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The aim of the research. To study the kidneys functional state when using different regimens of intraoperative 

fluid therapy in high cardiac risk patients during abdominal surgery. 

Materials and methods. 142 patients who underwent abdominal surgical interventions mainly for oncoprocto-

logical diseases of the gastrointestinal tract, aged over 50 years old and with a history of stable coronary heart 

disease were divided into four groups depending on the way of intraoperative fluid therapy, which was per-

formed according to two regimens: restrictive (R) and liberal (L). R1 (n=36) with rate of intraoperative fluid 

therapy 3–5 ml/kg/h, R2 (n=35) patients received 5–8 ml/kg/h during surgery, L1 (n=35) with intraoperative flu-

id rate of 8–11 ml/kg/h and L2 (n=36) – more than 11 ml/kg/h intraoperatively. The study of the functional state 

of the kidneys included the determination of such indicators as urea, creatinine, diuresis, the degree of AKI ac-

cording to KDIGO in two stages of the study – before surgery and 18–24 hours after. 

Results. The greatest tendency to develop acute kidney injury was observed in R1 subgroup with a restrictive in-

traoperative fluid therapy regimen, and the smallest in L1 subgroup with a relatively liberal regimen. The R2 

and L2 subgroups took an intermediate place in the number of renal complications. A high tendency to develop 

renal dysfunction in patients of R1 subgroup was associated with circulatory hypokinesia and a moderate de-

crease of renal perfusion. 

Conclusions. The study found that restriction of infusion in R1 subgroup contributed to the development of renal 

dysfunction in almost half of the patients. First of all it was associated with a decrease of GFR in conditions of 

circulatory hypokinesia, which is larger in R1 subgroup and amounted to about 35 %. The safest regimens of in-

traoperative fluid therapy in relation to renal function in the perioperative period were relatively liberal (sub-

group L1) and relatively restrictive (subgroup R2), which provided the least number of complications in patients 
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1. Introduction 

Kidney`s functional state assessment under the in-

fluence of many factors of the perioperative period is a 

current trend in modern anesthesiology [1]. Surgical 

trauma, blood loss, hemodynamic instability and sympa-

thoadrenal activity lead to a decrease of glomerular filtra-

tion and to the significant release of biologically active 

substances that have a damage effect on kidney cells (cy-

tokines, peroxide radicals, iron ions, etc.). Acute kidney 

injury is one of the complications of the perioperative 

period, which is characterized by a sudden loss or insuf-

ficiency of renal function, which leads to the accumula-

tion of urea and other nitrogenous compounds in the 

body [2, 3]. The incidence of acute kidney damage varies 

from 1.9 to 18 % depending on the performed surgery [4, 

5]. Intraoperative fluid balance is one of the modifiable 

risk factors for acute kidney injury [6]. At the same time 

an adequate fluid therapy is absolutely essential to pre-

vent prerenal acute kidney damage [7]. 

The aim of the research. To study the kidneys 

functional state when using different regimens of in-

traoperative fluid therapy in high cardiac risk patients 

during abdominal surgery. 

 

2. Materials and methods 

The single-center, prospective, randomized study 

included 142 patients who were treated at the “Kharkov 

City Clinical Hospital No. 2”, and “V.T. Zaitsev Institute 

of General and Urgent Surgery of National Academy of 

Medical Sciences of Ukraine” for the period 2017–2021, 

who underwent abdominal surgical interventions mainly 

for oncoproctological diseases of the gastrointestinal 

tract, aged from 50 to 75 years (the mean age  

66.1±0.7 years) old and with a history of stable coronary 

heart disease.  

The work was carried out in accordance with the 

Code of Ethics of the World Medical Association (Hel-

sinki Declaration). All patients included in the study pro-

vided written informed consent. The work was approved 

by the Commission on Bioethics of the Kharkiv Medical 

Academy of Postgraduate Education, protocol No. 3 

10/12/2021. 
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By the method of blind randomization, patients 

were divided into two groups depending on the way of 

intraoperative fluid therapy, which was performed ac-

cording to two regimens: restrictive and liberal. Patients 

were divided into such groups: the first group with re-

strictive (R) regimen of intraoperative fluid therapy 

(n=71) included patients with rate of intraoperative fluid 

therapy not more than 8 ml/kg/h. Patients in this group 

were divided into two subgroups: R1 (n=36) with rate of 

intraoperative fluid therapy 3–5 ml/ kg/ h, R2 (n=35) pa-

tients received 5–8 ml/kg/h during surgery. The second 

group with a liberal (L) regimen of intraoperative fluid 

therapy (n=71) included patients with rate of intraoperative 

fluid therapy more than 8 ml / kg / h. Patients in this group 

were divided into two subgroups: L1 (n=35) with in-

traoperative fluid rate of 8–11 ml/kg/h and L2 (n=36) – 

more than 11 ml/kg/h intraoperatively. The study of the 

functional state of the kidneys included the determination 

of such indicators as urea, creatinine, diuresis in two stages 

of the study – before surgery and 18–24 hours after. De-

termination of urea and creatinine levels was performed on 

a biochemical automatic analyzer DS-26, the GRF was 

calculated by Cockcroft-Gault formula. Cases of kidney’s 

dysfunction were determined by KDIGO Clinical Practice 

Guideline for Acute Kidney Injury [8].  

Statistical processing of data was performed via 

STATISTICA 6,0 program by parametric and nonpara-

metric methods of Wilcoxon (for comparison in the dy-

namics of patients in one group) and Mann-Whitney (to 

assess differences between groups). For all types of anal-

ysis, the differences were statistically significant at  

p <0.05. 

 

4. Results 

Many of the patients enrolled in this study had 

preoperative risk factors for acute kidney injury. Among 

them should be noted some of them: the age of patients, 

the presence of concomitant cardiac pathology (coronary 

heart disease, heart failure, hypertension), oncology dis-

ease. As shown in Table 1, a decrease in the functional 

kidney`s reserves in the examined patients compared 

with the initial state was manifested in a decrease of GFR 

to 55–70 ml/min, at the same time serum creatinine and 

urea values were within normal limits in most patients.

 

Table 1 

Parameters of kidney`s functional state (M±m) 

Parameter 
Before surgery After surgery(in 18–24 hours) 

R1 R2 L1 L2 R1 R2 L1 L2 

Urea, mmol/l 5.2±0.2 5.4±0.2 5.1±0.2 5.3±0.2 5.7±0.2 5.8±0.2 5.7±0.2 5.8±0.1 

Creatinine, mg/dl 

n (0.04–0.11) 
0.07± 

±0.003 

0.07± 

±0.002 

0.08± 

±0.002 

0.07± 

±0.002 

0.13± 

±0.003 
1
 

0.09± 

±0.001 

0.09±0 

±.001 

0.09± 

±0.001 

Diuresis, ml. N N N N 2346.2±143.9 2672±183.9 2575±175 2842.3±168.3 

Diuresis rate, ml/kg/h N N N N 0.9±0.3 1.2±0.2 1.2±0.3 1.3±0.3 

GFR, ml/min/1,73m2 

 
85.5±8.2 87.0±6.5 80.3±6.2 82.1±4.2 55.9±3.5 

1 
69.2±3.7 64.2±4.0 59.7±2.9 

Note: 1 significant difference between indicators of R1 and other groups (p<0.05), M – average; m – the standard error of the mean 

 

In patients of the 1st subgroup with a restrictive 

regimen of intraoperative fluid therapy a significant 

GFR`s decrease and an increase blood creatinine level 

was observed in the early postoperative period. This in-

dicates significant changes in the functional kidney`s 

status in these patients. A more detailed analysis of the 

KDIGO Acute Renal Damage Scale revealed changes 

corresponding to stage 1 AKI in 5 patients (14 %), stage 

2 in 9 patients (25 %) and stage 3 in 1 patient (3 % of the 

total number in the subgroup). These changes occurred 

despite adequate correction of hemodynamic parameters 

with maintenance of the average blood pressure in the 

range of 80-90 mm Hg. This level is optimal to ensure 

adequate renal perfusion and reduce renal complications 

in patients with hypertension [9]. A possible explanation 

for this fact is that patients in subgroup 1 developed a 

tendency to circulatory hypokinesia, which more often 

than others required the introduction of sympathomimet-

ic drugs to support hemodynamics. 

Patients of the 2nd subgroup with a relatively re-

strictive regimen of intraoperative fluid therapy showed 

similar changes in renal parameters, but they were less 

evident compared to the 1st subgroup. The decrease in 

the average GFR was about 26 %, while in the 1st sub-

group – 35 %. The creatinine blood level significantly 

increased, but within normal values. Cases of 1st stage 

acute kidney injury noted in 6 patients (17 % of the num-

ber in the subgroup).  

In patients with a liberal regimen of intraoperative 

fluid therapy was a similar dynamics of kidney function 

in the perioperative period. In patients of subgroup L1 

with a relatively liberal fluid regimen, a moderate in-

crease in creatinine and urea blood levels were within the 

reference values. The GFR`s reduction was about 20 %. 

Signs of the first stage of acute kidney injury according 

to KDIGO classification in subgroup L1 were found in  

3 patients (9 %). In patients with a liberal regimen of 

intraoperative fluid therapy (subgroup L 2) were found 

the same changes in renal parameters with a decrease of 

GFR by 20 %. Signs of renal dysfunction of the first 

stage were found in 6 patients (17 %), 2nd stage – in the 

1 patient (6 % of the number in the subgroup). 

The Fig. 1 shows that the greatest predisposition 

to the development of acute kidney injury was observed 

in subgroup R1 with a restrictive regimen of intraopera-

tive fluid therapy, the lowest – in subgroup L1 with a 

relatively liberal. Subgroups R2 and L2 took an interme-

diate position in the number of renal complications. 
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Fig. 1. Cases of acute kidney injury in subgroups 

 

The highest predisposition to the development of re-

nal dysfunction in patients of subgroup R1 was associated 

with hypokinesia of blood circulation and a moderate de-

crease in renal perfusion. For all those patients who had a 

decrease in hourly diuresis and GFR in the second half of 

the operation and in the early postoperative period the fluid 

therapy were optimized within a daily fluid intake of 20–25 

ml/kg. If these measures were ineffective, diuretics were 

additionally administered (torasemide 20–40 mg until suffi-

cient hourly diuresis was achieved). All these measures led 

to increase in the fluid load of patients while maintaining a 

“zero” or weakly positive fluid balance per day. Similar 

measures to correct the kidney`s functional status, if neces-

sary, were used in other groups of patients. 

 

5. Discussion 

Thus, the renal dysfunctions of varying severity 

naturally occur in many high cardiac risk patients during 

surgery [10]. This is facilitated by both surgical trauma 

(the impact of stress reactions) and the presence of many 

risk factors in patients [11]. Differences found during the 

perioperative period due to the development of renal dys-

function in different subgroups of patients suggest that 

intraoperative fluid therapy also significantly affects the 

functional state of the kidneys. Restriction of fluid supply 

in the R1 subgroup contributed to the development of 

renal dysfunction in almost half of the patients. This is 

primarily due to a decrease in GFR in conditions of cir-

culatory hypokinesia, which in the subgroup R1 was the 

largest and amounted to about 35 %. These patients in 

the early postoperative period need to increase the rate of 

fluids and the use of diuretics with a significant reduction 

in hourly diuresis. The implementation of these measures 

was sufficient to restore adequate diuresis and stabilize 

renal function. None of the patients in the subsequent 

postoperative period showed signs of progression of re-

nal failure. 

Study limitations. Restrictions due to the in-

volvement of small sample of patients. 

Prospects for future research. It would be inter-

esting to examine younger patients to find out their reac-

tion on fluid load. Also, interesting to investigate patients 

with other functional classes of chronic cardiac failure. 

 

6. Conclusion 

1. The highest predisposition to the development 

of renal dysfunction in patients of subgroup R1 was as-

sociated, in our opinion, with hypokinesia of blood circu-

lation and a moderate decrease in renal perfusion. 

2. The study found that both restriction of fluid 

and fluid overload during abdominal surgeries for high 

cardiac risk patients are potentially dangerous in terms of 

the development of renal dysfunction. 

3. The safest regimens for intraoperative fluid 

therapy with respect to renal function in the perioperative 

period were relatively liberal (subgroup L1) and relative-

ly restrictive (subgroup R2), which provided the least 

number of complications in patients. 
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