This study in healthy individuals with no classical risk
factors for atheromatosis, in which exclusively the left
carotid adventitial VV density correlated with both age
and left cIMT, supports the accuracy and sensitivity of
measurements of the left carotid adventitial VV density
as an early marker of subclinical atheromatosis.

Indeed, using a population without clinical atheroma-
tosis and with none of the classical risk factors for the
development of atheromatous disease, a statistical sig-
nificant correlation between the left cIMT and the left
VV ratio was observed (r=0.370; p = 0.004). No correl-
ation was observed in the right side, or when consider-
ing the VV ratio and the cIMT as the average of the
values of the left and the right carotid arteries. The latter
finding is similar to that reported by Sampson et al. in
patients with minimal atherosclerosis, which demon-
strates no association between cIMT and adventitial VV
when considering the average of both CA (left and right)
[17]. Therefore, the results of the current study highlight
the importance of examining the left and the right CA
independently in patients not affected by atheromatosis.
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Figure 1 cIMT correlates directly with adventitial VW only in the left carotid artery. Panel A. Average of left and right values for cIMT and
adventitial W. Panels B and C. Left and right values of cIMT and adventitial W. r = Spearman'’s correlation coefficient. Statistical significance is
defined as p < 0.05.
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Table 3 Correlation between carotid adventitial VV ratio
and the biochemical or anthropometric parameters

Right VV Ratio Left VV Ratio
Age (years) -0.079 (0.563) 0313 (0015)°
Glucose (mg/dl) —0.129 (0.344) —0.150 (0.252)
Cholesterol (mg/dl) 0.135 (0.321) —0.144 (0.272)
HDL-Cholesterol (mg/dl) 0.037 (0.787) 0.035 (0.789)
LDL-Cholesterol (mg/dl) 0.063 (0.643) —0.083 (0.530)
TG (mg/dl) 0.147 (0.281) -0.139 (0.291)
CRP (mg/l) 0.026 (0.850) —0.188 (0.150)
SBP (mmHg) —0.007 (0.961) 0.115 (0.383)
DBP (mmHg) 0.042 (0.762) 0.038 (0.773)
PP (mmHg) —0.079 (0.566) 0.138 (0.296)
WC (cm) 0.172 (0.228) 0.038 (0.785)
BMI (kg/mz) 0.018 (0.891) —-0.074 (0.593)

Spearman’s correlation coefficient (p-value). (*) p < 0.05.

TG: triglycerides; CRP: C-reactive protein; SBP: systolic blood pressure;
DBP: diastolic blood pressure; PP: pulse pressure; WC: waist circumference;
BMI: body mass index.

Until now, most clinical studies have focused on the
contribution of increases in neovascularization (vasa
vasorum) to plaque instability [18]. Furthermore, the few
post-mortem studies in humans showing increases in
VV in the plaque are insufficient to support the contri-
bution of increases in adventitial VV to initiate the ath-
erosclerotic process that was observed in experimental
hypercholesterolemic settings [9]. The direct correlation
between the left VV ratio and the left cIMT demon-
strated herein, and our recent demonstration that,
despite similar values of cIMT, diabetic patients with
retinopathy (angiogenesis) presented a higher carotid
adventitial VV ratio [15] support the experimental
findings in which increases in adventitial VV precede
the increases in cIMT [9].

The decision to distinguish between the VV density in
left and right CAs was based upon Lemne’s findings of
higher values of the cIMT on the left CA in normoten-
sive individuals [19] and more importantly, by the fact
that the association between cardiovascular risk and vas-
cular anatomy is not uniform for the thickness of
intima-media layer [20] or for the presence of plaque
[21,22]. Furthermore, this anatomical difference is atten-
uated with the occurrence of atherosclerotic risk factors
such as hypertension. Indeed, subjects with mean blood
pressure of 90 mmHg (or lower) had a higher cIMT in
the left than in the right CA, while, when mean arterial
blood pressure was higher than 90 mmHg, not only did
age not affect cIMT, but also the differences in wall
thickening between the left and the right CA attenuated
[23]. These findings are in line with the Rotterdam
Study in which, in a population aged 55 or over, the
differences between participants with and without
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hypertension are significant only in the right CA,
therefore suggesting the possibility that atherosclerotic
lesions develop in the left side earlier than in the
right side [24]. A potential explanation for this differ-
ence is that the left CA originates directly from the
aortic arch and is therefore exposed to a constantly
higher shear stress [25]. The fact that atherosclerotic
lesions appear earlier in the left than in the right CA
could in part explain our finding of a correlation
between the adventitial VV and the cIMT only in the
left CA.

None of the measured biochemical or anthropometric
parameters, all of which are highly involved in the devel-
opment of atheromatous disorders, except for age corre-
lated with adventitial V'V ratio. Since aging is the natural
determinant of a higher prevalence of atheromatous
lesions in otherwise healthy individuals, our demonstra-
tion of no association of the right adventitial VV with
age supports the high sensitivity of CEU measurements
of left adventitial VV density for the diagnosis of sub-
clinical atheromatosis.

A limitation of the present study is the small number
of enrolled patients due to the strict inclusion criteria.
Furthermore the strong direct correlation between age
and left adventitial VV in this population with zero risk
for atheromatosis, underscores the need to conduct a
study with similar inclusion criteria but with the ap-
propriate statistical power to obtain reference values
of VV density in the left and right carotids within a
gender and also at different ranges of age. Importantly, the
present study provides the mandatory data to infer
the appropriate sample size to accurately establish
physiological values of adventitial VV density. This is
a mandatory first step to evaluate the abnormalities in
adventitial VV in patients at a higher risk for cardiovascu-
lar disease.

Conclusions

In conclusion, our findings suggest that CEU measure-
ments of carotid adventitial VV provide a novel marker
to explore the atheromatous development process and
in monitoring disease progression and the response to
anti-atheromatous strategies. Additional studies in popula-
tions considered at a higher CV risk, including smokers or
individuals with hypertension, hypercholesterolemia, dia-
betes, or renal disease are needed to further explore the
distinct contribution of increases in left or right adventitial
VV ratio to the progression of the atheromatous process
and to its regression in response to anti-atheromatous
therapies.
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4.3 Pseudo-enhancement does not explain the increased carotid adventitial vasa

vasorum signal in diabetic patients.

Autors: Arcidiacono MV, Rubinat E, Ortega E, Betriu A, Fernandez E, Mauricio D.

Publicat a Atherosclerosis. 2013;229: 459-61.

Es tracta d’un comentari invitat que tenia com a objectiu respondre diferents
quiestions metodologiques, plantejades en un I’article que Van der Oord et al. publica en
referéncia al metode de lectura dels VVV descrit en un estudi previ del nostre grup de
recerca en pacients amb DM2 [34]. Aquesta aportacio6 va obligar al nostre grup a fer una
revisié a fons de la metodologia propia, i de la literatura prévia, i va ser publicada com a

comentari invitat per I’editor de la revista Atherosclerosis.

Van der Oord et al. exposa que un dels principals problemes en 1’avaluacié de la
microcirculacié de la paret arterial carotidia mitjancant ecografia amb contrast és
I’artefacte conegut com a “pseudo-enhancement”, descrit anteriorment en dos articles (ten

Kate GL, et al. i Thapar A, et al.).

La resposta del nostre grup als arguments de Van der Oord es basa principalment

en els segiients punts:

- En els nostres estudis es van excloure tots els subjectes que presentaven alguna
caracteristica del vas que dificultava I’ecografia convencional i/0 amb contrast.

- Per tal d’evitar senyals addicionals més enlla de I’adventicia, el nostre métode
nomeés mesura la intensitat de senyal en els 2mm per sota el limit de la intima-
lumen.

- No hi cap evidéncia que els productes resultants del procés de glucosilacio
avangada depositats en la paret arterial donin lloc a un augment de I’ecogenitat.

- La persona experta en la lectura de les imatges va ser totalment cega a les
caracteristiques dels subjectes.
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- L’aparell ecografic i el software de lectura que vam utilizar és diferent del que
van utilitzar en els articles als que Van der Oord et al. fa referéncia, i no produeix

el fenomen del “pseudo-enhancement” a la paret posterior.

Es conclou que el metode desenvolupat pel nostre grup és valid i fiable, i no
presenta I’artefacte “pseudo-enhancement” en la zona on es realitza I’avaluacio del senyal

de contrast. Per tant, també ho son els resultats obtinguts en els nostres estudis.
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We read with great interest the comments of Van der Oord et al.
on our recently published study [1]. Unfortunately, at the time at
which our study was designed and conducted [2], the two inter-
esting articles on the artifacts produced by pseudo-enhancement
during contrast-enhanced ultrasound (CEUS) imaging of the ca-
rotid arteries had not yet been issued [3,4]. We acknowledge that a
pseudo-enhancement artifact may exist under several conditions,
as reported by these authors [3,4], but as they pointed out, there are
currently no commercially available tools to avoid this artifact. We
are hereby contributing additional comments and data to address
the issues raised by Van der Oord and colleagues.

We carefully revised the reports on pseudo-enhancement,
considering previous data from other researchers and our own
procedures and database of images. Concerning the procedure used
in our studies, several issues deserve consideration. First, we care-
fully selected the patients included in our study. As explained in the

DOI of original article: http://dx.doi.org/10.1016/j.atherosclerosis.2013.04.036.
* Corresponding author. Department of Endocrinology & Nutrition, Hospital
Universitari Germans Trias i Pujol, Carretera Canyet, S/N, 08916 Badalona, Spain.
Tel.: +34 934978860; fax: +34 934978497.
E-mail address: didacmauricio@gmail.com (D. Mauricio).

0021-9150/$ — see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.atherosclerosis.2013.06.007

description of the methods [2], the subjects who showed any vessel
conditions that precluded adequate conventional and/or contrast-
enhanced ultrasound image acquisition were excluded. These
conditions included any increased echogenic signal in the far arte-
rial wall during CEUS imaging (cadence pulse sequencing) before
contrast injection; this exclusion was made to avoid any possibility
of background artifact images. In addition, only the subjects with
consistent bilateral image acquisition were included. These inclu-
sion criteria are stricter than those applied in previous studies.
Fortunately, we excluded the subjects who presented vessel wall
conditions that otherwise may have produced potential artifact
images similar to those reported in studies describing the pseudo-
enhancement effect [3,4]. The images in those two papers clearly
indicate that the areas with high intensity observed during B-mode
ultrasound coincided with high signals on CEUS imaging that were
considered to represent pseudo-enhancement. Similar results were
not observed for the subjects included in our study when we
thoroughly re-assessed all of the images, following the recom-
mendations of the authors of the commentary [1]. We are hereby
providing additional examples of images in which this phenome-
non is not observed (Fig. 1). The readers are encouraged to compare
the images of our procedure with the pseudo-enhancement images
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Fig. 1. Conventional (left) and contrast-enhanced (right) ultrasound images of the common carotid artery in 3 different subjects. Each panel (A, B and C) corresponds to a different
subject. The areas with high intensity in the far wall on the conventional B-mode images do not correspond to those of the CEUS images. For example, panel B shows a higher
intensity in the far wall on conventional ultrasound examination than does panel A; these high intensity images (panel B) do not correspond with higher CEUS signals (less intense
in B than in A). As observed in all 3 examples, each of the 3 patients exhibited a different signal. The CEUS images also clearly show the intima-media complex and delimitate the
media-adventitia and intima-lumen boundaries. There are also highly intense signals apparent in the near wall of the carotid arteries (right).

of previous reports [3,4]. These images do not show the expected
artifact signal, not only from the adventitia, but also from all of the
other layers of the arterial wall and the surrounding tissues.
Furthermore, it should be noted that to avoid any additional signal
beyond the adventitia, we calculated the vasa vasorum (VV) ratio
using a method that included measuring the intensity of the signal
only in the 2 mm below the intima-lumen boundary, as explained in
the methods section [2].

In contrast to previous reports, many of the images acquired in
our study during the carotid contrast-enhanced ultrasound exam-
ination exhibited a high non-specific signal in the near wall of the
carotid artery that could be regarded as artifacts. The readers can
easily identify these hyperechogenic signals in both Fig. 1 and in the
Supplemental Fig. 1 provided in the original article [2]. The pres-
ence of these images prevented us from assessing the VV signal at
this level. It is important to remember that, as for the assessment of
the intima-media thickness, the optimal ultrasound measurement
of the contrast is obtained on the far wall of the artery [5].

Van der Oord et al. admitted that we were able to show an
important difference in the VV signal in diabetic patients with
diabetic retinopathy. Nevertheless, they hypothesized that the

increased signal may be explained by a stiffening of the arterial wall
due to the accumulation of advanced glycation end products, pro-
ducing a more intense artifact. However, they do not provide any
evidence to support this explanation. Neither advanced glycation
end products nor arterial stiffening have been described as sources
of artifacts in CEUS. Moreover, any accumulated advanced glycation
end products would also be present in the intima and especially the
media layer as well; however, ultrasound imaging in our hands
demonstrated the absence of an artifact signal on these layers of the
carotid wall. Alternatively, there is evidence from previous studies
that the adventitial signal arises from the contrast in the VV. A
study in an experimental swine model by Schinkel et al. indicated
that the increased contrast signal measured in the adventitia using
CEUS imaging corresponds to an increased density and extent of
the VV network of the artery wall according to histopathological
examination [6]. Histopathological studies confirmed similar find-
ings in humans [7].

As an increased pseudo-enhancement artifact is to be expected
on plaques, it is paradoxical that we found so few plaques that
yielded an intraplaque contrast signal [2]. After careful assessment
of the recorded material of our study, we were unable to identify
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any images of artifact pseudo-enhancement on the plaque tissues.
Therefore, in our hands, the pseudo-enhancement artifact is also
irrelevant for plaque tissue.

A final issue raised by van der Oord et al. is that the artifact effect
produced an overestimation of the density of the VV. It is important
to note here that the reader of all of the images in our study was
blinded to the subject characteristics. Additionally, there is no ev-
idence that any artifact effect would have been overestimated in
subjects with diabetes with or without retinopathy but not in the
non-diabetic controls. If it was a factor, this overestimation effect
should have influenced the image reading process in all of the study
subjects. Therefore, the differences observed in our study remain a
solid finding.

Finally, we strongly feel that the CEUS imaging methodology
merits further research, in addition to a standardization of the
procedures (from the acquisition of images to their analysis and
interpretation). We have been unable to reproduce some of the
effects described by Ten Kate et al. [3]. For example, in contrast to
the observations of the authors in a previous work, we observed a
lag period between the detection of the signal in the carotid lumen
and the appearance of the contrast signal in the adventitia.
Therefore, differences arising from the use of various tools and
methods to measure the CEUS signals should not be neglected. It is
especially important to note that the two studies that described the
contrast artifact in carotid arteries used the same device (including
its specific software), and this device is different from the one used
in our study. As described for the intima-media thickness mea-
surement [5], also for CEUS imaging differences between sonog-
raphers may have a much larger effect than do differences between
readers. Future studies should test intraindividual differences using
various devices and protocols. Therefore, we are in need of new
research aimed at improving all CEUS method variations.

Based on the preceding points, we can conclude that our
methodology allowed us to measure the contrast intensity on the
adventitia, which is mainly explained by an increased adventitial

VV in the diabetic subjects. Therefore, we continue to confirm the
main conclusion that type 2 diabetic patients with retinopathy
show increased angiogenesis of the VV of the common carotid
artery.
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4.4 Microangiopathy of common carotid vasa vasorum in type 1 diabetes mellitus.

Autors: Rubinat E, Ortega E, Traveset A, Alonso N, Betriu A, Granado-Casas, M, Hernandez
M, Soldevila J, Puig-Domengo M, Jurjo C, Fernandez E, Mauricio D.

Publicat a Atherosclerosis 2015; 241:334-338.

Aquest article parteix dels resultats previs del nostre grup en pacients amb DM2, en els
que el senyal de VV es va trobar augmentat en relacié amb els subjectes sense DM, i a més
aquest increment va ser més marcat en els pacients diabétics amb retinopatia que en aquells

sense aquesta complicacio.

L’objectiu va ser estudiar si el senyal de VV de la cardtida comu també es trobava
incrementat en els DML respecte als controls sans, i a més si els pacients amb DML i retinopatia
diabética presentaven un senyal més intens que aquells sense retinopatia, basant-nos en la
hipotesi que mantenim que els canvis microangiopatics que es donen en la diabetis afecten
directament els VV. Per a tal finalitat, es va ulitizar el nou métode de quantificacié del senyal

VV, usat també¢ en I’article préviament comentat en DM2.

Es va dissenyar un estudi transversal en qué es van incloure 113 pacients amb DM1, 60
amb retinopatia i 53 sense, tots lliures de MCV, i un grup de control integrat per 78 subjectes
sense factors de risc CV. Les variables cliniques i propies de I’ecografia amb i sense contrast

que van ser recollides es descriuen detalladament en 1’article.

El principal resultat, que confirma part de la nostra hipotesi, va ser que els pacients amb
DM1 mostraven un major senyal de VV que els subjectes controls. Després d’ajustar per factors
de risc cardiovascular, que podrien actuar com a factors de confusio, aquestes diferencies es
van mantenir. No obstant aixo, a diferéncia dels resultats obtinguts en I’estudi en DM2, no es

va trobar associacid entre el senyal de V'V i la retinopatia diabetica en els DM1.
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Els resultats que es desprenen d’aquest estudi suggereixen que els VV son una diana de
la microangiopatia diabética. Aquesta troballa, conjuntament amb els resultats previs ontinguts
en pacients amb DM tipus 2, apunten a que existeix una microangiopatia de la paret arterial que
contribuiria a que el procés aterosclerotic de les grans arteries en la diabetis sigui més greu i

accelerat.
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ARTICLE INFO ABSTRACT

Article history: Objective: We hypothesize that in type 1 diabetes vasa vasorum (VV) are affected by microangiopathic
Received 18 November 2014 changes. For this purpose, we assessed the status of the VV signal in patients with type 1 diabetes.
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contrast-enhanced ultrasound imaging. The VV contrast agent signal was quantified in an plaque-free
arterial segment as the ratio of the adventitial signal and that of the lumen of the artery. We studied
113 type 1 diabetic patients, 60 with and 53 without retinopathy and without known cardiovascular
disease, and a group of 78 non-diabetic subjects free of cardiovascular risk factors. All study subjects
underwent a clinical evaluation.

Results: The mean + standard deviation VV signal of healthy subjects was 0.562 + 0.135. Type 1 diabetic

Keywords:
Vasa vasorum
Diabetic retinopathy

Type 1 diabetes mellitus patients showed a higher adventitial VV signal (0.723 + 0.128) than non-diabetic subjects (P < 0.0001).
Carotid ultrasound After adjustment for cardiovascular risk confounders, this difference remained significant. No differences
Atherosclerosis in VV signal, or common carotid intima-media thickness, between subjects with and without retinopathy
Macrovascular disease were found.

Conclusions: Type 1 diabetic patients, independently of their retinopathy status, show an increased
angiogenesis of the VV of the common carotid artery compared with non-diabetic subjects. Diabetic
microangiopathy, that according to our results would also affect the wall of the large arteries, could be a
factor contributing to atherosclerosis in type 1 diabetes mellitus.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction suggest the existence of a “common soil” for the development of

diabetic micro and macroangiopathy [2]. Additionally, these two

Type 1 diabetes mellitus is a condition associated with increased main types of angiopathy share common pathogenetic mechanisms
risk for cardiovascular disease [1]. Data from previous research [3-5].

The plexus of microvessels in the large artery wall is known as

vasa vasorum (VV) [6]. This network of small vessels in the

adventitia supply nutrients and oxygen to the walls of the large

* Corresponding author. Department of Endocrinology & Nutrition University . .. .
Hospital Germans Trias Pujol, Carretera Canyet S/N, 08916 Badalona, Spain. arteries, Barger et al. developed an original hypothesis on the

E-mail address: didacmauricio@gmail.com (D. Mauricio). implication of vasa Vvasorum neodangiogenesis in the pathogenesis
! E. Rubinat and E. Ortega contributed equally to this study. of coronary artery disease [7]. Other studies described the role of
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0021-9150/© 2015 Elsevier Ireland Ltd. All rights reserved.
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intimal neovascularisation originating from the adventitia in the
appearance of coronary ischemic events [8,9]. Hypoxia and
ischemia are the main stimuli for VV angiogenesis [6], a situation
that is analogous to what occurs in diabetic retinopathy and other
microangiopathic complications [10].

It has been suggested that microvascular pathology is contrib-
uting also to the development of atherosclerosis in type 1 diabetic
patients [3—5]. Previous research focused mainly on the role of
neovascularisation in progression and rupture of atherosclerotic
plaques.

We have recently hypothesized that the microvessels of large
arteries are an important target site for diabetic microangiopathy,
similar to other classical target organs, e.g. the retina and the kid-
ney glomerulus [11]. The involvement of diabetic microangiopathy
in atherosclerosis in type 1 diabetes dates back to 1969, when
Angervall et al. demonstrated that the vasa vasorum of the aorta of
diabetic patients showed the specific changes of diabetic micro-
vascular disease [12]. The scientific community did not pay much
attention to these findings until recently.

The situation of chronic hyperglycemia in diabetes affects the
microvessels of classical target organs. Additionally, recent evi-
dence points to the fact that involvement of the microcirculation is
more extensive, leading to the concept of generalized micro-
angiopathy [3,11,13]. We suggested that hyperglycemia leads to
microangiopathy of the VV that could explain the differential fea-
tures of atherosclerosis in diabetes mellitus. We also hypothesized
that this microangiopathy of large arteries is the substrate of the
diabetic atherosclerotic process. To test this concept, in a previous
study in patients with type 2 diabetes we found an increased
angiogenesis of the common carotid VV which was further
increased in those subjects with retinopathy [11]. This was subse-
quently confirmed in a larger cohort of type 2 diabetic patients [14].

Based on our previous findings in type 2 diabetes, we undertook
the current study to test whether the VV signal in patients with
type 1 diabetes would also be increased and that those with reti-
nopathy would show an increased signal as compared to those
without retinopathy.

2. Materials and methods
2.1. Study design, participants and clinical assessment

This was a single-centre cross-sectional study designed to assess
the hypothesized differential carotid VV signal in adult patients
with type 1 diabetes as compared to controls and also to assess
whether there is an increased VV signal in those with retinopathy.
The design and the methodology of the study was very similar to
our previous study in type 2 diabetes [11].

Patients were included if they had type 1 diabetes, of adult age,
normal renal function (glomerular filtration rate > 60 ml/min), and
had no known cardiovascular disease. Thereafter, subgroup allo-
cation was performed according to presence or absence of diabetic
retinopathy. Among the exclusion criteria, to avoid the enrolment
of patients with a different microangiopathic complication, a
normal urinary albumin-to-creatinine ratio (<30 mg/g) was a
requirement in patients without retinopathy. Furthermore, in
subjects with retinopathy, macroalbuminuria (urine albumin-to-
creatinine ratio above 299 mg/g) was an additional exclusion
criterion.

We studied a specific control group for this study consisting of
78 healthy volunteers. These subjects had no history of cardiovas-
cular disease or other risk conditions: active smoking, diabetes
mellitus (normal fasting glucose), kidney disease, dyslipidemia, or
hypertension.

Diabetic subjects were recruited at the outpatient clinic of

Hospital Arnau de Vilanova, the only reference centre of the region
caring for adults with type 1 diabetes. Five subjects withdrew from
the study after the screening visit, and 3 other were excluded
because of the presence of exclusion criteria (not having type 1
diabetes, or impaired kidney function). Nine patients were
excluded because conditions that precluded correct ultrasound
image acquisition; we already described these conditions else-
where [11,15]. No subjects were excluded because of a plaque in the
common carotid, a condition that precluded the assessment of the
main objective of the study. Finally, 113 type 1 diabetic adult pa-
tients were included. All subjects had a complete clinical evaluation
(Table 1). If a patient taking medication for hypertension or dysli-
pidemia, he/she was considered to have previous hypertension or
dyslipidemia. Standardised methods were used to determine blood
pressure, weight, height and waist circumference. An experienced
ophthalmologist assessed and classified retinopathy according to
an international consensus on clinical diabetic retinopathy [16]. All
patient clinical records were reviewed to ensure that any previ-
ously known cardiovascular disease or revascularization pro-
cedures were detected (coronary disease, cerebrovascular disease,
and peripheral vascular disease, including diabetic foot episodes).
Apart from the anamnestic evaluation, the cardiovascular events
that occurred in the health-care area could be ascertained as access
to primary care clinical records and those of other small hospital in
the region was granted. Control participants were assessed for the
same variables (except haemoglobin Aic and microalbuminuria).

The laboratory variables, shown in Table 1, were determined as
in our previous study using standardized lab methodology [11]. All
samples were obtained in the fasting state. Haemoglobin Aic
(HbA1) is expressed in NGSP/DCCT units.

2.2. Carotid ultrasound imaging study

The ultrasound procedures and measures were performed by
one researcher (ER), who was blinded to the study group allocation.
All conventional and contrast-enhanced ultrasound images were
obtained with a Siemens Sequoia 512 using a 15-Mhz linear array
probe with low mechanical index (0.4—1.4). The common carotid
intima—media thickness (cIMT) was measured with conventional
ultrasound procedures. For the purpose of the current study, the
mean cIMT value of the common carotid arteries was included as
the relevant variable, as this is the arterial territory where the VV
signal was assessed. All the extra-cranial carotid arteries (common,
bifurcation, internal, and external) were investigated for the pres-
ence of atherosclerotic plaques according to the Mannheim
consensus [17]. A more detailed description of all ultrasound pro-
tocols was provided recently [11,15].

For the contrast-enhanced ultrasound imaging procedure the
ultrasound device is equipped with a cadence contrast pulse
sequencing software. Immediately after the conventional ultra-
sound procedure, exploration of the common carotid VV signal was
performed using Sonovue (Bracco Spa, Italy) as the contrast agent.
A vial of this product was solubilized in 5 ml of saline; a bolus of
2.5 ml was injected for each artery explored. All the images are
stored for subsequent measurement using the Syngo software
(Siemens, Germany). The quantitative measurement of the adven-
titial VV signal was previously developed by our group, based on
the principle of normalizing the VV to lumen contrast intensity [11].
Briefly, the signal of common carotid wall VV is calculated as the
ratio of the signal intensity in the 2 mm above the intima—lumen
boundary and the intensity of the 2 mm below the media-
—adventitia boundary (Supplementary Figure 1). The intensity of
this signal was measured on the far wall of the common carotid
artery. The final value is the average of 10—20 diastolic frames of the
1-min DICOM video of the image acquisition process. Also, a
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Clinical characteristics of the different study groups.

Control (n = 78)

Diabetes without
retinopathy (n = 53)

Diabetes with
retinopathy (n = 60)

P value for group
differences

P value for retinopathy vs.
no retinopathy

Sex (male/female) 42/36 23/30 33/27 0.4207 0.2183
Age (yr) 48 (40—57) 46 (39-51) 48 (42—-53.5) 04212 0.2381
Disease duration (yr) — 14 (10—18) 27.5(20—33.5) — <0.0001
Smoking (current/past/never) 0/2/76 18/16/19 9/21/30 <0.0001 0.0569
Dyslipidemia (yes/no) 0/64 22/31 28/32 <0.0001 0.5818
Hypertension (yes/no) 0/64 9/44 24/36 <0.0001 0.0072
Systolic BP (mm Hg) 123 (113-135) 121 (113-133) 131 (118-145) 0.0337 0.0251
Diastolic BP (mm Hg) 75 (69—-81) 75 (69—80) 74 (67.5—80) 0.6027 0.3973
Body mass index (kg/m?) 24.5(22.3-264) 249 (22.5-27.7) 25.8 (23.2-29) 0.1127 0.3444
Waist circumference (cm) 88 (82—98) 89 (81-96) 88.5 (78—100) 0.9880 0.9977
Hemoglobin A (mmol/mol) NA 56.5 (52—62) 60.5 (54—68.5) - 0.0224
Total cholesterol (mmol/l) 184 (164—202) 182.5 (164—202.5) 189.5 (168—209) 0.5366 0.4428
HDL-cholesterol (mmol/I) 53.0 (45—-63) 60 (53—-72) 62 (54—80) <0.0001 03771
LDL-cholesterol (mmol/l) 116 (98—131) 102.7 (89.4—117.1) 105.4 (86—123.4) 0.0359 0.9953
Triglycerides (mmol/l) 63 (50—87) 65.5 (54.5—-85.5) 64.5 (53-91) 0.6559 0.8659
Serum creatinine (pmol/l) 0.87 (0.72—0.99) 0.79 (0.68—0.94) 0.78 (0.66—0.90) 0.0220 0.3789
Urinary albumin:creatinine ratio, mg/g NA 4.2 (3.2-6.1) 5.2 (3.6—9.8) - 0.1665

Data are presented as median (25th and 75th percentiles) or absolute numbers. BP: blood pressure. P = 0.0264 for comparison of active smokers between patients with and

without retinopathy.

qualitative assessment of the presence of contrast in the plaques
was also carried out (presence or absence).

The protocol was approved by the local Ethics Committee, and
all subjects signed a written informed consent form.

2.3. Sample size calculation

Based on our previous results in type 2 diabetes [11], we
calculated a sample size of the 3 study groups that would allow a
80% power to detect a difference between patients with and
without retinopathy (minimum difference between groups of
0.079, with a standard deviation of the mean VV signal of 0.135),
and also to assess the difference between controls and type 1 dia-
betic patients (minimum difference of 0.096, with a standard de-
viation of the mean of 0.140). A minimum number of 46 patients
per group were necessary.

2.4. Statistical analysis

Data are given as median and 25th and 75th percentiles,
mean + standard deviation (SD), and n (%). The chi-squared test was
used to assess the differences categorical variables between the 2
diabetic and the 3 study groups in clinical and laboratory variables.
Wilcoxon or Kruskal-Wallis tests were used for continuous non-
normally distributed variables, and the student's t-test or one-
way ANOVA for continuous normally distributed variables. The
associations between variables of interest and the VV signal were
also investigated. VV signal differences by gender or in subjects
with vs. without hypertension, dyslipidemia, or smoking habit

Table 2

were evaluated with the unpaired Student's t-test. We used the
Spearman's correlation analysis to measure the cross-sectional re-
lationships between continuous variables and the VV signal. Un-
adjusted and adjusted general linear models tested whether the VV
signal or the cIMT values differed by group (between the 3 study
groups), and between the 2 groups of diabetic patients. Differences
in the frequency of plaques between groups were studied using
univariate or multiple logistic regression models. A significance
level of P < 0.05 was defined. The SAS software, v. 9.2 (SAS Institute
Inc., USA) was used for all analyses.

3. Results

The clinical characteristics of the study groups are shown in
Table 1. There was no difference in the sex distribution between
groups. All patients classified as having dyslipidemia were treated
with statins. As in other studies comparing patients with and
without retinopathy, there were differences in terms of cardiovas-
cular risk factors and disease duration due to the selection criteria,
the metabolic condition or disease stage of diabetic patients.
Furthermore, compared with those without retinopathy, subjects
with retinopathy had a higher frequency of hypertension, and
values of systolic blood pressure and HbA; (Table 1).

The results of the carotid ultrasound imaging studies are shown
in Table 2. First, we investigated the potential association between
the any study variables and the VV signal. In non-diabetic subjects,
there was no association between the VV signal and any of the
other variables. Interestingly, in subjects with type 1 diabetes, there
was an association of the VV signal and other variables, i.e.

Ultrasonographic carotid study variables: carotid intima — media thickness, vasa vasorum signal and frequency of carotid plaques.

Control No retinopathy Retinopathy P value for group PP value for retinopathy vs.
(n=78) (n=53) (n = 60) differences no retinopathy

VV signal® 0.562 (0.135) 0.708 (0.122) 0.736 (0.132) <0.0001 0.1803

Mean common carotid cIMT (mm)© 0.67 (0.13) 0.69 (0.12) 0.69 (0.15) 0.4776 0.3755

Frequency of plaques® 10(12.8) 18 (34) 26 (43.3) 0.0002 0.4780

Adjusted P values are shown.

2 As control subjects did not have cardiovascular risk factors by design, P values were adjusted for age and sex.
b The variables included in the models for diabetic group comparisons were as follows: age and sex for VV signal; sex, age, smoking, dyslipidemia, hypertension, and systolic

blood pressure for cIMT and plaque presence.
¢ Data presented as mean (SD) or n (%).
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hypertension (P = 0.0300), BMI (r = 0.21; P = 0.0255), waist
circumference (r = 0.22; P = 0.0204), HDL cholesterol (r = —0.20;
P = 0.0355) and HbA1c (r = 0.30; P = 0.0014). It should be noted
that no association was found between the duration of diabetes and
the VV signal. We modeled a multiple stepwise regression
including age, group and variables associated with VV mean and
found that only HDL cholesterol (P = 0.0132), hypertension
(P = 0.0160) and HbA1lc (P = 0.0424) were retained as variables
associated with VV signal. Mean VV signal increased from normal to
diabetic subjects without and with retinopathy (p < 0.0001).
Further, as a group, subjects with diabetes showed a higher VV
signal than control participants (0.723 + 0.128 vs. 0.562 + 0.135;
P < 0.0001). The difference in the VV signal between type 1 diabetic
patients with and those without retinopathy was not significant
both before (P = 0.2689) and after (P = 0.1803) adjustment for sex
and age (Table 2).

Concerning the conventional ultrasound measures, no associa-
tion was found between cIMT and VV signal intensity. Also, the
cIMT value in diabetic patients with retinopathy compared with
those without retinopathy was not different (Table 2). The adjust-
ment for common cardiovascular risk factors did not change these
results.

Finally, the frequency of carotid plaques was different between
groups (P < 0.0001 for group differences), with no difference be-
tween the 2 groups of type 1 diabetic subjects (P = 0.4780). These
results did not differ after adjusting for cardiovascular risk con-
founders (Table 2). Additionally, in diabetic subjects no association
was found between the VV signal in the common carotid artery
wall and the frequency of carotid plaques in other carotid terri-
tories. Among diabetic patients with carotid plaques, 3 out of 26
patients with retinopathy and 4 out of 18 patients without reti-
nopathy had intraplaque neovascularisation (NS).

4. Discussion

This is the first description of an enhanced VV signal in type 1
diabetic patients, measured by contrast-enhanced ultrasound im-
aging, as a sign of increased adventitial angiogenesis in a plaque-
free segment of the wall of the carotid artery. However, although
we also hypothesized that the degree of VV microangiopathy would
be associated with retinopathy, we could no show differences be-
tween diabetic study groups, according to retinopathy status. Even
after adjustment for potential cardiovascular risk confounders, this
increased VV signal in type 1 diabetes was highly significant. The
current results support the hypothesis that microangiopathy of the
adventitial vasa vasorum may be a relevant diabetic complication.
Even those diabetic subjects without retinopathy showed an
increased VV signal. Our findings confirm those obtained in a very
old post-mortem study of the aorta in type 1 diabetic subjects that
showed the typical characteristics of diabetic microangiopathy of
the VV of this large vessel [12]. Unfortunately, these seminal find-
ings had no impact on later research into the specific field diabetic
atherosclerosis. Although the results of our study give only indirect
evidence, we strongly believe that current findings should
encourage new research in the direction of microangiopathy of
large artery walls as an additional causal mechanism of the
atherosclerotic process induced by hyperglycemia.

After the first description of the microvascular pathology in wall
of the aorta of young diabetic patients several decades ago [12], this
is the first description of the adventitial VV status of a large artery
in type 1 diabetic patients without clinical cardiovascular disease.
Actually, our findings are concordant with 2 previous studies in
type 2 diabetic subjects that have established the presence of an
increased adventitial VV signal using a contrast-enhanced ultra-
sound procedure [11,14]. Feinstein et al. were the first to use this

approach in ultrasound imaging to investigate the role of large
artery microvessel disease as a substrate in the development of
atherosclerosis [18]. They showed that plaque neovascularisation
and adventitial VV were associated with plaque severity and car-
diovascular events [19,20]. The results found with this technique
were confirmed to have a histological correlate [21,22].

Apart from an increased VV signal in type 2 diabetes, our group
found an association of an increased VV signal with diabetic reti-
nopathy [11]. However, we could not confirm this finding in the
current study in type 1 diabetes. Factors like dyslipidemia, higher
blood pressure and older age, that are more strongly associated
with diabetic retinopathy in type 2 diabetes, are also considered
potential angiogenic factors that contribute to the VV hyperplasia
present in non-diabetic subjects with cardiovascular disease [23];
this could explain, at least in part, the discordant results found in
the two types of diabetes. It is also possible that a larger sample size
is necessary to demonstrate the association of large artery wall
microangiopathy and diabetic retinopathy in type 1 diabetes.

After considering all available data and the suggested role of
vessel wall microcirculation in the pathogenesis of atherosclerosis
in diabetes [2—5,12], we propose that diabetic microangiopathy of
the large artery wall microvessels is an important substrate for
specific diabetic atherosclerotic disease. As previously hypothe-
sized [11], we think that there is a response of the artery wall
microcirculation to ischemia/hypoxia; these are the stimuli that
also drive microvascular changes in other target organs of diabetic
microangiopathy like the retina [10].

There were no differences in cIMT values between the study
groups. However, the present study was not designed to test this
potential difference and this prevents us from drawing any
conclusion concerning the measures of preclinical atherosclerosis
(cIMT and frequency of plaques). Additionally, we should point out
that there was a lack of correlation between cIMT and the VV signal
in the current as well as in previous studies in type 2 diabetes
[11,14]. Also, as in type 2 diabetes, no correlation was found be-
tween the presence of atherosclerotic plaques in other carotid
segments and the common carotid VV signal. In line with our
previous findings and those of others in type 2 diabetes [11,14], the
increased angiogenic signal detected in the common carotid wall
may be an early event in the development of characteristic mac-
roangiopathic changes of diabetes mellitus. Thus, the current work
points to the fact that the increased angiogenic signal in individuals
with diabetes mellitus may represent an early event that precedes
the appearance of atherosclerotic lesions, as pointed out by other
investigators [5,23]. We and others have already suggested that
these initial structural microangiopathic changes could mediate the
metabolic memory of the target organ i.e. the arterial wall [5,11].
This may have relevant clinical implications as it has been shown
that early intervention in the course of the disease can prevent
cardiovascular disease burden in type 1 diabetes [24].

The present study carries some limitations. First, the inclusion of
control participants without known cardiovascular risk factors does
not allow the assessment of the influence of other factors on the VV
signal in subjects without diabetes. For instance, it should be
pointed out that the increased VV signal in type 1 diabetic subjects
could be the result of hyperemic changes induced by hyperglyce-
mia itself. To address this question, it would be necessary to explore
this signal in the diabetic subjects before and after normalization of
hyperglycemia. Also, the cross-sectional design does not allow to
take any conclusion as to the exact role of microangiopathy of the
wall of large arteries in the development of atherosclerosis in type 1
diabetes. Further, the VV signal intensity has not been tested as an
early sign of future development of atherosclerotic lesions or as
predictor of future cardiovascular disease in diabetic subjects.
Therefore, the findings should be tested in future longitudinal
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investigations, especially in type 1 diabetic patients who are often
free of any additional risk factors for atherosclerosis.

It is also important to point out we used a method to evaluate
the adventitial VV that was previously developed following strict
methodological conditions to evaluate the contrast signal [11,17].
This method has also been used by other researchers with long
experience in contrast-enhanced ultrasound vascular in larger
studies where they have confirmed our previous findings in type 2
diabetes [14]. Nevertheless, some authors have described the
presence of artifacts produced by pseudo-enhancement during
contrast-enhanced ultrasound procedures [25]. However, we have
already reported that the procedure established by our research
group is not affected by these artifact images in the far wall of the
carotid arteries (Supplementary Figure 1).In a previous publication,
these methodological issues were extensively discussed [14].

In conclusion, we have shown in the common carotid artery of
type 1 diabetic patients without previous clinical cardiovascular
disease an increased angiogenic signal. This suggests that the wall
of large arteries is a target organ of diabetic microangiopathy in
diabetes. However, we could not demonstrate an even more strong
signal of increased angiogenesis in type 1 diabetic patients with
retinopathy. Together with previous findings in type 2 diabetes
[11], evidence from this study reinforces the concept that large
arteries may be a target site for diabetic microangiopathic com-
plications. This could explain the fact that chronic hyperglycemia
leads to a more severe and rapidly evolving atherosclerotic process
in diabetes mellitus. The current findings deserve further investi-
gation as they support the existence of a more generalized micro-
angiopathy, including adventitial neoangiogenesis in large arteries
as an early manifestation of diabetic macroangiopathy.

Conflict of interest

All authors declare that there is no conflict of interest associated
with this manuscript.

Acknowledgements

We are grateful to the colleagues of the departments for
contributing to the inclusion of study subjects. We also thank all the
staff of UDETMA who supported the study and the local biobanking
facility (RETICS RD09/0076/00059).

This project was funded by grant No. PS09/01035 and No. PI12/
00183, both included in Plan Nacional de I+D+I and co-financed by
Instituto de Salud Carlos III — Subdireccion General de Evaluacién
and Fondo Europeo de Desarrollo Regional (FEDER). The finding
source had no role in the study design and conduct, analysis and
interpretation of the data, writing or decision to submit the article.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.atherosclerosis.2015.05.024.

References

[1] C. Stettler, S. Allemann, P. Juni, C.A. Cull, R. Holman, M. Egger, et al., Glycemic
control and macrovascular disease in types 1 and 2 diabetes mellitus: meta-

analysis of randomized trials, Am. Heart J. 152 (2006) 27—38.

[2] M. Brownlee, The pathobiology of diabetic complications: a unifying mecha-

nism, Diabetes 54 (2005) 1615—1625.

G.E. McVeigh, W. Gibson, P.K. Hamilton, Cardiovascular risk in the young type

1 diabetes population with alow 10-year, but high lifetime risk of cardio-

vascular disease, Diabetes Obes. Metab. 15 (2013) 198—203.

[4] G. Orasanu, ]. Plutzky, The pathologic continuum of diabetic vascular disease,
J. Am. Coll. Cardiol. 53 (2009) S35—S42.

[5] T.W. Jax, Metabolic memory: a vascular perspective, Cardiovasc Diabetol. 9
(2010) 51.

[6] A.C. Langheinrich, M. Kampschulte, T. Buch, R.M. Bohle, Vasa vasorum and
atherosclerosis — quid novi? Thromb. Haemost. 97 (2007) 873—879.

[7] A.C. Barger, R. Beeuwkes III, LI Lainey, KJ. Silverman, Hypothesis: vasa
vasorum and neovascularization of human coronary arteries. A possible role in
the pathophysiology of atherosclerosis, New. Engl. J. Med. 310 (1984)
175-177.

[8] A.C.Barger, R. Beeuwkes 3rd, Rupture of coronary vasa vasorum as a trigger of
acute myocardial infarction, Am. J. Cardiol. 66 (1990) 41G—43G.

[9] M. Kumamoto, Nakashima, K. Sueishi, Intimal neovascularization in human
coronary atherosclerosis: its origin and pathophysiological significance, Hum.
Pathol. 26 (1995) 450—456.

[10] N. Cheung, P. Mitchell, T.Y. Wong, Diabetic retinopathy, Lancet 376 (2010)
124—136.

[11] M.V. Arcidiacono, A. Traveset, E. Rubinat, E. Ortega, A. Betriu, M. Hernandez, et
al., Microangiopathy of large artery wall: a neglected complication of diabetes
mellitus, Atherosclerosis 228 (2013) 142—147.

[12] L. Angervall, I. Dahl, ]J. Sdve-Soderbergh, The aortic vasa vasorum in juvenile
diabetes, Pathol. Microbiol. 29 (1966) 431—437.

[13] J. Woerdeman, E. van Duikerken, M.P. Wattjes, F. Barkhof, F.J. Snoek, A.C. Moll,
et al., Proliferative retinopathy in type 1 diabetes is associated with cerebral
microbleeds, which is part of generalized microangiopathy, Diabetes Care 37
(2014) 1165—-1168.

[14] U.K. Sampson, F.E. Harrell, S. Fazio, S. Nwosu, N. Mercaldo, G.A. Mensah, et al.,
Carotid adventitial vasa vasorum and intima-media thickness in a primary
prevention population, Echocardiography 32 (2015) 264-270, http://
dx.doi.org/10.1111/echo.12646.

[15] M.V. Arcidiacono, E. Rubinat, E. Ortega, A. Betriu, E. Fernandez, D. Mauricio,
Pseudo-enhancement does not explain the increased carotid adventitial vasa
vasorum signal in diabetic patients, Atherosclerosis 229 (2013) 459—461.

[16] C.P. Wilkinson, F.L. Ferris 3rd, R.E. Klein, P.P. Lee, C.D. Agraddh, M. Davis, et al.,
Proposed international clinical diabetic retinopathy and diabetic macular
edema disease severity scales, Ophthalmology 110 (2003) 1677—1682.

[17] PJ. Touboul, M.G. Hennerici, S. Meairs, H. Adams, P. Amarenco, N. Bornstein,
Mannheim carotid intima-media thickness consensus (2004 —2006), Cere-
brovasc. Dis. 23 (2007) 75—80.

[18] S.B. Feinstein, Contrast ultrasound imaging of the carotid artery vasa vasorum
and atherosclerotic plaque neovascularization, J. Am. Coll. Cardiol. 48 (2006)
236—243.

[19] D. Staub, M.B. Patel, A. Tibrewala, D. Ludden, M. Johnson, P. Espinosa, et al.,
Vasa vasorum and plaque neovascularization on contrast-enhanced carotid
ultrasound imaging correlates with cardiovascular disease and past cardio-
vascular events, Stroke 41 (2010) 41—47.

[20] D. Staub, S. Parlovi, A.F.L. Schinkel, B. Coll, H. Uthoff, M. Aschwanden, et al.,
Correlation of carotid artery atherosclerotic lesion echogenicity and severity
at standard US with intraplaque neovascularization detected at contrast-
enhanced US, Radiology 258 (2011) 618—626.

[21] S. Coli, M. Magnoni, G. Sangiorgi, M.M. Marrocco-Trischitta, G. Melisurgo,
A. Mauriello, et al., Contrast-enhanced ultrasound imaging of intraplaque
neovascularization in carotid arteries. Correlation with histology and plaque
echogenicity, J. Am. Coll. Cardiol. 52 (2008) 223—230.

[22] M.F. Giannoni, E. Vicenzini, Citone, M.C. Ricciardi, L. Irace, A. Laurito, et al.,
Contrast carotid ultrasound for the detection of unstable plaques with neo-
angiogenesis: a pilot study, Eur. J. Vasc. Endovasc. Surg. 37 (2009) 722—727.

[23] M.T. Malecki, G. Osmenda, M. Walus-Miarka, K. Ciganek, B. Mirkiewicz-Sier-
adzka, T.A. Damek-Guzik, et al., Retinopathy in type 2 diabetes mellitus is
associated with increased intima-media thickness and endothelial dysfunc-
tion, Eur. J. Clin. Invest 38 (2008) 925—930.

[24] ].M. Lachin, TJ. Orchard, Nathan, for the DCCT/EDIC Research Group, Update
on cardiovascular outcomes at 30 years of the diabetes control and compli-
cations trial/edpidemiology of diabetes interventions and complications
study, Diabetes Care 37 (2014) 39—43.

[25] S.C. Van der Oord, G. Renaud, J.G. Bosch, de Jong, AF.W. van der Steen,
A.F. Schinkel, Far wall pseudo-enhancement: a neglected artifact in carotid
contrast-enhanced ultrasound, Atherosclerosis 229 (2013) 451—452.

3






5. DISCUSSIO

La discussio dels articles que integren aquesta tesi s’ha dividit en tres blocs.
Primerament s’avalua la prevalenga de malaltia ateromatosa subclinica en pacients amb
DM2 i la seva associacié amb els factors de risc CV. A continuacio, es discuteix el
desenvolupament del métode propi i original de quantificacié del senyal de VV en
I’adventicia de D’artéria carotida comu, considerant 1’angiogeénesi dels VV com un
possible marcador d’ateromatosi subclinica en poblacié sense factors de risc CV.
Finalment, s’avalUa el senyal VV adventicia en pacients amb DM1, considerant la paret

arterial com una diana de la microangiopatia diabética.

5.1 Aterosclerosi subclinica en la diabetis mellitus tipus 2

Els valors de GIM del grup control concorden amb els valors de referencia publicats
en poblacié espanyola (0.71mm en homes i 0.67mm en dones) [42], i la prevalenca de
placa observada en majors de 60 anys també concorda amb les dades publicades per
Junyent et al. [43]. Aquestes concordances suggereixen que el grup control utilitzat en

I’estudi era representatiu de la poblacid general.

Els pacients amb DM2 presentaven un GIM incrementat i una major freqiiéncia de
plaques d’ateroma en comparacio als subjectes sense diabetis. Aquest increment detectat
en el GIM fou de 0.067mm, i tot i que en altres estudis s’han trobat diferéncies més
marcades entre pacients diabétics i no diabétics [13], es tracta d’un valor similar al
publicat per altres investigadors [44]. Aquestes diferéncies també s’han trobat en el

percentatge de placa, essent un 10% superior en el grup de DM2 respecte el grup control.

En I’analisi multivariant el GIM s’associa a la DM2 (p = 0.006), i tot i que també
es detecta associacio entre DM2 i placa (OR crua 1.63), aquesta significacio es perd
després d’ajustar-ho per altres variables. Aquesta pérdua de significacié es podria
relacionar amb I’existéncia d’una alta col-linearitat entre la diabetis tipus 2 i altres factors

de risc CV. L’associacio entre aterosclerosi i factors de risc CV és ampliament coneguda
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[45]. En l’estudi IMPROVE, es va observar una associacid positiva entre el GIM i
diferents factors de risc, entre ells 1’edat, el sexe, la hipertensio i el tabaquisme [46].
Aquestes dades son concordants amb els resultats del nostre estudi, excepte pel
tabaquisme, variable amb qué no hem trobat diferéncies significatives, possiblement a
causa d’una grandaria mostral insuficient i en la qual no es va discriminar entre no
fumadors i exfumadors. Per tant, existiria la possibilitat de que la mostra en la qué es va
treballar inclogués un alt percentatge d’exfumadors que presentarien un lesio arterial com
a consequencia del periode de temps en qué van ésser fumadors actius. Indiscutiblement,
existeix evidéncia suficient per considerar el tabaquisme com un factor de risc de primer

ordre en I’aparicid d’aterosclerosi [47, 48, 49].

S’han observat diferencies de GIM 1 presencia de placa entre ambdos sexes, trobant-
se aquests valors augmentats en els homes respecte les dones, i a més el patrd d’increment
¢s progressiu amb ’edat. Aquestes diferéncies entre sexes pel que fa als valors de GIM
també s’han observat en el Gutenberg-Heart Study, tot i que els resultats que se’n
desprenen mostren que a major edat menors son les diferéncies observades, probablement
per I’existéncia d’altres factors de confusid que son més prevalents en els rangs d’edat
superiors també en la poblacié no diabética [50]. Cal esmentar que quan la freqliencia de
placa es va estratificar per edat i sexe, les diferéncies entre pacients diabétics i no diabetics
només es mantenien significatives en el grup d’edat més jove (menors de 50 anys) [51].
En referéncia a 1’associacio detectada entre la freqliéncia de placa, edat i perimetre
abdominal, altres troballes hi donen suport [52], encara que inclouen altres factors
significatius, com la dislipemia i la hipertensid, que tot i que en la nostra analisi
inicialment també van mostrar una associacié positiva, es va perdre després de I’ajust,

possiblement a causa del propi disseny de I’estudi 1 de la mida mostral.

Cal assenyalar que les exploracions de I’estudi van ser dutes a terme per
professionals d’infermeria i, per tant, cal remarcar el rol d’aquest col.lectiu en la
prevencid 1 promocio de la salut. Els programes d’atencidé conduits per infermers/es a
través d’un abordatge multifactorial que engloba des de I’avaluacid del risc, mitjancant
la realitzaci6 de proves diagnostiques, fins al seguiment i suport al llarg de tot el procés
de tractament, han mostrat una reduccié de la morbiditat i mortalitat en subjectes en
situacid d’alt risc CV [53, 54]. En pacients diabetics, s’ha demostrat que la intervencio

educacional dirigida per professionals infermers millora tant el control glucemic com de

48



5. Discussio

factors de risc CV [55]. La UDETMA, marc on es va desenvolupar aquest estudi, destaca
per la rellevancia del rol de la infermeria. En aquesta unitat, ’equip d’infermeria
s’encarrega de 1’avaluacié del risc CV, la deteccié d’ateromatosi subclinica mitjangant la
realitzaci6 d’ecografia carotidia i de la consegiient implementacié de mesures preventives
individualitzades. A més, es responsabilitza del seguiment al llarg del procés, realitzant
visites periodiques que tenen la finalitat de millorar el compliment terapéutic i la
motivacio dels pacients, i duent a terme controls anuals per tal de detectar canvis en els
valors de GIM i/o en la composici6 1 morfologia de la placa d’ateroma. Aquesta
implicacio per part dels professionals d’infermeria juga un paper molt important en la
potencial disminucio del risc a través de les modificacions en els estils de vida i els canvis
conductuals en diverses malalties croniques, com 1’aterosclerosi [56]. Per tant, la
integracio de tasques dirigides a la deteccid precog de risc CV i la intensificacio de les
mesures preventives és indispensable dins la practica clinica habitual dels professionals

infermers.

Com a limitacions d’aquest estudi, cal tenir en compte que pot existir un biaix
relacionat amb el fet de que la selecci6 dels subjectes no va ser aleatoritzada i, a més, no
es disposava d’informacié referent a les complicacions microvasculars (retinopatia,
nefropatia, neuropatia), que es coneix que s’associen a l’augment en la prevalenca
d’ateromatosi subclinica [34]. Per tant, els resultats d’aquest estudi, com altres de la
literatura, no son completament extrapolables a tota la poblaci6 de pacients amb DM

tipus 2.
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5.2 Quantificacio del senyal de vasa vasorum en poblacio no diabética i sense altres

factors de risc cardiovascular.

Fins a I’actualitat, la majoria dels estudis publicats en aquest area de recerca han
estat focalitzats en la contribucid dels VV en la inestabilitat de la placa d’ateroma [57].
Per tant, el nostre grup ha estat pioner en quantificar els VV en I’adventicia de la comu
carotidia lliure de placa. Aquest estudi inicial es va dur a terme en pacients amb DM2, en
que es va concloure que la paret arterial era una diana de la microangiopatia diabetica
[34], igual que ho és la retina, el ronyd i els nervis periférics. La metodologia de lectura
del senyal de VV ha estat desenvolupada en exclusiva pel nostre grup, i es descriu en
detall en I’article dut a terme en el grup de subjectes sense factors de risc cardiovascular

que forma part d’aquesta tesi.

L’estudi dels VV realitzat en aquest grup sorgeix de la necessitat de con¢ixer la
densitat fisiologica de VV adventicis en un segment lliure de placa de la carotida comd.
La principal troballa que es desprén d’aquest estudi és que la densitat de VV en
I’adventicia comu esquerra correlaciona significativament amb les mesures de GIM en
aquest mateix territori i amb 1’edat, donant suport a la sensibilitat i precisié de les mesures

del senyal VV adventici esquerre com un marcador precog d’ateromatosi subclinica.

No obstant aix0, aquesta correlacidé no s’ha pogut observar en la carotida dreta, ni
tampoc considerant el rati VV i el GIM com la mitjana dels valors entre dreta i esquerra.
Aquesta falta d’associacio6 entre GIM i senyal VV quan es tenen en consideracio els valors
mitjans d’ambdues carotides ja va ser descrita per Sampson et al. en pacients que
presentaven ateromatosi lleu [58]. Tampoc en I’estudi en pacients amb DM tipus 2
realitzat pel nostre grup es va trobar correlaci6 entre GIM i senyal de VV quan es feia el
calcul amb el valor mitja dels dos costats [59]. Actualment, s’esta analitzant les dades
referents a la lateralitat de tots els estudis que s’han dut a terme, i que inclouen pacients
amb diabetes tipus 1, tipus 2 i pacients amb malaltia renal cronica. Per tant, els resultats
del nostre estudi remarquen la importancia d’estudiar ambdues carotides de forma

independent tambeé en subjectes sense ateromatosi establerta.

El fet de distingir entre ambdues carotides en la medicié dels VV adventicis es basa
en les troballes de Lemne C et al. [60], que en un estudi amb subjectes normotensos va
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observar valors de GIM més elevats en la carotida esquerra. A més, 1’associacio entre risc
cardiovascular i anatomia vascular no és uniforme per al GIM de la paret arterial [61], 0
per a la preséncia de placa [62, 63]. Cal tenir en compte que aquestes diferéncies
anatomiques s’atenuen amb la preséncia d’altres factors de risc com la hipertensid. S’ha
observat que quan la pressio arterial mitjana és de 90mmHg o inferior, el GIM és més
elevat en la carotida esquerra que en la dreta, pero quan és superior a 90mmHg no només
s’atenua I’efecte de 1’edat sobre el GIM, sind que també s’atenuen les diferéncies entre el
GIM d’ambdues carotides [64]. Aquestes diferéncies també es van posar de manifest en
I’estudi Rotterdam, en qué les diferéncies de GIM entre subjectes majors de 55 anys amb
1 sense hipertensid6 només eren significatives en la carotida dreta, suggerint d’aquesta
manera que les lesions arteriosclerotiques es desenvolupen primerament en el costat
esquerre [65]. Una explicacié plausible a aquest fet seria que la carotida esquerra s’origina
directament des de I’arc aortic i, per tant, esta exposada continuadament a un més alt
impacte de I’anomenat “shear stress” [66]. Possiblement, el fet de que les lesions
arteriosclerotiques s’iniciin en la carotida esquerra explicaria en part els nostres resultats

de correlacio entre senyal VV i GIM només en la carotida esquerra.

Pel que fa als parametres bioquimics i antropomeétrics mesurats (triglicerids,
proteina C reactiva, pressio arterial sistolica i diastolica, pols, perimetre de cintura, index
de massa corporal, edat), dels que es coneix clarament la seva implicacié en la malaltia
ateromatosa, només 1’edat correlaciona amb el rati VV adventici de carotida esquerra.
Donat que 1’edat és el principal determinant en el increment de la prevalenga de lesions
ateromatoses en persones sense altres factors de risc, la nostra demostracié de que el
senyal VV de carotida dreta no s’associa a I’edat dona suport a ’alta sensibilitat de les
mesures obtingudes de densitat de VV adventicis en carotida esquerra mitjancant

ecografia amb contrast per al diagnostic d’ateromatosi subclinica.

Tots els estudis anteriors s’han centrat en la contribucié de la neovascularitzacio
(VV) en la inestabilitat de la placa d’ateroma [57], i els pocs estudis postmortem en
humans que han trobat un augment dels VV en la placa son insuficients per donar suport
al fet que en les fases molt inicials del procés aterosclerotic els VV adventicis es troben

augmentats, tal i com s’ha observat a nivell experimental en la hipercolesterolemia [67].

Aixi doncs, els resultats que es desprenen del nostre estudi en poblacid sana pel que
fa a la correlacid directa entre el rati VV d’adventicia esquerra i el GIM esquerre,
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juntament amb els resultats previs del nostre grup amb pacients amb DM2 [34], donen
suport als resultats experimentals en que un increment en els VV adventicis precedeix a
I’augment en el GIM [67].

No obstant aixo0, cal tenir en compte que a causa dels estrictes criteris d’inclusio
establerts en aquest estudi no ha estat possible treballar amb una mostra més extensa. A
més, la forta correlacio detectada entre 1’edat i el senyal VV adventici en carotida esquerra
en una poblacio sense cap factor de risc CV posa de manifest la necessitat de dur a terme
més estudis en aquest tipus de poblacidé perd6 amb un poder estaditisc més alt per tal
d’establir els valors de referéncia de densitat de VV adventici per a carotida dreta i

esquerra, tant per homes com per dones, i també per als diferents intervals d’edat.

Es molt important clarificar la validesa de la metodologia desenvolupada per a la
quantificacid del senyal VVV. En aquest punt, cal tenir en compte que tant els resultats que
es varen despendre del nostre estudi inicial en pacients amb DM2 com el metode emprat
van ser analitzats i comentats per Van der Oord et al. [68], basant-se en dos articles
[69,70] que feien referéncia a la possible existéncia d’un artefacte en la paret arterial ja
present en mode B (ecografia convencional sense contrast) que s’intensificaria en el mode
contrast i que per tant conduiria a sobreestimar el senyal VV. Per tant, és important
mencionar que en els nostres estudis es van excloure subjectes durant 1’adquisicio
d’imatges i també durant la posterior lectura de les mateixes; els possibles motius de
I’exclusid van ser els segiients: 1) el senyal de fons era alt, impedint un flux d’imatge
homogeni en el lumen i en I’adventicia arterial; 2) existia un augment del senyal ecogenic
abans de 1’administracio del contrast; 3) el contrast desapareixia rapidament, impedint
una observacid i gravacio de qualitat; 4) existia una ombra acustica sobre 1’area d’estudi;
5) les condicions del vas dificultaven la lectura tant amb contrast com sense; 6) només

fou possible la lectura en una de les dues carotides.

Es important, també, remarcar que la lectura del senyal de V'V es va fer a la paret
posterior, primerament perqué €s en aquesta paret on es prenen les mesures de GIM, i
també per evitar confondre el senyal de VV amb altres senyals inespecifics (artefactes),

presents en la paret anterior en aquest cas si quan s’utilitza el nostre metode.

Un altre dels punts que senyala Van der Oord et al. sobre els resultats observats en

els DM2 amb retinopatia és el fet que I’augment en la intensitat del senyal VV en aquests
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subjectes respecte als que no presenten retinopatia pot ser causada per I’artefacte produit
per una possible acumulacié dels productes finals resultants del procés de glucosilacid
avancada. No obstant aix0, no existeixen referencies que donin suport a aquesta teoria, i
en tot cas aquests productes finals també es trobarien presents en I’intima i especialment
en la mitja, fet que en cap cas es va observar en el nostre estudi. A més, en un estudi dut
a terme en porcs [71], es va observar que I’augment del senyal de contrast de la paret
durant I’ecografia amb contrast es corresponia amb un augment en la densitat i en
I’extensio de la xarxa de VV de la paret arterial en els examens histologics. Aquests
resultats observats per Schinkel et al. també han estat corroborats histologicament en
humans [40]. Per tant, existeix evidencia de que el senyal en I’adventicia sorgeix de la

preséncia del contrast en els VV.

Es important afegir que en els estudis en qué Van der Oord et al. basa la seva critica
al nostre metode les exploracions es duien a terme amb el mateix equip ecografic i el
mateix software de lectura [69, 70], diferent a 1’utilitzat pel nostre grup. Aquest factor és
molt important, ja que la utilitzacié d’equips ecografics diferents pot donar lloc a resultats
i problemes metodologics diferents. A meés, hi ha evidencia de que les diferéncies
existents entre ecografs poden ser més notables que les diferéncies intralectors [72]. En
tot cas, la reproductibilitat entre els dos lectors del nostre grup va ser bona, mostrant un

coeficient de correlacio intraclasse de 0.822 (rang 0.745-0.877).

En referéncia a 1’aparell utilitzat pel nostre grup, Accuson Sequoia 512, cal
puntualitzar que permet separar el senyal del teixit del senyal de 1’agent de contrast.
D’aquesta manera, durant 1’adquisicio de les imatges €s possible separar especificament
entre “només teixit”, “només contrast” o “ambdds junts”; en el nostre estudi varem
treballar exclusivament amb [’opcié “només contrast” en totes les exploracions
ecografiques amb contrast. Les imatges es van obtenir utilitzant una sonda lineal 15L8W
(7mhz) amb un index mecanic baix de 0.18. El Sequoia 512 esta equipat amb una
tecnologia anomenada “cadence contrast pulse sequencing (CPS)”, capa¢ de combinar
ambdues senyals (senyal de teixit i senyal de contrast), descartant la senyal inespecifica
del teixit. D’aquesta manera, es garanteix una alta sensibilitat i especificitat en la deteccio

exclusiva de l'agent de contrast.

Finalment, comentar que en els estudis mencionats per Van der Oord et al. [69,70]
es fa referéncia al fet que I’augment del senyal en 1’adventicia pot correspondre a un
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artefacte relacionat directament amb la dosi de contrast utilitzada, encara que els propis
autors reconeixen que a dosis inferiors s’observa una disminucié del possible artefacte
pero també una disminucié en la qualitat de la imatge. La dosi utilitzada en els nostres
estudis ha estat de 2.5ml de contrast de microbombolles en bolus seguit de 10ml de sérum
fisologic, per a cadascuna de les dues carotides. Aquesta dosi ha demostrat ser suficient
per obtenir resultats significatius en el senyal de VV adventici en els estudis realitzats en

diferents grups, tant en DM [34] com en pacients amb malaltia renal cronica [59].

Evidentment, el fet de tractar-se d’un métode nou comporta que no existeixin
protocols estandarditzats per a 1’estudi dels VV i que, per tant, sorgeixin dubtes sobre
I’existeéncia d’artefactes que puguin alterar els resultats de quantificacio de la densitat dels
VV en I’adventicia carotidia. No obstant aix0, I’estudi en pacients amb DM2, juntament
amb I’estudi amb controls sans i amb DM, resultats que s’exposen a continuacio, han

demostrat que el métode dissenyat pel nostre grup és valid i fiable.

5.3 Quantificacid del senyal de vasa vasorum en pacients amb diabetis

mellitus tipus 1

Des de la primera descripcio feta I’any 1966 de la patologia microvascular en la
paret arterial de I’aorta de pacients joves amb diabetis tipus 1 [33], el nostre estudi en
DML1 ha estat la primera aportacio sobre ’estat dels VV adventicis en una gran artéria (en
aquest cas, la carotida) en aquests pacients. Els resultats obtinguts en aquest estudi
concorden amb els resultats previs de dos estudis en DM2 en qué es detecta un augment
del senyal VV adventici mitjangant 1’Gs de 1’ecografia amb contrast [34, 58]. Feinstein et
al. van ser els primers en utilitzar aquesta técnica d’imatge en la investigacid dels
microvasos de les grans artéries com a substrat per al desenvolupament de 1’aterosclerosi
[37]. Els resultats que van obtenir en aquests estudis demostraren que la
neovascularitzacid de la placa i els VV adventicis estaven associats a la gravetat de la

placa i al desenvolupament posterior d’esdeveniments CV [38, 39].

A banda d’un augment en els VV adventicis en els pacients amb DM2 el nostre

grup també va trobar una associacid entre 1’augment en el senyal VV i la retinopatia
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diabética [34]. No obstant aix0, aquesta troballa no s’ha pogut confirmar en 1’estudi en
DML1. Aquests resultats discordants entre els dos tipus de diabetis es podrien explicar pels
factors com la dislipeémia, la hipertensié i ’edat, que estan altament associats a la DM2, 1
son considerats també com a potencials factors angiogenics implicats en la hiperplasia
dels V'V present en els subjectes sense diabetis i sense MCV [73]. Es possible que la mida
mostral hagi estat insuficient per poder demostrar una associacio entre microangiopatia
dels VV adventicis i retinopatia diabética en els DM1, encara que es va realitzar un calcul

de la mostra a partir dels resultats de I’estudi previ en pacients amb DM tipus 2 [34].

De tota manera, el fet que inclus els pacients amb DM1 sense retinopatia mostrin
un senyal VV augmentat respecte als controls suggereix que la microangiopatia dels VV
de la paret arterial pot ser una complicaci®6 de la diabetis. D’aquesta manera es
confirmarien els resultats que es van obtenir en 1’estudi postmortem que analitzava I’aorta
de pacients amb DMI1 i1 que mostrava I’existéncia de caracteristiques tipiques de la

microangiopatia diabética en els VV d’aquesta artéria [33].

Considerant la literatura existent sobre el rol de la microcirculacié dels vasos de la
paret en la patogenesi de 1’aterosclerosi en la diabetis [24, 74, 26, 31, 33], suggerim que
els VV de les grans arteries esdevenen un substrat important per al desenvolupament de
la malaltia aterosclerotica en la diabetis. Tal i com el nostre grup va hipotetitzar
préviament [34], suggerim que els VVV de la paret arterial es veuen afectats per la situacio
d’hipoxia/isquémia. Aquesta mateixa situacid és I’estimul que condueix a canvis
microvasculars com en altres organs diana de la microangiopatia diabética, com en el cas
de la retina [30].

Tant en els estudis en DM2 [34, 58] com en aquest estudi en DM1, es va trobar una
falta de correlacio entre el GIM i el senyal de V'V, i igual que en aquests estudis tampoc
es va observar correlacié entre el senyal de VV i la preséncia de placa (en altres segments
de I’artéria carotida). Per aix0, pensem que 1’augment de senyal angiogénic detectat en la
paret de la cardtida comu pot ser un event precog¢ que precediria a I’aparicio de la lesid
aterosclerotica (augment del GIM i formacié de placa), tal i com han assenyalat altres
investigacions [31,73]. No obstant aixo, caldra confirmar aquesta hipotesi en noves

investigacions.
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Pensem que aquests canvis microangiopatics inicials podrien mediar en la memoria
metabolica de I’organ diana (paret arterial) [31, 34]. Aquest fet és clinicament rellevant,
doncs ha estat demostrat que una intervencid precog en el curs de la malaltia disminueix
la MCV en pacients amb DM1 [75].

Es important mencionar les limitacions d’aquest estudi. En primer lloc, el grup
control esta integrat per subjectes lliures de factors de risc i, per tant, no és possible
I’avaluaci6é de la contribuci6é d’altres factors sobre el senyal VV en subjectes sense
diabetis. Per exemple, 1’augment del senyal VV en els pacients amb DM1 pot ser el
resultat de canvis hiperémics induits per la propia hiperglucemia. Per tal de clarificar
aquest fet seria necessari avaluar el senyal VV en els DM1 abans i després de la

normalitzaci6 de la situacié d’hiperglucémia.

A meés, el propi disseny transversal de I’estudi no permet extreure conclusions sobre
quin seria exactament el rol de la microangiopatia de la paret de les grans artéries en el
desenvolupament de 1’aterosclerosi en els pacients amb DM 1. Aixi mateix, la intensitat
en el senyal VV encara no ha estat confirmada com un signe preco¢ en el
desenvolupament de futures lesions aterosclerotiques ni tampoc com un predictor
d’events CV en pacients amb diabetis. Per tant, caldria verificar els resultats que hem
trobat utilitzant dissenys longitudinals, especialment en pacients amb DM1 que sovint es

troben lliures de factors de risc d’aterosclerosi addicionals.

Es important remarcar que el métode emprat per a la quantificacio del senyal VV
adventici en la carotida comu va ser desenvolupat pel nostre propi grup seguint una
metodologia estricta [18,34]. El nostre métode ha estat utilitzat per altres investigadors
amb una dilatada experieéncia en I’exploracié vascular mitjancant ecografia amb contrast

i han confirmat els resultats que el nostre grup va trobar en 1’estudi en DM2 [58].
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- Els pacients amb diabetis mellitus tipus 2 sense malaltia cardiovascular prévia
presenten major prevalenca de malaltia ateromatosa subclinica que els subjectes

sense diabetis mellitus.

- Enlaprevencio i promoci6 de la salut els professionals infermers/es tenen un rol
primordial en la realitzacié dels procediments ecografics, la identificacio dels

factors de risc cardiovasculars i 1’educacio per a la salut.

- El métode de quantificacié del senyal de vasa vasorum en I’artéria carotida comu
desenvolupat i estandarditzat pel nostre grup mitjancant ecografia de contrast amb
microbombolles, que mesura la relacio del senyal de la paret i de la llum arterial,

és valid, fiable i reproduible.

- Elsresultats obtinguts en pacients sense factors de risc cardiovascular suggereixen
que el senyal de vasa vasorum carotidi €s un potencial marcador per a I’exploracio6

i monitoritzacid del procés aterosclerotic.

- Els pacients amb diabetis mellitus tipus 1 presenten major senyal de vasa vasorum
en I’adventicia de la carotida comu que els subjectes sense diabetis, suggerint que

la paret de les grans artéries és també una diana de la microangiopatia diabética.

- No s’ha pogut demostrar que els pacients amb diabetes mellitus tipus 1 i
retinopatia diabética presentin un senyal de vasa vasorum més elevat en relacid

als que no tenen aquesta complicacié microangiopatica.

57



7. FUTURES LINIES DE RECERCA

El métode de lectura del senyal de VV és totalment novedds i ha estat
desenvolupament integrament pel nostre grup de treball. Es tracta de la primera técnica
referenciada a la literatura que té el proposit de quantificar els VV en ’adventicia de la
paret arterial de la carotida comu. Es per aquest motiu que seria important que estudis
futurs es focalitzin en estudiar la possible variabilitat entre diferents equips ecografics i
els softwares de lectura que actualment hi ha disponibles pel seu Us clinic. Aixi mateix és

fonamental avaluar la variabilitat interlectors.

Sén necessaris més estudis en subjectes amb factors de risc CV que explorin en
profunditat quina és la contribucio especifica d’increment en el rati de VV de carotida
dreta o esquerra en la progressio del procés ateromatds, el desenvolupament d’events
cardiovasculars, aixi com en la seva potencial regressio com a resposta a les intervencions

dutes a terme sobre aquests factors de risc.

Pensem que els presents resultats encoratjaran la recerca futura en la mateixa linia
de treball, en la que es creu que la microangiopatia de la paret de les grans arteries és una
diana addicional del procés aterosclerotic induit per la situacié d’hiperglucémia cronica

que es ddna en la diabetis mellitus.

El rol infermer és essencial per a la prevencio i promocio de la salut, i també com
a investigadors clinics al mateix nivell que altres professionals de la salut i les ciéncies
biomédiques. Aquests professionals son fonamentals tant en la identificacio dels factors
de risc cardiovascular, mitjancant avaluacio clinica i ecografia carotidia, com en la
promocid de la salut a través de programes educacionals i d’intensificacié de mesures
preventives. Es important que aquests professionals es formin en técniques ecografiques,
i adoptin un paper principal en la deteccid i seguiment terapeutic de pacients en alt risc
cardiovascular. En aquest sentit, seria necessari dur a terme estudis focalitzats en el cost-

eficacia de programes educacionals dirigits per professionals infermers.
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