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Abstract

Alterations in microvascular circulation are observed in different pathological conditions, but acute changes 
in morphotic elements of blood are not well recognised. In conditions like septic shock, severe cardiac failure and 
others extreme pathophysiologic states, these alteration may influence patient’s outcome. Therefore the knowledge 
of leukocytes behaviour at microcirculatory level in pathophysiologic conditions could be helpful in understan-
ding how different choice of anaesthetic affects microcirculation. Anestezjologia i Ratownictwo 2019; 13: 122-126.
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Morphotic blood elements affect the blood flow 
dynamics in microcirculation. As white blood cells are 
larger in size and undergo less deformation than the red 
blood cells, they may play an important role in micro-
circulation blood flow regulation [1,2]. Observation 
of the white cell survival in microcirculation allows 
appreciation of their spherical shape; they may undergo 
passive deformation under conditions of hemodynamic 
stress and flow in the capillary network [3]. In normal 
conditions these cells do not undergo any active change 
in their shape during transit through the circulatory 
system. Spontaneous deformation affects non-differen-
tiated forms of the leucocytes and occurs in vivo during 
the cells’ migration through the endothelium along the 
chemotactic gradient and during phagocytosis [4,5].

The overall outline of white cells is spherical; 
however, the corrugated cellular membrane creates 
an excess surface, allowing for deformation of a cell 
without increasing its surface area [5-7].

In 1946 Nicoll and Webb recorded a transient 
blockage in the blood flow at the capillary level caused 
by the presence of white blood cells [8]. This research 
was confirmed in 1970 by Chen and Skalak and again 

in 1980 by Schmid-Schonenbein, who investigated the 
blood flow in small vessels in vivo [4,9]. White blood 
cells affect the blood flow in the microvessels by the 
following mechanisms: adhesion to the vascular wall, 
closure of the vascular lumen during the slowed flow, 
including complete closure of the vessel patency, by 
mutual interaction of microvessels in which the resi-
stance was increased, as well as by their presence in the 
extracellular space [10-12].

In small capillaries the white blood cells have to 
undergo deformation, sometimes even down to half 
of their original dimension and their further flow is 
possible only because of encapsulating the white cell 
structure by a plasma “sleeve.” White cells also affect the 
blood flow at sites where new vessels branch off causing 
their occlusion at the very origin of division. If a white 
cell enters the lumen of a vessel, which has a diameter 
smaller than its own, a definite time is required for blood 
cell deformation to occur to allow the cell to get through 
the vessel. During this deformation the vessel is com-
pletely occluded, which makes any blood flow through 
its lumen impossible. This blood flow occlusion may 
have a significant effect on the distribution of blood in 
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capillary network structure, which may significantly 
affect flow disturbances and change the so-called capil-
lary reserve, depending on the organ being affected or 
subjected to surgery [12,26].

The effect of white blood cells on the increase in 
flow resistance is also dependent on changes in blood 
viscosity. Medications and substances, as well as 
pathological lesions formed in the system and affecting 
white cell deformation and viscosity affect the capillary 
network resistance [13,27].

In addition, occlusion of capillaries by white cells 
affect further white cell distribution in the capillary 
network and is directly responsible for the pheno-
menon of highest flow pathway selection [28]. When 
one of the vessels is occluded, white blood cells flow 
is transferred to another capillary network. The more 
vessels are occluded, the more white cells are dispersed 
within the entire network [4,5,29].

Postcapillary venules are primary receptacles for 
blood passing through the capillary network; concur-
rently it is the last anatomical and functional struc-
ture of microcirculation [30]. They play a key role in 
venous insufficiency of a free skin flap, free muscle flap, 
composed of multiple tissues or transplanted organs 
[31,32]. Blockage of flow through some of postcapillary 
venules results in congestion of an isolated or trans-
ferred muscle flap or other tissue, with slowed blood 
flow through its arteries and is often combined with 
irreversible changes due to severe abnormalities of 
metabolism in cells located in the affected area [33,34].

Reduced accumulation of white blood cells in the 
postcapilalry venule directly results in improvement of 
capillary perfusion, significantly delays development of 
endothelial edema that eventually results in complete 
blockage of blood flow. This observation is a basis for 
the speculation that changes in Ca++ pump system 
activity is associated with changes in Ca++ in white 
blood cell cytosol; reduced activity of white blood 
cells as observed during halothane anaesthesia [35-
38]. Therefore, white blood cell activity would depend 
on the level of active Ca++. Dirnagl et al. and Warnke 
et al. believe that increased white blood cell activity 
is associated with hypoperfusion [39,40]. Multiple 
substances are responsible for increased white blood 
cell activity in the hypoxic tissue. Leukotrienes and 
peroxides disrupt glycoprotein complex that adheres 
to the white blood cell surface. Peroxides also change 
the behaviour of white blood cells in the microcircu-
lation, by stimulating endothelial release of GMP-140 

the capillaries, depending on how long the deformation 
process lasts [13-15]. It is unclear what is more important 
in terms of effect on the microcirculation of the blood 
flow: deformation time or occlusion time . Mathematical 
formulas developed by Needham and Hochmuth in 
1989 and Fenton in 1985 provided no definite answer to 
this question. They suggest that the higher the pressure 
force of the inflowing blood up stream, the shorter the 
deformation time [16,17]. Adhesion of white cells to the 
vascular wall is more frequent when the blood flow in the 
vessel is slowed down [18]. This promotes margination 
of white cells, which thus become more susceptible to 
chemotactic substances [19].

It is known that the higher volume and viscosity of 
white blood cells compared to red blood cells (one white 
cell is equivalent to 700 red cells) leads to much faster 
mechanical arrest of blood flow in vessels 5 microme-
tres in diameter [20,21]. Other in vivo studies proved 
that the increase of resistance in the capillary network 
and the incidence of lumen occlusion by leukocytes 
are dependent on the capillary network structure. 
Variation of pressure values in the capillary network, 
depending on the number of occlusions, also depends 
on intervascular canals within the network. A higher 
number of canals within the capillary network leads 
to lower variation of pressure values, in consequence 
increasing the time of vessel occlusion by leukocytes. 
Reversely, in borderline conditions where no canals 
between the capillaries are present within the network, 
the pressure increase will correspond to the pressure 
value at the capillary network entrance, and the leuko-
cyte occlusion will be very quickly reversed [11,12,21].

Another important feature of the capillary 
network geometry is the number of branching within 
the network, as they affect the leukocyte behaviour 
[22,23]. Experimental models of microcirculation in 
skeletal muscle showed that significant number of 
vessels must become occluded before delayed vascu-
lar resistance increase is observed in the network 
[9,15,24]. For instance, a network model comprised of 
60 parallel vessels shows no signs of resistance increase 
until at least five main paths of this network are totally 
occluded. Above this number, a slight increase in the 
vascular resistance, not exceeding 9% of the baseline 
value, was recorded. In the tree-branched vascular 
network, occlusion of a small number of capillaries 
causes a high increase in flow resistance since in this 
structure a much larger number of capillaries remains 
devoid of blood flow [13,15,25]. There are differences in 
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(Granule Membrane Protein 140) (integral membrane 
glycoprotein) that causes enhanced adhesion of white 
blood cells to the vessel wall. TNF and interleukin-1 
are responsible for production of a factor that causes 
increased activation of blood platelets along with 
stimulation of monocytes/macrophages binding to 
a specific endothelial receptor. All these events result 
in enhanced white blood cell adhesion to the vascular 
endothelium, promoting its destruction, microcircu-
latory, release of toxic agents (oxygen free radicals), 
proaggregatory factors produced by white blood 
cells (PAF), resulting in slowing of blood flow in the 
microcirculation and migration of white blood cells to 
extravascular tissue [39,41,42].

Blais and Akata believe that in a certain situation, 
inhaled anaesthetics, including halothane and sevo-
flurane, may be responsible for vascular spasm and 
increased permeability through release of oxygen free 
radicals [2,43,44]. Both anaesthetics could result in 
such phenomenon through their effect on endothelial 
guanylate cyclase [45-48]. Akata et al. used 1 MAC for 
halothane and sevoflurane in their studies but did not 
find any interference with endothelial guanylate cyclase 
[43]. Mechanism of this phenomenon is not entirely 
clear, however vascular contraction in the postcapillary 
venule seems to be triggered by oxygen free radicals 
in the presence of inhaled anaesthetics. It is also trig-
gered by xanthine oxidase, flavonoid enzymes and 
electron transport, resulting in formation of specific, 
vasoconstrictive prostanoids [5,49-51]. Moreover, pro-
tective effects of halogenated anaesthetics were more 
pronounced in arterial than in venous microcirculation: 
first, vein walls are almost three-fold less sensitive to 
inhaled anaesthetics that arterial walls [8], second, pro-
tective effect of any anesthetic on metabolic abnormali-
ties in the venous circulation must be less pronounced 
since hypoxemia is a physiological phenomenon there. 
Park et al. clearly confirmed that isoflurane had similar 
mechanism of action to that of sevoflurane and halo-
thane and was responsible for concentration-dependent 
release of oxygen free radicals [52]. On the contrary, 
Shayevitz et al. claim that although oxygen free radicals 
are responsible for injury of the vascular endothelium 
in the presence of halothane and isoflurane, these 
anaesthetics are not responsible for the release of reac-
tive oxygen species or their enhanced production, but 
simply they cause endothelial hyperresponsiveness to 
these compounds [53-55].

Drinagl et al. studied brain ischemia related 

to hypoperfusion and subsequent reperfusion. The 
authors observed that during hypoperfusion, in par-
ticular at its onset, white blood cells form plugs that 
block the blood flow in microcirulation. However, 
they were not directly responsible for postichemic 
hypoperfusion of cerebral cortex, but other, local 
agent (unidentified by the authors) played dominant 
role [39]. Structure of brain microcirculation is sig-
nificantly different from anatomical and physiological 
characteristics of the peripheral microcirculation [56]. 
In vitro studies proved that undisturbed white blood 
cells migrated through an artificial blood brain barrier 
and did not damage it, while permeability to plasma 
proteins was unchanged. These studies suggest that this 
phenomenon may be associated with white blood cell 
deformation during CNS ischemia that facilitates their 
migration from the vascular lumen, while in peripheral 
circulation they migrate outside the vascular lumen 
only after the endothelium has been damaged [57,58]. 
On one hand, this phenomenon may be beneficial, since 
it facilitates reperfusion. However, on the other hand 
demage processes related to increased white blood cell 
activity, take place directly in tissues. However, it seems 
that reduced white blood cell activity in the lumen of 
the postcapillary venule (white blood cells rolling and 
adhering to its endothelium) under halothane and 
sevoflurane anaesthesia favors better capillary perfu-
sion and does not disturb important metabolic pro-
cesses. If most of toxic mediators related to white blood 
cell aggregation in the tissues would cause its destruc-
tion, these processes must be triggered by intracellular 
Ca++, while halothane and sevoflurane are inhibitors 
of the latter [38]. These considerations may have prac-
tical implications for the selection of anaesthetics for 
complex and prolonged surgical procedures involving 
reconstruction of a complex transplants composed of 
several tissues, including face transplantation.
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■ streszczenie pracy w języku angielskim (200-250 słów w przypadku prac oryginalnych oraz 100-150 

w przypadku prac poglądowych oraz opisów przypadków klinicznych; struktura jak w tekście głównym),
■ należy wyszczególnić wszystkie źródła finansowania wykonanej pracy naukowej.

  Układ tekstu głównego (w przyjętym układzie dla prac oryginalnych): 
■ Wstęp,
■ Cel pracy,
■ Materiał i metody,
■ Wyniki,
■ Omówienie,
■ Wnioski,
■ Podziękowania,
■ Spis piśmiennictwa.

 19. Ryciny, tabele, wykresy i fotografie do włączenia w tekst należy nadsyłać oddzielnie, poza tekstem, w którym 
muszą być zacytowane. Wszystkie powinny być ponumerowane zgodnie z kolejnością występowania w pracy 
i opisane w języku polskim i angielskim (tabele - numeracja cyframi rzymskimi; ryciny, wykresy i fotografie – 
numeracja cyframi arabskimi).

 20. Spis piśmiennictwa powinien ograniczyć się do niezbędnych pozycji cytowanych w pracy, w przypadku prac 
oryginalnych do 20, a poglądowych do 40 pozycji. Piśmiennictwo należy przytoczyć w kolejności cytowań 
w tekście. Każdą publikację podaje się w tekście za pomocą cyfry arabskiej w nawiasie kwadratowym. Cytowanie 
w spisie piśmiennictwa powinno mieć następujący układ:
■ dla czasopisma: nazwiska autorów z inicjałami imion, oddzielone przecinkami, zakończone kropką (jeśli 

liczba autorów cytowanej pracy przekracza sześć osób, to pozostałych należy zaznaczyć skrótem: „i wsp.”), 
tytuł artykułu, kropka, nazwa czasopisma przytoczona w skrócie wg Index Medicum, kropka, spacja, rok, 
średnik, tom, dwukropek, pierwsza i ostatnia strona – (np.: 1. Jakobsson U, Hallberg IR. Loneliness, fear and 
quality of life among elderly in Sweden: a tender perspective. Aging Clin Exp Res. 2005;17(6):494-501.

■ dla tytułu rozdziału z książki: nazwiska autorów z inicjałami imion, oddzielone przecinkami, zakończone 
kropką, tytuł rozdziału, kropka, W: nazwiska redaktorów (red.), kropka, tytuł książki, kropka, miejscowość, 
dwukropek, spacja, wydawca, średnik, spacja, rok wydania, kropka lub – w przypadku wybranych stron 
- dwukropek, spacja, pierwsza i ostatnia strona – np.: Wojszel ZB, Bień B. Wielkie problemy geriatryczne 
– rola zespołu terapeutycznego w opiece nad pacjentem. W: Kędziora-Kornatowska K, Muszalik M (red.). 
Kompendium pielęgnowania pacjentów w starszym wieku. Podręcznik dla studentów i absolwentów kierunku 
pielęgniarstwo. Lublin: Wydawnictwo Czelej; 2007. str. 97-114.

  Dopuszcza się również cytowania ze źródeł elektronicznych.
 21. Praca powinna być zredagowana możliwie krótko, bez zarzutu pod względem stylistycznym, zgodnie 

z obowiązującą pisownią.
 22. Należy używać międzynarodowych (zgodnie z zasadami polszczyzny) nazw leków. Dopuszcza się podawanie 

nazw handlowych w nawiasach.
 23.  Skróty powinny być wyjaśnione w tekście w miejscu, w którym się pojawiają po raz pierwszy.
 24. Wraz z pracą należy złożyć Deklarację Konfliktu Interesów oraz List Przewodni z oświadczeniem Autorów, że 

praca nie została i nie zostanie złożona do druku w innym czasopiśmie oraz że nie zachodzą zjawiska: „guest 
authorship” i „ghostwriting”.

 25. Pierwszy autor/autor do korespondencji otrzymują bezpłatnie 1 egzemplarz czasopisma z wydrukowanym artykułem.
 26. Nie przewiduje się honorariów autorskich
 27. Prawa autorskie: Maszynopis zakwalifikowany do druku w kwartalniku staje się własnością Wydawnictwa 

Akademia Medycyny. Wydawca nabywa na zasadzie wyłączności ogół praw autorskich do wydrukowanych prac 
(w tym prawo do wydawania drukiem, na nośnikach elektronicznych i innych oraz w Internecie). Bez zgody 
wydawcy dopuszcza się jedynie drukowanie streszczeń. 

 28. Redakcja Anestezjologii i Ratownictwa posiada własną stronę internetową, na której zamieszczane są streszczenia 
drukowanych prac, jak również istotne wiadomości.



Submission Manuscript Guidelines:

The quarterly journal Anestezjologia i Ratownictwo / Anaesthesiology and Rescue Medicine publishes articles which 
cover key issues and current trends in geriatric medicine, as well as it also presents the broadest disciplines that focus 
on any aspect of the diagnosis, therapy and the prevention of the ageing related diseases. 

Please submit your papers electronically at: 
redakcja@akademiamedycyny.pl

Instructions for authors
 1. Only papers written in Polish or English are accepted.
 2. In scientific investigations involving human subjects, experiments should be performed in accordance with the 

ethical standards formulated in the Helsinki Declaration. Informed consent for the research must be obtained 
from all participants and all clinical investigations. For papers involving human subjects, adequate documentation 
should be provided to certify that appropriate ethical safeguards and protocols have been followed according 
to the responsible Bioethical Committee on human experimentation (institutional or regional). Names should 
not be published in written descriptions, photographs, sonograms, CT scans, etc., nor should pedigrees, unless 
information is essential for scientific purposes and a patient (or a parent, or a guardian) has given their written 
informed consent for publication.

 3. Manuscripts are received with the explicit understanding that they are not under simultaneous consideration by 
any other publication. Submission of an article implies that the work described has not been published previously.

 4. Manuscripts that are incomplete or whose style does not follow the below guidelines shall be returned to 
the Authors without being evaluated. Articles following the below guidelines shall be registered and sent to 
independent reviewers to be evaluated. A paper shall be accepted for publication based on reviewers’ positive 
opinions. 

 5. The dates of submitting and acceptance for publication are labeled at the end of each manuscript.
 6. Submitted manuscripts are anonymously reviewed by two impartial experts to determine their originality 

(“double-blind review”), scientific merit, and significance to the field.
 7. Reviewers shall remain anonymous, but their comments will be available to authors.
 8. There are several types of decision possible: 

■ accept the manuscript as submitted,
■ accept it with revision,
■ accept it and invite the authors to revise the manuscript before a final decision is reached,
■ accept it with encouragement to resubmit it after extensive revision,
■ outright rejection.

 9. Page proofs with reviewer’s remarks will be sent to corresponding author for examination and corrections.
 10. Information about accepting the manuscript for publication will be sent to the corresponding author.
 11. Corrected proofs should be returned to the Editor within seven days of posting by the Editor. Authors are 

responsible for obtaining the Editor’s permission for any changes in the time for returning proofs.
 12. When submitted manuscripts are not accepted for publication, they will be destroyed according to the Editorial 

office’s schedule.
 13. The Editors reserve the right to make corrections in style and nomenclature without Authors’ permission.
 14. Authors should return the final, revised manuscript by e-mail: redakcja@akademiamedycyny.pl
 15. Manuscripts of original papers should not exceed 10 pages, review articles – 12 pages, case reports – 8 pages. 

One page is generally limited to 1800 characters including spacing.
 16. The electronic version of the text should be submitted as MS Word 98 or above. All illustration and scan files 

should be in the TIFF format. For vector graphics, the digital formats of Adobe Illustrator for version 10 and 
Corel Draw for version 10 are accepted; for graphs and diagrams - MS Excel or MS Word. 

 17. The text and figures must be uploaded as separate files. Files should be named with the corresponding Author’s 
surname and “text.doc”, “fig. l.doc”, “fig. 2.doc” name and extension formats, etc.

 18. The paper should be laid out as follows:
  Provide the following data on the title page (in the order given): 

■ the article’s title, 
■ Authors’ names, 



■ institutional affiliations, the name of department(s) and institution(s) to which the work should be attributed, 
■ keywords (maximum of 6 keywords),
■ full postal address of the corresponding Author,
■ an abstract in English (maximum length of 200-250 words in case of original works and 100-150 in case of  

review articles or clinical cases, an abstract should state briefly the purpose of the research, principal results 
and major conclusions.

  Arrangement of the article (for original papers): 
■ Introduction,
■ Purpose of the work, 
■ Material and methods,
■ Results,
■ Discussion,
■ Conclusions,
■ Acknowledgements,
■ References,
■ Source(s) of support in the form of grants, equipment, drugs, or all of these.

 19. Tables, illustrations, vector graphics and photographs should be prepared and submitted on separate pages. All 
figures should be numbered in the order of their citation in the text and legends should be in Polish and English 
(tables - Roman numerals; illustrations, vector graphics and photographs - Arabic numerals).

 20. References should exceed in number, and should in general be limited according the paper type: for original 
papers – up to 20, for review articles – up to 40 items. They must be numbered in their order of appearance in 
the text. References should be identified in the text, tables, and legends by Arabic numerals in square brackets. 
It is allowed to use the following style for the references list: surname and initials of all authors separated by 
a comma, followed by a full stop, then the article title (or the book title), a full stop, the name of the journal should 
be abbreviated according to the style used in the Index Medicus, the year, a semicolon, the volume number, 
a colon, the first and the last page (for books: the city, a colon, the publisher, a semicolon, the year, a colon, pages). 
When there are more than six authors, only the first six authors are listed, followed by “et al.”, i.e.: 1.Jakobsson U, 
Hallberg IR. Loneliness, Fear and quality of life among the elderly in Sweden: a tender perspective. Aging Clin Exp 
Res. 2005;17(6):494-501. 2. Wojszel ZB, Bień B. Wielkie problemy geriatryczne – rola zespołu terapeutycznego 
w opiece nad pacjentem. In: Kędziora-Kornatowska K, Muszalik M (ed.). Kompendium pielęgnowania pacjentów 
w starszym wieku. Podręcznik dla studentów i absolwentów kierunku pielęgniarstwo. Lublin: Wydawnictwo 
Czelej; 2007. p.: 97-114.

  Quoting from electronic sources is accepted. 
 21. A paper ought to be brief and observe general style and spelling rules. 
 22. International generic rather than trade names of drugs should be used. Trade or manufacturers’ names should 

only be used in brackets.
 23. All abbreviations should be spelt out in full the first time they are used.
 24. A paper submitted for publication should be accompanied by a Declaration of ‘Conflict of Interest’ and a ‘Cover 

Letter’ with a statement by the Author(s) confirming that the paper has not been and will not be published 
elsewhere and that there is no instance of misconduct (“ghostwriting” and “guest authorship”).

 25. First Author/corresponding Author shall receive 1 copy of the issue in which the article shall be published. They 
shall be sent to the author(s) free of charge.

 26. No remuneration shall be paid for publication. 
 27. Copyrights. Submission of an article for publication implies a transfer of the copyright from the Author to the 

publisher upon acceptance. Accepted papers shall become permanent property of the Wydawnictwo Akademia 
Medycyny and may not be reproduced without the written consent from the publisher. The publisher reserves 
the copyright (including printing, electronic version such as CDs, the Internet and others). Only abstracts can 
be published elsewhere without written permission from the publisher.

 28. A website shall be launched by the Anaesthesiology and Rescue Medicine, which shall feature abstracts of printed 
papers as well as other relevant information. 




