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NOTA DE ABERTURA / EDITORIAL

CONSELHO DE AVALIADORES

A nossa sociedade aproveitou a 
realização, em 2004 da “23rd Europe-
an Conference on Microcirculation 
“para criar um website para divulga-
ção e acompanhamento do evento. 
Este sítio (www.hemorreologia.com) 
contém toda a documentação sobre a 
SPHM, nomeadamente o que é, quais 
os seus objectivos, a composição dos 
órgãos de gestão, actualizações temá-
ticas, noticiário, “links” e o Boletim 
da SPHM. A inclusão deste diminuiu 
as despesas de impressão, as quais 
actualmente ainda fi cam aquém do 
montante recebido da Fundação para 
a Ciência e Tecnologia (FCT) e quo-
tização por parte dos sócios. A feitu-
ra de alguns exemplares mantém-se 
para distribuição pelas entidades ofi -
ciais e bibliotecas.

A continuação do apoio fi nanceiro 
por parte da FCT exige que o Bole-
tim possua um Conselho de Avalia-
dores (aqui entendido como Conse-
lho Editorial Internacional)e que o 
modo de funcionamento do mesmo 
esteja divulgado no Boletim. Esta 
mudança, imposta, vai ao encontro 
da vontade dos órgãos de gestão da 
SPHM. Naturalmente, valorizará 
cientifi camente a publicação ofi cial 
da SPHM e ainda atrairá leitores e 
autores. O número de visitantes do 
nosso site não para de aumentar e, só 
para termos uma ideia, dando o nú-
mero registado em 21 de Setembro 

de 2009 (312 163 visitantes) será de-
certo ultrapassado aquando da vossa 
leitura deste número do Boletim.

O Conselho de Avaliadores inte-
gra cientistas oriundos de vários can-
tos do globo tal como, Bulgária, Es-
tados Unidos da América, França, 
Japão, Portugal e Turquia. Os CV e 
fotos dos novos membros serão di-
vulgados no próximo números. De 
imediato apraz -me, em nome da 
SPHM, agradecer a todos a aceitação 
da tarefa de avaliar os manuscritos de 
natureza diversa, designadamente, 
artigos originais, revisões a cartas ao 
editor. A participação do Conselho de 
Avaliadores em peer review prestigia 
o Boletim, sendo novo motivo de 
agradecimento pelo tempo que dis-
pensarão na apreciação dos manus-
critos, porque acontecerá terem de 
interromper o trabalho ou tempo de 
lazer para entrarem no domínio do 
tema. A actualização e pertinência do 
que se publica assim o exigem.

Ao introduzirmos este mecanismo 
de controlo de qualidade estamos a 
validar o signifi cado e a originalidade 
do conhecimento produzido e ou sis-
tematizado ou integrado. O espectro 
de leitores, no que respeita à forma-
ção e hábitos de leitura, é seguramen-
te amplo e a mudança agora anuncia-
da expressa a nossa vontade de 
continuar a oferecer oportunidades 
de difusão do saber qualifi cado.
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O Conselho de Avaliadores gera 
um processo de acompanhamento e 
revisão da produção científi ca dos au-
tores que, na actualidade, responde 
com rapidez e facilidade de correc-
ção, apoiado pelos meios electrónicos 
que pretendemos colocar em acção.

Estamos certos que os autores 
continuarão a apostar no envio dos 
seus manuscritos, que serão revistos 

e comentados, quando necessário, 
para os melhorar. Temos que estar 
todos agradecidos a esta mudança e 
aos seus intervenientes

Desejo que o Conselho de Avalia-
dores seja um estímulo ao envio de 
manuscritos.

Carlota Saldanha
Presidente da SPHM

NOTA DE ABERTURA / EDITORIAL
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ARTIGO DE REVISÃO / REVIEW ARTICLE Reologia dos leucócitos polimorfonucleados

POLYMORPHONUCLEAR LEUKOCYTE RHEOLOGY, CYTOSOLIC CA2+ 
CONTENT, BETA2 -INTEGRIN EXPRESSION AND OXIDATIVE STRESS IN 
HYPERTENSION

Gregorio Caimi, Eugenia Hopps, Rosalia Lo Presti

INTRODUCTION

An elevated leukocyte count is as-
sociated to arterial hypertension, but 
in this brief review we focus our at-
tention on some functional aspects of 
polymorphonuclear leukocytes 
(PMNs), considering in particular our 
data previously published on this top-
ic. Leukocytes have a likely role in the 
pathogenesis of organ injury accom-
panying arterial hypertension. Mono-
cytes and neutrophils can in fact par-
ticipate in the progression of vascular 
lesions and in the pathophysiology of 
their ischaemic complications.

LEUKOCYTE RHEOLOGY

Hypertensives have a whole -blood 
hyperviscosity, due to increased leu-
kocyte count, erythrocyte rigidity and 
hematocrit, and also to a raise of 
plasma viscosity, fìbrinogen concen-
tration, erythrocyte and platelet ag-

Dipartimento di Medicina Interna, Malattie Cardiovascolari e Nefrourologiche
Cattedra di Semeiotica e Metodologia Medica
Università di Palermo, Italy

Corresponding author:
Prof. Gregorio Caimi
Via Leonardo da Vinci, 52
90145 Palermo, Italy
Fax: +39 91 6554535; e -mail: caimigre@unipa.it

gregation. As blood viscosity infl u-
ences peripheral vascular resistances, 
changes of the haemorheological pa-
rameters may contribute to the devel-
opment of hypertension and can fa-
cilitate myocardial and vascular 
remodelling1.

In hypertensives the reduced 
membrane fl uidity of blood cells af-
fects carrier activity: in PMNs altera-
tions of sodium and calcium plasma 
membrane pumps have been ob-
served. Higher sodium cytosolic con-
centrations promote leukocyte acti-
vation, superoxide anion synthesis, 
adhesion to endothelium and progres-
sive organ injury2. Several researches 
have previously demonstrated nor-
mal cytosolic Ca2+ concentrations in 
hypertensive monocytes and PMNs3 -5. 
On the contrary, we observed in-
creased cytosolic Ca2+ concentrations 
in PMNs6, as well as in platelets and 
erythrocytes7. This datum was con-
firmed by more recent studies in 
insulin -resistant hypertensive men8.
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In our research, at baseline, no cor-
relation was present between PMN 
membrane fl uidity and cytosolic Ca2+ 
content or between membrane fl uidity 
and arterial pressure in hyperten-
sives7,9, whereas PMN membrane fl u-
idity was decreased in hypertensives 
compared to normals10. After in vitro 
activation with PMA the initial rela-
tive fl ow rate (obtained by fi ltering 
unfractionated WBC and PMN sus-
pension using a St. George’s Filtrom-
eter) was decreased in normals and 
hypertensives, but no other modifìca-
tions were found. After activation with 
fMLP, Ca2+ content was furtherly in-
creased only in hypertensives11,12.

LEUKOCYTE ACTIVATION

In hypertensives, leukocytes have 
higher activation levels than in nor-
mal subjects13. Stimulated granulo-
cytes release reactive oxygen species 
(ROS) which may inactivate nitric 
oxide (NO), arachidonic acid me-
tabolites which induce vascular in-
fl ammation, and cathepsin G which 
stimulates the angiotensin system14. 
Primed PMNs may also initiate plate-
let aggregation14 and provoke leuko-
cyte adhesion to the endothelium 
promoting the hyperexpression of 
adhesion molecules15, and the NO 
inactivation by superoxide anion. NO 
is in fact an endogenous inhibitor of 
leukocytes adhesion in postcapillary 
venules16.

Subjects with essential hyperten-
sion have increased plasma levels of 
leukocyte elastase17,18, that is consid-
ered a sensitive diagnostic marker of 
cardiovascular disease. Higher 
elastase levels are associated with the 
presence of atheromatous plaques19 

and are related to arterial stiffness18. 
In spontaneously hypertensive rats 
(SHRs) circulating PMNs have low-
er alkaline phosphatase content, 
while the plasma levels of this en-
zyme are elevated in these models16,20; 
this fìnding is another indicator of 
leukocyte activation and spontaneous 
degranulation and refl ects the altera-
tion of leukocyte function too.

LEUKOCYTES 
AND OXIDATIVE STRESS

Leukocytes activated by soluble 
or cellular stimuli start the respira-
tory burst, characterized by increased 
oxygen consumption and generation 
of superoxide (O2

 -), hydrogen perox-
yde (H2O2) and other ROS. O2

 - syn-
thesis by hypertensive PMNs is re-
lated to blood pressure [21]. ROS 
contribute to hypertension and its 
complications causing endothelial 
damage, oxidizing circulating low 
density lipoproteins and degrading 
NO. Serum NO levels and arterial 
pressure are negatively correlated22. 
The decreased availability of NO has 
negative effects on vascular tone and 
infl uences platelet aggregation, leu-
kocyte adhesion and expression of 
adhesion molecules23. Oxidative 
stress in PMNs is related to arterial 
mean pressure, as well as oxidative 
stress in monocytes is related to C -re-
active protein (CRP)24.

A research regarding Sabra 
hypertension -resistant rats (SBN) 
and hypertension -prone rats (SBH) 
has shown that in pre -hypertensive 
SBH oxidative stress and primed 
PMNs are present. After salt -loading 
for four weeks, SBH rats developed 
hypertension and their PMNs pro-
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duce elevated levels of ROS25. A 
long -term antioxidant treatment with 
Tempol (a membrane -permeable 
SOD mimetic), initiated in pre-
-hypertensive SHR, can attenuate 
vascular oxidative stress and prevent 
the age -related elevation of blood 
pressure in this animal model of ge-
netic hypertension26.

A recent study revealed a sponta-
neous up -regulation of CD11a and 
CD18 in circulating PMNs and an 
increased ROS generation by T -lym-
phocytes and monocytes in the pe-
ripheral blood of obese Zucker rats, 
before the development of hyperten-
sion27. This data suggest that primed 
PMNs, oxidative stress and infl am-
mation anticipate and possibly con-
tribute to the development of hyper-
tension and its complications.

In Sabra rats salt -loaded for sixty 
days, the increase of blood pressure 
can be inhibited by phenylarsine ox-
ide, an NADPH oxidase inhibitor. 
This fi nding suggests that primed 
PMNs play a role in the development 
of hypertension via activation of 
NADPH oxidase and production of 
ROS28. Because the leukocyte 
NADPH oxidase is localized in the 
plasma membrane, the alterations of 
its activity may be related to the 
membrane abnormalities observed in 
hypertension29.

LEUKOCYTE INTEGRINS

In hypertensives, the increased ex-
pression of adhesion molecules on 
endothelial cells and leukocytes pro-
motes leukocyte adhesion to the en-
dothelium30. A research on SHR has 
demonstrated a decreased endothelial 
expression of P -selectin31. On the 

contrary, another study showed a 
venular P -selectin hyperexpression 
that is considered responsible for an 
increased rolling of PMNs32. The in-
creased level of soluble E - and P -se-
lectin in malignant and renovascular 
hypertension is due to platelet activa-
tion33. E -selectin, an indicator of or-
gan injury, is related to blood pressure 
even in hypertensives without com-
plications34. Benidipine, a calcium 
channel blocker, decreases arterial 
pressure and the concentrations of E - 
and P -selectin35. In coronary endothe-
lial cells derived from human heart, 
angiotensin II induces a concentration-
-dependent increase in E -selectin ex-
pression via activation of AT1 recep-
tors. So, the E -selectin -mediated 
leukocyte adhesion to the endotheli-
um can be blocked using AT1 recep-
tor antagonists36. The infusion of an-
giotensin II in vivo induces high levels 
of soluble ICAM -1 (Intracellular Ad-
hesion Molecules -1) in hypertensives 
and normals37. Hypertension increas-
es cytokine expression and concentra-
tions of ICAM -1 and MCP -1 (mono-
cyte chemoattractant peptide -1), 
responsible for the infl ammatory cell 
infi ltration of the subendothelium38: 
exposing mouse carotid arteries at 
high intraluminal pressure, after 24 
hours an increased mRNA expression 
of MCP -1, IL -6, chemokines and 
VCAM -1 (Vascular Cell Adhesion 
Molecule -1) is detectable in mono-
cytes39. VCAM -1 is positively related 
to systolic blood pressure40. The in-
duction of hypertension in geneti-
cally normal rats can lead to an over-
expression of the CD18 integrin on 
circulating helper T -cells41. In obese 
hypertensives an increased expres-
sion of CD11b on circulating mono-
cytes and of CD68 on macrophages 
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in the adipose tissue was found42. 
Studies evaluating PMN beta2-
-integrins showed at baseline a phe-
notypical hyperexpression of CD11a, 
CD11b and CD18, but not of CD11c. 
After in vitro activation an increase 
of CD11b, CD11c and CD18 has been 
demonstrated, but also a decrease of 
CD11a, especially with PMA43. The 
integrin overexpression on PMNs at 
baseline can be due to the spontane-
ous granulocyte activation. The fall 
in CD11a expression after activation 
might be due to different mechanisms: 
because CD11a is constitutively ex-
pressed on PMN surface and it is not 
internalized during activation, its de-
crease may be related to an altered 
cleavage or to a dysregulated phos-
phorylation/dephosphorylation proc-
ess44. However, up to now the mecha-
nisms that explain the integrin pattem 
are only partially known.
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D.E.T.O. – Gen. Surgery and Liver Transplantation
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ABSTRACT

A good knowledge of the liver mi-
crocirculation, spanning the arterioles, 
the venules and the hepatic sinusoids 
that maintain perfusion in continuous 
homeostasis in healthy liver, is essen-
tial. This vascular system also inclu-
des the portal vein and it is on this 
blood that the liver works as a fi lter, 
protecting the subject from toxic subs-
tances derived from food, drugs, and 
fl uids present in blood. Another liver 
function is to increase the general cir-
culation output within 3 -4 minutes 
following an emergency (shock). 
About 350 ml of blood are present in 
special hepatic storage areas.

During liver diseases (e.g. cirrho-
sis) there is a strong decrease in the 
blood hemoglobin concentration, 
with anemia and impairment of the 
liver perfusion causing a high level 
of tissue hypoxia. Alterations in 
erythrocytes and leukocytes defor-
mability and aggregability are also 
present, that contribute to the impair-
ment of the liver microcirculation.

In liver transplantation the main 
risk is the reperfusion injury syndro-
me. In fact, a sudden gush of oxyge-

nated blood with large amounts of 
xanthine, in the presence of xanthine 
oxidase, can stimulate reactive oxy-
gen species (ROS) production.

More studies are needed to evalu-
ate the liver hemorheology and mi-
crocirculation and improve the diag-
nosis and treatment of liver disease.

Key-words: Microcirculation, he-
morheology, cirrhosis, liver trans-
plantation, ischemic reperfusion in-
jury.

LIVER MICROCIRCULATION

Introduction

The liver microcirculation inclu-
des the terminal portal venules and 
the terminal hepatic arterioles (affe-
rent vessels), the sinusoids (capilla-
ries) and the terminal hepatic venules 
(efferent vessels) 1 -2. Portal blood ac-
counts for 70 -75% of the blood fl ow 
through the liver, while 25% derives 
from the hepatic arterioles and is mo-
dulated by the liver metabolism. A 
decreased oxygenation of the liver 
will increase the arterial blood fl ow 
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because the need for greater liver 
oxygenation induces an important 
local vasodilator effect3 -4. The sinu-
soidal blood fl ow presents as a series 
of rays stemming from the periportal 
area (zone 1) and the intermediate 
zone (zone 2) and reaching the peri-
central area (zone 3), where it drains 
into the terminal hepatic venules1. 
This circuit, named the “liver aci-
nus”, is formed by the portal vessel 
in the center and the terminal hepatic 
venules at the periphery2 -5.

Blood Flow through the liver

About 1100 ml of portal blood en-
ters the liver per minute. This blood 
fl ows through the hepatic sinusoids, 
closely linked with the hepatic paren-
chymal cells, and into the central li-
ver veins, and then fi nally into the 
inferior vena cava. In addition to the 
portal blood, a further 350 ml of 
blood per minute reaches the liver 
from the hepatic artery, so the total 
liver blood fl ow is nearly 1500 ml per 
minute, equal to about 29% of car-
diac output. The hepatic artery blood 
guarantees the supply of nutrients to 
the connective tissue (loss of this 
blood fl ow can be lethal, inducing 
necrosis of the main liver structures), 
and the fi nal outfl ow is to the hepatic 
sinusoids, where it combines with the 
portal blood. Stimulation of the sym-
pathetic nervous system induces va-
soconstriction in the hepatic storage 
areas, especially the large veins, less 
so in the sinusoids.

In cases of a circulation emer-
gency with an intense sympathetic 
reaction, a large amount of hepatic 
blood is put out into the general cir-
culation within 3 or 4 minutes. In a 

healthy male, this blood volume 
amounts to about 350 ml.6

Liver Sinusoids

The hepatic sinusoids are sheathed 
by two types of cells:”endothelial 
cells” and large Kupffer cells 
(reticulo -endothelial cells), that are 
able to engulf bacteria and other fo-
reign materials present in blood4 -7. 
The hepatic sinusoid walls have a si-
milar endothelium to that of the com-
mon capillaries but are much more 
permeable (due to the presence of 
much wider pores), so the plasma 
proteins can pass by diffusion into 
the liver extravascular spaces almost 
as easily as fluids. Normally, the 
pressure in the sinusoids is about 6 -8 
mmHg, so the proteins can easily 
spread inside and out. The fl ow of 
solutes from the endothelial windows 
of the sinusoids to Disse’s Space (a 
very small space between the endo-
thelial cells and the liver cells, direc-
tly connected with the lymphatic sys-
tem) is mediated by cytosolic calcium, 
that modulates the actin -myosin-
-calmodulin system8 -11.

Hepatic lobules

The functional liver unit is the he-
patic lobule. Human liver has from 
50 000–100 000 lobules. The hepatic 
lobule surrounds a central vein who-
se outfl ow is to the hepatic veins and 
fi nally the vena cava. It is formed by 
many hepatic cell strands radiating 
out from the central vein to the lobu-
le periphery, like the rays of a wheel. 
Each strand is formed by a two -cell 
thickness and between two cells rows 
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lay the biliary channels which fl ow 
into the terminal biliary ducts, in the 
septi between adjacent hepatic lobu-
les. The portal venules also run in the 
septi, carrying blood from the portal 
vein. From these venules the blood 
goes to the hepatic sinusoids that are 
fl attened and branched, running be-
tween the liver trabeculae hepatic 
strands. Thus, the liver cells are in 
continuous contact with the portal 
venous blood.

With the portal venules in the in-
terlobular septi lie the hepatic arterio-
les: these arterioles supply arterial 
blood to septal tissues; some of these 
fl ow into the hepatic sinusoids, next 
to the interlobular septi. In the hepa-
tic vein the blood pressure is nor-
mally 0 mmHg, while the portal vein 
blood pressure is about 9 mmHg. 
This means that the resistance to 
blood fl ow from the portal vein sys-
tem to the systemic veins through the 
hepatic sinusoids is normally low.

However, several diseases can in-
crease this resistance, especially liver 
cirrhosis12 -13; in this condition the 
blood fl ow through the liver is seriou-
sly hampered by fi brotic constriction 
or total obstruction or consumption 
of the sinusoids.

LIVER MICROCIRCULATION 
REGULATION

The mechanisms underlying the 
sinusoidal hepatic blood fl ow are not 
yet completely known, but it is im-
portant to note that the adrenergic 
and cholinergic nerves completely 
control the portal veins and arterio-
les, modulating sinusoidal blood 
fl ow. Moreover, some peptides such 
as vasoactive intestinal neuropeptide 

(VIP) and neuropeptide Y (NPY) are 
present together with noradrenaline 
and acetylcholine in the nerve endin-
gs. In fact, the VIP and NPY, substan-
ce P and calcitonin have been identi-
fied adjacent to afferent vessels, 
portal veins and hepatic arterioles, 
indicating a role in modulating the 
neurocontrol of the hemodynamics 
system 14 -16. The Ito Cells in the peri-
sinusoidal space also have an impor-
tant role, since in the portal venules 
and hepatic terminal venules these 
cells collaborate in the control of the 
sinusoidal blood fl ow 17 -18. Endothe-
lin I increases the Ito Cells contracti-
lity 14. Another type of cell present 
here is the Kupffer cell7 that can tem-
porarily arrest the blood fl ow through 
sinusoids.

OXIDATIVE STRESS

Introduction

To fulfi l their functions, the cells 
of aerobic organisms need energy; 
this energy originates from oxygen as 
a natural electron acceptor. In physio-
logical conditions many cellular re-
actions involve oxygen, producing 
many highly reactive molecules de-
riving from oxygen itself.

These molecular species include the 
reactive oxygen species (ROS) or reac-
tive oxygen metabolites (ROM) 19 -20. 
Anion Superoxide (O -

2) and the hydro-
xylic radical (OH) are the most impor-
tant oxygen -derived free radicals (ROS), 
but also hydrogen peroxide (H2O2) and 
single oxygen (1O2), although not che-
mically defi nable as free radicals, pos-
sess similar features to these latter.

The ROM are essential in the life 
of all cells, since they superintend all 
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the redox reactions. Normally, the 
ROM production is completely under 
metabolic control, and in fact many 
blocking systems exist, defi ned as 
“the antioxidant biological systems”, 
localized inside and outside the cells, 
that control the ROMs, delaying or 
preventing excessive oxidation of the 
substrates21 -22.

The control mechanisms consist 
of: (a) neutralizing triggering radicals; 
(b) preventing inhibitory binding of 
metallic ions (preventing the genera-
tion of triggering radicals); (c) de-
composing peroxides to block the 
reconversion to triggering radicals; 
(d) blocking the radical cascade to 
prevent the extraction of other H+ ions 
in the lipoperoxidation process.

In disease conditions or simply as 
a result of certain human lifestyles 
(cigarette smoking, overeating, phy-
sical stress, pollution, etc.) the ROS 
and other free radicals escape the con-
trol of the neutralizing systems and 
generate toxic phenomena. The set of 
oxidative alterations induced by ROM 
(alterations in ion homeostasis, the 
cytoskeleton, the DNA, loss of the 
membrane potential, etc.) is denomi-
nated “oxidative stress” and is the 
main cause of cellular ageing23 -24.

Oxidative stress can be defi ned as 
the manifestation of exposure of the 
cells, tissues or organs to an excess of 
oxidants, especially anion superoxide 
and ROM. An oxidative stress situa-
tion occurs when the production of O2 
and its metabolites exceeds the cell 
defence and detoxifi cation mechanis-
ms, resulting in problems of gene re-
gulation, signals translation, necrosis, 
fi brosis and carcinogenesis25 -26. Nor-
mally, the mitochondria are the main 
resource of reactive oxygen interme-
diates, since 2 -3% of the oxygen con-

sumed is converted to O2, especially 
as a result of the auto -oxidation of 
ubisemiquinone which is able to 
transfer electrons from complex I and 
II to complex III 27 -28.

Ischaemic/Reperfusion Syndrome 
increases superoxides production, 
decreasing the function of complex 
III29, tumor necrosis factor alpha30, 
and, through an unknown intracellu-
lar signal, decreases the function of 
complex III. Blockage of complex III 
causes an increased oxygen produc-
tion due to the auto -oxidation of ac-
cumulated ubisemiquinone radicals. 
The phagocytic cells are an important 
source of superoxide and other oxi-
dants and can contribute to the reper-
fusion injury damage31 -32 and to tissue 
damage during infl ammatory proces-
ses. The action of nitric oxide (NO) 
on the endothelium is very important, 
in that low levels of NO are a relaxant 
factor, whereas high levels are proin-
fl ammatory. The production of NO 
by macrophages has a bactericide ac-
tion, but is potentially harmful to the 
surrounding cells.

Hemorheological alterations 
during oxidative stress

Oxidative stress plays an important 
role in the physiopathology of liver 
damage and fi brosis, in alcohol– or 
heavy metal -induced diseases. It is 
also critical to the liver damage caused 
by ischemia/reperfusion injury23,31 -32 
and by sepsis. In chronic liver disease 
oxidative stress, together with chronic 
infl ammation, can induce hepatocar-
cinogenesis35.

Oxidative stress also induces alte-
rations in erythrocyte aggregability 
and in endothelial adherence36 -37: the 
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intercellular interactions between 
RBC autoaggregation and adhesion 
of the cells to the endothelium have 
a very important role in the micro-
circulation38 -39.

Oxidative stress 
and Erythrocytes (RBC)

The RBCs are formed only by a 
membrane and a cytosol, they are de-
nucleated and lack sub cellular orga-
nelles. The membrane is highly fl exi-
ble and deformable and allows these 
cells to fl ow even into capillaries 
with a smaller diameter (3.5 microns) 
than their own (5 -7 microns). The 
erythrocyte membrane has a peculiar 
lipid and protid composition; the li-
pids are responsible for its physical 
characteristics such as permeability 
and fl exibility, while the proteins, lar-
gely glycoproteins, show a 1:1 ratio 
with the lipids.

Circulating erythrocytes are the 
cells subjected to the highest oxida-
tive stress and also to oxidant subs-
tances produced by the metabolism 
of some food, drugs, or by bacterial 
or viral infections. This oxidative 
stress can induce serious damage due 
to peroxidation of the membrane li-
pid matrix and protein polymerisa-
tion, leading to lysis or an altered 
hemoglobin function. In the conver-
sion of hemoglobin to meta-
-hemoglobin the formation of anion 
superoxide occurs, which is highly 
toxic. This can also be brought about 
by chemical compounds, some drugs, 
or the action of nitrites derived from 
food preservatives. The toxicity of 
anion superoxide is quickly “buffe-
red” by superoxide dysmutase, an 
oxido -reductase which in RBC is cal-

led erythrocuprein. Among non en-
zymatic detoxifi cation systems, the 
main substance blocking anion supe-
roxide formation is ascorbic acid and 
Vit. C.

In physiological conditions, the 
RBC aggregability induces the forma-
tion of rouleaux38 -40. Normally the 
blood fl ow is able to scatter these ag-
gregates before they fl ow into narrow 
capillaries, thus ensuring tissue perfu-
sion. In conditions of delayed blood 
fl ow (and high plasma viscosity) the 
RBC aggregability is increased and 
rouleaux become more plentiful, as 
well as RBC adhesion to the endothe-
lium. This increases the whole blood 
viscosity, inducing microcirculatory 
alterations and the risk of microplug-
ging. Moreover, the ROS present in 
oxidative stress conditions induce the 
oxidation of the lipids on the 
erythrocyte membrane and alterations 
of their internal and external distribu-
tion (resulting in exposure of phos-
phatidylserine on the cell surface), 
protein oxidation and disruption, the 
degradation of surface proteoglycans, 
hemoglobin oxidation and adherence 
to the cellular membranes. These alte-
rations have a strong infl uence on the 
composition and physical properties 
of the cell membrane, and modify the 
RBC aggregability and deformability, 
increasing RBC adherence to endothe-
lial cells in the capillaries38 -39.

Oxidative stress and platelets

The main functions of the plate-
lets are their mechanical and bioche-
mical actions that play an important 
role in hemostasis and maintaining 
the capillaries intact. They are also 
able to accomplish a process similar 
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to phagocytosis of foreign particles, 
as well as the active transport (of se-
rotonin, adrenalin, K+) and the repair 
of even minor tissue damage.

When vascular damage occurs, the 
narrow arterioles and the precapillaries 
contract, and local vasoconstriction is 
stimulated by fi brinopeptide B, adrena-
lin, plasma kinines and serotonin, rele-
ased by the platelets. In this way, sur-
face phospholipase C is activated, 
inducing hydrolysis of phosphatidyli-
nositol 4, 5 diphosphate to inositol 4, 5 
triphosphate (second messenger) and 
lipoprotein. This releases calcium ions 
in the cytosol, causing a contraction of 
the myosin portion of thromboastenine 
(contractile cytoskeleton vacuoles), to-
gether with the production of serotonin 
and adenosine -diphosphate (ADP).

Instead, the activation of phos-
pholipase A releases fatty acids (es-
pecially arachidonic acid), origina-
ting cyclic endoperoxides that, in 
turn, are converted to thromboxane 
A2 (TXA2), stimulating platelets ag-
gregation and prostaglandins (PGE2) 
and prostacyclin (PGI2), the inhibi-
tors of platelets aggregation.

Oxidative stress, producing free 
radicals, causes massive changes in 
the cytoskeleton, inducing irreversible 
cross -linking between actin and other 
proteins and thus a decrease in struc-
tural peptides. In addition, an impor-
tant increase in cytosolic calcium can 
occur, activating transglutaminase that 
fosters the creation of bridges which 
stiffen the cytoskeleton, and thus pre-
vent normal platelet functions.

Oxidative Stress and Leukocytes

The leukocytes (WBC) can be 
subdivided into granulocytes or poly-

morphonuclear cells (65%) and leu-
kocytes (25%): T, B lymphocytes, 
plasmocyte precursors, K cells and 
macrophages precursors, monocytes. 
The leukocytes have different mecha-
nical properties from the erythrocytes: 
both can undergo repeated deforma-
tion as they pass through the capilla-
ries, but while the RBC have no nu-
clei or other granules, the leukocytes 
contain all the cellular components 
(nucleus, granules, liposomes), that 
increase the cell rigidity. This degree 
of rigidity is due to their actin cytoske-
leton and actin binding protein and 
their degree of binding, which allows 
them to respond to particular situa-
tions by taking on long term rigidity 
or short term elasticity. This property 
allows the leukocytes to intermitten-
tly arrest the capillary blood fl ow in 
cases of a fall in perfusion pressure.

One of the main functions of the 
leukocytes is phagocytosis; when this 
occurs there is a huge increase in 
oxygen consumption (respiratory 
burst), followed by an increased pro-
duction of anion superoxide and free 
radicals. At the same time anaerobic 
glycolysis is stimulated, and phos-
pholipid synthesis, especially of 
phosphatide acids, phosphatidyl– 
inositol and phosphatidyl -serine. This 
could be related to the altered cellular 
membrane organization required to 
engulf foreign microorganisms. The 
oxidative system involved in this mi-
croorganisms killing process, charac-
teristic of neutrophil leukocytes, is 
catalyzed by the NADPH -oxidase 
enzyme (respiratory burst) localized 
on the neutrophil membrane in a 
quiescent state.

Upon stimulation, this system in-
tervenes by activating the neutrophils, 
a mechanism that involves the mem-
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brane receptors, G protein, phospho-
lipase, proteinkinase C and alterations 
in the interacellular calcium concen-
tration. In this case anion superoxide, 
that is usually harmful to the cells, is 
able to mount a strong attack against 
the bacteria. After stimulation by pro-
-infl ammatory factors, the neutrophils 
are activated, undergoing a change in 
their cell body so that their diameter 
can increase to 10 times its normal 
size, and thanks to the polymerization 
of the actin strands, they put out pseu-
dopods. The increased cell rigidity 
will slow the blood fl ow in the ca-
pillaries. The margination phenome-
non of the leukocytes in the bloods-
tream and their collision with the 
vessel walls depend on a direct hemo-
dynamic interaction with the RBC in 
the post -capillary venules. The RBC, 
in fact, pushes the WBC against the 
endothelium. An important role in 
correct endothelial adhesion is played 
by the “selectins”, “integrins” and an 
immunoglobulin superfamily known 
as molecules modulating endothelium 
adhesion41 -43.

Many studies44 -45 have shown an 
important role of the WBC in disease 
conditions, especially in conditions of 
oxidative stress and infl ammation, in-
dicating that they are responsible for 
a higher incidence of vascular disease, 
since their properties have a strong 
infl uence on the microcirculation.

HEMORHEOLOGICAL 
ALTERATIONS IN LIVER 
DISEASE

Liver Cirrhosis

The most important hemorheologi-
cal and functional alterations in the liver 

microcirculation have been described in 
the course of cirrhosis12 -13 and ischemic-
-reperfusion injury syndrome46.

Cirrhosis is defi ned as damage to 
the hepatic acini in zone 3 or zone 1 or 
both, which is followed by nodular re-
generation and the production of fi -
brous septi. The damage can be such 
as to induce an impairment of the liver 
microcirculation, resulting in obstruc-
tion and/or blockage of the blood fl ow. 
Collagen deposits in Disse’s Spaces, 
with the apparent build -up of an infe-
rior basal membrane in the sinusoidal 
endothelial cells and the creation of 
intra -hepatic -porto -hepatic shunts, are 
the main anatomopathological altera-
tions observed in the liver microcircu-
lation. This picture is also known as 
hepatic sinusoids “capillarization”47. 
Not only the collagen fi bers deposits 
in the perisinusoidal space, but also the 
reduction of “endothelial windows”, in 
both number and diameter, will impe-
de the perfusion of the perisinusoidal 
space, reducing the oxygenation of the 
remaining hepatocytes and thus trig-
gering a vicious circle that causes the 
progression of cirrhosis12. The structu-
ral alterations of the hepatic sinusoids, 
moreover, contribute to increase the 
microvasculature resistance, inducing 
portal hypertension.

An important pathognomonic sign 
of the evolution of liver disease to cir-
rhosis is a signifi cant decrease in the 
blood hemoglobin concentration, resul-
ting in an impairment of liver perfusion 
and oxygenation of the cirrhotic liver 
tissue, which was already hypoxic.

Fulminant Hepatitis

In fulminant hepatitis massive 
bridges of necrotic cells build up 
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from zone 3 to zone 1, causing major 
hepatocytic collapse. This situation 
can induce platelet aggregation in the 
sinusoids, decreasing or even entire-
ly blocking the blood fl ow and thus 
inducing severe hepatic cellular ne-
crosis.

Liver Shock

Physiologically, the liver micro-
circulation has a self -regulating role 
that serves to maintain a constant 
fl ow through the liver, in response to 
hemorrhagic shock. In severe cases 
of shock that overwhelm the self-
-regulating mechanism, the sinusoi-
dal blood fl ow diminishes, causing 
hepatocellular damage in area 3 (cen-
trolobular necrosis) due to an oxygen 
gradient decrease. Using epi-
-fl uorescence microscopy, an altered 
sinusoidal perfusion and leukocyte 
margination have been demonstrated 
after hemorrhagic shock, together 
with the production of infl ammation 
mediators (leukotrienes and TNF)25, 
which contribute to a further impair-
ment of the liver microcirculation.

The fi rst liver transplantation in 
humans was performed by Starzl and 
Coll. in 1963 at the University of Co-
lorado – Denver – USA48. In the 
following years, but especially in the 
last 19 years, advances in technology, 
and the use of specially designed dru-
gs (i.e. cyclosporin, tacrolimus, riba-
virin, cortisone, etc.) during the pos-
toperative course have stimulated the 
performance of increasing numbers 
of liver transplantation procedures, 
improving disease -free survival. 
Many liver diseases can only be tre-
ated by liver transplantation49 -50: if no 
absolute or relative contraindications 

are present, both children and adults 
are candidates for liver transplanta-
tion if they develop severe, irreversi-
ble liver disease that is no longer 
responsive to medical therapy. Liver 
transplantation should be considered 
in patients with end -stage liver dise-
ase and life -threatening complica-
tions, and with liver failure likely to 
cause porto -systemic encephalopathy 
and irreversible damage to the CNS.

In children the most frequent in-
dication for liver transplantation is 
atresia of the biliary tract, causing 
progressive alterations of the biliary 
ducts and cirrhosis, liver failure and 
death.

Other important indications for liver 
transplantation in children and adoles-
cents are genetically transmitted dise-
ases with associated progressive liver 
failure, such as secondary progressive 
cirrhosis due to an alpha -1 -antitrypsin 
defi cit, Wilson’s Syndrome, liver failu-
re secondary to Byler’s disease, 
Alagille’s disease, Wolman’s disease, 
some forms of glycogenosis, etc.

In adults the most important indi-
cations for liver transplantation are 
chronic active hepatitis of a presu-
med autoimmune nature, non viral 
cirrhosis associated with liver failure, 
end -stage primitive biliary cirrhosis, 
Caroli’s disease, or primitive sclero-
sing cholangitis with liver failure, 
irreversible Budd -Chiari Syndrome, 
primitive hepatocarcinoma. During 
liver transplantation, hemorheologi-
cal alterations occur, that vary pre -, 
peri– and postoperatively.

The hemorheological alterations 
present before transplantation are 
due to the basal pathology. In cirrho-
sis, for example, the structural chaos 
induces increased blood fl ow resis-
tances and hence decreased tissue 
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perfusion and hypo -oxygenation, an 
altered RBC deformability, oxidative 
stress and the formation of many re-
active oxygen substances (ROS).

During transplantation there is 
generalized ischemia following sur-
gical maneuvers to remove the dama-
ged liver. At the clamped vessels le-
vel the blood flow is temporarily 
arrested, causing an increase in RBC 
and WBC aggregability and adhesion 
to the endothelium, platelets activa-
tion and hypertension up -stream to 
the occluded vessel38,44 -45. This ische-
mic state must be kept very brief to 
prevent irreversible damage to the 
hepatocytes. The hemorheological 
alterations occurring when these ves-
sels are declamped are vital to the 
functional recovery of the transplan-
ted liver. The ischemic reperfusion 
injury syndrome is particularly im-
portant46, as the tissue reoxygenation 
after prolonged ischemia can com-
pound the damage to the microcircu-
lation induced by the ischemic phase. 
Capillary alterations and WBC adhe-
sion to the endothelium have been 
shown in experimental models (rats) 
after liver transplantation15.

Later studies revealed an altered 
relationship between the endothelium 
and the WBC in the liver sinusoids 
that was directly correlated to the is-
chemia and reperfusion time. These 
studies demonstrated the role of the 
ROS in fostering WBC adhesion to 
the sinusoidal endothelium. Activa-
tion of the Kuppfer7 cells, during the 
post ischemic reperfusion phase, has 
a direct impact on the adhesion of leu-
kocytes to the transplanted liver endo-
thelium42. Calcium and infl ammation 
mediators are also involved. It has 
been shown that these phenomena are 
particularly marked in zones 1 and 2 

of the liver acini, where there is a gre-
ater abundance of Kupffer cells.

An important hemorheological al-
teration in liver disease and after liver 
transplantation is a decreased RBC 
deformability38. This phenomenon 
has been detected using the Cell Tran-
sit Analyzer by Erythrocyte Transit 
Time (ETT)51. Before and after liver 
resection, Adenosine triphosphate 
(ATP) the mean corpuscular volume 
(MCV), the mean corpuscular hemo-
globin concentration (MCHC), and 
liver paramaterss (GOT; GPT; gam-
maGT) have been evaluated. In addi-
tion, pre -surgery the green indocya-
nine level of retention after 15’ 
(ICGR15) has been studied, as well as 
whether RBC deformability altera-
tions were related to this value, and if 
this evaluation (ICGR15) was useful 
to prevent surgical complications. 
Green -indocyanine is able to evalua-
te the total liver blood fl ow because 
when injected into the vascular sys-
tem it can be removed only by the 
liver. In this way we can calculate the 
liver blood fl ow using Fick’s formu-
la52: Liver Blood Flow = speed of in-
docyanine removal from the blood/
arterovenous indocyanine difference. 
The ETT is higher in cirrhotic patients 
before transplantation than in healthy 
controls. Moreover, post -surgery 
complications are higher in patients 
with high ETT levels on the fi rst, se-
cond and third day after transplanta-
tion as compared with patients with 
lower levels 53 -54.

ISCHEMIC REPERFUSION (I/R) 
INJURY.

Organ transplantation (liver, kid-
ney, heart, etc.) raises a number of 
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important issues regarding microcir-
culation conditions, hemorheology, 
tissue oxygenation and how they re-
late to ischemic -reperfusion injury 
(I/R), which is the major complica-
tion after liver transplantation. I/R 
injury is a non specific antigen-
-independent process that can signi-
fi cantly affect the outcome of organ 
transplantation and constitutes one of 
the principal risk factors for the de-
velopment of long -term dysfunction 
of the transplanted organ.

Paradoxically, reperfusion promo-
tes a series of very complicated pa-
thological events that can injure the 
tissues55 -62. The main target of these 
events is the microcirculation. Du-
ring I/R injury, xanthine oxidase ac-
tivity, increased oxygen free radicals 
(ROS), neutrophil activation and al-
tered adhesion all play important ro-
les. The neutrophils adhere63 to the 
microvascular endothelium and indu-
ce microcirculatory permeability, 
which increases transcapillary fl uid 
in the reperfused tissues58, 64 -69.

Additionally, neutrophil adhesion 
causes post ischemic capillary “no 
refl ow” and has been implicated in 
the reduced arteriolar sensitivity to 
vasoactive substances induced by I/R 
injury56 -58, 70 -74.

I/R injury gives rise to a highly 
complex cascade of phenomena. Du-
ring ischemia, hypoxia is rapidly in-
duced, rapidly followed by a drop in 
the intracellular levels of ATP. Aero-
bic glycolysis is converted to anaero-
bic glycolysis (piruvate → lactate) 
resulting in a reduced NADH produc-
tion. With prolonged ischemia, ATP 
production drops and energy-
-dependent functions (Na+/K+ depen-
dent ATPase) are arrested, inducing 
cellular edema and hemoconcentra-

tion. Consequently there is a rise in 
capillary compression, causing redu-
ced capillary perfusion with decrea-
sed tissue O2. The expression of 
adhesion molecules increases and 
these in turn increase polymorphonu-
clear (PMN) leukocytes adhesion to 
vessel walls. Hypoxia can induce a 
decreased pH and red blood cells 
(RBC) deformability; this also con-
tributes to the impairment of capilla-
ry perfusion. In such a situation, sta-
sis with microthrombosis will occur 
and fi nally, a further deterioration of 
capillary perfusion.

Ischemia is associated with an im-
portant increase in hypoxanthine. 
When this high concentration of hy-
poxanthine comes in contact with the 
oxygen carried by the gush of blood 
during the early stage of reperfusion, 
hypoxanthine oxidase gives rise to a 
high quantity of oxygen derived free 
radicals (ROS) from the leukocytes, 
and uric acid (McCord reaction). Via 
mediators, these ROS could affect 
the tissue pressure, favouring inters-
titial edema and microvascular per-
meability, thus further increasing 
ROS release from leukocytes. This 
increase in ROS can directly damage 
the tissues through the peroxidation 
of fats. I/R injury can contribute to 
acute or chronic organ rejection. Leu-
kocytes can contribute to tissue dys-
function during reperfusion. A role in 
leukocyte adhesion is played by upre-
gulated endothelial ICAM -1 expres-
sion during rejection in cardiac, renal, 
hepatic and corneal allografts75 -81.

This suggests that infl ammatory 
cell infi ltration could play a role in 
transplantation -induced tissue injury. 
Moreover, I/R injury increases the risk 
of Delayed Graft Function (DGF) and 
of acute or chronic rejection. We may 

ARTIGO DE REVISÃO / REVIEW ARTICLE Hemorreologia e microcirculação em humanos

BSPHM 24-3_2.indd   19BSPHM 24-3_2.indd   19 30-09-2009   10:13:0430-09-2009   10:13:04



20 Boletim da SPHM Vol. 24 (3) Julho, Agosto, Setembro 2009

consider that even nowadays, the pos-
sible causes of DGF are related only 
to immunomediated events, but it is 
possible that non immunological fac-
tors such as alterations in the micro-
circulation could also contribute to I/R 
injury and to DGF. The high quantity 
of ROS produced during I/R injury 
under the effect of xanthine oxidase 
and a sudden rush of Oxygen and xan-
thine could play a central role in sus-
taining the tissue damage via ROS.

After ischemia another important 
phenomenon is the so -called “capilla-
ry no refl ow”. In fact, a large number 
of capillaries fail to reperfuse56 -58, 

69 -70,82 -85. The mechanism remains un-
clear. One hypothesis is that I/R in-
jury and microvascular thrombus pro-
duction could induce the “no refl ow” 
phenomenon86. However, heparin tre-
atment is unable to restore capillary 
perfusion after I/R87. In any case, mio-
crovascular thrombosis is unlikely to 
be present in post ischemic tissues88 -89. 
The most credible hypothesis is that 
post ischemic capillary no refl ow is 
induced by activated neutrophils90 -93. 
Following I/R, leukocyte rolling 
(P -selectin -mediated) occurs, follo-
wed by fi rm adhesion (CD18/ICAM-
-dependent). These phenomena can 
induce endothelial cell swelling and 
fi nally, capillary no refl ow via a re-
duction of the capillary diameter94.

CONCLUSIONS

A through knowledge of the he-
morheological situation and the mi-
crocirculation in liver disease is es-
sential, especially in diseases such as 
cirrhosis that can completely subvert 
the liver structure and decrease the 
blood fl ow to this organ.

Liver transplantation can often be 
the only way to save patients with 
severe liver disease; post -transplant, 
in these patients we have observed a 
marked improvement of the periphe-
ral microvasculature, studied by vi-
deo capillaroscopy and compared 
with the observations immediately 
before liver transplantation. The 
blood, evaluated directly on the liver 
surface of all patients, also revealed 
absence of the no refl ow phenome-
non and an arterial reperfusion level 
corresponding to physiological va-
lues (an increase of approximately 
20% of the total liver blood present 
at the moment of the hepatic artery 
connection). We found only a rever-
sible, mild cerebral hypoxia that was 
resolved by increasing the inhaled 
oxygen. As to the RBC deformability, 
the situation has been shown to return 
to normal some days later; this could 
be explained by resolution of the high 
levels of bilirubinemia that can indu-
ce RBC rigidity. This condition could 
also explain the low number of func-
tioning peripheral capillaries before 
transplantation, due to the high blood 
viscosity induced by RBC rigidity, as 
well as the increased number of these 
functioning microvessels after the 
normalization of bilirubinemia follo-
wing liver transplantation.

Further studies of transplanted pa-
tients are needed to improve the mi-
crocirculation conditions following 
organ transplantation, and especially 
liver transplantation.
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ASSOCIATIONS OF CIRCULATING TNFALPHA AND IL -18 WITH MYOCARDIAL 
INFARCTION AND CARDIOVASCULAR RISK MARKERS: THE GLASGOW 
MYOCARDIAL INFARCTION STUDY 
(ARTIGO ORIGINAL)

Welsh P, Woodward M, Rumley A, Lowe G.

Background: There are a lack of 
data on the associations of circula-
ting levels of TNFalpha and IL -18 
with myocardial infarction (MI), and 
on the extent of confounding by clas-
sical and infl ammatory risk markers. 
Methods: We measured TNFalpha 
and IL -18 in plasma from 446 MI 
cases and 477 age - and sex -matched 
controls from North Glasgow. Re-
sults: TNFalpha and IL -18 were ele-
vated in cases compared to controls 
(TNFalpha medians 0.99 pg/ml [in-
terquartile range 0.65 -1.64 pg/ml] 
versus 0.77 pg/ml [0.52 -1.22 pg/ml], 
p<0.0001; IL -18 medians 287 pg/ml 
[212 -404 pg/ml] versus 271 pg/ml 
[200 -373 pg/ml], p=0.01). IL -18 was 
moderately associated with HDL 
cholesterol r= -0.22, triglycerides 
r=0.16, and BMI r=0.14 (p for all < 
or =0.003) in the control population, 
but not among cases. TNFalpha had 

few associations with classical risk 
factors among cases or controls. TN-
Falpha had a signifi cant association 
with MI: odds ratio (OR) 1.66 (95% 
confi dence interval; 1.10 -2.50), com-
paring extreme thirds after adjusting 
for classical risk factors, which was 
reduced on further adjustment for 
other inflammatory markers (OR 
1.47; 0.91 -2.37). IL -18 showed no 
association by thirds after adjustment 
for classical risk factors (OR 1.07; 
0.70 -1.62). Conclusions: Circula-
ting levels of IL -18 and TNFalpha 
were elevated in those with previous 
MI, but only TNFalpha retained an 
association after adjustment for clas-
sical risk factors. Independently ele-
vated TNFalpha among those with 
previous MI may refl ect cardiac ex-
pression of TNFalpha in ongoing 
myocardial remodeling. [Cytokine 
2009; 47(2): 143 -147]

 PMID: 19581111 
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MICROCIRCULATORY EFFECTS OF CHANGING BLOOD HEMOGLOBIN 
OXYGEN AFFINITY DURING HEMORRHAGIC SHOCK RESUSCITATION IN AN 
EXPERIMENTAL MODEL
(ARTIGO ORIGINAL)

Villela NR, Cabrales P, Tsai AG, Intaglietta M.

Microvascular responses to blood 
volume restitution using red blood 
cells (RBCs) with modifi ed hemoglo-
bin (Hb) oxygen affi nity were studied 
in the hamster window chamber mo-
del during resuscitation from hemor-
rhagic shock. Allosteric effectors 
inositol hexaphosphate and 
5 -hydroxymethyl -2 -furfural were in-
troduced into the RBCs by electropo-
ration to decrease and increase Hb-
-oxygen affi nity. In vitro P50s (partial 
pressure of oxygen at 50% Hb satu-
ration) were modifi ed to 10 and 50 
mmHg (normal P50, 32 mmHg). 
Awake hamsters were subjected to 
hemorrhage of 50% of blood volume, 
followed by a shock period of 1 h, 
and then resuscitated with 25% blood 
volume with high or low P50 RBCs 
(hematocrit, 50%). After resuscita-
tion, base excess was signifi cantly 
lower than baseline in the high -P50 

RBC group (HP50; 0.3 +/ - 2 vs. 5.0 
+/ - 1.7 mM) and MAP was lower 
than baseline in the low -P50 RBC 
group (LP50; 93 +/ - 6 vs. 109 +/ - 6 
mM). Arteriolar diameter and fl ow 
were signifi cantly lower in the HP50. 
Functional capillary density in the 
HP50 was signifi cantly lower than 
LP50 at 60 and 90 min after resusci-
tation. There was no signifi cantly 
difference in arteriolar PO2. Tissue 
PO2, venular PO2, and oxygen deli-
very were higher in LP50 than in 
HP50. There was no signifi cant diffe-
rence in oxygen extraction. Oxygen 
extraction ratio (oxygen extraction/
oxygen delivery) x 100 was signifi -
cantly higher in HP50 than in LP50. 
These results suggest that lowering 
blood P50 in resuscitation provides 
improved microvascular function in 
comparison with higher P50. [Shock 
2009; 31(6):645 -652]

PMID: 18948853
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META -ANALYSIS: RETINAL VESSEL CALIBER AND RISK FOR CORONARY 
HEART DISEASE
(ARTIGO ORIGINAL)

McGeechan K, Liew G, Macaskill P, Irwig L, Klein R, Klein BE, Wang JJ, Mitchell P, Vingerling JR, Dejong PT, Witteman JC, 
Breteler MM, Shaw J, Zimmet P, Wong TY.

Background: Retinal vessel cali-
ber may be a novel marker of coro-
nary heart disease (CHD) risk. How-
ever, the sex -specifi c effect, magnitude 
of association, and effect independent 
of traditional CHD disease risk fac-
tors remain unclear. PURPOSE: To 
determine the association between 
retinal vessel caliber and risk for 
CHD. Data sources: Relevant stud-
ies in any language identifi ed through 
MEDLINE (1950 to June 2009) and 
EMBASE (1950 to June 2009) data-
bases. Study selection: Studies were 
included if they examined a general 
population, measured retinal vessel 
caliber from retinal photographs, and 
documented CHD risk factors and 
incident CHD events. Data extrac-
tion: 6 population -based prospective 
cohort studies provided data for indi-
vidual participant meta -analysis. 
Data synthesis: Proportional hazards 
models, adjusted for traditional CHD 
risk factors, were constructed for 
retinal vessel caliber and incident 
CHD in women and men. Among 

22,159 participants who were free of 
CHD and followed for 5 to 14 years, 
2219 (10.0%) incident CHD events 
occurred. Retinal vessel caliber 
changes (wider venules and narrower 
arterioles) were each associated with 
an increased risk for CHD in women 
(pooled multivariable -adjusted haz-
ard ratios, 1.16 [95% CI, 1.06 to 1.26] 
per 20 -microm increase in venular 
caliber and 1.17 [CI, 1.07 to 1.28] per 
20 -microm decrease in arteriolar cal-
iber) but not in men (1.02 [CI, 0.94 to 
1.10] per 20 -microm increase in 
venular caliber and 1.02 [CI, 0.95 to 
1.10] per 20 -microm decrease in ar-
teriolar caliber). Women without hy-
pertension or diabetes had higher 
hazard ratios. Limitation: Error in 
the measurement of retinal vessel 
caliber and Framingham variables 
was not taken into account. Conclu-
sion: Retinal vessel caliber changes 
were independently associated with 
an increased risk for CHD events in 
women. [Ann Intern Med 2009; 
151(6):404 -413].

PMID: 19755365 
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WALL -TO -LUMEN RATIO OF RETINAL ARTERIOLES AS A TOOL TO ASSESS 
VASCULAR CHANGES
(ARTIGO DE REVISÃO)

Ritt M, Schmieder RE

The retina offers a beautiful and 
unique opportunity tovisualize and 
examine the body’s microvasculature 
safely, repeatedly, quickly, and nonin-
vasively in vivo. Retinal arterioles 
appear to undergo similar changes as 
cerebral and peripheral arterioles in 
hypertension, indicating that retinal 
arteriolar abnormalities mirror struc-
tural and functional microvascular 
changes elsewhere in end -organ tis-
sues.1 Since the pioneering work by 
Keith et al5 in 1939, several studies 
have confi rmed the prognostic signi-
fi cance of retinal vascular abnormali-
ties on mortality attributed to a car-
diovascular cause. However, although 
there is solid evidence for the prog-
nostic signifi cance of advanced reti-
nopathy, the evidence of a prognostic 
impact of early retinal vascular ab-
normalities on cardiovascular risk 
stratifi cation is less well established. 
It was suggested that methodological 
issues might be the cause for the lack 
of a solid evidence that early retinal 
vascular abnormalities are closely 
linked to cardiovascular risk. There-
fore, much research effort over the 

last decade has focused on the deve-
lopment of new methodological ap-
proaches to enable more precise and 
reliable detection and evaluation of 
early retinal vascular abnormalities in 
hypertensive patients. A new approa-
ch focuses on retinal arteriolar struc-
tural parameters by using scanning 
laser Doppler fl owmetry (SLDF) with 
automatic full -fi eld perfusion ima-
ging analyses (AFFPIAs).This appro-
ach allows the assessment of both the 
outer diameter (OD) and inner diame-
ter (ID) of retinal arterioles in vivo 
and, thus, analyzes vascular remode-
ling of retinal arterioles by calculating 
wall:lumen ratio, wall thickness, and 
wall cross -sectional area (volume of 
wall per unit of length) of retinal ar-
terioles. These methods do not need 
to determine diameter of retinal ve-
nules, which are also subject to chan-
ges in cardiovascular disease. This 
review introduces and describes this 
new methodology, explains the im-
proved power of measuring retinal 
vascular changes, and discusses our 
recent fi ndings using this tool. [Hy-
pertension 2009; 54(2):384 -387]

PMID: 19451413
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CIÊNCIA NOS ALPES

15TH CONFERENCE OF THE EUROPEAN SOCIETY FOR CLINICAL HEMORHEOLOGY AND 
MICROCIRCULATION

Entre 28 de Junho e 1 de Julho um 
dos mais conhecidos “resorts” da Su-
íça, o de Pontresina / St. Moritz (Fig. 
1), recebeu o importante evento cien-
tífi co “15th Conference of the Euro-
pean Society for Clinical Hemorheo-
logy and Microcirculation (ESCHM)”, 
este ano organizado e presidido pelo 
Professor Walter H. Reinhart.

A reunião incluiu conferências 
plenárias, simpósios, apresentações 
orais livres e sessões de “posters” so-
bre aspectos diversos de Hemorreo-
logia e Microcirculação.

Foram conferencistas Sandro For-
coni, Shu Chien, Tommaso Gori, 
Herb Meiselman and Gerard Nash. 
Com a altitude como tema, assisti-
mos também a uma conferência mui-
to especial com cariz mais de “Curio-
sidade” sobre importantes alterações 
fi siológicas que ocorrem devido à 
alta altitude. Esta interessante confe-
rência foi -nos apresentada por Peter 
Bärtsch da Universidade de Heidel-
berg. Por último, o presidente da Eu-
ropean Society for Clinical Hemorhe-
ology and Microcirculation, Friedrich 
Jung, recebeu o prémio Fahraeus des-
te ano (Fig. 2).

Mais uma vez o grupo de trabalho 
de uma das pessoas responsáveis pelo 
estudo da Hemorreologia em Portu-
gal, Carlota Saldanha, esteve presen-
te para participar e apresentar parte 
do trabalho (em duas comunicações 

Fig. 1 – Local da reunião

Fig. 2  – O Professor Friedrich Jung recebendo o Fahraeus Award 2009,apre-
sentado pelo anterior galardoado, Professor Michael Rampling
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orais) que tem vindo a ser desenvol-
vido na Unidade de Biologia da Mi-
crocirculação e Infl amação (UBiMI), 
onde é a investigadora responsável, 
no Instituto de Medicina Molecular 
(IMM), Faculdade de Medicina de 
Lisboa.

Carlota Saldanha teve a seu cargo, 
juntamente com a cientista russa I. 
Tikhomirova, a organização e mode-
ração de um dos simpósios (“Role of 
activation molecular signaling pa-
thways in erythrocyte rheologic pro-
perties”), no qual foram apresentadas 
as duas comunicações,intituladas 
“Fibrinogen and erythrocyte mem-
brane interaction: potential binding 
sites evaluation” e “Erythrocyte band 
3 Protein and Hemorheological Pro-
perties”. A primeira apresentação, a 

cargo de Sofi a de Oliveira, relatou 
alguns dos resultados obtidos por si 
obtidos durante o último ano e meio 
do projecto “Fibrinogénio e trans-
ducção de sinal na microcirculação– 
implicação em infl amação e doenças 
cardiovasculares” (PTDC/SAU-
-OSM/73449/2006, de que é orienta-
dora Carlota Saldanha). A segunda 
intervenção teve por fi nalidade resu-
mir os estudos da proteína banda 3, 
desenvolvidos por Carlota Saldanha 
nos últimos 5 anos.

A próxima (16.ª) Conferência Eu-
ropeia terá lugar em Munique, em 
2011estando a respectiva organiza-
ção a cargo da investigadora búlgara 
Nadia Antonova.

Sofi a de Oliveira
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9.º CONGRESSO MUNDIAL SOBRE MICROCIRCULAÇÃO/2010

Realiza -se em Paris, de 25 a 28 de 
Setembro de 2010, a próxima grande 
reunião sobre Microcirculação. Para 
mais informações consulte o número 
anterior do Boletim ou o endereço 
seguinte: micro.2010@lrb.aphp.fr 
(presidente Eric Vicaut)

JOIN 
THE 9TH WORLD CONGRESS 

FOR MICROCIRCULATION
PARIS

September 25-28, 2010

The premier forum for 
scienti fi c exchange on basic, 

translati onal and clinical research 
in Microcirculati on and Vascular 

Biology of terminal vascular beds

NOTÍCIAS / NEWS AND INFORMATIONS
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CONGRESSO MEET 2010 – MULTIDISCIPLINARY EUROPEAN ENDOVASCULAR 
THERAPY

Está marcada para Marselha, de 
17 a 20 de Junho de 2010, a tradicio-
nal reunião MEET. Para mais infor-
mações consulte o anúncio anexo e 
endereços aí referidos.

NOTÍCIAS / NEWS AND INFORMATIONS
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CONVITE

A Sociedade Portuguesa de Hemorreologia e Microcircu-
lação (SPHM) aceita para publicação no seu BOLETIM artigos 
de curta extensão. O Boletim é editado quatro vezes por ano 
em formato de papel e electrónico (www.hemorreologia.com), 
sendo ), sendo distribuído gratuitamente aos sócios, individu-
alidades e instituições científi cas e culturais.

INSTRUÇÕES

1. Todos os textos enviados para publicação estão sujeitos a 
apreciação editorial e aprovação. A decisão é baseada no 
mérito científi co e cultural dos trabalhos.

2. São aceites somente os trabalhos preparados em versão óp-
tica (PDF ou Microsoft Word).

3. Os textos devem ser redigidos em Português ou Inglês.

4. Os manuscritos com o pedido de publicação devem ser en-
viados por e-mail ao Editor (carlotasaldanha@fm.ul.pt).

– Comunicações Originais (artigos curtos) – Os textos serão 
considerado para publicação rápida, com a seguinte estru-
tura: Sumário (50-70 palavras), Introdução, Material e Mé-
todos, Resultados, Discussão e Conclusões. O(s) autor(es) 
são estimulados a englobar em conjunto os resultados, dis-
cussão e conclusões.

 (Extensão máxima do texto: 5 a 6 páginas a um espaço 
(letra de corpo 11), incluindo fi guras tabelas e quadros(e 
respectivas legendas),agradecimentos e até 30 referências  
bibliográfi cas).

– Artigos de Revisão – O BOLETIM terá a maior satisfação 
em acolher curtas revisões  sobre assuntos de particular in-
teresse,  no âmbito da Hemorreologia, Microcirculação ou 
assuntos  de âmbito médico ou de outras áreas científi cas 
afi ns, que sejam submetidos directamente para publicação 
ou mediante convite especial do Editor. 

 (Extensão máxima do texto:8 a 10 páginas ( letra de cor-
po 11) incluindo fi guras, tabelas, quadros, fotos (e respec-
tivas legendas), agradecimentos e até 60 referências bi-
bliográfi cas).

INVITATION

The Portuguese Society on Hemorheology and Microcir-
culation (Sociedade Portuguesa de Hemorreologia e Micro-
circulação, SPHM) is pleased to welcome short papers for 
publication in its BOLETIM. This publication, in paper and 
online (www.hemorreologia.com), is distributed four times a 
year free of charge to the members of the Society.

INSTRUCTIONS

1. All submitted manuscripts are subjected to editorial review 
and approval. The decision to publish is dependent on the 
scientifi c and cultural merit of the papers.

2. Only contributions prepared and submitted as optic version 
(PDF or Microsoft Word), will be accepted.

3. Texts must be written in Portuguese or in English. 

4. All scientifi c contributions, including manuscript submis-
sion and further correspondence should be addressed by 
email to the Editor (carlotasaldanha@fm.ul.pt) 

– Original Communications – Manuscripts may be considered 
for rapid processing as short communications. All manus-
cripts should be arranged in the following sections: Abstract 
(50-70 words), Introduction, Material and Methods, Results, 
Discussion, Acknowledgements and References. The 
author(s) may combine some of the sections normally in-
cluded in a full paper, namely the results, discussion and 
conclusions.

 (Maximum communication length – 5-6 single spaced typed 
pages, including fi gures, tables, legends, acknowledgments 
and up to 30 references).

– Short Reviews – The BOLETIM will publish reviews on 
subjects of particular interest in its fi eld, either following a 
special invitation or a submission by the author, and in the 
latter case only after approval by an Editorial Board mem-
ber. Further information can be obtained from the editor.

 (Maximum review length – 8-10 full pages, including fi gu-
res, tables, photos, legends, acknowledgments and up to 60 
references)

REGRAS DE PUBLICAÇÃO / INSTRUCTIONS TO AUTHORS
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