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Abstract

Cutaneous microcirculation has emerged in recent years as a practical accessible subject for the study of
peripheral circulation. Non-invasive techniques such as Laser Doppler Flowmetry (LDF), skin Evaporimetry and
Transcutaneous Gasimetry in association with provocation tests, render cutaneous circulation a very attractive
research model. This study was applied to a group of healthy young female volunteers, (n = 8, (21,6 £ 2,6) years
old) breathing a 100 % oxygen atmosphere for 10 minutes. This test allowed us to evaluate the circulatory response
in the lower limb microcirculation. Measurement techniques included local blood flow by LDF, Transcutaneous
(tc) pO, partial pressure and Transepidermal Water Loss (TEWL) by Evaporimetry. Data analysis revels that tc-pO,
and LDF changed significantly during the test. A reciprocal evolution profile was registered in LDF and TEWL,
which seems to support previous data that changes in local blood flow may influence the epidermal “barrier”
function. This model seems suitable to characterize the lower limb microcirculation.
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Resumo

A microcirculacdo cutinea surgiu, nos ultimos anos, como uma alternativa pratica e acessivel para o estudo da
circulacao periférica. Técnicas ndo-invasivas, como a Fluxometria por Laser Doppler (FLD), a Evaporimetria
¢ a Gasimetria transcutanea em associacdo a testes de provocacdo tém transformado a circulagdo cutdnea num
atraente modelo de investigagdo. Este estudo foi aplicado a um grupo de voluntérias jovens saudaveis (n =8, (21,6
+ 2,6) anos) respirando uma atmosfera de 100 % oxigénio durante 10 minutos. Este teste permitiu-nos avaliar a
resposta circulatoria na microcirculacdo do membro inferior. As técnicas de medicao incluiram o fluxo sanguineo
local por FLD, a pO, transcutanea (tc) € a Perda Transepidérmica de Agua (PTEA) por evaporimetria. A analise
de dados revela que tc-pO, € FLD se alteraram significativamente durante o teste. Um perfil de evolugao reciproca
foi registrado para FLD e PTEA, que parece apoiar dados anteriores de que as alteracdes no fluxo sanguineo
local podem influenciar a fun¢dao de “barreira” epidérmica. Este modelo parece adequado para caracterizar a
microcirculagdo do membro inferior in vivo.
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Introduction

Cutaneous microcirculation has been used as a very
practical accessible subject for the study of the pe-
ripheral circulation ™! including vascular dysfunction
mechanisms.! It has been used as a research model
in various diseases such as type II diabetes [ periph-
eral vascular disease ! and hypertension.[”? Clinically,
microcirculatory variables are also used as prognostic
tools to assess severe limb ischemia,® wound outcome
Pl and also to eventually determine the amputation
level.'! Laser Doppler Flowmetry (LDF), Transcu-
taneous Gasimetry and Evaporimetry are extensively
used technologies that enable sensitive, continuous,
non-invasive and real-time assessment of circulation
related variables.["'"'* Frequently, these techniques are
coupled with provocation tests to stimulate vascular re-
activity and therefore to investigate the physiological
response evoked under control.'! The administration
of normobaric oxygen, also known as the “oxygen chal-
lenge test”, has been used to increase the sensitivity and
specificity of tc-pO, measurements.!"*"”) These studies
suggest that the responsiveness to oxygen inhalation re-
flects vascular reactivity especially in ischemic tissues.
[16-197 The systemic vasoconstrictory effects of oxygen
inhalation, both normobaric and hyperbaric have been
described for decades, and oxygen-induced decrease of
regional blood flow has been clearly demonstrated in
several vascular beds, including the brain,?” the heart,
(211 the retina % and the limbs.!>*

In the present study we have explored the application of
a 100 % normobaric oxygen breathing model to evalu-
ate the in vivo microcirculation response in the lower
limb to characterize the individual’s peripheral vascular
status.

Materials and Methods

A group of nine young female volunteers ((21,6 + 2,6)
years old) was selected after informed consent. Volun-
teers were non-smokers and were not taking any kind
of medication other than contraceptives. Restrictions
included caffeine consumption and cosmetic products
application in the lower limbs 24 hours before the test.
All procedures complied with the ethical standards for
human research outlined in the Declaration of Helsinki
and subsequent amendments.? Studied variables, ob-
tained in distal locations of a randomly chosen lower
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Introducao

A microcirculagdo cutanea tem sido usada como um su-
jeito especialmente pratico e acessivel para o estudo da
circulagao periférica [-? incluindo os mecanismos de
disfungdo vascular.?! Tem sido ainda utilizada como
um modelo de investigagdo em varios estados patologi-
cos como a diabetes do tipo I, a doenga vascular
periférica ! e a hipertensdo "\. No contexto clinico as
variaveis microcirculatérias sdo utilizadas como fer-
ramentas de progndstico para avaliar a isquémia grave
dos membros ¥, a evolu¢do da ferida cutinea P! e, até
para determinar o nivel de amputagdo. ' A Fluxometria
por Laser Doppler (FLD), a Gasimetria Transcutanea e
a Evaporimetria sdo tecnologias amplamente utilizadas
que permitem uma avaliagdo sensivel, continua, nio-
invasiva e em tempo real de variaveis relacionadas com
a circulagdo.l''"'Y Estas técnicas sdo normalmente as-
sociadas a testes de provocagdo que podem estimular
a reatividade vascular e, portanto, investigar a resposta
fisiologica evocada sob controlo. ') A administragdo de
oxigénio normobarico, também conhecida como “teste
de provocagdo com oxigénio”, tem sido usada ha varios
anos como um meio para aumentar a sensibilidade e
especificidade das medigdes da tc- pO,.l""'" Estes estu-
dos sugerem que a capacidade de resposta a inalagao de
oxigénio reflete a reatividade vascular, especialmente
em zonas isquémicas.l'!”) Os efeitos vasoconstritores
sistémicos da inalagdo de oxigénio, tanto normobarico
como hiperbarico tém sido descritos desde ha décadas, e
a diminui¢do do fluxo sanguineo regional induzida pelo
oxigénio tem sido claramente demonstrada em diversos
leitos vasculares, incluindo no cérebro, 2% coragdo,?!
retina **! ¢ membros. !>

No presente estudo exploramos a aplicagdo de um
modelo de respiracdo normobarica de oxigénio a 100
% para avaliar a resposta da microcirculagdo in vivo da
resposta da microcirculagdo no membro inferior para
caracterizar o estado vascular periférico do individuo.

Materiais e Métodos

Um grupo de nove jovens voluntarias do sexo feminino
((21,6 + 2,6) anos) foi selecionado apds consentimento
informado. As voluntarias eram nao-fumadoras, nao es-
tavam a tomar qualquer tipo de medicacdo para além
de anticoncecionais. Restrigdes incluiram o consumo
de cafeina e a aplicagdo de produtos cosméticos nos
membros inferiores 24 horas antes do teste. Todos os
procedimentos cumpriram com as normas éticas para
pesquisa com seres humanos descritos na Declaracao
de Helsinki e emendas subsequentes.**! As variaveis



limb, involved microcirculatory blood flow (mfs)
in the inferior side of the second toe, by LDF (Peri-
Flux PF5000, PF5010 System, Perimed, Sweden) ex-
pressed in arbitrary units (AU); tcpO, on the root of
the second toe, by transcutaneous gasimetry (Periflux
PF5000, PF5040 tcpO,/CO, System, Perimed, Sweden)
expressed in mmHg; and TEWL on the superior side
of the foot, on the projection of the root of the third
and fourth toes, by evaporimetry (Tewameter TM300,
CK electronics, Germany) expressed in g h' m?. Af-
ter acclimatization, the volunteers breathed a 100 %
oxygen atmosphere for 30 minutes. This protocol in-
cluded three phases, 10 minutes each — resting (phase
I), provocation (phase II) and post-provocation (phase
II0), as illustrated in figure 1. For the phase 11, a non-re-
breathing system was employed, consisting of an AGA
MedControl 45 Bar Oxygen Demand Valve facemask
that prevented the entry of air coming from anywhere
but the cylinder.

The oxygen challenge and in vivo microcirculation
Teste de provocagdo com oxigénio e a microcirculagdo in vivo

estudadas, obtidas em locais distais de um membro
inferior escolhido aleatoriamente, envolveram o fluxo
sanguineo microcirculatorio (fsm) na face inferior do
segundo dedo do pé, expresso em unidades arbitrarias
(UA) por FLD (PeriFlux PF5000, Sistema PF5010,
Perimed, Suécia); tcpO, sobre a raiz do segundo dedo,
por gasimetria transcutanea (Periflux PF5000, Sistema
PF5040 tcpO, / tcpCO,, Perimed, Suécia) expressa em
mmHg, e PTEA sobre a raiz do terceiro e quarto dedos,
por evaporimetria (Tewameter TM300, CK Electronics,
Alemanha) expressa em g h' m?2. Apos aclimatizagio,
as voluntarias realizaram um protocolo de respiragao
de oxigénio a 100 %, consistindo de trés fases de 10
minutos cada — repouso (fase 1), provocagdo (fase II)
e pos-provocagdo (fase III) como ilustrado na figura
1. Para a fase II do protocolo foi usado um sistema de
ndo-reinalacdo, consistindo numa mascara AGA Med-
Control 45 Bar Oxygen Demand Valve que impedia a
entrada de ar ndo proveniente da garrafa.

£ &

Figure 1 - The volunteer sits for 10 minutes breathing room atmosphere.

Then a mask is applied and the volunteer breathes a 100 % oxygen saturated atmosphere for another 10 minutes.
Finally the room atmosphere breathing is retained for a further 10 minutes.

Figura 1 - A voluntaria esta sentada durante 10 minutos a respirar a atmosfera da sala.

E entdo aplicada uma mascara e a voluntaria respira uma atmosfera de 100 % oxigénio por mais 10 minutos.
Finalmente volta a respirar a atmosfera da sala por mais 10 minutos.

The statistical analysis involved the Wilcoxon matched-
pairs signed-rank test with the adoption of a 95 % con-
fidence interval (IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp). All remaining analyses were performed
with MatLab software (MATLAB and Statistics Tool-
box Release 2011, The MathWorks, Inc., Natick, Mas-
sachusetts, United States). In order to characterize the
tissue capacity of oxygen extraction during the oxygen
supplementation, several tc-pO, curve-dependent pa-
rameters for phase Il were determined, as used else-
where ¥ — Area Under the Curve (AUC), tc-pO, at
I-minute inhalation, tc-pO, at 4-minute inhalation,
tc-pO, slope between minutes 1 and 4 of inhalation.

A analise estatistica foi realizada através do Wilcoxon
para amostras emparelhadas com a ado¢ao de um in-
tervalo de confianca de 95 % (IBM SPSS Statistics
for Windows, Versdao 20.0. Armonk, NY: IBM Corp).
Todas as restantes analises foram realizadas com o
software MatLab (MATLAB and Statistics Toolbox
Release 2011, The MathWorks, Inc., Natick, Massa-
chusetts, United States). A fim de caracterizar a capaci-
dade de extragdo de oxigénio pelos tecidos durante fase
II, foram determinados varios parametros dependentes
da curva de tc-pO,, conforme ja descritos 24 — Area
Sob a Curva (ASC), tc-pO, ao minuto 1 de inalagdo,
tc-pO, ao minuto 4 de inalagdo, declive da tc-pO, entre
os minutos 1 e 4 de inalagao.
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Results and Discussion

The mean and standard deviation values of each vari-
able from all volunteers, as well as the statistical sig-
nificant differences are represented in table [ and II. The
perfusion reduction effect of the oxygen supplementa-
tion has been known for several years, and is thought
to be attributed not to sympathetic stimulation 227 but
rather to the reactive oxygen species (ROS)-mediated
inhibition of vasodilator prostanoid synthesis.?! As
expected, during oxygen breathing in the provocation
phase, tc-pO, increased significantly, saturating hemo-
globin and increasing its amount dissolved in plasma,
thereby creating hyperoxia. In response to this increase,
a vasoconstriction seemed to have occurred, which led
to the statistically significant reduction of mbf. This
change in blood flow may have created a redistribution
of the local Starling forces, contributing to the increase,
although not significant, of TEWL. The inverse behav-
ior found for mfb and TEWL has been reported before,
and suggests that, in some conditions, local perfusion
might be a determinant of the epidermal “barrier” func-
tion!'>?%! (figures 2 e 3).

Resultados e Discussao

Os valores de média e desvio-padrdo de cada variavel
de todos os voluntarios, bem como as diferencgas esta-
tisticamente significativas estdo representados na tabela
I e II. O efeito de redugdo da perfusdo por suplemen-
tagdo de oxigénio ¢ conhecido ha varios anos, pensa-
se ser atribuido nao a estimulagdo simpatica >>2°1, mas
sim a inibi¢do da sintese de prostanoides vasodilatado-
res mediada por espécies reativas de oxigénio (ERO).
271 Tal como esperado, durante a respiragdo de oxigé-
nio na fase de provocagdo, tc-pO, aumentou signifi-
cativamente, saturando a hemoglobina e aumentando
a quantidade dissolvida no plasma, criando assim hi-
peroxia. Em resposta a este aumento parece ter ocorrido
vasoconstri¢ao, o que levou a redugio estatisticamente
significativa do fsm. Esta alteragdo no fluxo sanguineo
pode ter criado uma redistribui¢do das forcas de Star-
ling locais, contribuindo para o aumento, embora nao
significativo, da PTEA. Este comportamento inverso
encontrado para fsm e PTEA foi relatado anteriormente,
e sugere que, em algumas condigoes, a perfusdo local
podera ser um determinante da func¢do de “barreira”
epidérmica.

Table 1 - Average and standard deviation values of each studied variable for the last 5 minutes of each phase of the protocol.
Statistical comparison for the last 5 minutes of phase I. (N.S. — non significant; p < 0,05).

Tabela 1 - Valores médios e desvios-padrao de cada variavel para os tltimos 5 minutos de cada fase do protocolo.
Comparagdo estatistica para os ultimos 5 minutos da fase I (N.S. — nfo significativo; p < 0,05).

Phase I / Fase 1 Phase 11 / Fase 11 Phase 111 / Fase 111
TEWL/ (g h' m? 6,5+2,7 7,1 +4,1 5,7+£23

PTEA/(gh' m?) - N.S. N.S.

mfb | AU 19,8 £ 16,6 8,3+3,9 12,7£9.,0
(fsm / UA) - ,008 N.S.

85,6 +11,1 201,6 + 78,7 86,7+ 114

te-pO, / mmHg

- 0,008 N.S.

Table 2 - Phase II tc-pO, characterization parameters (mean + standard deviation)

Tabela 2 - Pardmetros de caracterizagdo da tc-pO, da fase Il (média = desvio-padrdo)
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Parameters / Parametros X * sd
Peak value / mmHg
Valor maximo /mmHg 2243 £78,5
Time to peak / min 93420

Tempo até ao valor maximo / min

AUC /(mmHg min)

ASC / (mmHg.min) 9825,0+3474.9
te-pO, (t= 1 min) / mmHg 84,9+9,2
tc-pO, (t =4 min) / mmHg 159,2+£49,8

tc-pO, slope ([1 ;4] min) / (mmHg min™') 2474135

Declive de tc-pO, ([1 ; 4] min)/ (mmHg min™')
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Conclusion

The proposed model seems suitable to characterize the
peripheral microcirculation in vivo.

Acknowledgements

The authors would like to express their thanks to all
volunteers and to Joana Antunes for the collaboration
and assistance.

Conflict of Interests

The authors declare that there are no financial and/or
personal relationships that could be viewed as present-
ing a potential conflict of interests.

214

Conclusao

O modelo proposto parece adequado para caracterizar a
microcirculacdo periférica in vivo.
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