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ABSTRACT. We aimed at evaluating the informativeness of arterial and venous blood indices at hemorrhagic
shock and gravity of hemorrhagic shock in animal models with the use of the in vitro system AVL (England).

The model of severe hemorrhagic shock (HS) in 2-4 kg anesthetized (nembutal narcosis - 40 mg/kg) male cats
(n=8) was induced by the Wiggers-fine’ method through bloodletting. Intraarterial blood effusion summary 40mg/
kg, till arterial blood pressure dropped to 40mm/hg for 1 hr. Arterlal and venous blood gas monitoring was
conducted in dynamics: at 30™ min (HS 30), at 60" min (HS 60) and at 80" min. Blood was taken from femoral vein
and artery (v.et.a.femoralis) using microcapillary TYPPE 551T 1/18 5/100 and studied on AVL (England). A total of
174 blood gas samples: arterial and venous pH, partial pressure of PC0,, mmHg, partial pressure of PO, , mmHg,
bases excess BE mmol/l, buffer bases BB mmol/l, bicarbonate HCO, mmol/l saturated O, sat mmHg, alveolo-
arterial oxygen deficiency (AaDO,) and cardio circulatory oxygen deﬁc1ency CCDO, - % were measured. The
obtained results were analyzed statistically with the use of STX program. Reduction of arterlal blood effusion to 40
ml/kg/ led to the following alterations: decreases in mean arterial blood pressure (from 124 mmHg to 60 mmHg —
at HS30 and 40 mmHg -at HS60), In venous blood control CCDO, increases from 17.10+1.20 % to 21.43+1.15
% . At HS60 and 80" min CCDO, increases from 43.3+3.60% to 47. 80:|:1 03% (p< 0.05, p< 0.01, p<0.01). In
arterial blood control CCDO, was 0%, while at HS30, HS60 and at 80" min CCDO, increases and is equal to
9.0+1.3%, 43 3:I:3 63% and 50 1+1.3%, respectively. (p<0.01, p<0.01, p<0.01). Arterlal PCO0, varies and at HS30,
HS60 and 80" min it is 40.55+1.09 mmHg, 32.40+2.40 mmHg (p< 0.05), 38.66+1.20 mmHg and 45.60+1.3 mmHg
(p<0.05). After 80th min irreversible changes develop. In the experiments carried out PCO, differs from control
data. Arterial and venous blood gas monitoring revealed close correlation of altered PCO, and CCDO, indices with
acidosis, which could be used for assessment of acidosis at hemorrhagic shock. Changes in venous PCO, and
CCDO, have recently been shown to correlate with changes in global tissue perfection (cardio-vascular system).
Such data, available immediately via continuous venous blood gas monitoring, may be useful for monitoring shock
and the response to resuscitation. The results of blood gas monitoring agrees closely with the results obtained with
the use of fiberoptic three-dimensional sensors.

This method could be used in different unstable situations. In vitro AVL system provides additional possibilities
to investigate other vitally important parameters (buffers, CCDO, AaDO,) etc. © 2011 Bull. Georg. Natl.
Acad. Sci.
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The adaptive and compensatory reactions developed
at hemorrhagic shock fail against the background of total
hypoxia and subsequent accumulation of metabolic waste
products as a result of dramatically disordered
hemocirculation. Alterations in arterial and venous blood
gas indices at HS and their continuous monitoring at vari-
ous stages of HS provides valuable information about
the disorders of metabolic processes in the organism.
Reaction of the organism at cellular, subcellular and or-
gan levels, developed in response to progressive
hypovolemia, is a whole system of metabolic processes,
which is under influence of various factors and has been
revealed by disordered microhemocirculation, altered
neuro-humoral regulation, abnormal membrane permeabil-
ity and disordered transmission of vitally important ele-
ments [1-3]. A good indicator for evaluation of the above-
mentioned disorders is the monitoring of arterial and ve-
nous blood gases and investigation of buffer systems in
organism. The current standard for blood gas analysis is
intermittent blood gas sampling with measurements per-
formed in vitro, in a blood gas analyzer. Recent advances
in optical sensor technology have allowed the develop-
ment of miniaturized fiberoptic devices that can be placed
intravascularly to continuously measure changes in PO,,
PCO, and pH. Continuous monitoring and investigation
of arterial and venous blood gases is possible with the
use of the Puritan-Bennetti 3300 system (PB3300) and
fiberoptic three-dimensional sensors. This method pro-
vides information in vivo in unstable conditions [4].

Material and methods: The model of severe
hemorrhagic shock (HS) in 2-4 kg anesthetized (nembutal
narcosis - 40 mg/kg interarterial blood exfusion 40 ml/kg)
male cats (n=8) was induced by the Wiggers-Fine method
[1] through bloodletting. Animals were bled to a femoral
arterial blood pressure 40 ml/Kg. Catheter was inserted in
left femoral artery (a.femoralis sinistra) for measurement

and monitoring of arterial blood pressure. The blood was
withdrawn from the same place (left femoral artery-
a.femoralis sinistra). Blood was taken from right femoral
vein and artery (v.et a.femoralis dexter) using microcapillary
TYPPE551T 1/18 5/100 and studied on AVL (England).
Blood test was conducted at 37 °C on the AVL.

Arterial and venous blood gas monitoring were con-
ducted in dynamics: in norm (control), at 30" min (HS30)
at arterial pressure 60 mmHg, on 60" min (HS60) at arterial
pressure 40 mmHg and on 80" min, when arterial pressure
was 20 mmHg. Fluid with equivalent amount of with-
drawn blood and diuresis was retransfused in left femoral
artery (a.femoralis sinistra). Body core temperature was
maintained at 37 °C. A total of 174 blood gas samples:
arterial and venous pH, partial pressure of PCO, , mmHg,
partial pressure of PO,, mmHg, Bases Excess BE mmol/l,
Bufer Bases BB mmol/l, bicarbonate HCO, mmol/l, satu-
rated O,sat %, alveolo-arterial oxygen defici ency (AaDO,)
and cardio circulatory oxygen deficiency CCDO, - % were
measured. Obtained results were analyzed statistically
with the use of STX program.

Results and discussion. The experimental results
showed (see tables 1, 2; Figs. 1- a), b), 2- a), b)) that some
parameters of the arterial and venous gas structure and
buffer system had a tendency to increase, some to de-
crease. In the arterial blood PCO,, BE, AaDO,, CCDO, and
AaDO, increase, but - PH, BB, HCO,, PO,, O, sat, AaDO,
and CCDO, — decrease. In the venous blood PCO, and
CCDO, increase, but PH, BE, BB, HCO,, PO, and O, sat
decrease. The activity of biological macromolecule struc-
ture and finally, function of cell defines PH. The majority
of ferments have determined PH, whose increase or de-
crease regress their activity. In arterial blood the control
group pH was 7.276+0.034 and it decreased to 7.112+0.012
at 80" min (P<0.01). In venous blood pH decreased from
7.245+0.048 to 7.049+0.032 (P<0.01). The reduction ten-

Table 1.
Arterial blood gases change of hemorrhagic shock in male cats (M+m, n=8)
Index Control group HS30 HS60 80" min
pH 7.276+0.34 7.271+0.086 7.217£0.021  p<0.001 7.11240.012  p<0.01
PCO, (mmHg) 40.55+1.09 32.4424 38.66+£1.2 45.6+1.3 p<0.05
BE (mmol/1) -7.87+1.14 -7.71£1.95 -132241.41  p<0.05 -14341.98  p<0.05
BB (mmol/l) 40.02+1.14 39.17£3.39 35.27£1.06  p<0.05 33.601+1.11  p<0.01
HCO3(mmol/1) 18.3+1.04 17.22+1.62 13.21£1.14 13.6+1.11  p<0.05
PO, (mmHg) 112.53+13.75 101.9+£7.72 76.6+5.5  p<0.05 55.249.8  p<0.001
O, sat % 97.04+14 96.23+1.1 8998+1.1 p<0.01 81.1£2.15  p<0.001
AaDO; % 0 0 219+1.1  p<0.01 39.21+14.44  p<0.001
CCDO,% 0 9+1.3 43.3+3.63  p<0.001 50.1+1.3  p<0.001
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Fig. 1. Arterial blood gases structure at hemorrhagic shock in male cats (M+m, n=8). a) Arterial blood gases structure priority parameter
change in femoral artery; b) The dynamic change of hypothetic model in arterial blood gases structure in femoral artery.

dency in pH points to disordered metabolic processes in
organism, which has been revealed in internal organs
(heart, liver) by increased level of lactic acid [5-7]. These
data reflect initial hypoxic processes developed in inter-
nal organs.

In control group animals the venous PCO, was in-
creased from 44.03£3.16 to 64.23+3.18 mmHg (p< 0.001),
pointing to early stage of shock during which organism
reacts by hyperventilation and adequate perfusion. In
arterial blood the same parameter PCO, was 40.55+1.09
mmHg, at HS30 it decreased to 32.4+2.4 mmHg (p< 0.05),
at HS60 started elevation and it was 38.66+1.2 mmHg
(p<0.05) and at 80™ min PCO, increased to 45.60+1.30
mmHg (P<0.05).

This decrease in PCO, at HS30 could be explained by
consumption of CO, for synthesis of bicarbonates in re-
nal tubules, but the latter increase in PCO, indicates mal-
functioning of the kidney in producing bicarbonates.

At HS, BE and BB increase in both femoral artery and
vein (a.et v.femoralis). In arterial blood BE increases from
-7.87+1.14 to -14.3£1.98 mmol/l (p<0.05) and in venous
blood — from 8.18+1.62to-14.8+1.13 mml/I (P<0.001). In
arterial and venous blood BE at 80th min decreases al-
most equally. Depletion of BE develops against the back-
ground of progressive acidosis, indicating a malfunction-
ing of the liver in restoring pH level at a late stage of the
shock. At 80" min utilization of lactate also decreases,
which is initially revealed in venous- and later in arterial
blood (see Tables 1 and 2). BB sharply decreases in arte-
rial and venous blood. Arterial BB decreases from
40.02+1.14t033.60+1.11 mmol/l (P<0.01), venous BB de-
creases from 39.78+2.26t033.61+1.31 mmol/l (P<0.05).
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This decrease in BB correlates with the severity of shock.
HCO, in arterial blood decreases from 18.30+1.04 to
13.60£1.11 mmol/l (P<0.05), in venous blood HCO, de-
creases from 18.4541.57 t0 13.80+1.13 mmol/1 (P<0.05). This
decrease in HCO), indicates renal malfunctioning, leading
to reduced excretion of bicarbonates and impaired func-
tioning of the liver to compensate acidosis. In arterial
blood PO, and O, sat decrease also from 112.53+13.75 to
55.20+£9.8 mmHg (P<0.01) and from 97.04+1.4 % to
81.10+2.15%, respectively (P<0.001). PO, and O, sat in
venous blood decrease from 56.86+7.68 to 31.10+£2.5mmHg
(P<0.01) and from 61.17+7.06 % to 20.70+3.05 %, respec-
tively (P<0.001). Decrease in PO, and O, sat is the result of
total hypoxia and points to anaerobic processes. The re-
duction of this index indicates profound impairment of
oxidative processes. Reuptake of O, from alveoli tissue to
blood and saturation of hemoglobin indicates significant
destructive process of hypoxia, leading to conversion of
the aerobic process to anaerobic.

AaDO, in arterial blood increases from 0 to
39.21£14.44% (P<0.01) and CCDO, from 0 to 50.1£1.3%
(P<0.001), in venous blood CCDO, increases from
17.10+1.20 % to 47.80+1.03% (P<0.001). It is an important
fact that oxygen deficit in the venous blood during HS30
is significantly reduced, p<0.05. Massive exfusion, which
was 40 ml/kg per body mass, a cardio-circulatory oxygen
deficit and lack of arterio-alveolar oxygen were seen. Com-
position of the blood samples to a great extent depends
on the exact site of the blood withdrawal. So, the blood
gas structure depends on the depth of the catheter inser-
tion. Initially, at HS30 when arterial blood pressure was 60
mmHg (erectile phase) only venous CCDO, P<0.05 and
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Table 2.
Venous blood gases change at hemorrhagic shock in male cats (M+m, n=8)
Index Control group HS30 HS60 80" min
pH 7.245+0.048 7.22+0.001 7.156%0.08 7.049+0031 p<0.01
PCO, (mmHg) 44.03£3.16 49.524+4.97 54.69+£1.08 p<0.05 | 64.23+£3.18 p<0.001
BE (mmol/1) -8.18+1.62 -7.12+£2.55 -9.76+2.98 -14.8+1.13 p<0.001
BB (mmol/l) 39.78+2.26 40.7+£2.57 38.11£2.9 33.61£1.31 p<0.05
HCO3(mmol/l) 18.45+1.57 19.62+1.64 18.52+2.05 13.8%1.13 p<0.05
PO,(mmHg) 56.86+7.68 40.08+8.28 38.05+11.01 31.1£2.15 p<0.01
O, sat % 61.17£7.06 55.52+1332 55.1+15.25 20.7£3.05 p<0.001
CCDO, % 17.1£1.2 21.43+£1.15 p<0.05 |43.3£3.6 p<0.001 47.8+1.03 p<0.001
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Fig. 2. Venous blood gases structure at hemorrhagic shock in male cats (M+m, n=8) a) Venous blood gases structure priority parameter
change in femoral artery; b) The hypothetic model of dynamic change of venous blood gases structure in femoral artery.

arterial PCO, (P<0.05) and CCDO, (P<0.001) were de-
creased. Reduced PCO, in arterial and venous blood
caused well expressed CCDO, via exaggerated processes
of erectile phase.

The second phase is presented by inhibitory phase
and corresponds to torpid phase (HS60). At this stage
the initial arterial blood pressure is 40 mmHg. The pump-
ing function of the heart is significantly inhibited. Systolic
ejection and cardiac output decrease due toaltered PCO,
gradient in venous-arterial blood (Tables 1 and 2). The
third — preagony leading to disorders of symbiotic con-
nections of all vitally important organs, corresponds to
80th min. In these processes the leading role is played by
cerebral cortex, permeability of blood-brain barrier and
subcortical structures. Stressful situations as protective
at HS are characterized by increased functioning of the
adrenal cortex, but later, collaptoid state develops. If we
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take into consideration the fact that at HS hypovolemia
and electrolytes’ disbalance develop, the venous blood
monitoring will be more informative than arterial in the
case of HS and other pathologies (respiratory) [8-10].
Alterations in PH are more expressed in arterial rather than
in venous blood causing metabolism deviations, acidosis
and homeostatic disorders. Hypercapnia develops, meta-
bolic acidosis worsens, PO, in arterial blood dramatically
decreases at HS60 P<0.05 and at 80" min P<0.01. The
same tendency is observed in the case of O, reduction
[11-13]. Thus, if we discuss the physiologic properties of
each parameter, it could be concluded that drastically de-
creases the detoxicative function of the liver in mainte-
nance of the excess bases. The activity of the lungs, its
compensative-adaptive ability changes via hyperpnoea
and alveolar opening when AaDO, deficiency develops.
Renal disorders are reflected in both arterial and venous
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blood. Disorders of buffer systems are also well expressed
especially in venous blood at the 80" min. Increased
arterio-venous O, difference, reduced O, in venous blood
indicates that circulatory hypoxia results in “burning” of
the cardio-vascular system, its overload and finally fail-
ure and later development of collaptoid situation [14].
Thus, according to the results of our investigations
it can be concluded that the most susceptible indicator in
femoral artery and venous blood gas structure and buffer
parameter is PCO,, revealed in arterial blood at HS30. The

gngﬁoaggéﬂgm 3‘7@0005.)

dynamic gravity of this parameter is more expressed in
venous blood. PCO,, P>0.05, P>0.05 and P<0.05 in arterial
blood, while in venous blood P>0.05, P<0.05 and P<0.001.
These data correlate with hemodynamic parameters. How-
ever, increase in PCO, may result in reversible reduction
of the contractility of the heart. Also CCDO, has sensi-
tive parameter both in arterial and venous blood [15, 16].
Severity of shock according to the arterial and venous
blood gases is well expressed in venous blood, pointing
toirreversible changes at 80" min.
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