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TEPAITEBTUYECKASA I'MIIOTEPMUSA JJIA 3AIUUTBI OPTAHOB B
KPUTNYECKUX CIIYUAAX

B nccnenoBanue ObUTH BKJIIOYEHBI 58 GOJBHBIX ¢ BHYTPUUYEPEITHBIMH [eMaTo-
MamMu (n=44) U KapIUOTEeHHBIM MOKOM (n=14), 4TOOBI OLICHUTH 3PPEKTUBHOCTH
TepamneBTrueckoil runorepmu (TI') B cooTBeTCTBMM ¢ M3MEHEHUSIMH CUCTEMHOMN 1
LepeOpanbHOI FeMOAMHAMUKH, YTO IIPUBOAUT K AUCHYHKLIUU OPIaHOB.

st MOHUTOPHHTA OBIT UCIIOJIB30BAH IINUPOKHIA CIIEKTP METOJ0B U HHCTPYMEH-
TOB. bbutn 0OHapyskeHbl nonoxurenbHbie ahdexTs T, Biusonme Ha nepudepu-
yecKUil 1 Mo3roBoil kpoBoTok. MHunuuposanue TI" npuBeno Kk CHUKEHUIO MOCT-
TUIIOKCUYECKOil 9HIIe(aTI0NaTUH HapAaBHE C yMEHBIICHUEM ITPU3HAKOB TUIonepdy-
3uM BHYTpeHHuX opraHoB. Kpowme Toro, TT oka3zano monoxuTenbHOe BIUSHUE HA
Te4eHHe CUHPOMa IMTOJINOPTraHHol HepocTaTouHocTU. KoadduimeHT cMepTHoCTH
B rpynne TT He3HAYMTETbHO CHU3MIICS IO CPABHEHUIO C KOHTPOJIBHOM I'PYIIION.

MaccuB COOTBETCTBYIOIIUX BOMPOCOB IpeIaraeTcs JUIsl JaJbHENIINX Hccie-
noBanuil. Muuuumposanue nennBasupHoll TI' He MpOTUBOPEUUT APYTUM CTpaTe-
TUSIM Be/IeHHs JaHHbIX OOJIbHBIX. B coueTaHuy ¢ ApyrumMu MeToJaM1 HHTEHCUBHOM
tepanuu TT sBnsiercs 3pheKTHBHBIM pellIeHneM ISt 3aIUThI OPraHOB OT BPEIHO-
ro Bo3zaeicTBus runokcuu. OnHako nanuupoBanue TT, ocoGeHHo y HelpoXupyp-
THYECKUX OOJIbHBIX, TPEOYET PACIIMPEHHOI'0 MOHUTOPUHTIA. TepamneBTudyeckas ru-
MOTEPMUSI — BBICOKOI(D(HEKTUBHAS MO/IENIb B UHTCHCUBHOM Teparuu HeTpaBMaTH-
YeCKUX Cy0apaxHOUIAIbHBIX KPOBOU3IUSHUIA.
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THERAPEUTIC HYPOTHERMIA FOR ORGAN PROTECTION IN
CRITICAL CARE

58 patients with intracerebral hematomas (n=44) and cardiogenic shock (n=14)
were included in the study to assess the effectiveness of therapeutic hypothermia
(TH) according to the changes in systemic and cerebral hemodynamics, leading to
organ dysfunction. A wide range of methods and tool were used for monitoring.
Positive effects of TH on the peripheral and cerebral blood flow have been found.
Moreover, the initiation of TH reduced post-hypoxic encephalopathy as well as the
signs of hypoperfusion of splanhnic circulation. TH produced a positive effect on
the course of multiple organ dysfunction syndrome. Mortality rate in the TH group
slightly decreased compared to the control group. An array of relevant issues is
proposed for further sudies. The initiation of non-invasive TH does not interfere
with other management strategies. TH combined with other intensive care modali-
ties appears to be an effective option for protecting organs against the deleterious
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effects of hypoxia. The initiation of TH, particularly in neurosurgical patients, re-
quires advanced monitoring. TH is a high effective modality in intensive care of
nontraumatic subarachnoid hemorrhage.

Key words: hypothermia, critical care, intracerebral hematoma, cardiogenic
shock.

Background

During the last decade hypothermia being a promising method for protecting organs
against the deleterious effects of hypoxia has stepped over the threshold of the research
laboratories and is in daily clinical practice (6; 7). Many studies concluded that
hypothermia is a highly effective modality to prevent intraoperative brain injury with
the further development of post-hypoxic encephalopathy caused by sudden cardiac arrest,
neonatal hypoxic-ischemic encephalopathy, stroke, head and spinal cord trauma. This
beneficial effect was evidenced also for cranial-cerebral hypothermia and therapeutic
hypothermia (TH) (13; 14). Thus, the specific mechanisms of hypothermic protection
remain unclear. It is assumed that TH interrupts or modulates metabolic, molecular and
cellular pathways leading to neuronal death (8). Over the decades the prevention of
multiple organ dysfunction syndrome (MODS) in critically ill patients remains relevant.
Despite all innovations and improvements in organ protection, MODS is associated with
23-25 % mortality rate. Indeed, a new phenotype of MODS has emerged — persistent
MODS (PICS — persistent inflammation, immunosuppression, and catabolism
syndrome), characterized by prolonged stay in intensive care units (ICU), when organ
dysfunction may be controlled, but not treated, and is accompanied by recurrent infections
with mild systemic inflammatory response syndrome (SIRS), lymphopenia, and decreased
lean mass (2; 17). We hypothesized that TH can prevent the development of MODS in
critically ill patients. Therefore, the aim of the present study was to assess the effectiveness
of TH in different groups of intensive care patients.

Material and Methods

A prospective, non-randomized study was approved by the Local Ethics Committees
of the Research Institute for Complex Issues of Cardiovascular Diseases and Kemerovo
Cardiology Dispensary. 58 patients underwent TH using an Arctic Sun 5000 Temperature
Management System (BardMedical, USA) with the conductive pads placed on the chest
and lower extremities of the patient. TH with the target temperature (T °) 34°C was
induced at the time of admission to the ICU. The duration of TH was 52 hours (min 38,
max 64). TH was performed in 44 neurosurgical patients with cerebral aneurysm rupture,
complicated by subarachnoid hemorrhage, cerebral vasospasm (CV), cerebral edema, who
had undergone craniotomy and aneurism clipping. TH was performed in 14 cardiac
patients admitted to the ICU with cardiogenic shock who had undergone percutaneous
coronary intervention (multivessel stenting and / or angioplasty). All cardiac patients were
on intra-aortic balloon pump (IABP) combined with mechanical ventilation and inotropic
support at high doses. The control group consisted of 20 patients (10 neurosurgical
patients and 10 cardiac patients), who were comparable in clinical and anthropometric
data. The exclusion criteria were as follows: standard contraindications for TH (3). In 20
patients (34.5 %) the full scope of monitored parameters was not achieved due to the
absence of the need to place the intracranial pressure (ICP) sensors. Main clinical
laboratory data were measured and analyzed. Jugular venous oxygen saturation (SbvjO2)
was estimated from the lesion site in neurosurgical patients. Parameters of central
hemodynamics were evaluated using a patient monitor Nihon Koheden ISM4113K, Japan
with the calculation of delivery / oxygen consumption (DO, / VO,). Intracranial pressure
was measured using a Spiegelberg brain pressure monitor, Germany). Linear blood flow
velocity (BFV) was measured using a transcranial Doppler monitor “Angiodin Universal”
(BIOSS, Russia). Basal metabolic rate (BMR) was assessed using a monitor “MPR 6-03
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Triton” (Triton, Russia). Regional perfusion was estimated using the resistive index (RI)
in the mesenteric and renal arteries with a scanner «Vivid-7 Dimention», General Electric,
USA). The severity of patients’ illness was assessed using the SOFA score. Serum levels
of biochemical prognostic markers of MODS (S100, intestinal fatty-acid-binding protein
(I-FABP) were measured every 12 hours during TH treatment. Data are presented as
median and 25th and 75th percentiles (Me [25 %, 75 %)]). All statistical analyses were
computed using “Statistica. 6.1.”

Results and Discussion

Neurosurgical patients during TH treatment exhibited hyperdynamic type of
hemodynamic profile due to hyperthermia (T° 37.8 [37.5; 38.6]), whereas in cardiac patients
hyperdynamic type was associated with reperfusion and inotropic support. Initially
elevated CI (7.4 [5.2; 8.6] 1 / min / m2) decreased to subnormal values (-5.5 [3.6; 5.9] I/
min/m2) after 4 hours of TH treatment (reaching moderate hypothermia 35.8 °C). When
the target temperature was achieved, CI reached normal values (3.3 [2.9, 3.9]
1/ min/m?). The dosage of the inotropic support was not changed. Thus, tachysystole,
124 [112; 138] beats \ min decreased to subnormal values — 86 [68; 97] beats/min. Several
studies reported (11; 15) the development of peripheral spasm in hypothermia below
35 °, but in our study initially elevated index of peripheral vascular resistance, 2384 [2019;
2645] dyn-s/(cm>-m?), remained within the normal range and was 1562 [1133; 1728] dyn-s/
(cm5-m2) at the central T° 34.2. Peak systolic velocity in the middle cerebral artery
decreased up to 30 % out of initial value (from 267 [212; 334] cm/sec to 162 [149; 190]
cm/s) leading to decreased Lindegaard index. There were no changes observed during
the rewarming. The above-mentioned tendency is reported by numerous studies (10; 12),
and may be considered as a main mechanism of cerebral protection produced by TH.

Biochemical markers of brain tissue, S100 protein, also demonstrated a tendency to
decrease up to normal values by the first day of TH treatment (Table 1). The obtained
data are consistent with the results of other studies (1; 16; 18).

Changes observed in basal metabolic rate during TH treatment are presented in Table 2.

Minimum values of BMR were achieved by 36 hours after TH treatment and remained
at the same level during rewarming. Few studies reported similar results (6, 13) as BMR
is supposed to be rather volatile parameter, which depends on different factors, and,
primarily, on the adequate and balanced nutrition.

Table 1
Levels of S100 during TH, ng / ml, Me [25%, 75%]
Parameters Baseline 24 hours of TH Rewarming
Reference values 0.5-17 0.5-17 0.5-17

TH group 21.6 [20.4; 28.8] 17.71[7.7; 27.7] 12.9[7.8; 25.6]
Table 2
Basal metabolic rate during TH, kcal, Me [25%, 75%]
Param- Baseli 12 hours of | 24 hours of | 36 hours of R .
eters aseline TH TH TH ewarming

Reference| 1900-2100 1900-2100 1900-2100 | 1900-2100 1900-2100
values
TH 2766 2120 1990 1240 1240
group [1998; 3010] | [1960;2990] | [1240; 1999]| [1017; 1870] | [1010; 1890]
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The rate of posthypoperfusion dysfunction decreased in the TH group. Thus, the rate
of paralytic ileus and pancreatitis was significantly lower in the study group compared
to the control group (40.9 % (18) vs. 80 % (8), respectively). Similarly, the rate of renal
failure was lower in the study group, compared to the control group (11. 4 % (5) vs. 20 %
(2), respectively) according to the RI (Table 3). Regional perfusion was characterized by
an initial moderate increase with the further normalization during TH treatment and
significant impovements in the mesenteric and renal blood flow on days 1-3 after TH
treatment. We also suppose these improvements to be associated with the discontinuation
(or substantial reduction) of inotropic / vasopressor support.

The comparative assessment with the results obtained in other studies could not be
performed, since the resistive index was measured for predicting the development of
MODS using an innovative approach (RF patent, registration number 2585143).

In general, the study group had severe and stable MODS during a 7-day follow-up
period according to the SOFA score, whereas the control group showed some progression
in the MODS course (p<0.05) during a 3-4 day follow-up. This indirectly confirmed our
hypothesis.

The assessment of clinical effectiveness in neurosurgical patients after TH treatment
without sedation reported that the Yunt-Hess and NIHSS scoring decreased (from 3. 8
[3.2;4.1Jupto 2. 1[1.6; 2.9] and from 15. 8 [12.2; 21.6] up to 11. 3[9.1; 15.4], respectively).
The Lindegaard index decreased form critical value up to the acceptable one (from 4. 3
[3.6;4.9]up to 1.9[1. 2, 2. 4]). Taking into account 100 % predicted mortality rate for
all patients, mortality rate for neurosurgical patients was 26.6 % (11) vs. 33.3 % (3) in
the control group. Mortality rate in cardiac patients was 57.1 % (8) vs. 70 % (7) in the
control group. There were no signs of post-hypoxic encephalopathy observed among the
survivors (100 % in the control group). Moreover, there were no critical values of CI (the
development of secondary cardiogenic shock). Nevertheless, several non-fatal
complications developed, namely arrhythmia — 6 (12.2 %); pneumonia — 4 (8.2 %);
rebound hyperthermia — 7 (14.3 %). Similar complications were observed in other studies
(5; 9). There were no cases of local skin damage and bleedings.

However, the present study has several limitations. First, a small number of patients
were recruited to the study because of the randomization requirements. There were some
difficulties to enroll patient into the control group, including ethical reasons.
Unfortunately, it was impossible to assess the impact of basic MODS algorithm for

Table 3
Regional perfusion according to the resistive index, Me [25%, 75%]
Baseline During TH Day 1 Day 3 Norms
Mesentric artery resistive index
TH- 0.7 0.56 0.49 0.49 0.6
[0.67; 0.88] [0.49; 0.59] [0.48; 0.59] [0.46; 0.59]
TH + 0.71 0.58 0.35 0.36 0.6
[0.69; 0.87] [0.50; 0.61] [0.29;0.39] 0.30; 0. 41]
Renal arterial resistive index
TH- 0.8 0.64 0.54 0.58 0.6
[0.79;1.2] [0.60;0.77] [0.27; 0.59] [0.48; 0.67]
TH + 0.8 0.67 0.22 0.39 0.6
[0.67;0.9] [0.65; 0.78] [0.19; 0.39] [0.37;0.49]

Note: TH (-) — patients without TH; TH (+) — patients with TH
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intensive care. The need to assess immunologic indicators and systemic inflammation to
determine their role in the development of MODS.

Therefore, new insights presented in this article open an array of issues that should
be addressed in the future studies. The adequate time period to induce TH treatment as
well as its beneficial duration are still unclear. Optimal methods for objective control
need further investigation (including the termination of TH). One of the issues is related
to the choice of adequate treatment strategy when one of the following parameters —
cerebral perfusion pressure, intracranial pressure or vasospasm — normalizes and others
are not. The role of basal metabolism rate should be studied, since it may be a potential
parameter suitable for monitoring of the effectiveness of TH treatment. The contribution
of TH treatment combined with other methods to reduce intracranial pressure and blood
flow velocity require additional studies (triple-H therapy, nimodipine, hormones,
barbiturates, osmotic diuretics). The problem of hemostasis — anticoagulants or
desagregants? Serial imaging and the need for neurological pause. The need for sedation
and muscle relaxation, i. e. if there is no muscle manifestations, is it necessary to use
sedation and muscle relaxation in these patients? All these issues require multicenter,
randomized trials with full instrumental monitoring. Nevertheless, the results obtained
in the present study allow us to make preliminary conclusions.

Conclusion

The initiation of non-invasive TH does not interfere with other management strategies.
TH combined with other intensive care modalities appears to be an effective option for
protecting organs against the deleterious effects of hypoxia. The initiation of TH,
particularly in neurosurgical patients, requires advanced monitoring. TH is a high effective
modality in intensive care of nontraumatic subarachnoid hemorrhage.
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SMIHU ®YHKUIOHAJ/IBHOI'O CTAHY
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Y XBOPUX HA TOCTPUI ITAHKPEATUT
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b. A. Iluarupubii

MN3MEHEHUSA ®YHKIHUOHAJBHOI'O COCTOSAHUS TPOMBOLIU-
TOB Y BOJbHbBIX OCTPBIM ITAHKPEATUTOM

AkTyanbHOcTh. OCTpPBII NAHKPEATUT — 3TO BOCHAJIEHUE ITOIKETyJOUHOM Ke-
Je3bl/IapananKkpeaTHIecKoi kieTyaTky. Kak u kasknoe BocraneHue, OHO CIPOBOXK-
JTaeTCsd U3MEHEHUSMHU reMocTa3a. TpoMOOIMTHI B 3TOM IPOLIECCe UTPAIOT OJIHY M3
BEJLYIIHUX POJICH, TOCKOJIBKY SBJISIOTCS KOMIIOHEHTOM COCYIHMCTO-TPOMOOIIMTAPHOTO
reMocTasa U OOJIBIIMHCTBO Peakiiii HepMEHTHOTO TeMOCTa3a TAKKE MTPOUCXOAUT
Ha CTEHKEe TpoMOoLuTa.

Lleabto 3101 paboTH! OBIIO HCCIEIOBATh AMHAMUKY MOP(}HODYHKINOHAIBHOTO
COCTOSIHMSI TPOMOOIIMTOB y OOJIBHBIX OCTPBIM ITAHKPEATHTOM.

Marepuan u meroabl. O6cnenoBaHo 18 GonbHBIX (8 eHIMH U 10 MyKX4MH),
TOCHUTAIU3UPOBAHHBIX BO JIbBOBCKYIO 00JIaCTHYIO KIMHUUYECKYIO OOIBHHUILY C TU-
AarHO30M «OCTPBIH MaHKpeaTUT cpeaHe crernenu Tsokectu» ¢ 2010 mo 2015 rr. [Tpu-
YHUHON OCTpOro maHkpeatura y 10 manueHToB ObUIM JKeTYHOKAMEHHas OOJIe3Hb U
MHUKPOJIUTHA3, Y 4 OGOJIBHBIX — AJIKOT0JIb, 4 y 4 MAallMeHTOB ObUI TNArHOCTUPOBAH
UAMOTIATUYECKHI TaHKpeaTuT. JIeueHue npoBOAMIIN COTIIACHO OOIICIPUHSTHIM IIPO-
ToKoJIaM. Mcnoap30Baics MUKPOCKOIIMYECKUI METO/I UCCIIeIoBAHUS HOPMBI TPOM-
OOLMTOB, OLICHUBAJINCH €€ U3MEHEHUS IPU CIIOHTAHHOM aKTHBALMU KIIETOK IIOCIIe
UX IOJIyUCHHUS C COCYAUCTOrO pycia. B ocHoBe MeToauku jexut Meto Fromovik
u Milton (1982).

Pe3yabratbl. Y OGOJIBHBIX OCTPBIM IAHKPEATUTOM YK€ Ha 3-M CyTKH Ooje3Hu
OBIJIO OTMEUEHO YMEHbIIEHNEe MHTAKTHBIX TpoMOoruToB (71,4%1,1; p<0,05) u yse-
JIMYEHNE KOJINYEeCTBA aKTUBUPOBAHHBIX (OPM, YTO YKa3bIBAET HA AKTHBAIMIO CO-
CYAUCTO-TPOMOOIIMTAPHOIO 3B€HA T'eMocTas3a yxke B Hauaje 3aboneBanHus. CymMma
aKTUBHBIX GOPM TPOMOOIIMTOB HA TPETHil eHb Gose3Hu coctaBmia 23,8 % (Hop-
Ma 7,9-17,7 %). YBennueHnue MHTaKTHbIX GopM TPOMOOLIUTOB 3a(hMKCUPOBAHO TOJIb-
ko Ha 10-e cyTkn 0oJie3HN y OOJIBHBIX OCTPBIM ITAHKPEATUTOM CPEIHEH CTEeNeHH TS~
xect. CymMMa akTHBHBIX ()OPM TPOMOOIMTOB B 3TOT MEPUOJT OOJIE3HU COCTABHIIA
15,6 %.

BeiBonbl. IIpenocraBnenHble 1aHHbIe 00 N3MeHEHUN (HOPM TPOMOOLIUTOB IIPU
UX CTUMYJISILIMK YKA3bIBAIOT Ha BO3MOYKHOCTh MCIOJIB30BATH 3TH MTOKA3ATEIN IIPH
MATOJIOTMUECKUX COCTOSHUSX, KOTOPBIE CONPOBOKAAIOTCS HapYIIEHHEM reMocTa-
3a. BHyTpucocynucras akruanus TpoMOOIMTOB 0OYCIIOBI€HA MHOIMMHM MPUYH-
HaMU: U3MEHEHUSIMHU COCYIUCTON CTEHKH, TOBPEkKACHUEM TKaHeil u 1p. Bo MHOTHX
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