
Abstract. 

Perioperative fluid therapy is one of the most interesting studies in recent years.It is the 

subject of many studies and constant doubts because of its influence on the body. Optimal 

fluid therapy ensures the maintenance of the correct volume of the vascular bed, sufficient 

tissue oxygenation and organ perfusion. Nevertheless, inappropriate fluid administration may 

cause fluid overload in the patient, lead to damage to the vascular endothelium and also tissue 

and organs edema. Thus, it increases the patient's discomfort after the surgery, exposes him to 

difficult wound healing and extends the period of his hospitalization. The systemic 

inflammatory response, induced by surgery and anaesthesia is associated with a significant 

increase of the concentration of proinflammatory cytokines in the blood serum. Most of them 

affect the vascular barrier, including the glycocalyx, and increase vascular permeability. This 

pathology promotes the fluid shifts into the extravascular space, leading to tissue edema. The 

increase of endothelial permeability is directly proportional to the extent of surgery. Thus, 

excessive fluid therapy during long-term surgeries may lead to hypervolaemia. In addition, 

hypervolaemia itself affects the endothelium and damages the glycocalyx. Glicocalyx forms 

the superficial layer of the endothelium and plays an important role in maintaining normal 

endothelial permeability. Moreover, during the long- term surgeries perioperative stress 

induces the secretion of antidiuretic hormone. It is responsible for fluid retention and possible 

fluid overload in the patient. Fluid shifts are also determined by osmotic forces, resulting from 

changes in osmolality after fluid administration. As a result of overhydration and fluid shifts, 

fluid therapy may significantly affect the values of intra-abdominal pressure. Therefore, it can 

be assumed that optimal fluid therapy should both compensate for perioperative fluid 

disturbances, as well as reduce the negative effects associated with surgery and anaesthesia, 

which may significantly affect the integrity of the vascular endothelium, water distribution in 

the body and intra-abdominal pressure. 

The main aim of the study is to determine the effect of the type of fluids used on the 

distribution of body water and changes in intra-abdominal pressure in adults undergoing 

elective orthopedic surgery. The research also assisted to determine changes in plasma 

osmolality and body water distribution depending on the fluid used, as well as the relationship 

between the fluid used and the degree of glycocalyx damage (syndecan- 1, heparan sulphate), 

Moreover, following relationships were established: 1) the relationship between changes in 

blood osmolality and the concentration of glycocalyx damage markers, 2) the relationship 

between degree of glycocalyx damage and the distribution of body water, as well as 3) the 



relationship between blood osmolality and the distribution and volume of total body water and 

extracellular water. 

The study included 129 patients undergoing elective hip arthroplasty under spinal 

anaesthesia in the period between August 2016 to December 2017, treated at the Independent 

Public Teaching Hospital No 4 in Lublin. The patients were divided into five groups 

depending on the type of infusion fluid: R- Ringer (Baxter, Poland), P- Plasmalyte (Baxter, 

Poland), O- Optilyte (Fresenius Kabi, Poland), S- Sterofundin ISO (Braun, Germany) and G-

Gelaspan (Braun, Germany). Body water content was assessed by total body water (TBW), 

extracellular water (ECW), intracellular water (ICW), excess fluid (VE) and the ECW / ICW 

ratio These parameters were measured using whole body bioimpedance, which consists of 

passing a low-intensity electric current through the tissues and determining their resistance. 

Intra-abdominal pressure was measured in urinary bladder using Kron method. All parameters 

were measured five time- points: I- just before anaesthesia, II- just after surgery, III- 3 hours 

after surgery, IV- 6 hours after surgery, V- on the morning of postoperative day. Additionally, 

IAP was measured after anaesthesia, just before surgery (IA). Moreover, in order to determine 

osmolality and concentration of syndecan- 1 and heparan sulphate, sample blood were 

collected. These parameters were measured at three time- points: A- just before anaesthesia, 

B- 3 hours after surgery and C- on the morning of postoperative day. 

Three patients were excluded from the study group due to the lack of complete results 

(1 patient) and the need to convert from spinal to general anaesthesia (2 patients). Finally, 126 

people (54 women and 72 men) aged 34 to 84 years were studied. The fluid therapy reduced 

osmolality in the postoperative period, except for groups S and G. A significant increase in 

syndecan concentration was found on the morning of postoperative day in group O. 

Moreover, changes in water distribution were observed. VE, ECW and ECW/ ICW increased. 

ICW decreased and significantly lower values were noted in group O and S. The induction of 

spinal anaesthesia reduced IAP, whereas significantly increase of IAP at subsequent time- 

points was observed. There was also a significant decrease of IAP immediately after induction 

of anesthesia. Comparison of colloids and crystalloids showed significant differences in the 

study- higher values of VE and lower osmolality at B time- point in group of crystalloids. In 

group of colloids there were observed lower concentration of syndecan- 1 at C time- point and 

HSPG in all stages of research. Moreover, ECW strongly correlated with IAP. 

Based on the analysis of the results following conclusions were drawn- perioperative 

fluid therapy influences the distribution of body water and leads to a significant increase of 



postoperative ECW and ECW / ICW values and a decrease in ICW. Furthermore, the fluid 

therapy causes increased of IAP throughout the postoperative period. The induction of spinal 

anaesthesia reduced IAP. Intra-abdominal pressure may be a marker of disturbed water 

distribution. Crystalloids alter plasma osmolality, while colloids remain isooncotic. 

Sterofundin ISO is most isotonic regarding plasma in vivo. Crystalloids increase VE, ECW 

and ICW as well as decrease ICW throughout the postoperative period. Colloids decrease VE 

in the postoperative period. Crystalloids may cause higher concentrations of markers of 

vascular endothelial damage (syndecan-1 and heparan sulfate) compared to colloids. In the 

group of crystalloids Optilyte increases syndecan-1 concentration. Osmolality correlates with 

syndecan-1 concentration when Plasmalyte is used. Osmolality correlates with heparan sulfate 

concentration when Sterofundin ISO is used. There is a correlation between the concentration 

of syndecan-1 and heparan sulphate and the distribution of water in the body when 

Plasmalyte, Optilyte and Sterofundin ISO are used. Fluid administration does not affect the 

relationship between blood osmolality and the distribution and volume of total body water and 

extracellular water. 

 


