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Abstract
Topicality: The key link in the perioperative period of treatment of patients with various pathologies and, especially, all kinds of 
shock states, is infusion-transfusion therapy, the effectiveness of which depends on the functional state of transcapillary metabolism, 
determined by the value of oncotic plasma pressure - a derivative of the concentration of Total Protein, and not albumin!.

The traditional method of correction of hypovolemia/blood loss of any genesis and any volume remains hypervolemic hemodilution, 
accompanied by excessive administration of crystalloid(Na containing) and artificial colloidal solutions, at the same time, neither the 
sector of their stay is taken into account, nor the volemic coefficient, nor the features of their clinical manifestation are taken into 
account and ted.

Work: Development of a program for replenishing hypovolemia/hemorrhage, based on the principle of normalization of transcapil-
lary metabolism and the justification of infusion solutions used to correct it. 

Material and Methods: Based on the analysis of infusion media used in the 30-year period of perioperative treatment of surgical and 
trauma patients, development and justification of the principles of the program of replenishment of blood loss/hypovolemia, based 
on the normalization of transcapillary metabolism. Criteria for the effectiveness of treatment, an algorithm for correcting blood 
loss/hypovolemia are formulated and substantiated. According to the results of a comparative analyzes obtained when performing 
hemihepathecomy confirmed the high clinical effectiveness of the method of blood loss correction based on the normalization of 
transcapillary metabolism. This method was used and improved by techniques: preoperative blood procurement and postoperative 
return of drainage blood in the 20-year period of treatment of trauma patients.

Conclusion: According to the results of the performed studies, high clinical efficacy has been proven and undeniable advantage, 
which was as follows: patients who underwent hemihepatectomy were discharged with recovery, and 20 years of experience in the 
practical use of this program in trauma patients confirmed the absolute effectiveness of and security.
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Topicality

The traditional way of correcting hypovolemia/blood loss of 
any genesis and any volume remains hypervolemic hemodilution, 
based on excessive administration of crystalloid (Na containing) 
and artificial colloidal solutions. The principles of blood loss cor-
rection are:

•	 Replenishment of the volume of circulating blood (BCC), 
which is provided by crystalloid and colloidal (plasma sub-
stitutes) solutions.

•	 Restoration of oxygen-transport function is performed by 
transfusion of erythrocyte containing solutions, usually 
erythrocyte mass (E/M).

•	 Restoration of lost coagulation factors is associated with the 
use of freshly frozen plasma (NWF).

At the same time, the ratio of the volumes used infusion solu-
tions to the volume of blood loss is traditionally recommended as 
3-2-1, in accordance with the above principles: 3 are crystalloid and 
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colloidal solutions, 2-erythromassa, and 1 - freshly frozen plasma, 
but there are others blood loss replacement programs: isovolemic 
hemodilution, acute hemodilution, etc. [1,4,8,12,16,20].

 All known domestic and foreign programs have their own simi-
lar features: the sectors of their stay, volemic coefficients (VC) of in-
fusion media, features of their clinical manifestation are not taken 
into account.

So, regardless of the volume of hemorrhage, the volume of infu-
sion any corrective Program, at least exceeds the volume of blood 
loss in 3 - 4 Times and first of all, this is due to the use of crystalloid 
Na - containing infusion media. These same solutions have their 
own about peculiarity - ability their StaySee also in the vascular 
only 30 minutes, and then 70% infused the volume moves into the 
interstitial space, dragging water with it to equalize Na - ion con-
centrations, forming swelling posлEdnego, Which one, originally, 
will be of a hidden nature, and with their volumetric use - with 
the manifestation of “multiple organ failure syndrome” [1,3,13-
16,19,24,28]. 

This is especially evident in cambustiological patients, where, 
it would seem, there is no blood loss, but there is a loss of plasma, 
which is accompanied by a decrease in oncotic pressure with a vio-
lation of transcapillary exchange (MSW) in the form of a predomi-
nance of filtration processes. Cambustiologists, from the first day 
of treatment in order to correct hypovolems, perform a v/vinnaya 
volume infusion with balanced crystalloid solutions, which further 
reduces the concentration of total protein, including albumin, more 
significantly damaging TCR. The latter, in turn, is accompanied by 
edema of the interstitial space with clinical manifestations of RDS 
of the lungs, paresis of the gastrointestinal tract and other manifes-
tations of SPON, which, initially, are hidden, and then manifesting 
[1,3,8-10,14,20,21].

On the other hand, the excessive use of crystalloid and colloi-
dal solutions that do not contain either protein or hemocoagula-
tion components is always accompanied by a natural decrease in 
their concentrations, against which the use of volumetric infusion 
therapy will more significantly damage the functional state of both 
TCR and the hemostasis/coagulation system [1,6,8,17,19,22,23].

These circumstances determined the purpose of this work, 
which is to develop a program for replenishing hypovolemia/hem-
orrhage based on the principle of normalization of transcapillary 
metabolism and the justification of infusion solutions used to cor-
rect it.

In connection with the goal, it was necessary to solve certain 
tasks:

•	 Evaluate the characteristics of infusion media from the 
standpoints: their volemic coefficient (VC); time and sector 
of stay in the body; clinical effects.

•	 Determine the principles of the program of replenishment of 
hypovolemia/blood loss.

•	 Identify criteria for aid effectiveness. 

•	 Develop an algorithm for the program of correction of hypo-
volemia/hemorrhage.

•	 To conduct a comparative analysis of the effectiveness of the 
developed and traditional programs, on the example of re-
plenishment of blood loss.

•	 According to the results of a comparative analysis, to deter-
mine the advantages and disadvantages of the developed 
method of replenishing hypovolemia/hemorrhage.

Material and Discussion

Features infusion media

Crystalloid Na containing balanced and unbalanced solutions 
were developed to replenish and correct electrolyte disorders of 
the interstitial space [16]. All have in their composition the main 
osmotically active component - the Na, the same volemic coeffi-
cient (VK) = 0.3. Stay in the vascular bed only 30 minutes, after 
which only 30% of this solution remains in the vascular bed (VK 
= 0.3), and 70% of the solution moves into the interstitial space, 
dragging water with it (isoosmolarity law or Gibbs-Donnan equi-
librium) to equalize the concentrations of Na cations, which deter-
mines the emerging edema of the interstitial space, which, initially, 
will be hidden, and with the continued use of crystalloid Na con-
taining infusion media, will develop into manifesting the syndrome 
of “multiorgan” insufficiency” (SPON) or “capillary leakage” Crys-
talloid solutions determine osmotic pressure or osmolarity. Norm 
= 280 - 300 mmol/l.

5% glucose solution also belongs to the group of crystalloid so-
lutions, but is absolutely devoid of cations Na, VC = 0.3, stays in the 
vascular bed for the same 30 minutes, is metabolized to form water 
and CO2, water is distributed in the interstitial space and inside the 
cellular sector, and carbon dioxide is removed through the lungs. 
Essentially, it is pure water [9,10,13,16,18,22,28-32].

Artificial colloids are represented by dextrans, hydroxyethyl 
starches and gelatins, which in their composition do not have a 
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protein substrate, have a molecular weight (MM) of 10 thousand 
Dalton (Da) and more, which determines their ability to stay only 
in the vascular bed. The clinical effect is to restore and stabilize the 
volume of circulating blood (BCC), and their duration of action is 
from 4 to 22 hours. At the end of the action time, these solutions 
are metabolized, are excreted by the kidneys, and the clinical ef-
fect stops. In the group of dextrans, Polyglyukin is most often used, 
having VK = 1.45 and Reopoliglyukin, with VK - 1.7. And among 
starch derivatives - 6% solution of Refortan, VK = 1 and Voluven, 
with VK = 1. The features of dextrans and starch derivatives include 
their ability to damage the vascular-platelet and coagulation links 
of the hemostasis system, which must be taken into account when 
using solutions of these groups and not exceed their daily dosage. 
4% solution of succinated gelatin - Gelofuzin, has VK = 1, the time 
spent in the vascular bed is only 4 hours, but its daily dosage is 200 
ml/kg! Unlike dextrans and hydroxyethyl starch, it is isooncotic, 
isoosmotic, does not inhibit the functional state of the hemostasis 
system, but can show severe allergic reactions. Artificial dextrans 
determine the amount of colloidal pressure. The clinical effect of 
these solutions is determined by their volemic coefficient (VK) and 
the time of stay in the vascular bed [1-11,25,26,29,30,33].

Natural colloidal solutions are Freshly frozen Plasma (NWS), 
and Albumin solutions. 

The composition of NWF is 55-65% albumin + 35-45% globu-
lin + 1% fibrinogen. Clinical effects: a source of plasma coagula-
tion factors, increases oncotic blood pressure; normalizes the 
functional state of transcapillary metabolism; prevents swelling of 
the interstitial space and damage to the microcirculation system of 
the lungs; prevents the development of multiple organ failure syn-
drome; forms a tolerant strategy for adapting the patient’s body; 
provides functional functionality stability of the body.

Albumin is a monodisperst colloid made from the blood of do-
nor plasma, regardless of blood group. Hemocorrector, disaggre-
gant, metabolic adsorbent. It has a volemic coefficient of 1.47. It 
contributes to the normalization of oncotic blood pressure, func-
tional stability of transcapillary exchange, fluid retention in the 
vascular bed and its additional movement from the interstitial 
space to the vascular bed. Natural colloids determine the amount 
of oncotic pressure, which is calculated by the formula:

Total Protein x 0.33 Norm = 21-25 mmHg.

The duration of natural colloidal solutions up to 19 days [8-
11,27,34].

The erythrocyte mass is designed to ensure and maintain the 
normal oxygen-transport function of the blood, is only in the vas-
cular sector, has a VC = 0.8, since after its transfusion, 18% are se-
questered in the spleen, liver, and up to 2% of red blood cells are 
destroyed. A feature of this environment is the implementation of 
metabolic processes with the predominant formation of not ATP 
(adenosine triphosphoric acid), but 2-3 DFG (diphosphoglycerate), 
responsible for the affinity of hemoglobin and oxygen a, when stor-
ing donor blood, its concentration decreases, and after transfusion 
it is restored within 8 to 16 hours, depending on the shelf life of do-
nor blood. The clinical effectiveness of their use is determined by 
the values of hemoglobin and hematocrit number [1,4,7,9-11,17].

Principles of the program of replenishment of blood loss/hy-
povolemia, based on the normalization of transcapillary ex-
change

•	 Correction of transcapillary exchange is based on maintaining 
normal oncotic pressure with freshly frozen plasma and 5% to 
10% with albumin solution, under the control of the concen-
tration of Total Blood Protein, but not albumin.

•	 Replenishment of the BCC is provided by the use of a 5% glu-
cose solution and artificial (not having a natural protein) col-
loidal solutions in compliance with their daily dosages, under 
the control of blood pressure, CVD (if possible), diuresis.

•	 Restoration of coagulation factors of coagulation is provided 
by the use of NWF, under the control of the concentration of 
fibrinogen and VSK.

•	 Normalization of oxygen-transport function is provided by the 
use of erythromass, under laboratory control of the values: 
Hb, Ht, AD, CVD (if possible) and SPO2.

•	 Crystalloid (Na containing) solutions from the program are 
completely excluded and can be used only for absolute indica-
tions under laboratory control of the concentration of ions Na 
[1-10].

Clinical criteria for the effectiveness of care

•	 The concentration of hemoglobin should not be lower than 
Hb> 90 g/l. This is its minimum concentration, which is able 
to ensure the delivery of oxygen that meets the needs of the 
patient’s body.

•	 The value of the hematocrit number is not lower than (Ht) ≥ 
35-30%, will confirm a sufficient concentration of the oxygen 
carrier, which will ensure the delivery of oxygen in accordance 
with its needs of the patient’s body. 
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•	 The level of central venous pressure (CVD) is not less than +4 
cm. guarantees compliance with the BCC capacity of the vascu-
lar bed, which prevents the centralization of blood circulation 
(spasm of peripheral blood circulation).

•	 Total protein not lower than 65 g/l will maintain effective on-
cotic pressure, which is necessary to maintain normal trans-
capillary metabolism, prevent edema of the interstitial space, 
prevent SPON and functional stability of the body.

•	 Stabilization of hemodynamics, including average blood pres-
sure not lower than 65 mm Hg. confirm the adequacy of infu-
sion-transfusion therapy.

•	 The presence of diuresis in the volume of 30 ml/h, will confirm 
the effectiveness of therapeutic measures and the absence of 
centralization of blood circulation. 

•	 The concentration of fibrinogen 1.5 - 3.5 g/l and the absence 
of fibrin degradation products (PDF) will confirm the func-
tional stability of the hemostasis system [1,8-15].

Algorithm of the blood loss correction program

The total volume of infusion (O.Ob.) is the daily requirements 
(Preoperative waiting time and the time of operation X 40 ml/kg) 
+ pathological losses. The calculated criterion for BCC deficiency is 
Algover’s inlex (heart rate/AD systolicheskoe).

The volume of blood loss up to 15% BCC

The use of blood components is not indicated.

In order to intraoperatively reduce the volume of blood loss an 
hour before the operation, the patient is injected with a solution 
of tranexamic acid at the rate of 15 mg/kg of weight (endogenous 
proteolysis inhibitor), or a solution of dicinone at a dose of 500 mg, 
(in order to enhance platelet adhesion) on the operating table.

To compensate for preoperative hypovolemia, which is formed 
in the patient during the period of waiting for surgery and correc-
tion of intraoperative hypovolemia, which is formed during the 
period of the operation, we use in equal volumes of 50% O.Ob. - 
5% glucose solution and 50% O.Ob. colloidal solution of Voluven 
or Gelofuzin.

The volume of blood loss is up to 30% of the BCC

It is necessary to use a protein substrate to correct oncotic pres-
sure, in order to ensure normal MSW. The total volume of infusion 
is distributed as follows:

•	 35% O.O. - A solution of 5% glucose, to compensate for pre-
operative hypovolemia.

•	 35% O.O. - Artificial Colloidal solution of Voluven or Gelo-
fusin to maintain BCC.

•	 60% O.O. - A natural colloidal solution, preferably SZP, to pre-
serve oncotic blood pressure, optimize MSW, preserve BCC, 
ensure its compliance with the capacity of the vascular bed, 
prevent edema of the interstitial space and exclude the de-
velopment of SPON.

The use of prednisolone solution at a dose of 5 mg/kg of mass is 
necessary to ensure the stability of cell membranes.

The volume of blood loss ≥ 40% of the BCC

Requires full-capacity infusion therapy using infusion media 
and whole blood components. The total volume of infusion will be 
distributed as follows: 

•	 27% O.O is reimbursed with a solution of 5% glucose to com-
pensate for preoperative hypovolemia.

•	 27% O.Ob - A solution of Voluven or Gelofusin to preserve 
the BCC and its compliance with the capacity of the vascular 
bed.

•	 40% O.O. Is covered by NWF to maintain normal oncotic 
blood pressure, optimize MSW, preserve BCC, ensure its 
compliance with the capacity of the vascular bed, prevent 
edema of the interstitial space and exclude the development 
of multiple organ failure syndrome.

•	 30% O.Ob - will be erythromass to ensure normal oxygen-
transport function and ensure the delivery of O2, which will 
meet its increasing needs.

•	 The use of prednisolone solution at a dose of 5 mg/kg mass 
is necessary to ensure the stability of cell membranes. 

•	 While maintaining the transient function of zh-k-t, the natu-
ral method of correction (per-os) of fluid and food ingredi-
ents (protein substrate) is the main!!!

Discussion

Comparative analysis of programs replenishment of hypovo-
lemia/blood loss

This method of replenishing blood loss was developed in 1988-
1989 to perform hemihepatectomy, accompanied by massive hem-
orrhage, the compensation of which, until this period, was per-
formed in the traditional way - hypervolemic hemodilution, and 
the mortality rate of this group of patients was 33.3%. 
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The clinical efficacy of the new method of replenishing blood 
loss, based on the normalization of MSW, is characterized by a com-
plete absence of mortality in patients of the main group in whom 
this method of blood loss correction was used and is further con-
firmed by the results of some studies illustrated below.

With an initial equal concentration of total blood protein, from 
the second day of the postoperative period, it became significantly 
higher in the main group of patients: 56.7 ± 2.3 g/l against 43.9 
± 2.8 g/l of the comparison group. This was reflected in the value 
of oncotic pressure (CODE) of blood, which from the second to 5 
days of the postoperative period was significantly higher in the 
main group of patients who used a method of blood loss correction 
based on the normalization of trankapillary metabolism (Table 1).

Research 
time

Patient groups
Control group 

(n = 18) Basic group (n = 40)

Before surgery 27,7 ± 2,4 28,1 ± 2,7
1 day 20,3 ± 2,1 20,4 ± 2,5
2 days 16,8 ± 1,7* 21,6 ± 1,9*
4 - 5 days 18,0 ± 1,8* 23,1 ± 2,1*

Table 1: Changes in oncotic pressure (N = 18 - 30 mmHg).

* - reliably distinguishing values between groups (p < 0.05).

Effective oncotic blood pressure allowed to maintain adequate 
MSW and retain fluid in the vascular bed in patients of the main 
group. Assessing the effectiveness of MSW through the difference 
between OD and ACS, it was found that in the main group of pa-
tients it was more than 0 and testified to the functional stability of 
MSW (Table 2).

Research time
Patient groups

Control group (n = 18) Basic group 
(n = 40)

Before surgery 8,2 ± 0,76 8,9 ± 0,75
1 day 1,7 ± 0,24 2,5 ± 0,28
2 days - 0,1 ± 0,03* 5,1 ± 0,34*
4 - 5 days - 0,5 ± 0,02* 4,5 ± 0,38*

Table 2: Dynamics of OD/SKD gradient (N ≥ 0 mmHg).

* - reliably distinguishing values between groups (p < 0.05).

Compliance with this principle made it possible to significantly 
reduce the volume of infusion therapy in the main group of pa-
tients and not prevail over daily needs. In the first postoperative 
day of observation, it was 37.6 ± 2.7 ml/kg, in the second - 16.8 ± 
1.6 ml/kg of body weight. A decrease in the volume of infusion is 
associated with the restoration of the transient function of the gas-
trointestinal tract, due to the preservation of normal transcapillary 
metabolism and the absence of edema of the interrstitial space zh-
k-t and the transfer of patients to enteral nutrition from the second 
day of the postoperative period.

Investigating the functional state of the hemostasis system in 
patients of the clinical comparison group, in which the correction 
of hemorrhage was carried out by hypervolemic hemodilution, 
damage to the coagulation (secondary) link of the hemostasis sys-
tem was revealed, which is confirmed by the dynamics of fibrino-
gen. At the initial normal values on the second day, it increased to 
7.25 ± 1.87 g/l. with the simultaneous shortening of the coagula-
tion time of whole blood and the presence of fibrin degradation 
products (PDF), which indicates damage to the hemocoagulation 
link of the hemostasis system and the development of disseminat-
ed intravascular coagulation.

Taking into account that adequate surgical hemostasis is 
achieved on the operating table, and 4 hours after the injury, an 
effective biological hemostasis is formed [1,2,7,14,23], we, for the 
first time in medical practice, then in the USSR, introduced the 
method of early heparinization, which consisted in the use of non-
fractionated heparin 6 hours after the completion of the operation 
at a dose of 100 U/kg of weight per day under laboratory control of 
the hemostasis system and the time of coagulation of whole blood 
(VSK), the norm of which is 3.5 - 4.5 minutes. The use of heparin 
in the main group of patients made it possible to completely avoid 
the likelihood of hypercoagulation and thrombosis, as evidenced 
by the dynamics of coagulation of whole blood and the concentra-
tion of fibrinogen, which on the second day after the operation was 
3.15 ± 0.29 g/l, and R-graphic studies of the lungs did not reveal 
lung damage.

A simultaneous decrease in the concentration of fibrinogen, 
stable VSK against the background of the absence of PDF and lung 
damage indicates the controllability of secondary hemostasis, im-
provement of the rheological properties of the blood and the effec-
tiveness of the method used to correct hemorrhage.
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Extensions

In 2000 - 2005, this method of correction of hypovolemia/hem-
orrhage was improved and supplemented with two techniques that 
made it possible to increase its safety and clinical effectiveness.

Preoperative blood sampling in the volume of donor (up to 10% 
BCC), which has undeniable advantages over similar, but volumi-
nous, which are as follows:

•	 Does not require any replacement infusion, therefore, ex-
cludes possible hidden damage to the body, including the 
hemostasis system, since the volume of blood procurement 
is donor,

•	 Promotes early preoperative stimulation of erythropoiesis, 
which is manifested by the production of full-fledged eryth-
rocytes already on the 8th day of the postoperative period, 
instead of 14-15 days,

•	 Reduces the volume of postoperative infusion, 

•	 Forms a protective anti-ischemic effect, 

•	 Excludes/reduces the use of donor blood components, 

•	 Forms a tolerant adaptation strategy, accompanied by a de-
crease in oxygen consumption by the myocardium and the 
body as a whole.

Postoperative return of drainage blood with special systems 
«Handy Vac» firm «UnaMedical» also has positive qualities:

•	 Drainage system provides absolute safety of return of drain-
age component, 

•	 The return of drainage contents virtually eliminates the need 
to use components of donor blood, 

•	 According to the biochemical composition, the drainage 
component is similar to the venous blood of the patient, ex-
cept for the presence of platelets in it, which, by their volume 
in this drainage fluid, do not have clinical significance, 

•	 The return of the drainage component completely eliminates 
the need for the use of donor blood or its components.

In our practical work over the past 18 years, we have successful-
ly used these drainage systems, and we have practically eliminated 
the need for the use of donor blood and its components.

Results 
      Analysis of transcapillary metabolism in patients elderly and 
senile age 

Index

Single auto 
blood 

sampling 
(n = 32)

Double auto 
blood 

sampling
(n = 18)

Without 
autoblea 

fence 
(n = 12)

P

Total 
protein (g/l)

76,3 
(68,6; 78,1)

53,3 
(58,8; 76,6)*

78,4 (64,5; 
80)

0,045

CODE 
(mmHg)

29,1 
(21,4; 31,2)

22,1 
(16,3; 27,4)*

29,9 (24,3; 
32,1)

0,026

Table a
* - P < 0,05 (Criteria Mann-Whitney). 

Dynamics of electrocardiographic parameters in elderly and se-
nile patients without hemapheresis

Index
(n = 12) Originally 1 day after 

surgery
Violation of repolarization 
processes, %

50,0 (6) 75 (8)*

Ventricular e/systoles, % 16,7 (2) 25 (3)
Atrial fibrillation/flutter, % 8,3 (1) 8,3 (1)
Myocardial ischemia, % 16,7 (2) 33,3 (4)*
Myocardial infarction 0 8,3 (1)*
First-time rhythm 
disturbances

0 16,7 (2)*

Table b
* - P < 0,05 (dependence criterion Chi-square). 

Dynamics of electrocardiographic parameters in patients elder-
ly and senile age with a single hemapheresis

Index
(n = 32)

Originally
After the 

auto-blood 
fence

Through
1 day 
after 

surgery
Violation of 
repolarization processes, 
%

56,2 (18)* 37,5 (12)* 15,6 (5)*

Ventricular extrasystoles, 
%

12,5 (4)* 9,4 (3) 3,1 (1)*

Atrial fibrillation/flutter, 
%

9,3 (3) 9,3 (3) 9,3 (3)

Myocardial ischemia, % 12,5 (4) 0* 0*
Myocardial infarction 0 0 0

First-time rhythm 
disturbances

0 0 0

Table c
* - P < 0,05 (dependence criterion Chi-square). 
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Comparative analysis of hemostasis indicators in elderly and se-
nile patients (Kruskal-Wallis ANOVA) 

Index
Single auto blood 

sampling
(n = 32)

Double auto 
blood 

sampling
(n = 18)

Without auto-blood 
fence

(n = 12)
P

Hematocrit, % 40 (38; 44) 36,5 (28,5; 41,5)* 41 (38; 46) 0,037

Recalcification, s 119 (90; 138) 100 
(75,5; 112)* 120 (100; 132) 0,03

Fibrinogen, d/l 4,2 (3,1; 4,8) 3,9 (3,3; 5) 3,9 (3,0; 5,0) 0,062

Fibrinolysis, % 8,8 (8; 15,1) 10,5 (7,8; 14,6) 11,7 (6,6; 14,4) 0,078

Retraction, % 39 (26,5; 47,9)* 34,5 (30,8; 44,5)* 
** 30,5 (26,4; 38,2)* ** 0,044

PTI, % 106,5 (101; 109,6) 100 (91,7; 109,3) 104 (93,8; 108) 0,093
APTT, s 40,5 (39; 41,5)* 33,4 (30,3; 43,3)* 40,8 (37,4; 44,5) 0,024
RFMK 4 (3; 5,6) 6 (3; 12,5)* 3 (0; 5) 0,038

Table d

* - P < 0,05 (Criteria Mann-Whitney). 

Comparative analysis of hemogram indicators in elderly and 
senile patients 

Index
Single auto blood 

sampling
(n = 32)

Double auto blood 
sampling
(n = 18)

Double auto blood 
sampling
(n = 18)

P

Hemorrhage
intraoperative, ml 370 (300; 620) 570 (400; 1050)* 345 (265; 680) 0,038

Hemorrhage
postoperative, ml 600 (450; 850) 650 (385; 785) 830 (360; 1050) 0,056

Erythrocytes, х1012/l 4,2 (4; 2,2) 3,4 (2,8; 4,4)* 4,4 (3,8; 4,6) 0,012

JUICE, μm 93,7 (90; 103,2)* 102,2 (93,5; 105,8) 107,3 (102; 114,5) 0,034

SCG, g/l 326,8 (302,3; 348,7)* 316,2 (304,2; 318) 296,6 (280; 312,2) 0,028
Hemoglobin, g/l 133 (130,5; 134) 112 (104; 132)* 142 (136; 146) 0,017
ESR, mm/h 13 (9,5; 17,6) 20 (12,5; 28,5)* 10 (4; 22,5) 0,038
Platelets, х109/l 237,5 (227; 244,8) 245 (232; 265) 240,2 (208,5; 296) 0,098
Leukocytes, х109/l 6,9 (6,4; 8,5) 10 (7,9; 12,2)* 7,1 (4,8; 12,0) 0,049

Table e
* - P < 0,05 (criteria Mann-Whitney). 
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Dynamics of some blood counts in patients young and middle-
aged in the perioperative period

Group Lactate, mmol/l Cortisol, nmol/l Glucose, mol/l

Before 
surgery
Operation

Clinical
(n = 20) 2,76 ± 0,5 429 (399; 512) 5,1 ± 1,0

Basic 1 (n = 17) 1,9 ± 0,2* 193 (133; 512)* 4,6 ± 1,1
Basic 2group (n = 18) Basic group (n = 40) 200 (162; 448)* 5,0 ± 0,8

After 
surgery
Operation

Clinical (n = 20) 2,2 ± 0,3 489 (459; 560)** 5,8 ± 1,5
Basic 1 (n = 17) 1,3 ± 0,2* 369 (280; 526)** 5,0 ± 0,8

Basic 2 (n = 40) 1,5 ± 0,5* 493 (262; 798)** 5,5 ± 0,5

Table f

* - P < 0.001 - reliably distinguishing values between groups (criteria Kruskal-Wallis);

** - P < 0.05 - differences in the group. Control.

Conclusion

According to the results of the studies performed, in the main 
group of patients, significant clinical efficacy and an undeniable ad-
vantage were proved, which were as follows:

•	 All 41 operated patients who underwent hemihepatectomy 
were discharged with recovery, and 20 years of practical 
experience of this program confirmed its absolute effective-
ness and safety.

•	 The total volume of infusion in the program of replenishment 
of blood loss, based on the normalization of MSW, decreased 
by 3.5 times and did not exceed the volume of pathological 
losses + daily needs of the body at the rate of 40 ml/kg per 
day.

•	 This method of correction of hypovolemia/hemorrhage 
avoids the development of SPON and ensures the safety of 
the transient function of gastrointestinal tract.

•	 The above noted, in turn, significantly reduces the volume 
of infusion therapy, allows patients to be transferred to the 
natural way of replenishing fluid and food ingredients, which 
is more effective and ensures a speedy recovery.

•	 The average time spent in PITiR of patients undergoing 
hemihepatektomy decreased from 5 to 1.5 days.

•	 The average residence time of trauma patients who have suf-
fered blood loss of various volumes was also reduced to 1.3 
days.
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