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Abstract

What anaesthesiologist should know about the
leucocytes and their effect on microcirculation
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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
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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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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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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
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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.
Parketal. 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
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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.

Conflict of interest
Brak/None

Correspondence address:

[=] Krzysztof Kusza

Chair and Department of Anaesthesiology

and Intensive Therapy

Poznan University of Medical Sciences

14, Sw. Marii Magdaleny, 61-861 Poznan, Poland
B (+48 61) 852 66 87

E anestezjologia@ump.edu.pl



Anestezjologia i Ratownictwo 2019; 13: 122-126

Anestezjologia * Ratownictwo ¢ Nauka ¢ Praktyka / Anaesthesiology * Rescue Medicine ¢ Science ° Practice

References

1.

Bagge U, Amudson B, Lauritzen C. White blood cell deformability and plugging of skeletal muscle capillaries in hemorrhagic shock.
Acta Physiol Scand. 1980;180:159-63.

2. Bloch EH. A quantitive study of the hemodynamics in the living microvascular system. Am J Anat. 1962;110:125-53.

3. Branemark PI, Shepro D, Fulton GP. Rheological Aspects of low flow states. Microcirculation as Related to Shock. New York: Academic

Press; 1968.

4. Chen TC, Skalak R. Stokes flow in a cylindrical tube containing a line of spheroidal particles. Appl Sci Res. 1970;22:403-41.
5. Chien S, Sung KP, Schmid-Schonbein GW, Skalak R, Schmalzer EA, Usami S. Rheology of leukocytes. Ann N'Y Acad Sci. 1989;14:333-47.
6. Dirnagl U, Niwa K, Sixt G, Villringer A. Cortical hypoperfusion after global forebrain ischemia in rats is not caused by microvascular

leukocyte plugging. Stroke. 1994;25:1028-38.

7. Duncan PG, Cullen BF. Neutrophil chemotaxis and anaesthesia. Br ] Anaesth. 1977;49:345-9.
8. Nicoll RA, Webb RL. Blood circulation in the subcutaneous tissue of the living bat’s wing. Ann N'Y Acad Sci. 1946;46:697-711
9. Schmid-Schonbein GW, Skalak R, Usami S, Chien S. Cell distribution in capillary networks. Microvasc Res. 1980;19:18-44.

10.

11.

12.

13.

14.
15.

16.

17.
18.

21

25.
26.
27.
28.
29.
30.

31.
32.
33.

34.

35.

36.
37.

Nolte D, Bayer M, Lehr HA, Becker M, Krombach F, Kreimeier U, et al. Attenuation of postischemic microvascular disturbances in
striated muscle by hyperosmolar saline dextran. Am J Physiol. 1992;263:H1411-6.

Pardi R, Inverardi L, Bender JR. Regulatory mechanism in leukocyte adhesion: Flexible receptors for sophisticated travelers. Immunol
Today. 1992;13:224-30.

Schmid-Schonbein GW, Zweifach BW, Kovalchek S. The application of stereological principles to morphometry of the microcirculation
in different tissues. Microvasc Res. 14:303-17.

Schmidt-Schonbein GW. Capillary plugging by granulocytes and the no-reflow phenomenon in the microcirculation. Fed Proc.
1987;46:2397-401.

Siemionow M. Microcirculatory hemodynamics on muscle flap in vivo. Thesis for the habilitation. Poznan: AM; 1999. 2,3:42-6.

Skalak TC, Schmid-Schonbein GW. The microvasculature in skeletal muscle. IV. A model of the capillary network. Microvasc Res.
1986;32:333-47.

Fenton BM, Wilson D, Cokelet GR. Analysis of the effects of measured white blood cell entrance times on hemodynamics in computer
model of a microvascular bed. Pflugers Arch. 1985;403:396-401.

Needham D, Hochmuth R. Rapid entry of passive neutrophils into micropipetes. FASEB J. 1989;3:693.

Amudson B, Jennische E, Haljamae H. Correlative analysis of microcirculatory and cellular metabolic events in skeletal muscle during
hemorrhagic shock. Acta Physiol Scand. 1980;108:147-58.

. House SD, Lipowsky H. Leukocyte-endothelium adhesion: Microhemodynamics in mesentery of the cat. Microvasc Res. 1987;34:363-79.
20.

Mayrovitz HN, Kang S], Hescovici B, Sampsell RN. Leukocyte adherence initiation in skeletal muscle capillaries and venules. Microvasc
Res. 1987;33:22-34.

. Mayrovitz HN, Rubin R. Leukocyte distribution to arteriolal branches: dependence on blood flow. Microvasc Res. 1985;29:282-94.
22.
23.
24.

Zweifach BW. (1939) The character and distribution of blood capillaries. Anat Rec. 1939;73:475.

Zweifach BW, Metz DB. Regional differences in response of terminal vascular bed to vasoactive agents. Am ] Physiol. 1955;182:55.
Gacehtgens P, Ley K, Pries AR, Miiller R. Mutual interaction between leukocytes and microvascular blood flow. Prog Appl Microcirc.
1985;7:15-28.

Skalak R. Theoretical modeling of fluid transport through endothelial junctions. Adv Exp Med Biol. 1998;242:9-16.

Warnke KC, Skalak TC. Leukocyte plugging in vivo in skeletal muscle arteriolar trees. Am J Physiol. 1992;262:H1149-55.

Morisaki H, Aoyama Y, Shimada M, Ochiai R, Takeda J. Leucocyte distribution during sevoflurane anaeshesia. Br ] Anaesth. 1998;80:502-3.
Warnke KC, Skalak TC. The effects of leukocytes on blood flow in a model skeletal muscle capllary network. Microvasc Res. 1990;40:118-36.
Gacehtgens P. Pathways and interaction of white cells in the microcirculation. Prog Appl Microcirc. 1987;12:51-66.

Cherry PD, Furchgott RF, Zawadzki JV, Jothianandan D. Role of endothelial cells in relaxation of isolated arteries by bradykinin. Proc
Natl Acad Sci USA 1982;79:2106-10.

Anderson GL, Acland RD, Siemionow M. Vascular isolation of the rat cremaster muscle. Microvasc Res. 1988;36:56-63.

[195] - odniesienie w wersji oryginalnej; brak pozycji w pismiennictwie

Acland RD, Anderson GL, Siemionow M. Direct in vivo observations of embolic events in microcirculation distal to small-vessel
anastomosis. Plast Reconstr Surg. 1989;84:280-9.

Covino B, Fozzard H, Rehder K, et al. Effects of anesthesia. Cardiovascular effects of general anesthesia. American Physiological Society,
Bethesda. 1985;12:149-77.

Daniel R, Taylor GI. Distant transfer of an island flap by microvascular anastomoses. Plas Reconstr Surg. 1973;52:111-7.

Harris PD, Longnecker DE. Significance of precapilary sphincter activity for microcirculatory function. Microvasc Res. 1971;3:385-92.
Hayes J, Havaleshko D, Plachinta V, Rich GF. Isoflurane pretreatment supports hemodynamics and leukocyte rolling velocities in rat
mesentery during lipopolysaccharide-induced inflammation. Anesth Analg. 2004;98:999-1006.

125



Anestezjologia i Ratownictwo 2019; 13: 122-126

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

Anestezjologia * Ratownictwo * Nauka  Praktyka / Anaesthesiology * Rescue Medicine * Science ° Practice

Den Boer Mo, Van Woerkens L], Somers JA, Duncker DJ, Lachmann B, Saxena PR, et al. On the preservation and regulation of vascular
tone in arteriovenous anastomoses during anesthesia. ] Appl Physiol. 1993;76(2):782-9.

Folkow B. Role of the nervous system in the control of vascular tone. Circulation. 1960;XX1:760-8.

Folkow B. Transmural pressure and vascular tone some aspects of an old controversy. Arch Int Pharmacodyn Ther. 1962;139:455-69.
Yano H, Takaori M. The microcirculation during enflurane and isoflurane anaesthesia in dogs. Can J Anaesth. 1994;41:149-55.

Yano H, Takaori M. The Microcirculation during enflurane and isoflurane anaesthesia in dogs. Can J Anaesth 1994;41:149-55.

Akata T, Nakashima M, Kodama K, Boyle WA, Takahashi S. Effects of volatile anesthetics on acetylcholine induced relaxation in the
rabbit mesenteric resistance artery. Anesthesiology. 1995;82:188-204.

Bouskela E, Gramp W. Spontaneous vasomotion in hamster cheek pouch arterioles in varying experimental conditions. Am J Physiol.
1992;262:H478-85.

Engler RL, Schmid-Schonbein GW, Pavelec RC. Leukocyte capillary plugging in myocardial ischemia and reperfusion in the dog. Amer
J Pathol. 1983;111:98-111.

Hershey SG, Zweifach BW, Rovenstine EA. Effects of depth anesthesia on behaviour of peripheral vascular bed. Anesthesiology.
1953;14:245-54.

Hsu P, Zuckerman S, Mirro R, Armstead WM, Leffer CW. Effects of ischemia/reperfusion on brain tissue prostanoids and leukotriens
in newborn pigs. Prostaglandins. 1991;42:557-69.

. Mellander S. Comparative studies on the adrenergic neuro-hormonal control of resistance and capaticance vessels in the cat. Acta Physio

Scand. 1960;50:176-8.

Chen G, Yamamoto Y, Miwa K, Suzuki H. Hyperpolarization of arterial smooth muscle induced by endothelial humoral substances. Am
] Physiol. 1991;260:H1888-92.

Erikson E, Myrhage R. Microvascular dimensions and blood flow in skeletal muscle. Acta Physiol Scand. 1972;86:211-28.

Grant RT. The effects of denervation on skeletal muscle blood vessels (rat cremaster) ] Anat. 1966;2:305-16.

52. Franks JJ, Horn JL, Janicki PK, Singh Get. Halothane, isoflurane, xenon, and nitrous oxide inhibit calcium ATP ase pump activity
in rat brain synaptic plasma membranes. Anesthesiology. 1995;82:108-17.

Franks JJ, Horn JL, Janicki PK, Singh G. Stable inhibition of brain synaptic plasma membrane calcium ATP ase in rats anesthetized with
halothane. Anesthesiology. 1995;82:118-28.

Fujii K, Heistad DD, Faraci FM. Vasomotion of basilar arteries in vivo. Am ] Physiol. 1990;258(6 Pt 2):H1829-34.

Fujihara H, Fukuda S, Fujiwara N, Shimoji K. The effects of halothane on arginine-vasopressin-induced Ca++ mobilization from the
intracellular space in single cultured smooth muscle cells of rat aorta. Anest Analg. 1996;83:584-90

Furchgott RF, Zawadzki JV. The obligatory role of endothelial cells in the relaxation of arterial smooth muscle by acetylocholine. Nature.
1990;288:373-6.

Furchgott RF, Jothianandan D. Endothelium dependent and independent vasodilatation involving cyclic GMP. Relaxation induced by
nitric oxide, carbon monoxide and light. Blood Vessels. 1991;28:52-61.

Furchgott RF, Vanhoutte PM. Endotelium-derived relaxing and contracting factors. FASEB J. 1989;3:2007-17.

126



Regulamin ogtaszania prac w kwartalniku Anestezjolologia i Ratownictwo

Kwartalnik Anestezjologia i Ratownictwo publikuje prace dotyczace zagadnien anestezjologii i ratownictwa,

a takze szeroko rozumianego pogranicza, zwiazanego réwniez z innymi dyscyplinami naukowymi, w ktérych
uwzgledniono aspekty diagnostyki, terapii oraz profilaktyki choréb.

Prace nalezy nadsyla¢ droga elektroniczng na adres:

redakcja@akademiamedycyny.pl

Przepisy redakcyjne:

1.
2.

11.

12.

13.

14.
15.

16.

17.

18.

Do druku przyjmowane s3 prace w jezyku polskim lub angielskim.

Prace o charakterze doswiadczalnym musza by¢ w zgodzie z wymogami Konferencji Helsinskiej. Autorzy
musza uzyskaé pisemng zgode oséb badanych, po wczesniejszym poinformowaniu ich o przebiegu badan
i o ewentualnych szkodliwo$ciach z nich wynikajacych. Prace, ktérych przedmiotem jest cztowiek, mogg by¢
wykonywane i publikowane tylko za zgoda Komisji Bioetycznej i nie moga ujawnia¢ ich danych osobowych bez
zalgczenia ich pisemnej zgody.

. Nadestanie pracy do druku jest jednoznaczne ze stwierdzeniem, Ze praca nie zostala zgloszona do innego

czasopisma.

. Manuskrypty niekompletne lub przygotowane w stylu niezgodnym z zasadami podanymi nizej redakcja odsyta

Autorom bez oceny merytorycznej. Artykuly przygotowane zgodnie z wymogami ponizej zostajg zarejestrowane
i przekazane do oceny niezaleznym recenzentom. Akceptacja pracy do druku odbywa si¢ na podstawie
pozytywnych opinii recenzentdw.

. Data zlozenia pracy w Redakeji, jak rowniez data jej przyjecia do druku, s3 umieszczone na poczatku drukowanej

pracy.

. Prace s3 recenzowane poufnie i anonimowo (podwojna slepa proba) przez niezaleznych Recenzentéw z grona

ekspertéw w danej dziedzinie.

. Redakcja zapoznaje Autoréw z tekstem recenzji, bez ujawnienia nazwisk recenzentéw.
. Recenzent moze uznac prace za:

= nadajacg sie do druku bez dokonania poprawek,

= nadajaca sie do druku po dokonaniu poprawek wedlug wskazéwek Recenzenta, bez konieczno$ci ponownej
recenzji,

= nadajacg sie do druku po dokonaniu poprawek wedlug wskazéwek Recenzenta i po ponownej recenzji pracy,

= nienadajjca si¢ do druku.

. Prace wymagajace korekty zostana niezwlocznie przestane Autorom wraz z uwagami Recenzenta i Redakgji.
. W przypadku zakwalifikowania pracy do druku Autorzy zostang o tym fakcie poinformowani e-mailowo lub

telefonicznie.

Korekty, w formie elektronicznej, nalezy zwrdci¢ w terminie do 7 od daty wyslania z Redakcji. W wyjatkowych
wypadkach Redakcja moze przedtuzy¢ termin zwrotu korekty po wezesniejszym uzgodnieniu tego faktu z jej
przedstawicielem.

Prace niezakwalifikowane do druku zostang przez Redakcje zniszczone.

Redakcja Naukowa zastrzega sobie prawo do dokonywania koniecznych poprawek i skrétéw bez porozumienia
z Autorami.

Prace zgtaszane do druku nalezy przesta¢ w formie elektronicznej (e-mail).

Objetos¢ prac oryginalnych nie moze przekracza¢ 10 stron, 12 stron dla pogladowych i 8 stron dla prac
kazuistycznych. Na jednej stronie nie mozna umiesci¢ wiecej niz 1800 znakdéw wraz ze spacjami.

Wersja elektroniczna pracy powinna by¢ dostarczona e-mailem. Material ilustracyjny nalezy przygotowaé
w formacie TIFF dla materiatéw zdjeciowych i skanowanych, a dla grafiki wektorowej w programach Corel
Draw do wersji 10 lub Adobe Ilustrator do wersji 10, dla wykresow i diagraméw MS Excel lub Word.

Tekst oraz material ilustracyjny powinny by¢ zapisane w oddzielnych plikach np. nazwa-tekst.doc,
nazwa-tabela.doc.

Obowigzkowy uklad pracy:

Strona tytutowa:

= tytul artykutu w jezyku polskim i angielskim,

= imiona i nazwiska Autoréw,



19.

20.

21.
22.
23.
24.

25.
26.
27.

28.

pelna nazwa instytucji,

stowa kluczowe w jezyku polskim/angielskim (do 6 stow),

pelny adres korespondencyjny jednego z Autoréw,

streszczenie pracy w jezyku polskim (200-250 stéw w przypadku prac oryginalnych oraz 100-150 w przypadku

prac pogladowych i opiséw przypadkoéw klinicznych; struktura jak w tekécie gtéwnym),

= streszczenie pracy w jezyku angielskim (200-250 stéw w przypadku prac oryginalnych oraz 100-150
w przypadku prac pogladowych oraz opiséw przypadkéw klinicznych; struktura jak w tekscie gtéwnym),

= nalezy wyszczegdlni¢ wszystkie Zrédta finansowania wykonanej pracy naukowe;.

Uktad tekstu gléwnego (w przyjetym ukltadzie dla prac oryginalnych):

Wstep,

Cel pracy,

Material i metody,

Wyniki,

Omoéwienie,

Whioski,

Podziekowania,

Spis pi$miennictwa.

Ryciny, tabele, wykresy i fotografie do wlaczenia w tekst nalezy nadsyla¢ oddzielnie, poza tekstem, w ktérym

muszg by¢ zacytowane. Wszystkie powinny by¢ ponumerowane zgodnie z kolejnoscig wystepowania w pracy

i opisane w jezyku polskim i angielskim (tabele - numeracja cyframi rzymskimi; ryciny, wykresy i fotografie —

numeracja cyframi arabskimi).

Spis pismiennictwa powinien ograniczy¢ sie do niezbednych pozycji cytowanych w pracy, w przypadku prac

oryginalnych do 20, a pogladowych do 40 pozycji. Pismiennictwo nalezy przytoczy¢ w kolejnosci cytowan

w tekscie. Kazda publikacje podaje si¢ w tekécie za pomocg cyfry arabskiej w nawiasie kwadratowym. Cytowanie

w spisie pi§miennictwa powinno mie¢ nastepujacy uklad:

= dla czasopisma: nazwiska autoréw z inicjalami imion, oddzielone przecinkami, zakonczone kropka (jesli
liczba autoréw cytowanej pracy przekracza sze$¢ osob, to pozostatych nalezy zaznaczy¢ skrotem: ,,i wsp.”),
tytul artykulu, kropka, nazwa czasopisma przytoczona w skrocie wg Index Medicum, kropka, spacja, rok,
$rednik, 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 tytulu rozdziatu z ksigzki: nazwiska autoréw z inicjatami imion, oddzielone przecinkami, zakonczone
kropka, tytul rozdziatu, kropka, W: nazwiska redaktoréw (red.), kropka, tytul ksigzki, kropka, miejscowos¢,
dwukropek, spacja, wydawca, $rednik, spacja, rok wydania, kropka lub — w przypadku wybranych stron
- dwukropek, spacja, pierwsza i ostatnia strona — np.: Wojszel ZB, Bienn B. Wielkie problemy geriatryczne
- rola zespolu terapeutycznego w opiece nad pacjentem. W: Kedziora-Kornatowska K, Muszalik M (red.).
Kompendium pielegnowania pacjentéw w starszym wieku. Podrecznik dla studentéw i absolwentéw kierunku
pielegniarstwo. Lublin: Wydawnictwo Czelej; 2007. str. 97-114.

Dopuszcza sie réwniez cytowania ze zrddet elektronicznych.

Praca powinna by¢ zredagowana mozliwie krotko, bez zarzutu pod wzgledem stylistycznym, zgodnie

z obowigzujaca pisownig.

Nalezy uzywa¢ miedzynarodowych (zgodnie z zasadami polszczyzny) nazw lekéw. Dopuszcza sie¢ podawanie

nazw handlowych w nawiasach.

Skréty powinny by¢ wyjasnione w tekécie w miejscu, w ktdrym sie pojawiaja po raz pierwszy.

Wraz z pracg nalezy zlozy¢ Deklaracje Konfliktu Intereséw oraz List Przewodni z oswiadczeniem Autordw, ze

praca nie zostala i nie zostanie ztozona do druku w innym czasopi$mie oraz ze nie zachodza zjawiska: ,, guest

authorship” i ,,ghostwriting”

Pierwszy autor/autor do korespondencji otrzymuja bezplatnie 1 egzemplarz czasopisma z wydrukowanym artykutem.

Nie przewiduje si¢ honorariéw autorskich

Prawa autorskie: Maszynopis zakwalifikowany do druku w kwartalniku staje sie wlasnoscia Wydawnictwa

Akademia Medycyny. Wydawca nabywa na zasadzie wylacznosci ogét praw autorskich do wydrukowanych prac

(w tym prawo do wydawania drukiem, na no$nikach elektronicznych i innych oraz w Internecie). Bez zgody

wydawcy dopuszcza si¢ jedynie drukowanie streszczen.

Redakcja Anestezjologii i Ratownictwa posiada wlasng strong internetows, na ktdrej zamieszczane sg streszczenia

drukowanych prac, jak réwniez istotne wiadomosci.
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Only papers written in Polish or English are accepted.

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.

. 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.

. 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.

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

(“double-blind review”), scientific merit, and significance to the field.

. Reviewers shall remain anonymous, but their comments will be available to authors.
. 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.

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

Information about accepting the manuscript for publication will be sent to the corresponding author.

responsible for obtaining the Editor’s permission for any changes in the time for returning proofs.

When submitted manuscripts are not accepted for publication, they will be destroyed according to the Editorial
office’s schedule.

The Editors reserve the right to make corrections in style and nomenclature without Authors’ permission.
Authors should return the final, revised manuscript by e-mail: redakcja@akademiamedycyny.pl

Manuscripts of original papers should not exceed 10 pages, review articles — 12 pages, case reports — 8 pages.
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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.

The text and figures must be uploaded as separate files. Files should be named with the corresponding Author’s
surname and “text.doc”, “fig. 1.doc”, “fig. 2.doc” name and extension formats, etc.

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,
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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.

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).

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, Bient B. Wielkie problemy geriatryczne - rola zespotu terapeutycznego
w opiece nad pacjentem. In: Kedziora-Kornatowska K, Muszalik M (ed.). Kompendium pielegnowania pacjentéw
w starszym wieku. Podrecznik dla studentéw i absolwentéw kierunku pielegniarstwo. Lublin: Wydawnictwo
Czelej; 2007. p.: 97-114.

Quoting from electronic sources is accepted.

A paper ought to be brief and observe general style and spelling rules.

only be used in brackets.

All abbreviations should be spelt out in full the first time they are used.

A paper submitted for publication should be accompanied by a Declaration of ‘Conflict of Interest’ and a ‘Cover
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