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BACKGROUND Acute hemorrhage remains the leading cause of death on the operating room in emergency surgery. However, the correlation of the central 

hemodynamics, oxygen balance and homeostasis in such victims during emergency surgical treatment with the outcomes of surgical treatment has not yet been 

evaluated. 

MATERIAL AND METHODS We examined 100 patients with acute massive blood loss, who had emergency surgery. We determined heart rate, arterial pressure by 

direct and indirect methods, central venous pressure, oxygen saturation of blood, cardiac index, systemic vascular resistance, gas and acid-base contents of arterial 

and venous blood, oxygen consumption, oxygen delivery, oxygen extraction ratio according to generally accepted formulas. Two groups of patients were formed of 

50 people, depending on the oxygen balance (Group 1 — subcompensation, Group 2 — decompensation). 

RESULTS At the time of admission to the operating room and after the surgery, the indicators of systemic hemodynamics in patients of both groups did not differ 

statistically significantly. In the Group 2, at the time of admission to the operating room, there were statistically significantly higher VO2 (195 (158, 256) ml/(min·m2) 

and 112.5 (86; 145.3) ml/(min·m2)), ERO2 (50 (45.1, 60) % and 25.1 (19.6, 33.2) %) and low SvO2 (54.4 (48.5, 67.5) % and 75.1 (67,8; 83) %) (p<0.001 for all indicators). 

In the Group 2, there were increased values of ERO2 and VO2 (p=0.001) at the end of the operation compared to the Group 1, although the glucose and lactate levels 

did not differ statistically significantly between the groups. The course of the postoperative period was complicated in 9 (18%) patients of the Group 1 and 2 (4%) 

patients died. The course of the postoperative period of patients in the Group 2 was complicated in 9 (18%) patients and 7 (14%) patients died. 

CONCLUSION Circulatory insufficiency persisted in patients who had severe oxygen deficiency disorders, despite management of bleeding, replenishment of blood 

loss, intraoperative intensive therapy, indicating the depletion of the compensatory mechanisms of the oxygen transport system. This was confirmed by a higher 

mortality rate among the victims of this group. 
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BE — base excess 
BPd — diastolic arterial blood pressure 
BPmean — mean arterial blood pressure 
BPs — systolic arterial blood pressure 
CBV — circulating blood volume 
CI — cardiac index 
ctО2 — oxygen content in blood 
CVP — central venous pressure 
DavO2 — arterio-venous difference in oxygen content 
DO2 — oxygen delivery 
ERO2 — oxygen extraction ratio 
Hb — hemoglobin 
НСО3 — bicarbonates 
HR — heart rate 
Ht — hematocrit 
ITT  — infusion-transfusion therapy 
pCO2 — partial pressure of carbon dioxide 
pO2 —oxygen partial pressure 
SvO2 — oxygenation of venous blood 
SVRI — systemic vascular resistance index 
VO2 — oxygen consumption  

  
BACKGROUND 

In emergency surgery, acute blood loss remains the main cause of deaths on the operating table and in the 
immediate postoperative period [1–8]. The effectiveness of blood loss compensation depends on the chosen tactics of 
treatment, the means of therapy used and monitoring methods [3, 9-25]. 

The concept of optimizing intraoperative hemodynamic and oxygen transport disorders was formulated by W.C. 
Shoemaker in 1988 [26]. The trigger for the development of therapeutic algorithms of hemodynamic disorders in blood 
loss was the fact that among patients who had lower rates of oxygen delivery and consumption, a higher mortality rate 
was observed. The obvious reason is insufficient physiological reserves of the body with increasing metabolic needs 
against the background of blood loss [27]. 

The concept of modern intensive therapy of any critical conditions was formed in the 1980–1990s, when extensive 
studies of central hemodynamics and oxygen metabolism became possible [2, 26–31]. However, in the available 
domestic and foreign literature, real data on changes in central hemodynamics, oxygen balance and homeostasis 
during emergency surgical treatment of victims with massive blood loss are not sufficiently described today. 

The aim of the study: to analyze the state of the oxygen transport system and its compensatory abilities in victims 
with injuries of the abdominal cavity and acute blood loss in the intraoperative period of bleeding management. 
MATERIAL AND METHODS 

The study included 100 patients with injuries of the abdominal organs, complicated by acute massive blood loss. 
Among them, there were 98 male patients (98%) and 2 female patients (2%). The average age of patients was 33 (25; 

45) years. The severity of damage according to ISS was 35 (26; 44) score. The diagnosed injuries: spleen —32 (32%); 

intestines — 21 (21%);  liver — 18 (18%); kidney   — 8 (8%); vessels — 6 (6%); bladder — 5 (5%); stomach — 3 (3%); 

gallbladder — 3 (3%); tissue damage in the retroperitoneal space — 2 (2%); pancreas — 1 (1%); adrenal glands  — 1 

(1%). 
In order to stop intra-abdominal bleeding in patients, depending on the type of damage, the following types of 

surgery were performed, in addition to laparotomy: splenectomy — 32; suturing of ruptured diaphragm — 27; closure 

of liver ruptures — 14; hemihepatectomy — 4; cholecystectomy — 3; suturing of defects or resection of the small and 

large intestine — 21; closure of stomach ruptures — 3; nephrectomy, closure of kidney ruptures, suturing of bladder 

rupture and epicistostoma —13; stiching, coagulation of damaged vessels — 6; laparotomy, suturing of mesentery — 

34. Nasogastrointestinal intubation was performed in 70 patients. Revision, rehabilitation and drainage of the abdominal 
cavity (and/or retroperitoneal space) were carried out in 100% of patients. Most patients underwent surgery for 
combined injuries of the abdominal organs. 

The average duration of operations was 140 (100; 190) min, the volume of blood loss was 2,000 (1,900; 2,775) ml, 
24 patients (24%) were in a state of intoxication. 
ANESTHESIA METHODS 

All patients and victims were operated on an emergency basis according to vital indications for stopping bleeding. 
Anesthesia was standard. Induction was performed with benzodiazepines, Ketamine and Fentanyl in conventional 
dosages. Tracheal intubation was performed after administration of Cisatracurium or Rocuronium. Anesthesia was 
maintained by fractional administration of Ketamine and Fentanyl, myoplegia was maintained with Cisatracurium or 
Rocuronium. Artificial ventilation of the lungs was performed in the normal ventilation mode with an air-oxygen mixture 
(FiO2 0.5–0.8). 
STAGES AND METHODS OF RESEARCH 

All patients underwent standard intraoperative monitoring of vital functions (Agilent monitor Anesthesia V24C, 
France). We monitored heart rate (HR), blood pressure (BPs, BPmean, BPd) with direct and indirect methods, central 
venous pressure (CVP), oxygen saturation (SpO2). The electrocardiogram was recorded in the 2nd standard lead. 

We conducted continuous mini-invasive determination of central hemodynamic parameters (cardiac index – CI, 
systemic indicators of oxygen balance: gases of arterial and venous blood, and also oxygen consumption (VO2) [1], 
oxygen delivery (DO2) [2], oxygen extraction ratio (ERO2) [3] by the generally accepted formulas. The gas composition 
of the arterial and venous blood acid-base status, hemoglobin, hematocrit, electrolytes, glucose, lactate were measured 
using the analyzer Radiometer Copenhagen ABL 700/800 ("Radiometer", Denmark). These indicators were studied in 
the express laboratory. Blood sampling of patients, as well as recording of hemodynamic parameters was performed 
when the patient was admitted to the operating room, immediately after introductory anesthesia or at the beginning of 



surgery (stage I) and at the end of the operation, when the bleeding was arrested and surgical intervention was 
performed (stage II). Arterial blood samples were taken through the catheter in the radial artery, the venous samples 
were taken with the help of a catheter advanced through the right internal jugular vein into the cavity of the right atrium. 

Statistical processing of the material was performed using the SPSS program (SPSS Inc., USA). When analyzing 
quantitative traits, the median (Me), the standard deviation (s), the lower quartile (LQ) and upper quartile (UQ) were 
determined. Given the small number of observations, and distribution characteristics different from the normal, 
parameters descriptive statistics of quantitative attributes were represented as Me (LQ, UQ). The distribution of 
qualitative signs were presented in percent of the total number of patients in the subgroup. When comparing the signs 
between groups and evaluating the results of treatment, nonparametric criteria were used: Mann-Whitney test, Kruskal-
Wallis test by ranks, Wilcoxon signed-rank test, Friedman two-way test. To determine the relationship of signs, the 

criterion 2 (chi-square) and the Spearman’s rank correlation coefficient R were used. The results were considered 

statistically significant with a probability value of p <0.05. 
RESULTS AND DISCUSSION 

During the period of retrospective analysis of the dynamics of the intraoperative oxygen balance data of the victims 
for the classification of signs characterizing the oxygen balance, and the selection of homogeneous groups for the 
purpose of further study, all the obtained data were classified using two-stage cluster analysis. As characteristics to be 
separated, SvO2 (oxygen saturation of venous blood), ERO2 and VO2 were used. Using the procedure of two-stage 
cluster analysis (average silhouette 0.6), 2 clusters that were homogeneous in terms of the indicators studied were 
obtained, each of which had 50 victims. The basic principle of dividing victims into groups was the degree of 
compensation of their oxygen balance upon admission to the operating room, which affected the statistically significant 
differences of SvO2, ERO2 and VO2 (p <0.001 for all indicators). In addition to SvO2, ERO2 and VO2, there were 
significant intergroup differences in ctO2 (v) and pvO2 (p <0.001) upon admission, which were lower in the 2nd group of 
victims. Upon admission, DavO2 was also statistically significantly higher in the 2nd group, and together with low SvO2 
and high ERO2 it confirmed the significant stress of the oxygen balance compensation mechanisms, despite unaltered 
average DO2. 

When admitted to hospital, patients in both groups did not statistically significantly differ in age — 32.5 (22.6; 45) 
and 33 (25.7; 44.5) years; severity of damage on the ISS scale — 33.5 (26.3; 42.2) and 38.1 (27.8; 48.4) score; 
hemoglobin levels — 101 (80; 116) and 100 (86; 118) g/l; and hematocrit — 31.4 (25.2; 35.3)% and 30.9 (26.6; 36.3)%. 

Upon admission to the operating room, moderate tachycardia, arterial hypotension and low CVP values were noted 
in patients of the 1st group; CI and SVRI were normal (Table 1). Consequently, upon admission to the operating room, 
hemodynamic indicators of the victims confirmed hypovolemia and its compensation with adequate performance of the 
heart and vascular tone. 

In patients of this group (Table 1), despite continued internal bleeding, the average hemoglobin and hematocrit 
showed no critical reduction, although 20% of the victims at that time already had indications for blood transfusion 
(hematocrit less than 25%). 

  
T a b l e  1 

Hemodynamic and oxygen balance of the affected in the Group 1 [n=50; Me (25%; 75%)] 

Parameters 
Values at stages of study 

Р value 
I stages  II stage 

HR beats per min 100 (90; 112) 89 (78; 96) <0.001 

BPmean, mm Hg 75 (66; 88) 88 (83; 98) 0.001 

CVP, mm Hg 0 (0;1.4) 4.1 (3.6; 5.1) <0.001 

CI, l/(min*m2) 2.96 (2.47; 3.64) 2.7 (2.34; 3.16) 0.019 

SVRI, dyn*sec*cm^5/m2 1,872 (1,324; 2,336) 2,323 (1,874; 3,029) <0.001 

рН (a) 7.33 (7.29; 7.39) 7.35 (7.31; 7.39) 0.181 

рО2 (a), mm Hg 186 (119; 227) 186 (127; 271) 0.225 

НСО3 (а), mmol/l 20.3 (18.1; 22.6) 21.5 (20.2; 23.6) 0.057 

рСО2 (а), mm Hg 37.4 (34.6; 41.2) 38.9 (35.5; 45.2) 0.036 

ВЕ (а), mmol/l -4.8 (-7.7; -2.4) -3.7 (-4.8; -1.5) 0.04 

рСО2 (v), mm Hg 45.9 (41.9; 50.5) 43.3(38.9; 48.6) 0.135 

рО2 (v), m Hg 48.7 (39.8; 53.2) 54.9 (46.5; 62.1) 0.004 

SvO2, % 75.1 (67.8; 83) 80.9 (75.5; 86.3) 0.003 

DavO2, ml/dl 3.0 (2.03; 4.18) 3.4 (2.2; 4.1) 0.692 

Hb, g/l 101 (80.8; 116) 100 (89.3; 110.3) 0.89 

Ht, % 31 (25.2; 35.2) 30.6 (27; 33.5) 0.854 

Glucose (а), mmol/l 9.05 (7.38; 13.53) 8.3 (7.05; 9.5) 0.004 

Lactate (а), mmol/l 2.85 (2.12; 3.83) 2.75 (2.28; 3.53) 0.911 

DО2, ml/(min*m2) 400 (314; 526) 357 (309; 433) 0.217 

VО2, ml/(min*m2) 112 (86; 145) 97 (78;138) 0.465 

ERО2, % 25.1 (19.6; 33.2) 24.5 (19.2; 30.2) 0.969 

ctО2 (а), ml/dl 13.2 (11.1; 16.0) 13.9 (12.6; 14.8) 0.257 

ctO2 (v), mg/dl 10.5 (8.6; 12.8) 11.2 (9.2; 12.8) 0.176 

Notes: BE — base excess; BPmean — mean arterial blood pressure; CI — cardiac index; ctО2 — oxygen content in the blood; CVP — central venous pressure; DavO2 — arterio-venous 
difference in oxygen content; DO2 — oxygen delivery; ERO2 — oxygen extraction ratio; Hb — hemoglobin; HCO3 — bicarbonates; HR — heart rate; Ht — hematocrit; pCO2 — 
carbon dioxide partial pressure; pO2 — oxygen partial pressure; SvO2 — oxygenation of venous blood; SVRI — systemic vascular resistanse index; VO2 — oxygen consumption 

 
  

PO2 and pCO2 values were within normal limits, although the total oxygen content in arterial blood was reduced 
due to anemia. The decrease in DO2 was associated with continued bleeding, hypovolemia and moderate anemia. 
However, VO2 was in the range of normal values with normal ERO2. 

Upon admission to the operating room, the patients of the 1st group showed signs of subcompensated metabolic 



acidosis with a decrease in pH and base excess BE) (Table 1). Despite the correspondence to the proper values of the 
mean values of pvO2 and SvO2, in 30% of patients of the 1st group, these indicators exceeded the reference values 
upon admission, which indicated possible arteriovenous bypass of blood. The content of lactate in the blood were 
moderately elevated. 

By the end of surgical intervention, blood loss in victims was 2,000 (1,800; 2,725) ml. In total, during the operation, 
we administered 4,582 (3,239; 5,923) ml of infusion and transfusion fluids, including: colloids 800 (500; 1,400) ml; 
crystalloids 2,300 (1,800; 3,050) ml; fresh frozen plasma 635 (548; 1016) ml; donor erythrocytes 518 (303; 729) ml; 
autoerythrocytes 650 (418; 968) ml. Diuresis during the operation averaged 500 (300; 1,200) ml. 

By the end of surgery, almost all studied hemodynamic parameters have changed significantly: heart rate 
decreased, mean arterial blood pressure, CVP and SVRI increased (for all indicators p <0.05 when compared with the 
previous stage); CI has not changed much. That is, when bleeding was managed intraoperatively and blood loss was 
replenished, positive hemodynamic changes have been noted. There has been an increase in SVRI as a 
compensatory-adaptive response to injury and blood loss. 

Red blood counts: hemoglobin and hematocrit changed statistically insignificantly after arresting the bleeding and 
initiating infusion-transfusion therapy (Table 1). Upon admission to the operating room, 20% of the victims had 
indications for blood transfusion (hematocrit less than 25%), at the end of the operation 10% of patients still had 
indications for continuing blood transfusion. 

By the end of the surgical intervention, the indices of pO2 and pCO2 remained normal. When calculating the oxygen 
content in the blood, attention was drawn to the fact that ctO2 values less than 15 mg/ml were observed at both stages 
of the study, being associated with a reduced amount of hemoglobin. 

The decrease in DO2 upon admission was associated with continued bleeding, hypovolemia and moderate anemia. 
Despite the cessation of bleeding, the compensation of the CBV and the lost globular volume, by the end of the 
operation DO2 even slightly decreased. It is important that in the absence of obvious signs of an imbalance of oxygen 
metabolism in 30% of victims, DO2 was below the critical level of 320 ml/(min*m2) both before the operation and after 
the surgical intervention. This is a situation when oxygen consumption becomes directly dependent on oxygen delivery, 
as well as metabolic disorders characteristic of tissue ischemia and shock, appear and progress. 

At both stages of the study, VO2 was slightly lower than the reference values. Despite intraoperative compensation 
of CBV and non-critical decrease in hemoglobin after surgery, lower values of the indicator were noted in 68% of the 
1st group patients. The decrease in VO2 might possibly be associated with anesthesia, myoplegia, and induced 
hypothermia. However, one cannot completely exclude the fact that a decrease in DO2 was also associated with 
inhibition of aerobic metabolism and switch to anaerobic metabolism. 

Despite the low values of indicators of transport and oxygen consumption, the average values of ERO2 
corresponded to the lower limit of the norm, which does not exclude the tension of compensatory mechanisms and the 
formation of oxygen debt. Thus, upon admission to the operating room, in 36% of the injured patients of the 1st group 
ERO2 was lower than 22%, and in 10% it exceeded 35%. By the end of the operation, ERO2 remained normal in 36% 
of the affected, and in 18% of cases it exceeded the reference values. Therefore, we cannot exclude the fact that the 
normal values of ERO2 at the 2nd stage of the study reflect the effect of anesthesia drugs and/or arteriovenous bypass 
mechanisms on the oxygen consumption. At first glance, the dynamics of SvO2 during the operation seems to be 
positive. However, with a detailed assessment, it could be noted that already in 56% of the affected SvO2 exceeded 
the norm. Despite the absence of statistically significant differences in the oxygen content in arterial and venous blood 
before and after surgery, we found that the arteriovenous difference in oxygen (DavO2) at both stages of the study did 
not reach 5 mg/dl , which might indicate oxygen imbalance and tension of compensatory mechanisms of metabolism 
regulation, an increase in arteriovenous bypass and centralization of blood circulation. It is possible that this process 
did not depend on the promptness of the performed hemostasis and the adequacy of CBV replenishment, but was 
associated with the terms of the injury and the general reaction to trauma and blood loss. 

The imbalance of oxygen metabolism and the stress of compensatory mechanisms were also reflected in an 
increased level of glycemia and a moderate increase in the blood lactate content at the stages of the study (Table 1). 
Despite a statistically significant decrease in glycemia at the end of the operation, we did not reveal any significant 
changes in lactate levels. 

The postoperative period was complicated in 9 patients (18%) of the 1st group, including 8 (16%) with pneumonia 
and purulent tracheobronchitis, and one (2%) with acute cardiovascular insufficiency. All victims survived surgery. But 
in the postoperative period, 2 patients (4%) of the 1st group died.  

Upon admission to the operating room, patients of the 2nd group also had moderate tachycardia, hypotension and 
low CVP values. Circulatory reaction was normal or even closer to the hypokinetic: CI and SVRI approached the 
reference values (Table 2). It should be noted that upon admission to the operating room, hemodynamic parameters 
of did not statistically significantly differ in both groups. In patients of the 2nd group, like in the 1st one, despite continued 
internal bleeding, the average hemoglobin and hematocrit did not reflect a critical reduction, although 18% of the victims 
already had indications for blood transfusion (hematocrit less than 25%). 

On admission to the operating room, pO2 and pCO2 were within normal limits, but the total oxygen content in arterial 
blood was reduced due to anemia. A decrease in DO2 upon admission (Table 2) was associated with continued 
bleeding, hypovolemia, moderate anemia, and a decrease in cardiac performance. However, VO2 was in the range of 
normal values, which was provided by a significantly increased ERO2 . 

  
  



 
T a b l e  2 

Hemodynamic and oxygen balance of the affected in the Group 1 [n=50; Me (25%; 75%)] 

Parameters Values at stages of study 
 Р value 

 I stage II stage 

HR, beats per min 100 (96; 113) 90 (85; 99) p<0.001 

BPmean, mm Hg 71 (57; 97) 88 (80; 94) p=0.004 

CVP, mm Hg 0 (0;0.5) 4.2 (3.5; 5.8) p<0.001 

CI, l/(min*m2) 2.7 (2.3; 3.7) 2.9 (2.7; 3.2) p=0.297 

SVRI, dyn*sec*cm^5/m2 1,761 (1,246; 2,265) 2,150 (1,902; 2,698) p=0.031 

рН (a) 7.31 (7.28; 7.37) 7.36 (7.32; 7.41) 0.001 

рО2 (a), mm Hg 163 (118; 212) 162 (127; 189) 0.919 

НСО3 (а), mmol/l 19.9 (18.1; 21.9) 22.5 (21.3; 24.0) <0.001 

рСО2 (а), mm Hg 39.3 (35.2; 46.3) 40.2 (36.3; 43.7) 0.721 

ВЕ (а), mmol/l -5.25 (-7.03; -2.5) -3 (-4.18; 0.2) 0.001 

рСО2 (v), mm Hg 43.7 (40.8; 50.9) 44.6 (41.8; 49.7) 0.824 

рО2 (v), m Hg 38.5 (29.0; 45.9) 46.9 (37.4; 56.3) <0.001 

SvO2, % 54.4 (48.5; 67.5) 74.6 (62.5; 80.7) <0.001 

DavO2, ml/dl 5.75 (4.0; 7.95) 3.75 (3.2; 5.2) <0.001 

Hb, g/l 100 (86; 118.3) 92 (81.3; 105) 0.015 

Ht, % 30.9 (26.6; 36.3) 28.4 (23.9; 32.4) 0.008 

Glucose (а), mmol/l 9.5 (6.9; 12.3) 8.9 (7.4; 12.2) 0.585 

Lactate (а), mmol/l 2.7 (1.72; 3.68) 2.8 (1.0; 3.85) 0.242 

DО2, ml/(min*m2) 409 (304; 495) 384 (321; 452) 0.377 

VО2, ml/(min*m2) 195 (158; 256) 131 (102; 201) <0.001 

ERО2,% 50 (45.1; 60) 38 (25.3; 52) <0.001 

ctО2 (а), ml/dl 14.1 (11.9; 16.4) 13.2 (11.6; 14.9) 0.099 

ctO2 (v), mg/dl 8.0 (5.9; 9.4) 9.4 (7.8; 11.2) 0.001 

Notes: BE — base excess; BPmean — mean arterial blood pressure; CI — cardiac index; ctО2 — oxygen content in the blood; CVP — central venous pressure; DavO2 — arterio-venous 
difference in oxygen content; DO2 — oxygen delivery; ERO2 — oxygen extraction ratio; Hb — hemoglobin; HCO3 — bicarbonates; HR — heart rate; Ht — hematocrit; pCO2 — 
carbon dioxide partial pressure; pO2 — oxygen partial pressure; SvO2 — oxygenation of venous blood; SVRI — systemic vascular resistanse index; VO2 — oxygen consumption 

  
Also, blood tests showed signs of moderate decompensated metabolic acidosis with decreased pH and base 

excess (Table 2). The mean SvO2 values were lower than the reference values in 68% of patients, and in 8% this 
indicator exceeded 80%. However, the arteriovenous oxygen difference was within normal limits and the blood lactate 
did not indicate the predominance of anaerobic metabolism in body tissues (Table 2). 

By the end of surgery, total blood loss was 2,000 (1,975; 2,825) ml. The volume of intraoperative infusion therapy 
in patients of this group was 7,605 (5,563; 10,395) ml and included: 1,550 (900; 2,500) ml of colloids; 3,100 (2,675; 
4,250) ml of crystalloids; 1,280 (699; 1,704) ml of fresh frozen plasma; 625 (375; 1,109) ml of fresh frozen plasma; 860 
(349; 1,426) ml of autocellular component. Diuresis during the operation averaged 700 (500; 1,200) ml.       

By the end of surgery the majority of hemodynamic parameters significantly improved (heart rate, mean arterial 
blood pressure, CVP, CI, SRVI (p<0.05)). It should be noted that all hemodynamic parameters at the end of the 
operation differed slightly in both groups. Like in the 1st group of victims, SRVI increased by the end of the operation in 
the 2nd group. Consequently, despite the differences in baseline oxygen balance, the response of the cardiovascular 
system to injury, surgery, anesthesia, and therapy was similar in both groups. 

Despite hemostasis and transfusion of hemoglobin-containing fluids, hemoglobin and hematocrit levels were 
statistically insignificant at the end of the operation, which may have been associated with hemodilution after infusion-
transfusion therapy (ITT). After the end of the surgical procedure, 34% of patients still had indications for continued 
blood transfusion. 

Oxygenating and ventilation function of the lungs of patients of this group during the whole observation period 
remained normal, and the oxygen content in arterial blood was almost unchanged. 

The statistically significant dynamics of the medians of pvO2 and SvO2 reflected the stabilization of the oxygen 
balance, despite the low values of ctO2 (a). However, at the end of the operation in 42% of patients SvO2 was below 
60%, and in 26% of victims it exceeded 80%. Such a difference in the indices indicated that the tension of the 
mechanisms of oxygen metabolism and the presence of a significant proportion of victims with arteriovenous bypass 
of blood persisted. The decrease in DavO2 by the end of the operation reflected an imbalance between oxygen delivery 
and the need for it. At the same time, the value of DavO2 was significantly below the normal value — 3.75 (3.2; 5.2) 
ml/dl (Table 2). 

The tension of the compensatory mechanisms in the imbalance of oxygen metabolism in the 2nd group was also 
manifested by moderate hyperglycemia and lactate acidosis. We have not identified significant dynamics of these 
indicators after surgery. Medium DO2 was below the reference values, but exceeded the critical level. A detailed 
analysis showed that upon admission to the operating room DO2 was below 320 ml/(min*m2) in 34% of patients, and 
after completion of the operation low DO2 values were revealed in 26% of the patients. 

Upon admission to the operating VO2 exceeded the normal values in 76% cases of the 2nd group. After surgery and 



ITT, the DO2 indicators corresponded to reference values (Table 2), but in 36% it exceeded the norm. Probably, higher 
oxygen consumption was due to prior oxygen debt or a stress response to trauma and surgery. The discrepancy 
between the need for oxygen and its delivery on admission is reflected in elevated values of ERO2 in almost all the 
victims of the 2nd group. Normalization of VO2 by the end of the operation in 50% of patients of the 2nd group was 
accompanied by a decrease in ERO2 to the reference values. DO2 decreased by the end of the operation, however, 
there was no significant decompensation of the oxygen balance, since VO2 decreased statistically significantly at the 
same time. 

The postoperative period was complicated in 9 patients (18%) of the 2nd group: one patient (2%) had pneumonia, 
5 (10%) had purulent-septic complications, 2 (4%) had acute cardiovascular failure, and one patient (2%) had 
posthypoxic encephalopathy. 

In the postoperative period, 7 victims (14%) of the 2nd group died. 
CONCLUSION 

In both groups of victims with injuries of the abdominal cavity organs, complicated by massive blood loss, at the 
time of admission to the operating room, the average systemic hemodynamics did not demonstrate the severity of their 
condition and were not significantly different. There were signs of hypovolemia such as decreased CVP, moderate 
tachycardia, arterial hypotension with normal vascular tone and cardiac output. After surgery to manage bleeding and 
intraoperative blood loss replenishment hemodynamic parameters improved — heart rate approached to normal, blood 
pressure and CVP increased, CI remained stable. At the same time, an increase in SVRI was observed, indicating an 
increase in vascular tone. 

Upon admission to the operating room, patients of the 2nd group were already in a more serious condition than 
patients of the 1st group, the severity of their condition was only manifested by oxygen balance indicators. Thus, the 
injured of the 2nd group statistically significantly had higher VO2 (195 (158; 256) ml/(min*m2) and 112.5 (86; 145.3) 
ml/(min*m2)), ERO2 (50 (45.1; 60)% and 25.1 (19.6; 33.2)%) and low SvO2 (54.4 (48.5; 67.5)% and 75.1 (67.8; 83)%) 
(p <0.001 for all indicators). These data indicate that victims experienced severe respiratory or circulatory hypoxia 
during the injury, which was partially managed during the period of primary care upon admission to the operating room 
or transportation, but the victims still had “laboratory signs of oxygen debt”. 

By the end of the operation, the average oxygen balance was statistically significantly different between the groups. 
The Group 2 still had the tension of the compensatory and adaptive mechanisms to maintain aerobic metabolism such 
as ERO2 and VO2 (p=0.001). Accordingly, at the end of the operation, the Group 2 had lower values of ctO2 (v) 
(p=0.002), pvO2 (p=0.017), SvO2 (p=0.001), although the level of glucose and lactate between the groups differed 
statistically insignificantly. Consequently, despite the control of bleeding in patients of the 2nd group, replenishment of 
blood loss and the conducted intraoperative intensive therapy, signs of circulatory insufficiency persisted, indicating 
that the compensatory mechanisms of the oxygen transport system were exhausted. This was confirmed by a higher 
mortality rate among the victims of this group. 

The modern practice of intensive care requires the addition of new criteria and its individualization for assessing 
the severity of the condition and the quality of intensive care based on a set of indicators — parameters of central and 
systemic hemodynamics. Particular attention should be paid to the dynamics of transport and oxygen consumption, as 
well as metabolic processes in tissues. 
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