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Physiological features of cells and microvasculature under
the local hypothermia influence
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Abstract. Hypothermia or cold therapy is the local or systemic application of cold for therapeutic purposes. Local application
of cold is used to control inflammation: pain and swelling, hematoma and trismus reduction. Despite the frequent use of cooling in
prosthodontic rehabilitation and in physical therapy, as evidenced by many reports in the literature, there is scientific documentation
that suggests disadvantages of using this treatment in maxillofacial surgery and oral surgery. Also the clinical studies that have
been carried out in maxillofacial surgery and oral surgery have been conducted in an empirical manner, which casts doubt on
the results. In view of this, it is relevant to study the mechanisms of microcirculatory preconditioning and hypothermia. This
physiological process is so interesting for the development of medical devices of controlled hardware hypothermia to prevent
inflammatory symptoms at the stage of rehabilitation by targeting the vascular and cellular component of the inflammatory
process in different areas of the human body. To date, the use of local hardware controlled hypothermia in various pathological
conditions in humans is a topical trend in medicine. Microcirculatory bloodstream is directly related to temperature factors.
Although there are concepts of vascular spasm or dilatation in the microcirculatory bloodstream during systemic hypothermia,
there are no reliable data on the cellular and vascular reactions during local hypothermia. In this paper, a search for fundamental
and current scientific work on the topic of cellular and vascular changes under the influence of hypothermia was conducted.
The search for data revealed that the mechanisms of intracellular hypothermia are of particular interest for the development
of therapeutic treatments after surgical interventions in areas with extensive blood supply. With this in mind, it is relevant to
investigate several areas: the role of endothelium, glycocalyx and blood cells in microcirculatory-mediated preconditioning
and intracellular hypothermia, and in the molecular mechanism that regulates these processes, whether they occur in the same
way in all tissues.
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Therapeutic hypothermia. Historical sketch

The idea that cooling a person can slow down
biological processes and therefore death was first
described by Hippocrates (around 450 BC), who advised
laying wounded soldiers in the snow. In the early 1800s,
during the French invasion of Russia, a military surgeon
observed that wounded soldiers placed closer to fires
died earlier than those who placed in colder bunks.
During this period cryoanalgesia was also used for
amputations and surgeons noticed that hypothermia
not only acts as an analgesic but also slows bleeding.
Clinical interest in the use of therapeutic hypothermia
began in the 1930s with reports of cases of drowning
that were successfully resuscitated despite prolonged
asphyxia [1].

In 1943 Temple Fay published one of the first
scientific papers on therapeutic hypothermia. The author
observed improvement in patients after craniocerebral
trauma (CCT) when the temperature was lowered
from 38.3 to 32.7 degrees Celsius. In the 1950s and
1960s clinical trials using very deep hypothermia
were initiated but were soon discontinued due to
side effects. In the 1990s, moderate hypothermia was
used in three cases of cardiac arrest after successful
resuscitation, and in all three cases there was complete
recovery without residual neurological damage [2].
Therapeutic hypothermia began to attract attention
after two prospective randomised controlled trials,
published in the New England Journal of Medicine in
2002, showed significant improvements in short and
long-term survival as well as neurological outcomes [3].
Today, the term «targeted temperature management»
(TTM) is used instead of therapeutic cooling. TTC can
be used to prevent fever, maintain normothermia, or
induce cooling.

Three decades of research on animals have shown
that hypothermia has a strong cerebroprotective effect.

PHYSIOLOGY

The success of hypothermia in acute brain injury
research has not only stimulated continued interest in
investigating mechanisms, but has also generated a surge
of new interest in elucidating the beneficial signalling
molecules that play an important role in cooling [4].

Systemic hypothermia is a treatment option after
cardiac arrest, and the neuroprotective benefits of
systemic hypothermia after cerebral ischaemia have been
demonstrated [5, 6]. Duan, Honglian have proposed the
use of local endovascular infusion of cold saline directly
into the infarct focus using a microcatheter. In small
animal models, the procedure has shown incredible
neuroprotective promise [7]. Although total hypothermia
is recognized as a clinically applicable neuroprotective
treatment, moderate local hypothermia after spinal
cord injury is considered a more effective approach.
Teh, Daniel Boon Loong et al. (2018) investigated
the feasibility and safety of inducing prolonged local
hypothermia in the central nervous system in a rodent
model. The results showed significant recovery of
somatosensory potential amplitudes in groups with
local hypothermia [8].

Vipin, Ashwati et al. (2015) demonstrated the
neuroprotective effect of short-term moderate total
hypothermia by improving electrophysiological and
motor parameters as well as histological examination
after spinal cord injury in rats. The advantage of
short-term local hypothermia over short-term general
hypothermia after acute spinal cord injury has also
been shown [9]. Lewis, S. R. conducted a meta-analytic
review of the scientific evidence and found that mild
hypothermia in CMT correlates with such indicators
as mortality, and complications after brain surgery.
Despite the large number of studies, there is still no
qualitative evidence that hypothermia is beneficial in
the treatment of people with CHT. Further research is
needed in this area, which is methodologically robust,
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to establish the effect of hypothermia in people with
CHT [6].

Today the therapeutic hypothermia methods can
be divided into physical and pharmacological methods.
Physical methods are based on devices designed to cool
the whole body or its parts. Various means of surface
application are used: cooling jackets, water-cooled
mattress covers, cooling pillows, ice packs, etc. [10],
which work slowly and require a large amount of time, a
certain temperature range. Internal cooling agents in the
form of intravenous fluids are also used, which provide
a rapid decrease in body temperature [11], but these
methods cannot be used outside the hospital. In addition,
the above-mentioned body cooling methods can cause
electrolyte imbalances, cardiovascular dysfunction [12]
and promote infections such as pneumonia [13, 12].

Thermoregulation and hypothermia

Thermoregulation is a vital function of the autonomic
nervous system in response to cold and heat stress. The
physiology of thermoregulation maintains homeostasis
in the human body by maintaining an internal body
temperature of 37 °C, which ensures normal cell function.
Heat production and dissipation depend on a coordinated
set of autonomic responses. The clinical detection of
impaired thermoregulation provides important diagnostic
and localized information in the assessment of disorders
that disrupt thermoregulatory pathways, including
autonomic neuropathies and gangliopathies. Failure
of neural thermoregulatory mechanisms or exposure
to extreme, or prolonged, temperatures that inhibit
the body’s thermoregulatory abilities can also lead to
potentially life-threatening deviations from normothermia.
Overcooling, defined as an internal temperature <35.0 °C,
can be manifested by shivering, respiratory depression,
cardiac arrhythmia, impaired mental function, mydriasis,
hypotonia and muscular dysfunction, which may progress
to cardiac arrest or coma.

Cold stress causes an indirect increase in vascular
tone in the peripheral region of the human body, which
reduces heat loss to the external environment to maintain
thermal homeostasis. Prolonged exposure to cold can
lead to impaired function, but moderate controlled
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hypothermia has found its application [7, 14]. The era
of targeted controlled hypothermia, with an emphasis on
a wider temperature range (33—36 °C) shows benefit
in acute craniocerebral trauma.

The physiological processes of local tissues
under the influence of local hypothermia are poorly
understood. Local adaptive changes in tissues occur
under the influence of temperature exposure by virtue
of many factors. Some of these factors are vascular,
hormonal, stress-protein adaptive systems [15].

The origin of cold-induced vasodilation is still a
big question. This process may take place via a central
pathway, or locally through direct cold paralysis of the
peripheral vessels (CPPV). However, we should not
forget arteriovenous anastomoses, which also play a
major role [16].

There is also evidence that the CPPV has a
cryoprotective function against local cold damage. For
example, hypothermia is known to reduce the metabolic
rate by 5-7 % when the internal body temperature
decreases by 1° [17], which reduces cellular oxygen
consumption. This is one of the main mechanisms
underlying the protective action of therapeutic
hypothermia, since oxygen starvation and the accumulation
of lactate and other wastes of anaerobic metabolism
play a central role in the progression of ischemic cell
death. The accumulation of aspartate, glutamate and
other excitatory neurotransmitters plays an important
role in neuronal death after cerebral ischemia [18]. In
animal models it was shown that glutamate release after
cerebral ischemia depends on temperature conditions.
Mild to moderate hypothermia is associated with the
most significant decrease in glutamate levels compared
to severe hypothermia and hyperthermia [19]. Hypothermia
reduces free radical production and suppresses various
inflammatory processes following global ischemia and
reperfusion. Reperfusion causes a significant increase in
the production of free radicals such as hydrogen peroxide,
superoxide, nitric oxide and hydroxyl radicals. High levels
of oxidants, cause disruption of redox balance throughout
the body and induce peroxidation of lipids, proteins and
nucleic acids, which contributes to cellular damage [20].
One study using an in vitro model of cerebral ischemia
showed that the neuroprotective effects of hypothermia
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were associated with a significant reduction in nitric
oxide and superoxide formation when the temperature
decreased to 31-33 °C [21]. The inflammatory response
that follows reperfusion has both positive and negative
effects. However, decompensation can last for 5 days, and
persistently high cytokine level is devastating over this
long time lap. Hypothermia suppresses the inflammatory
cascade and, in turn, prevents exacerbation of cellular
damage by inflammation.

The regulation of cutaneous blood flow occurs due
to the complex and dynamic interaction of body (core)
and sheath thermal interactions. In other words, there
are concepts of external and internal heat. However, the
intensity of vasomotor reactivity to localized thermal
stressors is primarily determined by the thermal state
of the whole body [22]. In particular, during prolonged
exposure to cold, hypothermia-induced sympathetic
excitation dominates over vasomotor control in the
extremities; noradrenergic constriction of cutaneous
arterioles prevails, while the frequency and magnitude
of CPPV response are impaired [23].

Under conditions of thermoneutral rest, systemic
hypoxia increases the activity of sympathetic innervation
and causes vasoconstriction on the outer layers of the
skin. Consequently, and based on epidemiological
studies, hypoxia was and is considered to be a
predisposing factor for the development of local cold
injury [24]. However, laboratory studies have shown
that hypoxic vasoconstriction in the outer layers of the
skin is less pronounced than vasoconstriction caused
by a localized cold stimulus [25]. Lingering constrictor
effect is mediated by hypoxia, a delay in spontaneous
warming of the limb after local cooling [26].

At high altitudes, hypoxia is usually exerted with
low ambient temperature, which blunts peripheral
vasoconstriction by increasing the rate and magnitude
of core cooling. However, the simultaneous effect of
hypoxia and low temperature on vasomotor reactivity
remains an open question.

Hypothermia and vascular response

Normal vascular microcirculation is a network
of perfused capillaries characterized by minimal
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heterogeneity, although its extent depends on the
metabolic demands of the surrounding tissues.
Adaptation to metabolic demands occurs through
capillary opening and closing, and modulation of
precapillary sphincters is partially influenced by
systemic factors [27]. Thus, the microcirculation
links the macrocirculation to the cells, facilitating
and mediating perfusion of target organs.

Cutaneous blood flow in humans and warm-blooded
animals is reduced when exposed to cold. This reaction
is usually explained by the fact that reflex-exogenous
temperature increase leads to sympathetic tone if
cooling threatens to decrease body temperature. Local
cooling increases the tone of superficial cutaneous limb
veins in proportion to the cooling temperature and is
independent of alpha-adrenergic innervation. Cutaneous
arterial vasodilation showed the opposite pattern, which
was expressed by vasodilation, also not mediated by
innervation. Locally cold induced vasoconstriction is the
result of a myogenic response and is due to transcellular
ion translocation [28].

The effects of temperature on vascular responses
to certain agonists such as noradrenaline [29,
30], 5-HT [31, 32], potassium channels [33] and
acetylcholine [34] have previously been studied in
details. On the other hand, the direct local effect
of temperature on vascular tone has scarcely been
studied. Vascular contraction induced by cooling
has been studied in samples such as rat bladder
smooth muscle [35], sheep tracheal muscle [36]
and intracerebral arterioles [37]. These studies have
established that cooling can affect calcium homeostasis
by preventing translocation of extracellular and
intracellular calcium. However, there is no extensive
information about the mechanisms involved in
hypothermic perfusion.

Herrera, B et al. (2000) have shown that
hypothermia causes contraction of an isolated renal
artery. The response of smooth muscle to cooling in
different body organs has been studied [38]. The results
showed that cooling has a pronounced effect on smooth
muscle. Therefore, it has been hypothesized that elastic
fibers are responsible for the atypical relaxation induced
by cooling.
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Hypothermia causes relaxation of deep vessels
such as aorta, pulmonary artery, carotid artery and
spasm of superficial vessels [39]. Herrera, B. (2002)
showed the role of elastic fibers in various responses of
certain vessels when cooling from 37 to 8 °C. Previous
results have shown that the nature of the vessel (conduit
or muscle vessel) determines the different behavior
(dilatation or spasms) of isolated vessel segments when
the temperature decreases from 37 to 8 °C [40]. Vessels
with a large number of elastic fibers show dilatation
upon cooling. On the other hand, muscle vessels with
fewer elastic fibers undergo contraction. Calcium release
from intracellular depots causes arteries to contract
during cooling. Vasodilation occurs only when smooth
muscle contraction mechanisms are inactive, as in the
case of vessels that have been subjected to cold storage
for 48 hours. The results presented in the author’s work
confirm the presence of two main effects, which are
directly dependent on the type of vessel. In arteries,
temperature reduction induces vascular relaxation
depending on the elastic component of the vascular
wall. In muscular vessels, the predominant effect is
contraction due to an increase in intracellular calcium.
Cooling-induced spasm occurs due to the maintenance
of balance of muscle cell metabolism and vascular
wall tone.

Stepwise cooling of rabbit carotid arteries caused
dilation proportional to temperature [41].

In order to investigate the underlying mechanism
of temperature responses in the carotid artery at the
cellular level, blocking experiments were carried out
that revealed the critical involvement of potassium
channels (K* channels), important regulators of
smooth muscle function and hence of vascular lumen
width. Their activation induces a major vasodilatory
mechanism through membrane hyperpolarization,
whereas their inhibition induces vasoconstriction. Four
different types of K+-channels have been identified
in arterial smooth muscle [42].

Hemodynamic monitoring of critically ill neonates
mainly focuses on systemic arterial oxygen saturation.
Cellular hypoxia and poor tissue perfusion may be
present in these neonates. Ideally, hemodynamic
monitoring should provide information on whether
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cells are receiving enough oxygen to maintain cellular
mitochondrial respiration.

Near-infrared spectroscopy (NIRS) is a promising
technique by which real-time monitoring of the cerebral
perfusion in neonates can be performed [43]. The depth
of the NIRS measurement is 1-3 cm, depending on the
design of the probe. Fredly, Siv (2016) investigated
differences in skin microcirculation and its ability to
deliver oxygen during cooling and after warming in
neonates with or without high levels of C-reactive
protein (CRP). Twenty-eight infants were divided into
two subgroups based on low or high CRP (recurrent
values above 30 mg/I for more than 24 h). Differences
between the two groups with regard to laser Doppler
perfusion measurements (LDF), computer video
microscopy and diffuse reflectance spectroscopy during
hypothermia on days 1 and 3 and after hyperthermia
on day 4 were assessed. After hyperthermia, children
with high SRB levels had significantly higher cutaneous
perfusion LDF, lower functional vessel density and
greater heterogeneity in capillary blood flow velocities
compared to children with low CRP levels, while no
such differences were found during cooling, suggesting
a positive anti-inflammatory effect of hypothermia
on cutaneous blood flow [44]. Caminos Eguillor
et al. (2021) studied the effect of hypothermia on
microcirculation in normal and severe hemorrhagic
shock. The authors concluded that hypothermia did not
additionally inhibit the microcirculatory disturbances
caused by hemorrhagic shock, which contradicts the
benefits of therapeutic hypothermia [45]. However, in
healthy humans, microcirculation maintains cellular
homeostasis through preconditioning. When blood
volume decreases, subsequent microcirculatory
changes result in heterogeneity of perfusion and tissue
oxygenation. Initially, this is partially compensated
by preserved autoregulation and increased cellular
metabolic rate, but in later stages the loss of
autoregulation activates the intracellular hypothermia
cascade [46].

A review of the literature revealed that, due to the
unclear topic of the vascular response to cold, the several
biomedical mechanisms involved in hypothermia are
relevant. The type of vessel involved in procedures,
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such as post-operative local hypothermia, should also
be considered [47].
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dusnonornyeckne oCoO6eHHOCTU KNETOK U MUKpococyamucToro

pycna nopg BJindAHNEM NnoKanbHoOM rmnoTepmMmuun

H.A. I'yceiinoB' ‘z, C.I'. UBamukeBuu' , E.M. Boiiko?
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AHHOTaI‘I/IH. FI/IHOTepMI/IH WJIN Tepariidg X0JI0[40M SBJIAE€TCA MeCTHBIM WX CUCTEMHBIM IIPUMEHEHHUEM X0J/10[a B TeparieBTHue-
CKHMX LieJIsaXx. MecTHOeE TIpPUMEHEeHKE X0J/10[d UCTIO0/Ib3YyeTCs /i KOHTPOJIA BOCIA/IMTE/ILHOIO IpoLecca: 6o/ u 0TeKd, reMaTOMEI,
CHU3UTL TPU3M. HECMOTpH Ha 4aCTOe MCII0J/Ib30BaHHe OXJIaXK/eHHs B OpTOHe,E[HHECKOfI peaGI/IHI/ITaL[I/II/I nu Cl)I/I3I/IOTepaHI/II/I, 0 ueM
CBUAETe/IbCTBYET MHOKE€CTBO COO6I.[I€HPII>1 B JIMTepaType, CylleCTBYIOT HAyUHbI€ JdaHHbIE, KOTOPbIe TOBOPAT O HEAOCTATKAX
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Guseynov N.A., Ivashkevich S.G., Boyko E.M. RUDN Journal of Medicine. 2022;26(1):34—41

TIPYMeHEeHMs B YeTFOCTHO-/IMLIEBOM XUPYPIUHM 1 XMPYPruueckol croMaTosioru. Takke KNMHUYeCKHe NCC/e/0BaHNsI, KOTOPbIe
TIPOBOJM/IMCH Ha 0a3e uesTFOCTHO-TMIeBOM XUPYPIUH U XUPYPrAUeCKOW CTOMATOJIOTHH, TIPOBOJU/IMCE SMITUPHUUECKUM ITyTEM,
YTO CTaBUT 1107, COMHEHUsI Pe3y/bTaThl UCCe0BaHuUs. BBy 9TOr0 aKTyanbHO M3yueHHe MeXaHU3MOB MUKPOLPKY/ISITOPHOTO
TMIPeKOH/IULIMOHUPOBAHUS U THTIOTePMUU. [TaHHBIN (HH3U0M0rHIe KUl TIPOLiece TpeCTaBsieT 0COObIA UHTepec ijisi pa3paboTKu
Me/IMLJMHCKHUX YCTPOWCTB KOHTPOJUTUPYEMOH arrapaTHOM TMITOTePMUH [i/Is TTPeJ0TBPAlLeH s BOCTIA/UTeTbHbIX CUMITTOMOB
Ha 3Tarie peabW/IUTALVH, LieJIeHalpaBIeHHO BO3eHCTBYS Ha COCYIUCTO-K/IeTOUHBIH KOMITOHEHT BOCIa/IUTeTBHOTO MpoLiecca
B pa3HbIX 00/1aCTsIX Tesla yenoBeka. Ha ceroHSIIHMIA JeHb IPUMeHeHu e JIOKaIbHOW armapaTHON KOHTPOJIMPYeMOW TMITOTepMUU
TIPY pa3/IMUHbBIX T1aTOJIOTMYEeCKUX COCTOSIHUSIX UesioBeKa akTyabHOe HarpaB/ieHne B MeuLHe. MUKPOLMPKY/ISITOPHOE PyC/Io
HanpsIMyI0 CBSI3aHO C TeMIlepaTypHbIMU akTopaMu. HecMoTpsi Ha TO, UTO CYyIL{eCTBYIOT MOHSITHSI COCYAUCTBIX Cria3Ma Wn
[IUISITalY B MMKPOLMPKY/IITOPHOM PYyCJie TIPH CUCTEMHOM TUTIOTePMHH, OTCYTCTBYIOT /JOCTOBEPHBIE /JaHHbIe 0 K/IeTOYHO-CO-
CYIMCTBIM peakLUsiM TIPH JIOKa/IbHOM rurotepMuu. B maHHO#M paboTe TpoBe/ieH MOMCK (yHJAMEeHTaTbHBIX U COBPEMEHHBIX
Hay4HBIX paboT Ha TeMy K/IeTOUHO-COCYAUCTHIX U3MEHeHHUH 110/, BAUsSHUEeM rMIoTepMun. [1py TIovcKe JaHHBIX OBIIO BBISB/IEHO,
YTO MeXaHW3Mbl BHYTPHUK/IETOYHON THUITOTEPMHUM TIPeJICTaB/IsieT 0COObIA MHTepeC [iisl pa3paboTKK TepareBTUYeCKUX MEeTOJ0B
JieueHHsI ITOCJIe OTIepaTUBHBIX BMeIaTe/IbCTB B 00/1acTsIX ¢ 0OM/IBbHBIM KPOBOCHaOXeHHeM. VICcXozst U3 3TOro akTyaabHO
TIPOBeZIeHHe MCCIIe/[0BaHNM, HallpaB/IeHHBIX Ha M3yUeHe HeCKOJIbKUX HallpaBlIeHU: poJib SH/0TeJIHS, ITTIMKOKAIUKCa 1 KIIeTOK
KPOBM B MUKPOLIMPKY/IITOPHO-OIIOCPeZ0BaHHOM MPEeKOHAULMOHNPOBaHHS U BHYTPHKJIETOUHOW TMITOTEPMUH, a TaKKe TIPH
MOJIEKY/IIPHOM MeXaHHW3Me, PeryJIMpyIoIieM TH sIB/IeHHs], OAMHAKOBO JIM OHM TPOXO/ST BO BCEX TKaHSIX.

KroueBble cs10Ba: TeparieBTHUeCKast TUTIOTEPMHES], MUKPOLIMPKY/IITOPHOE PYCJI0, Ba30AU/ISATaLMsI, Ba30CI1a3M, KJIeTOYHast
TUIIOTePMUST
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