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Abstract 

Background. Recently, researchers have paid considerable attention to 

the strategy of intraoperative infusion-transfusion therapy in traumatic 

surgical interventions. The choice of a “restrictive” regimen during 

surgery in many studies has reduced the incidence and severity of intra- 

and postoperative complications. 

Objective. Comparison of the effectiveness of "liberal" and "restrictive" 

intraoperative infusion-transfusion therapy in lung transplantation. 

Material and methods. The study included 58 patients who underwent 

bilateral lung transplantation at N.V. Sklifosovsky Research Institute for 

Emergency Medicine in the period 2012-2019. The patients were divided 

into 2 groups: the comparison group included 31 patients, the total 

volume of intraoperative infusion-transfusion in whom was 14386.9 ± 

                                                           

©Talyzin A.M., Zhuravel S.V., Khubutiya M.Sh.,  
Tarabrin E.A., Kuznetsova N.K. 2021 



1310.0 ml (16.5 ml/kg/h). Group II consisted of 27 patients; their total 

volume of intraoperative infusion-transfusion during surgery was 10251.3 

± 740.1 ml (12.9 ml/kg/hour). The analysis we performed included the 

volume and composition of intraoperative infusion-transfusion therapy, 

the volume of blood loss, clinical and laboratory data, the duration of 

mechanical ventilation, the frequency of intraoperative use of veno-

arterial extracorporeal membrane oxygenation and the duration of its use 

after surgery, mortality. 

Results. When using the "restrictive" fluid therapy for lung 

transplantation, we observed a decrease in the volume of intraoperative 

blood loss by 1.3 times, the volume of transfusion of blood components, 

including fresh frozen plasma by 37%, erythrocyte suspension by 3.1 

times, and instrumental reinfusion of autoerythrocytes by 1.56 times. At 

the same time, we revealed a decrease by 2.7 times in the duration of the 

mechanical ventilation use, a decreased frequency of using veno-arterial 

extracorporeal membrane oxygenation during surgery by 1.3 times, and a 

decreased duration of using veno-arterial extracorporeal membrane 

oxygenation after surgery by 2.3 times. Mortality was 38.7% in group I, 

and 30.7 % in group II.  

Conclusion. The “restrictive” approach to intraoperative infusion-

transfusion therapy  in lung transplantation seems a promising new trend 

requiring further study and gaining the experience. 
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BPsyst, systolic blood pressure 

BPdiast, diastolic blood pressure 

VA-ECMO, Veno-Arterial Extracorporeal Membrane Oxygenation 

PCWP, pulmonary capillary wedge pressure 

PAP, pulmonary artery pressure 

MLV, mechanical lung ventilation  

ITT, infusion-transfusion therapy 

CBV, circulating blood volume 

PGD, primary graft dysfunction 

MAP, mean arterial pressure 

CO, cardiac output 

FFP, fresh frozen plasma 

CI, cardiac index 

LT, lung transplantation 

COPD, chronic obstructive pulmonary disease 

HR, heart rate 

CVP, central venous pressure 

ECMO, extracorporeal membrane oxygenation 

 

Rationale 

Bilateral lung transplantation (LT) is the only radical treatment 

option for patients with end-stage chronic lung diseases. This is a highly 

traumatic operation, usually accompanied by massive blood loss, unstable 

hemodynamics, and impaired pulmonary gas exchange, which in some 

cases requires intraoperative prosthetics of cardiorespiratory function, 

namely, the use of extracorporeal membrane oxygenation (ECMO) [1-5]. 



Despite significant advances in surgical techniques, improvements in 

immunosuppressive therapy regimens, and an optimization of donor 

conditioning; mortality in the early postoperative period after LT 

currently remains significant (3.6–12.5%) [2, 6, 7]. 

Recently, researchers have been paying great attention to 

approaches to intraoperative infusion and transfusion therapy (ITT) for 

surgical interventions, one of the most important components of 

anesthetic support. According to modern concepts, there are "liberal", 

"restrictive" and "goal-directed" (Goal Direct Therapy, GDT) ITT 

regimens [8, 9]. According to some authors, the volume of infusion with 

the "restrictive" strategy is from 2 mL/kg/h to 12 ml/kg/h; with the 

"liberal" approach it reaches 30 mL/kg/h [10]. A number of studies have 

shown that the "liberal" version of ITT leads to an impairment of the 

vascular-endothelial barrier, the development of difficult-to-treat 

edematous syndrome, multiple organ failure, severe coagulation 

disorders, and, accordingly, an increased length of stay in intensive care 

unit, and an increase in postoperative mortality [11-13]. On the contrary, 

the choice of a "restrictive" (limited) ITT strategy during operations in 

major abdominal and thoracic surgery in many studies reduced the 

incidence and severity of intra- and postoperative complications [14-18]. 

However, with this approach, there is a risk of developing uncorrected 

hypovolemia, which leads to organ hypoperfusion. A "targeted" (GDT) 

ITT strategy based on transesophageal Doppler monitoring of cardiac 

output (CO) has a limited application in general practice [9]. 

We should note that there are insufficient studies devoted to the 

peculiarities of intraoperative ITT in lung transplantation. According to a 

few publications, an increase in the intraoperative ITT volume increases 

the risk of primary graft dysfunction [1, 19, 20]. It is known that the 

recipients who have undergone transfusion of significant amounts of 



packed red blood cells have a high risk of developing a primary 

pulmonary graft dysfunction, which, in turn, leads to an increased risk of 

fatal outcome [2]. The lack of convincing evidence for the optimal tactics 

of intraoperative ITT and its structure in lung transplantation prompted us 

to conduct this study. 

The study objective was to compare the efficacy of "liberal" and 

"restrictive" intraoperative ITT regimens  in LT. 

 

Material and methods 

The material of the retrospective study was the data from medical 

records of in-hospital patients. We selected the case histories of 58 

patients who underwent bilateral lung transplantation at N.V.Sklifosovsky 

Research Institute for Emergency Medicine in the period from 2012—

2019. There were 24 women (41.4%) and 34 men (58.6%). The mean age 

of patients was 35.8 [27; 44] years. 

The patient distribution by nosological groups before surgery, 

according to the United Network for Organ Sharing (UNOS) principles, 

was as follows: obstructive diseases (chronic obstructive pulmonary 

disease [COPD]/emphysema, bronchiectasis, sarcoidosis (with average 

pulmonary artery pressure < 30 mm Hg), lymphangioleiomyomatosis, 

obliterating bronchiolitis) in 18 patients (31%), vascular diseases 

(idiopathic pulmonary hypertension, Eisenmenger syndrome) in 3 (5.2%), 

cystic fibrosis in 24 (41.4%), immunodeficiency syndromes, restrictive 

diseases (idiopathic pulmonary fibrosis, sarcoidosis with average 

pulmonary artery pressure ≥ 30 mm Hg) in 13 (22.4%). All patients 

underwent the procedure according to the protocol of preoperative 

examination of a LT recipient. Anesthesia was performed according to the 

standard protocol. Intraoperative ITT included the introduction of 

crystalloid and colloid solutions (hydroxyethyl starch 6%) as well as the 



transfusion of blood components. The erythrocyte suspension was 

transfused in a decreased hemoglobin level below 80 g/L. In addition to 

allogeneic blood transfusion, autoerythrocyte transfusion was performed. 

When coagulopathy developed, fresh frozen plasma (FFP) was 

transfused. In a decreased mean arterial pressure (MAP) < 60 mm Hg 

despite the ongoing ITT, the administration of vasopressors and inotropes 

(norepinephrine, dobutamine, dopamine) was initiated. The central veno-

arterial ECMO (VA-ECMO) was included in the treatment complex in 

patients with uncontrolled hypoxemia, unstable hemodynamics, and 

increased lactic acidosis.  

According to the data obtained at reviewing the inpatient medical 

data records of 58 patients, and with regard of the intraoperative ITT 

amount and the volume of colloidal blood substitutes used in it, two 

groups were distinguished. Group I included 31 patients whose total ITT 

volume was 14,386.9±1,310.0 mL (16.5 mL/kg/hr), and the intraoperative 

volume of colloids was more than 500 mL (Table 1); group II consisted of 

27 patients whose total volume of ITT during surgery was more 

"restrictive" 10,251.3±740.1 mL (12.9 mL/kg/h), and the volume of 

colloid solutions did not exceed 500 mL. 

Table 1. General characteristics of study groups  
Parameters Group I Group II P 

Number of patients, n 31 27  
Total volume of ITT, 
mL (mL/kg/hour) 

14386.9±1310.0 
(16.5) 

10251.3±740.1 
(12.9)* 

0.005 

The volume of colloid 
solutions, mL 

> 500 < 500  

Age, years 33.59±9.94 37.29±12.13 0.634 
Men, n (%) 15 (48.4) 18 (66.6) 0.375 
Women, n (%) 16 (51.6) 9 (33.4) 0.174 
Restrictive diseases, n 
(%)  

6 (19.3) 7 (25.9) 0.538 

Note: * - asterisk denotes statistically significant differences in parameter values 

between the groups (p <0.05).  

 



The groups were comparable in age, the number of patients with 

restrictive diseases (6 pts in group I; 7 pts in group II), which were 

associated with the highest risk of an unfavorable outcome, the total 

ischemia time and graft cold ischemia time.  

To solve the tasks set, the following parameters were analyzed: the 

ITT volume and composition, the volume of blood loss (gravimetric 

method and results of red blood cell reinfusion), the surgery duration, and 

the arterial blood gases, the acid-base state of blood after the induction of 

anesthesia and the completion of anesthesia. The oxygenation index 

(PAO2/FiO2) was evaluated additionally at 24, 48, and 72 hours after 

surgery to diagnose a primary graft dysfunction. The endpoints of the 

study include also the duration of mechanical lung ventilation (MLV), the 

frequency of intraoperative VA-ECMO use and the duration of VA-

ECMO use after surgery, and mortality.  

Statistical data processing was performed using Statistica 13.3 

software from StatSoft®. The normality of the data distribution was 

evaluated using the Shapiro-Wilk test at n≤50. For a normal distribution, 

the arithmetic mean (M) and standard deviation (SD) were determined. 

For nonparametric data, the median (Me), the 25th and 75th percentiles, 

and the interquartile range (IQR) were determined. Quantitative data were 

compared between the groups using Student's t-test (M±Q) (normal 

distribution) and Mann-Whitney test (M-W) (the distribution differs from 

the normal one). The Pearson's χ2 test was used to compare qualitative 

data between groups. The difference significance level was p<0.05. 

 

Results and discussion 

Analysis of the obtained results showed that the duration of 

surgical intervention did not significantly differ between the two groups: 

866.6±32.5 minutes in group I, 764.8±34.2 minutes in group II. 



Table 2 shows a comparative assessment of the volume and 

composition of infusion and transfusion media administered during 

surgery in patients of both groups.  

 

Table 2. Comparative characteristics of the volume and components 

of infusion-transfusion therapy in the study groups  
Parameters Group I (n=31) Group II (n=27) P 

Total volume of infusion-
transfusion therapy, mL 14 386.9±1350.2 10 251.3±740.10.005 ٭ 

Blood loss volume, mL 3745.2±638.0 2805.6±537.7 0.134 
The volume of crystalloid 
solutions, mL 8707.0±1055.1 7551.6±538.8 0.645 

The volume of colloid solutions, 
mL 2680.2±313.2 478.2±162.30.018 ٭ 

Fresh frozen plasma, mL 1982.1±335.9 1245.1±245.4 0.394 
Erythrocyte suspension, mL 2018.1±265.3 647.6±194.6 0.075 
Instrumental reinfusion of 
autoerythrocytes, mL 726.8±166.2 464.7±162.8 0.132 

Thromboconcentrate, n (%) 8 (25.8%) 1 (3.7%)* 0.020 
Norepinephrine, n (%) 31 (100) 27 (100) 0.924 
Dobutamine, n (%) 29 (93.5) 24 (88.8) 0.528 
Dopamine, n (%) 9 (29.0) 7 (25.9) 0.792 
Note: * - the asterisk denotes statistically significant differences in parameter values 

between the groups (p <0.05).  

Data are presented as M ± SD 

 

The total volume of intraoperative ITT in patients of group I was 

14,386.9±1,350.2 mL (16.5 mL/kg/h), which was 1.4 times higher than in 

group II 10,251.3±740.1 mL (12.9 mL/kg/h), the difference was 

statistically significant. When analyzing the intraoperative ITT 

composition, we noted that the volume of crystalloid solutions did not 

differ statistically significantly between the groups: 8707.0±1055.1 mL in 

group I versus 7551.6±538.8 mL in the comparison group. The volume of 

colloid solutions in patients of group II was 5.6 times lower (p<0.05) 

compared to the patients of group I (478.2±162.3 mL vs. 2680.2±313.2 

mL). The results obtained during the study showed that colloid solutions 



were administered to patients of group I to stop acute hypovolemia 

caused by bleeding, while in group II they began to administer crystalloid 

solutions, and if they were not effective enough, they used colloids. 

The data obtained indicated that the volume of intraoperative blood 

loss in group I patients was 3745.2±638.0 mL, which was 1.3 times 

higher than in group II. Accordingly, the volume of transfused blood 

components in group I was higher. Thus, the volume of FFP in group I 

was 1982.1±335.9 mL versus 1245.1±245.4 ml in group II, the 

erythrocyte suspension volume was 2018.1±265.3 mL in group I versus 

647.6±194.6 mL in group II; the instrumental reinfusion of 

autoerythrocytes was 726.8±166.2 mL in patients of group I, and 

464.7±162.8 mL in group II. Thromboconcentrate transfusion was 

performed in 8 patients in group I, and one patient in group II. All 

patients required intraoperative administration of vasopressor/inotropic 

drugs (norepinephrine, dobutamine, dopamine). In 100% of cases in both 

groups, norepinephrine was used, while the number of patients treated 

with dobutamine and dopamine in group I was higher than in group II: 29 

(93.5%) versus 24 (88.8%) patients and 9 (29%) versus 7 (25.9%) 

patients, respectively.  

The results of a comparative assessment of the acid-base state, 

blood gas composition after the induction of anesthesia and after the 

completion of anesthesia are presented in Table 3.  

 

Table 3. Changes in laboratory parameters over time in patients of 

the study groups  
Parameters Stages Group I (n=31) Group II (n=27) P 

Lactate, mmol/L 
(0.5-1.6) 

1 1.2 (0.3–3.6) 1.32 (0.1–2.9) 0.645 
 0.021 ٭(4.7–2.1) 3.7 (9.0–2.7) 5.7 2

рН  (7.35-7.45) 1 7.46 (7.41–7.51) 7.47 (7.42–7.52) 0.938 
2 7.34 (7.31–7.47) 7.37 (7.29–7.40) 0.534 

BE, mmol/L (0 ± 2) 1 +6 (+4.2–+8.0) +7 (+4.3–+9.3) 0.395 



2 –5.5 (–7.5––2) –3 (–5.6– –1.9) 0.083 

Glucose, mmol/L 1 5.4 (3.3–6.7) 5.6 (3.5–7.6) 0.828 
2 12.3 (7.85–15.2) 10.9 (8.70–16.0) 0.139 

PaO2/FiO2 

1 139 (125.1–156.3) 145 (125.3–165.2) 0.274 
2 351.0 (290.0–521.5) 277.0 (228.0–348.0) 0.184 
3 320.0 (275.5–498.0) 339.0 (263.0–382.5) 0.629 
4 340.0 (254.0–700.0) 360.0 (280.0–429.0) 0.734 
5 275.0 (245.0–446.0) 356.0 (256.0–

 ٭(400.0
0.018 

Notes. * - the asterisk denotes statistically significant differences in parameter values 

between the groups (p <0.05). 
Stages of the study. 1: after anesthesia induction; 2: after anesthesia completion; 3: 24 hours 

after surgery; 4: 48 hours after surgery; 5: 72 hours after surgery. 

Data are presented as median (interquartile range) 

 

A dynamic study of the blood lactate revealed an increase in its 

level after anesthesia completion in all patients, but this parameter was 

statistically significantly increased (by 1.5 times) in group I patients 

compared to group II. A similar trend was observed with base deficit; by 

the end of surgery this parameter in group I was 1.4 times higher than in 

group II.  

Initially, normoglycemia was detected in both groups; after 

anesthesia was completed, all patients showed an increase in blood 

glucose (12.3 mmol/L in group I versus 10.9 mmol/L in group II).  

The dynamic study of the oxygenation index (PaO2/FiO2) showed 

the growth after the completion of anesthesia (stage 2) in patients of both 

groups, but in group I its level was 1.3 times higher compared to the 

group of patients who underwent a "restrictive" ITT. Noteworthy is the 

statistically significant increase in PaO2/FiO2 after 72 hours in group II 

compared to group I (by 1.3 times). 

Table 4 shows the comparison of results between the groups 

according to the criteria of treatment efficacy. 

 



Table 4. Comparison of the treatment results between the study 

groups according to the treatment efficacy criteria  
Parameters Group I (n=31) Group II (n=27) P 

MLV duration, h, 148.0 (18.0–321.0) 54.8 (24.0–74.0)* 0.004 

VA-
ECMO 

VA-ECMO use 
during surgery, n 
(%) 

 0.003 ٭(74) 20 (100) 31

VA-ECMO 
duration after 
surgery, h 

 0.032 ٭(116–24) 72.2 (321–18) 170.7

Mortality, n (%) 12 (38.7) 8 (30.7) 0.468 
Notes. * - the asterisk denotes statistically significant differences in parameter values 

between the groups (p <0.05);  

Data are presented as median (interquartile range) 

 

We revealed that the mechanical ventilation duration in group I 

patients was reduced was significantly higher than in group II (by 2.7 

times; 148.0 hours vs. 54.8 hours). VA-ECMO was used during surgery in 

100% of cases in group I, in 74% of cases (20 patients) in group II 

(p<0.05); 7 patients did not require the VA-ECMO use. We should note 

that the use of VA-ECMO was intraoperatively discontinued in 7 patients 

(22.6%) of group I versus 8 (29.6%) patients of group II. Meanwhile, in 

patients in whom VA-ECMO was continued after surgery, its duration 

was 170.7 (18;321) hours in group I, which was 2.35 times higher 

(p<0.05) than in patients of group II. The mortality rate was 38.7% in 

group I, and 30.7% in group II. 

 

Discussion 

Currently, it is known that the incidence of postoperative 

complications and the LT outcome largely depend on such components of 

anesthesia and resuscitation support as effective intraoperative analgesia, 

ITT, and the amount of the blood loss and the volume of transfused blood 

components [21]. 



The development of primary pulmonary graft dysfunction (PGD) 

due to ischemic-reperfusion injury in the first hours after arterial 

reperfusion is one of the most severe complications in LT and causes 

more than 30% of postoperative deaths. Lung damage begins as early as 

in the donor during the dying process due to pronounced stress endocrine-

metabolic reactions and systemic inflammation and reaches its peak after 

intraoperative organ reperfusion [22]. A decrease in the clearance of 

alveolar fluid due to an impaired lymphatic drainage aggravates this 

process. Probably, in this regard, the transplanted lungs are particularly 

sensitive to the infusion of a large fluid volume [23, 24]. According to 

modern concepts, hyperinfusion is also one of the most frequent factors 

damaging the endothelial glycocalyx, leading to acute graft damage [9]. 

The infusion of an increased fluid volume can contribute to the PGD 

development due to the increase in cardiac filling, which, in turn, 

increases the pulmonary blood flow and exacerbates ischemic-reperfusion 

damage. A number of authors have shown that the volume and 

composition of intraoperative ITT significantly affect the PGD severity 

degree. Thus, M.A. Geube et al. found that each liter of infusion during 

surgery increased the risk of developing grade 3 PGD by 22%, but the 

authors did not find a link between the use of various components of 

infusion therapy (colloids, crystalloids) and the PGD development [20]. 

Meantime, in their study D.R. McIlroy et al. demonstrated an independent 

inverse relationship between the volume of colloid solutions and the 

development of grade 2 PGD 12 hours after transplantation, and an 

increase in the treatment duration in the intensive care unit [19]. The 

authors explain this by the increased capillary permeability that occurs 

during PGD, as a result of which relatively large colloidal solution 

molecules move into the extravascular lung space. The complete absence 

of lymphatic drainage in the transplanted lung can further slow down the 

https://pubmed.ncbi.nlm.nih.gov/?term=Geube+MA&cauthor_id=26991618


elimination of oncotically active molecules from the lung [25-27]. A 

number of authors, based on the results of their studies, made a similar 

conclusion that the number of intraoperatively administered solutions is 

important for preventing the development of complications and the 

successful treatment outcome [28, 29]. 

According to literature reports, one of the risk factors leading to the 

development of grade 2-3 primary graft dysfunction (PGD) and the death 

is a large amount of blood loss during surgery and, accordingly, the 

volume of blood transfusion [2, 30-32]. Y. Liu et al. found a relationship 

between the development of grade 3 PGD and the volume of FFP. Weber 

et al. proved that transfusion of blood components leads to an increase in 

mortality after LT [33-37]. 

At the same time, there is no convincing evidence in favor of 

applying a restrictive ITT strategy in LT. There are no high-quality 

randomized clinical trials to study the benefits of using a particular 

regimen of perioperative ITT in LT. It is known that the use of a 

"restrictive" ITT strategy during surgical interventions can lead to 

hypovolemia, reduced cardiac output, vasoconstriction, ischemia of 

organs and tissues, including the kidneys, intestines, pancreas, and 

surgical anastomoses. Without the replenishment of the circulating blood 

volume (CBV) the stroke volume continues decreasing, and the organ 

ischemia deteriorates [9]. A number of studies comparing the efficacy of 

"liberal" and "restrictive" ITT regimens have been conducted for 

extensive surgical interventions in abdominal surgery. Meanwhile, the 

advantages of using restrictive tactics were not obvious. Thus, when 

using the "restrictive " ITT regimen  in the intra- and early postoperative 

periods, an increased risk of developing postoperative renal dysfunction 

was observed, while no differences in patient survival were found [38, 

39]. We should also note the inconsistency in the design of conducted 



studies. That was caused by heterogeneity of ITT volumes, which the 

authors took for "restrictive" and "liberal" regimens, errors in 

methodological standardization, and the choice of endpoints. It seems that 

research in this direction should be continued. 

The literature data analysis has shown that currently there is not 

enough material to study the advantages of one or another approach to 

performing perioperative ITT in LT. Based on individual scientific 

publications, it is difficult to shape a uniform idea of the correct ITT 

strategy, whereas this is of particular importance for LT. 

Evaluation of the obtained results showed statistically significant 

differences in the volume of infusion therapy during the entire surgical 

intervention (14,386.9±1,350.2 mL [16.5 mL/kg/h] in group I versus 

10,251.3±740.1 mL [12.9 mL/kg/h] in group II) due to an increase in the 

volume of colloid solutions (p<0.5) by 5.6 times. The volume of 

crystalloid solutions did not differ significantly between the groups.  

A decrease in the volume of intraoperative blood loss by 1.3 times 

was found in the patients who underwent "restrictive" ITT compared to 

the patients in the comparison group. The result was a marked reduction 

in the transfusion of blood components due to decreased ITT volume: the 

transfused FFP volume decreased by 37% (1245.1±245.4 mL in group II 

vs. 1982.1±335.9 mL in group I); the erythrocyte suspension volume 

decreased 3.1-fold (647.6±194.6 mL in group II vs. 2018.1±of 265.3 mL 

in group I), instrumental reinfusion of autoerythrocytes decreased by 1.56 

times (464.7±162.8 mL in group II vs. 726.8±166.2 mL in group I), the 

platelet concentrate was used in 8 patients of group I, and in one case of 

group II. 

Lactic acidosis, which level was higher after anesthesia completion 

in patients of group I, indicated hypoperfusion and tissue hypoxia. 

According to literature reports, one of the intraoperative factors affecting 



the patient survival after lung transplantation is uncorrected lactic 

acidosis after surgery [2]. At anesthesia completion, the patients in both 

groups, more pronounced in group I, showed an increase in the initially 

normal blood glucose level, apparently as a response to surgical stress 

and blood loss [17, 18]. Hyperglycemia is referred to a mandatory 

manifestation of the stress response, and the degree of increase in blood 

glucose levels usually correlates with the severity of the surgical injury. It 

is also known that hyperglycemia can occur as a result of disproportionate 

infusion therapy (hyperinfusion), which leads to rapid destruction of 

glycocalyx and the development of "capillary leakage" syndrome [9]. The 

oxygenation index (PaO2/FiO2) was studied in dynamics. According to 

the PGD classification developed by the International Society for Heart 

and Lung Transplantation, a change in the level of PaO2/FiO2 corresponds 

to the severity of ischemic reperfusion injury [2, 20]. The increase in 

PaO2/FiO2 was observed after the anesthesia completion (stage 2) in 

patients of both groups. Meanwhile, its level was 1.3 times higher in 

group I than in group II patients. Apparently, this is due to the fact that all 

patients of group I required the use of VA-ECMO during surgery, 25 of 

whom required it after surgery, while in group II, 7 patients did not use 

VA-ECMO during surgery, in 8 cases they finished using VA-ECMO 

immediately after the end of anesthesia. A statistically significant 1.3-fold 

increase in PaO2/FiO2 was found after 72 hours in the patients who 

underwent "restrictive" ITT compared to the comparison group. 

When studying the effect of different ITT regimens in LT on the 

treatment efficacy, we noted a decrease in the mechanical ventilation 

duration by 2.7 times with a "restrictive" ITT strategy, as well as a 

reduction by 1.3 times in the frequency of VA-ECMO use during surgery, 

and by 2.3 times in the VA-ECMO duration after surgery, and a decreased 

mortality being 30.7% in group II versus 38.7% in group I patients. 



According to literature, the most important factors for predicting the 

outcome of patients after LT are the use of ECMO after surgery and the 

duration of mechanical ventilation for more than 3 days. The risk of death 

with a combination of these factors reaches 80%. Performing mechanical 

ventilation in the postoperative period for more than 3 days contributes to 

the development of pneumonia and sepsis, increasing the risk of death [2, 

38]. When using ECMO during surgery, a higher incidence of 

intraoperative bleeding was revealed. 

 

The obtained data showed that the use of the "restrictive" regimen  

of infusion-transfusion therapy in lung transplantation has a positive 

effect on clinical and biochemical parameters, arterial blood gases, acid-

base state, reduces the amount of blood loss and the volume of blood 

components transfused, leads to a decreased duration of mechanical lung 

ventilation, the frequency of veno-arterial extracorporeal membrane 

oxygenation during surgery, and the duration of veno-arterial 

extracorporeal membrane oxygenation after surgery. Thus, the use of the 

"restrictive" strategy to infusion-transfusion therapy reduces the 

likelihood of factors leading to the development of complications, which 

generally improves the disease prognosis. This approach of intraoperative 

infusions for bilateral transplantation seems promising, but it requires 

further study and accumulation of experience. The development of central 

hemodynamics monitoring technologies and their availability will make it 

possible to personalize infusion and transfusion therapy in lung 

transplantation and switch to "goal-directed" (GDT) tactics, which will 

help to increase the efficacy and safety of this component of perioperative 

intensive care and improve treatment results in general.  

 

 



Conclusions 

1. The use of the "restrictive" strategy  of intraoperative 

infusion and transfusion therapy in lung transplantation reduces the 

volume of intraoperative blood loss by 1.3 times and reduces the volume 

of transfused blood components: fresh frozen plasma by 37%; red blood 

cell suspension by 3.1 times, instrumental reinfusion of autoerythrocytes 

by 1.56 times. 

2. The "restrictive" strategy of intraoperative infusion-

transfusion therapy has a positive effect on tissue perfusion, reducing 

lactic acidosis; it leads to the normalization of the oxygenation index in 

the postoperative period, which is expressed in its statistically significant 

increase by 1.3 times after 72 hours compared to that in group I. 

3. The use of the "restrictive" strategy of intraoperative infusion 

and transfusion therapy in lung transplantation reduces the mechanical lung 

ventilation duration by 2.7 times, reduces the frequency of veno-arterial 

extracorporeal membrane oxygenation during surgery by 1.3 times, reduces 

the duration of veno-arterial extracorporeal membrane oxygenation after 

surgery by 2.3 times, and reduces the mortality rate by 8%. 
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