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AB STR ACT  

I N T R O D U C T I O N: The principles of optimal perioperative fluid therapy in thoracic surgery have been discussed for many 

years due to its possible role in pulmonary complications. The aim of the study was to perform a preoperative analysis 

of bioelectrical impedance (BIA) in patients undergoing video-assisted thoracoscopic surgery (VATS) using one-lung 

ventilation. 

M A T E R IA L  A N D  M E T H O D S : The study comprised 14 adult patients (11 men and 3 women). BIA was applied to measure 

total body water (TBW), intracellular body water (ICW), and extracellular body water (ECW) prior to the operation and 

after the patient’s return to the ward. The patients were grouped according to the total water received during the surgery 

per kilogram of body weight. The accepted cut-off value for restrictive fluid therapy was < 6.5 ml/kg of all fluids received 

during surgery. 

R E S U L TS : A small elevation of TBW was observed after the surgeries as compared to preoperational values.  

In restrictive fluid therapy, the values raised from 46.55% (95% CI: 41.58; 51.58) to 46.92% (95% CI: 42.92; 51.32), 

while for liberal volumes of fluids given during the procedures, the values grew from 37.26% (95% CI: 37.97; 41.56) to 

37.63% (95% CI: 33.82; 41.43). However, the differences were not statistically significant (p = 0.983) and fluctuations 

in the intracellular and extracellular water were unremarkable in both groups. 
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C O N C L U S I O N S: Restrictive fluid therapy does not affect intracellular and extracellular water distribution in patients 

undergoing VATS. 

KEYW ORDS  

VATS, water distribution, video-assisted thoracoscopy, total body water, bioelectrical impedance analysis, restrictive 

fluid therapy, perioperative fluid therapy, TBW 

STRESZCZENI E 

W S T Ę P : Zasady prowadzenia optymalnej płynoterapii okołooperacyjnej w trakcie zabiegów torakochirurgicznych są 

przedmiotem debaty od wielu lat z powodu możliwego związku z rozwojem powikłań płucnych. Celem badania była 

analiza wpływu płynoterapii restrykcyjnej z użyciem impedancji bioelektrycznej (bioelectrical impedance analysis – 

BIA) u pacjentów poddawanych operacjom wideotorakoskopowym (video-assisted thoracoscopic surgery – VATS) 

z wentylacją jednym płucem. 

M A T E R IA Ł  I  M E T O D Y : Badanie przeprowadzono u 14 dorosłych pacjentów (11 mężczyzn i 3 kobiety). Za pomocą BIA 

dokonywano pomiarów wody całkowitej (total body water – TBW), wewnątrzkomórkowej (intracellular body water – 

ICW) i zewnątrzkomórkowej (extracellular body water – ECW) przed operacją oraz po powrocie pacjenta na salę 

chorych. Pacjentów podzielono ze względu na całkowitą ilość płynów otrzymanych podczas operacji w przeliczeniu 

na kilogram masy ciała. Za wartość graniczną dla restrykcyjnej płynoterapii przyjęto < 6,5 ml/kg wszystkich płynów 

podanych podczas operacji. 

W Y N I K I : Po zabiegach obserwowano niewielki wzrost ilości TBW w porównaniu z wartościami przedoperacyjnymi. 

Dla restrykcyjnej płynoterapii wartości wzrosły z 46,55% (95% CI = 41,58; 51,58) do 46,92% (95% CI = 42,92; 

51,32), natomiast w przypadku dowolnej ilości podanych płynów z 37,26% (95% CI = 37,97;41,56) do 37,63% 

(95% CI = 33,82; 41,43). Jednak różnice te nie były istotne statystycznie (p = 0,983). Wahania w ilości wody 

wewnątrzkomórkowej i zewnątrzkomórkowej w obu grupach były nieznaczne. 

W N IO S K I : Płynoterapia restrykcyjna nie wpływa na dystrybucję wody wewnątrzkomórkowej i zewnątrzkomórkowej 

u pacjentów poddawanych VATS.

SŁOW A KL UCZOWE  

VATS, dystrybucja wody, wideotorakoskopia, całkowita zawartość wody w organizmie, analiza impedancji bioelek-

trycznej, płynoterapia restrykcyjna, płynoterapia okołooperacyjna, TBW 

INTRODUCTION  

The guidelines for optimal perioperative fluid therapy 

during thoracic surgery have been discussed for many 

years due to possible development of pulmonary 

complications [1,2,3,4,5]. Pulmonary complications 

have been recognized as a cause of markedly poorer 

recovery after thoracic procedures and constitute 

a major burden to the healthcare system, including 

increased costs [6,7]. For a long time now, restrictive 

fluid supply has been considered an optimal regimen 

that can restrict the development of pulmonary 

complications. However, such opinions have also been 

contested for potential association with other 

complications, e.g., organ hypoperfusion leading to 

dysfunction and failure, particularly manifested in 

acute renal insufficiency [8]. On the other hand, the 

evaluation of water distribution has been found helpful 

in assessing the risk of complications such as infection 

or edema [9,10]. An effective method for estimating 

body composition, particularly the distribution of 

water, body fat, and muscle mass, is bioelectrical 

impedance analysis (BIA). It involves the flow of 

a weak electric current through the body, the voltage of 

which is measured to calculate the body’s impedance, 

or its ability to attenuate the current. It has been 

established that fat does not conduct electricity, and that 

fat-free body mass is considered a conductive volume 

that helps electric current flow due to the conductivity 

of electrolytes dissolved in water. Impedance is made 

up of resistance and reactance. In biological systems, 

resistance is due to the total water in the body, while 

reactance occurs because of the capacitance of the cell 

membrane. This allows us to measure the values of 

cellular water as well as extracellular water [11]. This 

method has been used in research to estimate and 

analyze changes in disorders of various types of 

diseases, including in critically ill patients [12,13,14]. 

The objective of this study was to evaluate the effect of 

restrictive fluid therapy on water distribution in patients 

undergoing video-assisted thoracoscopy (VATS) with 

one-lung ventilation (OLV), using BIA. 

MATERIAL AND METHODS  

The study comprised 14 adult patients (11 men and 

3 women; mean age: 60.5 ± 9.574) undergoing 

VATS for diagnostic or therapeutic reasons. The mean 

weights recorded in the liberal and restrictive fluid 

therapy groups were 72.65 kg (± 7.21 kg) and 79.48 kg 
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(± 11.52 kg), respectively. Similarly, the mean  

heights were 169.25 cm (± 5.11 cm) and 177.83 cm  

(± 4.26 cm), respectively. The study was approved  

by the Bioethical Committee of the Medical University 

of Silesia (No. PCN/0022/KB1/08/II/20). All the 

surgeries were scheduled in advance. The American 

Society of Anesthesiologists (ASA) scale was used to 

qualify the patients into groups II or III (Table I). 

Anesthesia was uniform in both groups and entailed IV 

administration of propofol (Propofol-Lipuro B. Braun, 

Germany), fentanyl (Fentanyl WZF, Polfa Warszawa 

S.A., Poland), and cis-atracurium (Cisatracurium 

Kalceks AS Kalceks, Latvia). OLV was ensured with  

a Robertshaw double lumen endotracheal tube. 

Anesthesia was supported by sevoflurane (Sevoflurane 

Baxter, Baxter SA, Belgium) at a dosage of 2% v/v  

and fractional doses of fentanyl and cis-atracurium. 

FiO2 1.0 was used during ventilation. The duration  

of the procedure ranged between 40 and 100 min 

(average 63.88 min). The patients were grouped 

according to the total water received during the surgery 

per kilogram of body weight. They were assigned to 

groups at random by tossing a coin. The test group 

included patients receiving targeted fluid therapy  

(n = 8). The accepted cut-off value for restrictive fluid 

therapy was < 6.5 ml/kg of all fluids received during 

surgery. The patients received Sterofundin ISO 

balanced full electrolyte solution (B. Braun Melsungen 

AG, Germany). Body composition was evaluated with 

an Accuniq BC310 analyzer (SELVAS Healthcare Inc., 

South Korea) in a standing position following the 

manufacturers’ instructions. To avoid measurement 

errors, the results were automatically calculated  

using three different frequencies (5, 50, and 250 kHz). 

The measurements were taken in the evening  

preceding the surgery and after the patient’s return to  

 

the ward (before oral hydration was administered).  

The statistical analysis was conducted with the 

software program Statistica 12. Normal data 

distribution was assessed using the Kolmogorov– 

–Smirnov test. In order to compare variables between 

the groups, ANOVA was used for repeated measures, 

with the results presented as mean values and standard 

deviation. Post hoc analysis made use of the Bonferroni 

test. The accepted cut-off for statistical significance 

was p < 0.05. 

Table I. Qualification of patients for individual groups by American Society  
of Anesthesiologists (ASA) scale grading  

ASA grading Number of patients (n) 

II 8 

III 6 

IV – 

RESULTS 

Water distribution was evaluated taking into 

consideration the parameters of total body water 

(TBW), intracellular body water (ICW), and 

extracellular body water (ECW). A statistically 

significant difference was observed between the test 

group and the control group for each of these 

parameters. The average TBW value for the group 

receiving restrictive volumes of fluids was 46.73%, 

while the controls showed a mean value of 37.45%. 

Respectively, the groups’ observed values for ICW 

were 27.75% and 22.19%, while for ECW they were 

18.99% and 15.26%. The values of all parameters were 

markedly higher in the test group as compared to the 

controls (Table II). 

 
Table II. Comparison of mean total, intracellular, and extracellular body water in the test and control groups 

Group 
TBW 

(p = 0.007) 
ICW 

(p = 0.007) 
ECW 

(p = 0.007) 

Test group (1) 
< 6.5 ml/kg 

46.73%  
(95% CI = 42.07; 51.40) 

27.75% 
(95% CI = 24.91; 30.58) 

18.99% 
(95% CI = 17.09; 20.88) 

Controls (2) 
> 6.5 ml/kg 

37.45% 
(95% CI = 33.40; 41.49) 

22.19% 
(95% CI = 19.74; 24.64) 

15.26% 
(95% CI = 13.61; 16.90) 

TBW – total body water; ICW – intracellular body water; ECW – extracellular body water. 

Both groups showed some increase in TBW 

following the surgery over the preoperative values 

(Table III). In restrictive fluid therapy, the values  

were 46.55% and 46.92%, respectively; for liberal 

fluid supply, they were 37.26% and 37.63%, 

respectively. However, the differences were not 

statistically significant (p = 0.983). Fluctuations  

in the intracellular-to-extracellular-water ratio were 

unremarkable in both groups. ICW levels in the patients 

supplied with fluids at a volume of < 6.5 ml/kg 

amounted to 27.51% before the surgery and 27.98% 

afterwards. The controls showed mean values of 

22.14% and 22.24%, respectively (Table IV). Such 

results did not correspond to the level of statistical 

significance chosen for the study. The p-value for ICW 

amounted to 0.464. Similarly, measurements of ECW 

were 19.03% prior to surgery and, paradoxically, as 

high as 18.94% after the procedures. In the control 

group, these values were 15.12% and 15.38%, 

respectively (Table V).
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Table III. Comparison of total body water (TBW) prior to and after surgery in the test and control groups 

Group Time 
Mean 
(%) 

-95.00% 
(%) 

+95.00% 
(%) 

p 

Test group (1) 
< 6.5 ml/kg 

TBW preoperative 46.55 41.58 51.51 

0.983 
TBW postoperative 46.92 42.52 51.32 

Controls (2)  
> 6.5 ml/kg 

TBW preoperative 37.26 32.97 41.56 
TBW postoperative 37.63 33.82 41.43 

Table IV. Comparison of intracellular body water (ICW) prior to and after surgery in the test and control groups 

Group Time 
Mean 

(%) 

-95.00% 
(%) 

+95.00% 
(%) 

p 

Test group (1) 
< 6.5 ml/kg 

ICW preoperative 27.51 24.59 30.43 

0.464 
ICW postoperative 27.98 25.19 30.77 

Controls (2)  
> 6.5 ml/kg 

ICW preoperative 22.14 19.61 24.67 
ICW postoperative 22.24 19.82 24.66 

Table V. Comparison of extracellular body water (ECW) prior to and after surgery in the test and control groups 

Group Time 
Mean 
(%) 

-95.00% 
(%) 

+95.00% 
(%) 

p 

Test group (1) 
< 6.5 ml/kg 

ECW preoperative 19.03 16.96 21.10 

0.264 
ECW postoperative 18.94 17.20 20.68 

Controls (2)  
> 6.5 ml/kg 

ECW preoperative 15.12 13.33 16.91 

ECW postoperative 15.38 13.87 16.89 

DISCUSSION  

Our study analyzed bioelectric impedance in patients 

undergoing thoracoscopic surgery according to the 

adopted method of perioperative fluid therapy. Our 

results indicate no effect of the volume of supplied 

crystalloids on body water distribution after the 

selected thoracic surgeries. Both restrictive and liberal 

volumes of fluid resulted in unremarkable fluctuations 

in water parameters, with a minor increase in TBW 

after the surgery. Also, no statistical fluctuations in 

ICW and ECW were observed. 

The available literature fails to illustrate multiple 

studies in the area of this important, nevertheless 

controversial issue. A similar study was carried out 

upon resection of the esophagus, where fluid dynamics 

was evaluated during the perioperative period. The 

authors suggested the potential for forecasting the 

occurrence of infection on the basis of BIA. Contrary 

to our study, the volumes of ECW and the ECW/TBW 

ratio were elevated during the postoperative period [9]. 

Another analysis was carried out by Wu et al. [15]  

in a retrospective, single-center observational study 

comprising 446 adults undergoing minimally invasive 

lobectomy. The participants supplied with crystalloids 

were divided into four groups depending on the volume 

of fluid per kilogram of body weight during one hour 

of the procedure, while the patients receiving colloids 

were divided into three groups. The results illustrate 

that both restrictive and liberal fluid therapy with 

crystalloids led to a worse course in the postoperative 

period and a greater incidence of complications. 

Interestingly, similar negative effects were observed in 

the patients who did not receive colloids or when their 

supply was strictly limited. The study bears numerous 

limitations, however, including a long list of exclusions 

for the subjects; therefore, any final conclusions should 

be approached very cautiously. The exact effect of 

colloids during thoracic surgery remains unclear. 

Studies on colloid therapies have drawn some 

conflicting conclusions, but they comprised 

inconsistent groups of patients suffering from  

different predominant conditions [16,17,18,19,20].  

A possible alternative seems to be a targeted  

therapy, though it demands additional hemodynamic 

monitoring. Also, the benefits themselves are not  

clear, as the results originate from studies in areas  

other than thoracic surgery with OLV [21,22,23,24]. 

Numerous authors claim that fluid therapy should  

be an individually selected regimen managed by an 

interdisciplinary team to take into consideration the 

predominant condition, any concomitant diseases, and 

the general health status of the patient [15,25,26].  

The concept of BIA is a recent development  

in thoracic surgery research. A team of researchers  

in Italy have utilized BIA to identify a substantial 

occurrence of fluid retention subsequent to lobectomy. 

Their conclusion was that BIA constituted an 

accessible, reproducible, and non-invasive technique 

for the assessment and early detection of fluid  

retention. The present study found no correlation 
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between fluid retention and the duration of anesthesia, 

gender, age, blood loss, or body mass index [27]. 

Another study used BIA in a repeat lobectomy with  

the VATS method, with the objective of measuring  

the effect of tumor removal on body weight [28]. 

CONCLUSIONS 

Adequate perioperative fluid therapy is considered key 

to reducing postoperative pulmonary complications. 

There is no proven effect of restrictive fluid therapy on 

water balance in patients undergoing VATS. 

 

Limitations 

When interpreting the results of this study, it is 

important to consider its limitations. The measurements 

were obtained using a device that has only been 

employed on two occasions in the context of  

scientific studies. The measurement was taken in  

a standing position, which is not feasible for  

a significant number of thoracic surgery patients 

immediately after surgery. The random selection  

of patients in the small sample could have influenced 

the results. Therefore, it is necessary to conduct  

further studies comprising a larger cohort of  

patients.
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