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Do We have Enough Direct Evidence to Postulate that Abnormally Shaped
Red Blood Cells Impair Microvascular Blood Flow in Critical Conditions?
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Red blood cells (RBCs) play a key role in microcirculation and
oxygen delivery to organ and tissues. This role is determined by their
ability to deform and to pass through the vessels that are even smaller
than RBC size. There is a close relationship between RBC deformability
and its unique disc shape. Under different circumstances, RBC may
change their shape and undergo echinocyte, stomatocyte or spherocyte
transformation. Echinocytes or stomatocytes are potentially capable to
restore the disc shape if they are put in favorable environment (e.g. fresh
normal plasma), whereas the spherocyte transformation is considered to
be irreversible [1]. In-vitro studies using micropore filtration technique
demonstrated that normal RBCs (discocytes) have an optimum shape
for the flow in microvessels. In contrast to discocytes, stomatocytes
and echinocytes produced by adding chlorpromazine or sodium
salicylate, respectively, to normal RBCs demonstrated altered passage
through circulation [2]. Mechanisms of microcirculatory disorders in
critical conditions such as trauma-hemorhagic shock, sepsis or burn
have been under investigation for decades. Numerous experimental
and clinical studies have proven that these insults cause a significant
decrease in RBC deformability [3-11]. Smaller number of publications
report RBC shape changes as a result of critical conditions [5,11,12-
15]. Experimental studies demonstrated that the number of abnormal
(reversibly and irreversibly changed) RBCs after hemorrhagic shock
was increased more than five times compared to control values and
their proportion to normal discocytes exceeded 30% [5,13]. The similar
phenomenon was observed in patients with severe trauma [14]. Linear
regression analysis revealed a tight correlation between the percentage
of abnormally shaped RBCs and their elongation index, the measure
of deformability, in rats subjected to trauma-hemorrhagic shock [5].
The question comes if we have enough direct evidence to postulate that
abnormally shaped RBCs impair microvascular blood flow in critical
conditions?

Several studies demonstrated that RBCs artificially hardened by
various chemicals can cause microcirculatory blockade. Simchon et
al. performed exchange transfusions in rats with RBCs with reduced
deformability or with sham RBCs [16]. Lowered RBC deformability
was achieved by incubation with glutaraldehyde and confirmed by
micropore filtration technique. Labeling of RBCs with isotopes made
possible their detection in organs and tissues. Experiments showed
that poorly deformed RBCs were trapped in spleen, lung, and liver. The
degree of flow reduction in these organ compared to control animals
(rats subjected to sham RBC transfusion) measured using radioactive
microspheres was 77%, 69%, and 54%, respectively and correlated with
the amount of trapped RBCs. However, the authors did not investigate
the shape of transfused RBCs. Betticher et al. perfused isolated rabbit
lungs with stiffened and abnormally shaped RBCs (stomatocytes) [17].
RBC transformation was achieved by adding chlorpromazine. Reduced
deformability of RBCs and their shape abnormalities were confirmed
by micropore filtration technique and light microscopy, respectively.
The authors demonstrated a decrease in pulmonary oxygen diffusion
capacity and an increase in the mean pulmonary arterial circulating
pressure (both by 18%) as a result of perfusion with abnormal RBCs.
It should be stated that in these two aforementioned experiments,

abnormal RBCs were produced in-vitro but not as a result of a real
critical condition. The conclusions received in these two studies were
confirmed in “pure” in-vivo experiments by Machiedo et al. [18]. The
authors performed exchange transfusion in rats with blood obtained
animals rats subjected to trauma-hemorrhagic shock or to sham shock.
The reduced RBC deformability in rats that experienced trauma-
hemorrhagic shock and normal RBC deformability in those who
were subjected to sham shock was confirmed by laser ektacytometry.
However, the authors did not investigate RBC shape in transfused
blood. It was demonstrated that microvascular blood flow in the lungs,
spleen, and intestine measured by radioactive microsphere technique
was significantly lower in rats subjected to the infusion of trauma-
hemorrhagic shock blood than in those that were infused with sham
blood.

Our current knowledge suggests that the hypothesis of the
important role of critical insult-induced RBC shape changes in the
development of microcirculatory disorders in organ and tissues is most
likely true. However, there is only indirect evidence. Experimental
studies that prove this hypothesis have certain limitations. In some
of them, RBCs altered in-vitro but not RBCs that became abnormal
as a result of a real critical condition modulated in-vivo were used
to cause a decrease in microvascular blood flow. Other experiments,
where blood from animals subjected to trauma-hemorrhagic shock was
transfused to recipient animals to induce microcirculatory disorders,
did not evaluate RBC morphology in infused blood. Thus additional
experiments are still needed to prove direct contribution of RBC shape
alterations caused by critical conditions to the development of post-
insult microcirculatory disorders. If this hypothesis is confirmed, the
next step should be determination of the proportion between reversibly
and irreversibly changed RBCs that may cause clinically relevant
microvascular blood flow abnormalities.

References

1. Bessis M (1972) Red cell shapes. An illustrated classification and its rationale.
Nouv Rev Fr Hematol 12: 721-745.

2. Reinhart HR, Chien S (1986) Red cell rheology in stomatocyte-echinocyte
transformation: roles of cell geometry and cell shape. Blood 67: 1110-1118.

3. Poraicu D, Mogoseanu A, Tomescu N, Bota C, Menessy | (1983) Decrease
of red blood cell filterability seen in intensive care |. The correlation of low
erythrocyte filterability with mortality and its return to normal values in critically
ill patients under parenteral nutrition. Resuscitation 10: 291-303.

*Corresponding author: Sergey Zaets, 1Wall Street, 5B, Fort Lee, NJ 07024,
USA, Tel: 1-201-873-8901; Fax: 1-609-419-3006; E-mail: zaets001@yahoo.com

Received August 02, 2013; Accepted August 05, 2013; Published August 08,
2013

Citation: Zaets SB (2013) Do We have Enough Direct Evidence to Postulate that
Abnormally Shaped Red Blood Cells Impair Microvascular Blood Flow in Critical
Conditions? Anatom Physiol 3: e122. doi: 10.4172/2161-0940.1000e122

Copyright: © 2013 Zaets SB. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

Anatom Physiol
ISSN:2161-0940 Physiol, an open access journal

Volume 3 ¢ Issue 1+ 1000e122


mailto:http://www.ncbi.nlm.nih.gov/pubmed/4268780
mailto:http://www.ncbi.nlm.nih.gov/pubmed/4268780
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3955230
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3955230
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316449
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316449
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316449
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316449

Citation: Zaets SB (2013) Do We have Enough Direct Evidence to Postulate that Abnormally Shaped Red Blood Cells Impair Microvascular Blood
Flow in Critical Conditions? Anatom Physiol 3: e122. doi: 10.4172/2161-0940.1000e122

Page 2 of 2

. Langenfeld JE, Livingston DH, Machiedo GW (1991) Red cell deformability is
an early indicator of infection. Surgery 110: 398-403.

. Zaets SB, Berezina TL, Morgan C, Kamiyama M, Spolarics Z, et al. (2003)
Effect of trauma-hemorrhagic shock on red blood cell deformability and shape.
Shock 19: 268-273.

. Tatarishvili J, Momtselidze N, McHedlishvili G (2004) Blood rheological
abnormalities in the microcirculation during experimental traumatic shock. Clin
Hemorheol Microcirc 30: 407-410.

Hurd TC, Dasmahapatra KS, Rush BF Jr, Machiedo GW (1988) Red blood
cell deformability in human and experimental sepsis. Arch Surg 123: 217-220.

. Baskurt OK, Gelmont D, Meiselman HJ (1998) Red blood cell deformability in
sepsis. Am J Respir Crit Care Med 157: 421-427.

Reggiori G, Occhipinti G, De Gasperi A, Vincent JL, Piagnerelli M (2009) Early
alterations of red blood cell rheology in critically ill patients. Crit Care Med 37:
3041-3046.

10. Bekyarova G, Yankova T (1998) Alpha-Tocopherol and reduced glutathione
deficiency and decreased deformability of erythrocytes after thermal skin injury.
Acta Physiol Pharmacol Bulg 23: 55-59.

11. Zaets SB, Berezina TL, Xu DZ, Lu Q, Ricci J, et al. (2003) Burn-induced red
blood cell deformability and shape changes are modulated by sex hormones.
Am J Surg 186: 540-546.

12.

Poraicu D, Sandor S, Menessy | (1983) Decrease of red blood cell filterability
seen in intensive care. |l. Red blood cell crenelation "in vivo" as morphological
evidence of increased red blood cell viscosity in low flow states. Resuscitation
10: 305-316.

. Berezina TL, Zaets SB, Kozhura VL, Novoderzhkina IS, Kirsanova AK, et al.

(2001) Morphologic changes of red blood cells during hemorrhagic shock
replicate changes of aging. Shock 15: 467-470.

.Berezina TL, Zaets SB, Machiedo GW (2004) Alterations of red blood cell

shape in patients with severe trauma. J Trauma 57: 82-87.

. Piagnerelli M, Boudjeltia KZ, Brohee D, Piro P, Carlier E, et al. (2003) Alterations

of red blood cell shape and sialic acid membrane content in septic patients. Crit
Care Med 31: 2156-2162.

. Simchon S, Jan KM, Chien S (1987) Influence of reduced red cell deformability

on regional blood flow. Am J Physiol 253: H898-H903.

. Betticher DC, Reinhart WH, Geiser J (1995) Effect of RBC shape and

deformability on pulmonary O2 diffusing capacity and resistance to flow in
rabbit lungs. J Appl Physiol 78: 778-783.

. Machiedo GW, Zaets SB, Berezina TL, Xu DZ, Feketova E, et al. (2009)

Trauma-hemorrhagic shock-induced red blood cell damage leads to decreased
microcirculatory blood flow. Crit Care Med 37: 1000-1010.

Anatom Physiol
ISSN:2161-0940 Physiol, an open access journal

Volume 3 ¢ Issue 1+ 1000e122


mailto:http://www.ncbi.nlm.nih.gov/pubmed/1858047
mailto:http://www.ncbi.nlm.nih.gov/pubmed/1858047
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12630528
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12630528
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12630528
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15258374
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15258374
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15258374
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3277585
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3277585
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9476853
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9476853
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19770749
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19770749
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19770749
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10347621
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10347621
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10347621
mailto:http://www.ncbi.nlm.nih.gov/pubmed/14599622
mailto:http://www.ncbi.nlm.nih.gov/pubmed/14599622
mailto:http://www.ncbi.nlm.nih.gov/pubmed/14599622
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316450
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316450
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316450
mailto:http://www.ncbi.nlm.nih.gov/pubmed/6316450
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11386620
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11386620
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11386620
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15284553
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15284553
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12973174
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12973174
mailto:http://www.ncbi.nlm.nih.gov/pubmed/12973174
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3661739
mailto:http://www.ncbi.nlm.nih.gov/pubmed/3661739
mailto:http://www.ncbi.nlm.nih.gov/pubmed/7775318
mailto:http://www.ncbi.nlm.nih.gov/pubmed/7775318
mailto:http://www.ncbi.nlm.nih.gov/pubmed/7775318
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19237910
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19237910
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19237910

	Title
	Corresponding author
	References



