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Abstract
Background. Crystalloids are frequently used for the correction of spinal anesthesia-induced hypotension, 
intraoperative bleeding, or vaporisation from surgical wounds.

Objectives. The aim of this study was to observe the effect of perioperative crystalloid infusion on intra-
abdominal pressure (IAP), volume excess (VE), total body water (TBW), and extracellular body water (ECW) 
in patients undergoing elective orthopedic surgery under spinal anesthesia.

Material and methods. Adult patients undergoing hip or knee replacement were studied. Changes 
in VE, TBW, ECW, and IAP were observed in patients who received restrictive fluid therapy (group R) and 
in patients who received liberal fluid therapy (group L). IAP was measured in the urinary bladder. All para- 
meters were measured at 4 points in time: just before anesthesia (baseline value, A); just after surgery (B); 
3 h after surgery (C); and on the morning of postoperative day 1 (D). Additionally, IAP was measured after 
anesthesia, just before surgery (A1).

Results. The mean baseline values of IAP, ECW, TBW, and VE were comparable between groups L and R. 
The induction of anesthesia reduced IAP in both groups (p < 0.001). IAP and VE increased in both groups 
after surgery. Significantly higher values of IAP, however, were noted in group L at time points B, C, and D. 
TBW and ECW increased after surgery in group L. In group R, ECW slightly increased only at time point C. 
IAP strongly correlated with ECW in group L (p < 0.001, r = 0.62).

Conclusions. Spinal anesthesia reduces IAP. A perioperative increase in body water content and IAP mainly 
depends on the volume of the infused crystalloids.

Key words: fluid therapy, intra-abdominal pressure, extracellular water content, volume excess, liberal  
vs restricted
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Bioimpedance is a popular non-invasive, safe, and relatively 
cheap technique, which provides useful information  in  the 
case of patients with chronic kidney diseases, acute kidney 
injury, or nutritional disorders.1,2 Bioimpedance is considered 
to be a sensitive tool for measuring body fluid composition; 
however, the interpretation of this data is difficult. The raw 
impedance data, consisting of resistance and reactance values, 
are abstract, and provide only indirect information on extra- 
and intracellular fluid volumes. In practical applications, this 
problem has been solved by whole-body bioimpedance (BIA) 
measurements, which analyze the bioelectrical properties be-
tween the wrist and the ankle, assuming a steady fluid distri-
bution. The volume of total body water (TBW), extracellular 
body water (ECW), intracellular body water (ICW), and vol-
ume excess (VE) can be quickly and reliably estimated using 
BIA.3,4 Several studies have documented significant benefits 
resulting from BIA-controlled fluid balance.3,5,6 Unfortunate-
ly, only 1 study has analysed the effect of perioperative fluid 
therapy on  body water distribution  in  patients undergoing 
various elective gynecological procedures under general an-
esthesia.6 In addition, the effect of crystalloid therapy has not 
been documented in conscious spinal-anesthetized patients. 

Crystalloid infusion  is routinely used for the correc-
tion of anesthesia-related hemodynamic disorders. Clinical 
assessment of fluid status is subjective and frequently based 
on clinical experience, and the current clinical practice for 
fluid administration remains controversial. A rapid decrease 
in  blood pressure after the induction  of  spinal anesthesia 
implies dehydration and causes fluid infusion, which results 
in a postoperative positive fluid balance. Such hypervolemia 
is needed to preserve organ perfusion during regional an-
esthesia.7 Unfortunately, positive perioperative fluid bal-
ance leading to tissue edema following a  surgery-related 
increase in vascular permeability is associated with severe 
postoperative complications.7–9 The adverse effects of fluid 
overload are most evident in the lungs and gastrointestinal 
tract. Fluid overload leads to pulmonary edema, which may 
decrease gas exchange, and makes the patients more suscep-
tible to infections. Moreover, VE connected with surgery-
related inflammatory response results in interstitial edema, 
increasing intra-abdominal pressure (IAP).7–10 Regrettably, 
the adjustment and control of fluid overload is difficult and 
BIA seems to be a more user-friendly method for managing 
perioperative fluid therapy. 

The purpose of this study was to observe the effect of peri-
operative crystalloid infusion on IAP and body water content 
in patients undergoing elective orthopedic surgery under spi-
nal anesthesia. 

Material and methods

Ethics statement

This prospective observational study was conducted 
in  adult patients undergoing elective orthopedic surgery 

under spinal anesthesia. The study was conducted in ac-
cordance with the Declaration  of  Helsinki, and was ap-
proved by the Institutional Review Board and the Bioethical 
Committee for Human Studies of the Medical University  
of  Lublin, Poland (KE-0254/58/2010). Written informed 
consent was obtained from all participants. 

Anesthesia and surgery

Patients were clinically assessed 1 day before surgery, 
and only patients with ASA I  or II (American Society 
of  Anesthesiologists, www.asahq.org)were selected for 
the present study. 11 Patients with heart disease or se-
vere respiratory diseases, or those receiving medica-
tion that alters the physiological response to fluid infu-
sion (such as β-blockers, angiotensin converting enzyme 
inhibitors, or digoxin) were excluded. Moreover, patients 
with chronic renal insufficiency, with a history of severe 
abdominal diseases or alcoholism, and those who re-
quired massive intra-operative blood transfusion or peri-
operative massive fluid resuscitation were also excluded.

A preoperative routine blood examination was carried 
out to assess complete blood count, blood glucose, urea, 
creatinine and electrolyte levels (K+, Na+), and blood group. 
Additionally, chest X-ray and electrocardiogram were 
done prior to surgery. The day before surgery all patients 
received a single oral dose (2 mg) of estazolam (Estazolam, 
Polfa Tarachomin, Poland). Before the induction of anes-
thesia, patients were routinely monitored for continu-
ous electrocardiography and pulse oximetry (SpO2), and 
arterial blood pressure was measured intermittently.  
An 18- or 17-gauge intravenous cannula was inserted into 
the peripheral vein. The urinary bladder was catheterized 
in all patients before anesthesia induction. 

Before the induction  of  anesthesia, all patients were 
routinely monitored with respect to electrocardiography 
(leads II or III), arterial blood pressure and peripheral 
blood saturation  (Infinity Delta, Dreager Medical Sys-
tem, Telford, USA). The  induction  of  spinal anesthesia 
was performed in  the lateral position, at  the L2–L3 or 
L3–L4 level. After skin  sanitization, a  26-gauge pencil-
point needle (Balton, Warsaw, Poland) or a 27-gauge nee-
dle (Pencan®, Braun, Melsungen, Germany) was used for 
spinal space identification. The  induction  of  anesthesia 
was performed with 0.5% bupivacaine hydrochloride 
(Marcaine Spinal, AstraZeneca AB, Stockholm, Sweden) 
in a single dose depending on the patient’s height, weight, 
and physical condition  (doses of  15–20  mg). The  level 
of spinal anesthesia was confirmed 5 min after the anes-
thetic injection in the supine position. 

Systolic and diastolic blood pressures were measured 
at  3–5 min  intervals. Hypotension  was defined as a  fall 
in  systolic blood pressure of 25% of  the baseline value, or 
an absolute value lower than 90 mm Hg. All patients re-
ceived an infusion of  the balanced electrolyte crystalloids 
(PWE or Ringer, Polfa, Kutno, Poland). Changes in IAP, VE, 
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TBW, and ECW were observed in  patients who received 
liberal fluid therapy at a dose of 30 mL of crystalloids per 
kg of body weight/h intraoperatively and 5 mL of crystal-
loids per kg of body weight in the first 3 postoperative hours 
(group L), and in patients who received 10 mL of crystal-
loids per kg of  body weight/h intraoperatively and 5 mL 
of crystalloids per kg body weight during the first 3 post-
operative hours (group R).12 In group L, spinal-related hy-
potension was treated with a rapid infusion of 1,000–1,500 
mL, whereas in  group R, spinal-related hypotension  was 
treated with a  maximum of  500  mL of  balanced electro-
lyte crystalloids and an ephedrine hydrochloride (Ephed-
rine, Polfa, Warsaw, Poland) at a dosage of 5–25 mg intra-
venously. In group L, a single dose (5–10 mg) of ephedrine 
hydrochloride was given to patients who did not respond 
to fluid administration  higher than 1,500  mL. The  ran-
domization  was performed using a  concealed envelope 
method. All participants were assessed clinically in  case 
of  any postoperative complications or hemodynamic in-
stability. On the morning of postoperative day 1, a control 
blood examination was carried out to assess complete blood 
count, blood glucose, urea, creatinine, and electrolyte levels.

Data collection and study protocol

IAP was measured in the urinary bladder after an injec-
tion of 25 mL of sterile saline, in the complete supine po-
sition with the transducer zeroed at the level of the mid-
axillary line (Kron technique). VE, TBW, and ECW were 
measured by whole-body BIA using the Body Composi-
tion Monitor (BCM, Fresenius Medical Care, Hamburg, 
Germany). Prior to examination, the height and body mass 
of the patient were measured. Electrodes (Fresenius Medi-
cal Care, Hamburg, Germany) were placed on  the wrist 
(proximally to the metacarpophalangeal joint) and ankle 
(proximally to the transverse metatarsal arch on the su-
perior side of the foot). Bioimpedance was measured at 50 
frequencies ranging from 5 kHz to 1 MHz in the supine 
body position. In all patients, the electrodes were placed 
on the body side rather than on the surgery side in order 
to avoid the effects of local surgery-induced tissue edema.

All parameters were measured at the following 4 points 
in time: just before surgery (A); just after surgery (B); 3 h 
after surgery (C); and on the morning of postoperative day 
1 (D). Additionally, IAP was measured just before surgery, 
after the induction of spinal anesthesia (time point A1).

Statistics

The data was analyzed using STATISTICS v. 9.0.0 soft-
ware (IBM, Chicago, USA). Initially, the normality of the 
distribution of variables was analyzed by the Shapiro-Wilk 
test. Means and standard deviations (SD) were calculated 
for normally distributed data, and Student’s unpaired  
t-test and Pearson’s χ2 test were used to compare the vari-
ables. Non-parametric data were statistically analyzed 

using the ANOVA Friedman test and the post hoc Dunn’s 
test with Bonferroni correction. The ANOVA Kruskal-
Wallis test and the post hoc Dunn’s test with Bonferroni 
correction was used for the initial detection of differenc-
es between groups L and R. The Spearman’s rank correla-
tion test was used for the overall analysis. The pilot data 
was collected form patients receiving liberal fluid therapy 
for the calculation of a minimal sample. The minimal sam-
ple of participants was calculated for differences in IAP 
and VE between time points A and B. The power of all sta-
tistical tests was determined by G*Power software (1-β).

Results

Seventy adult patients (28 females and 42 males) aged 
19–85 undergoing elective orthopedic surgery were en-
rolled into the present study. There were no differences 
in demographic parameters (age, sex, height, weight, and 
BMI) between groups L and R. In group L, 2 patients were 
excluded due to significant intraoperative bleeding and 
1 withdrew his consent for the study immediately after 
surgery. In group R, 4 patients were excluded due to the 
need for massive fluid and blood resuscitation during sur-
gery and/or the early postoperative period. Finally, 63 pa-
tients were studied: 32 of them were assigned to group L 
(13 females aged 35–82, and 19 males aged 19–78) and 
31  of  them were assigned to group R (11 females aged 
39–85, and 20 males aged 35–79). In group L, 27 patients 
underwent hip replacement and 5 were subjected to knee 
arthroplasty or arthroscopic surgery, whereas in group R, 
28 patients underwent hip replacement and 3 had knee 
surgery (χ2 = 0.5 for p = 0.478, and χ2 with Yates correc-
tion = 0.11 for p = 0.741).

The  demographic data, perioperative blood para- 
meters, and hemodynamic parameters were comparable 
in both groups (Table 1). A resumption of normal diet and 
the length of stay in hospital were similar in both groups. 
In group L, patients received crystalloid infusion at these 
mean dosages: 2822 ±606 mL during surgery, 731 ±288 mL 
during the first 3 postoperative hours, and 1478 ±797 mL 
from the 3rd postoperative hour till the morning of postop-
erative day 1. The mean fluid balances were 2312 ±660 mL 
postoperatively, 247 ±334 mL after 3 h, and 291 ±806 mL 
from the 3rd postoperative hour till the morning of post-
operative day 1. In group R, patients received crystalloid 
infusion at these mean dosages: 823 ±223 mL during sur-
gery, 658 ±222 mL during the first 3 postoperative hours, 
and 583 ±186 mL from the 3rd postoperative hour till the 
morning of postoperative day 1. The mean fluid balances 
were 182 ±270 mL postoperatively, 373 ±274 mL after 3 h, 
and 304 ±342 mL from the 3rd postoperative hour till the 
morning of  postoperative day 1. Fluid balance was sig-
nificantly higher just after surgery (p < 0.001) and on the 
morning of postoperative day 1 (p < 0.001) in patients who 
had received liberal crystalloid therapy. 
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Power calculations suggested 
that  only 22 patients would be 
needed to get a  credible differ-
ence in  IAP measurement at  time 
points A  and B (1-β  =  0.96 for 
p < 0.05). The mean baseline values 
of  IAP were comparable in  groups 
L and R (3.94  ±1.68  mm  Hg and 
3.69  ±2.09  mm  Hg, respectively). 
The  induction  of  spinal anesthe-
sia reduced IAP in  both groups. 
IAP increased in both groups after 
surgery; significantly higher val-
ues of  IAP, however, were noted 
in  group L just after surgery, 3 h 
after surgery, and on  the morning 
of postoperative day 1 (Fig. 1). In all 
patients, IAP was lower than 12 mm 
Hg, though a value of 11 mm Hg was 
noted in 3 patients from group L just 
after surgery and 3 h after surgery. 

Power calculations suggested 
that only 32 patients would be need-

ed to get a credible difference in VE measurement at time 
points A and B (1-β = 0.95 for p < 0.05). The baseline value 
of VE was comparable in both groups (Table 2). Crystalloid 
infusion increased VE in both groups, but liberal crystal-
loid infusion increased VE by significantly more than did 
restrictive infusion. Significantly higher values of VE were 
noted in both groups during the early postoperative period 
(Table 2). 

The baseline values of TBW and ECW were compar- 
able in both groups. Liberal crystalloid infusion increased 
TBW, whereas restrictive infusion did not change TBW 
(Table 3). There were no differences between groups L 
and R in TBW. A significantly higher value of ECW was 
noted in patients that  received liberal crystalloid thera-
py. ECW increased just after surgery, 3 h after surgery, 
and on  the morning of  postoperative day 1. Restrictive 
crystalloid therapy elevated ECW only 3 h after surgery 
(Table 3). Higher ECW was noted in Group L just after 
surgery and on the morning of postoperative day 1.

In  all studied patients, IAP correlated with ECW 
(p < 0.001, r = 0.57). In patients who received restrictive 
crystalloid therapy, IAP slightly correlated with ECW 
(p  <  0.001, r  =  0.47), whereas in  patients who received 
liberal crystalloid therapy, IAP strongly correlated with 
ECW (Fig. 2), as well as with TBW (p < 0.001, r = 0.44) 
and VE (p < 0.01, r = 0.29). 

Discussion

We have documented here the adverse effect of crystal-
loid infusion on  IAP and body water content in patients 
undergoing elective orthopedic surgery. Liberal crystalloid 

Table 1. Demographic data and perioperative blood and hemodynamic parameters in patients who 
received liberal crystalloids therapy (group L) and restrictive crystalloids therapy (group R)

Parameter Group L Group R p-value

D
em

og
ra

ph
ic

 d
at

a Baseline weight (kg) 80.99 ±12.27 78.4 ±18.06 0.895

BMI (kg/m2) 27.22 ±4.00 26.95 ±4.58 0.076

BSA (m2) 2.02 ±0.15 1.91 ±0.27 0.279

Anesthesia (min) 112 ±22 104 ±46 0.846

Surgery (min) 88 ±18 79 ±35 0.46

M
or

ph
ol

og
y 

an
d 

bi
oc

he
m

ic
al

 v
ar

ia
bl

es Preoperative Hb (g%) 12.2 ±1.27 12.5 ±1.42 0.743

Postoperative Hb (g%) 9.91 ±1.95 10.34 ±1.92 0.341

Preoperative Ht (%) 34.4 ±2.67 33.9 ±2.95 0.621

Postoperative Ht (%) 28.9 ±2.65 30.2 ±2.82 0.094

Preoperative blood glucose (mg%) 98.6 ±10.3 96.5 ±9.73 0.893

Postoperative blood glucose (mg%) 124.5 ±21.6 132.2 ±21.7 0.237

Preoperative serum creatinine (mg/dL) 0.8 ±0.25 0.86 ±0.18 0.898

Postoperative serum creatinine (mg/dL) 0.97 ±0.21 1.1 ±0.72 0.754

Preoperative serum urea (mg/dL) 32.3 ±7.5 33.7 ±8.3 0.542

Postoperative serum urea (mg/dL) 45.3 ±10.6 48.4 ±14.5 0.078

There were no differences in blood account, creatinine level, serum urine and blood glucose 
concentration in group L and R (Student’s t-test).

Table 2. Changes in volume excess (VE) in patients who received liberal 
crystalloids therapy (group L) and restrictive crystalloids therapy  
(group R) – median (quartile 1 and 3)

Volume 
excess (L)

Time points

A B C D

Group L
–0.47 

(–1.6, 0)
0.93*** ‡‡

(–0.28, 1.9)
0.63*** ‡‡

(0.25, 1.95)
0.35***

(–0.21, 2.5)

Group R
–1.1

(–2.1, 0.2)
0**

(–0.9, 0.7)
0.1***

(–0.4, 0.5)
0.2***

(–0.2, 0.9)

Time points: A – just before anesthesia induction; B – just after surgery;  
C – 3 h after surgery; and D – on the morning of postoperative day 1;
** p < 0.01 and *** p < 0.001 – significant differences with baseline value 
(ANOVA Friedman test and post hoc Dunn’s test with Bonferroni correction); 
‡‡ p < 0.01 – significant differences between groups L and R (ANOVA 
Kruskall-Wallis test and post hoc Dunn’s testwith Bonferroni correction).

Table 3. Changes in total body water (TBW) and extracellular body water 
(ECW) content in patients who received liberal crystalloids therapy (group L) 
and restrictive crystalloids therapy (group R) – median (quartile 1 and 3)

BCM 
variables

Time points

A B C D

TB
W

 (L
) Group L

37.25
(34.55, 42.93)

39.7***
(36.79, 48.79)

41.17***
(37.46, 46.5)

43.37***
(37.41, 48.2)

Group R
44.3

(39.7, 48.8)
44.5

(37.2, 50.9)
43.6

(37.9, 48.8)
43.5

(35.1, 51.2)

EC
W

 (L
) Group L

18.7
(16.7, 20.4)

20***‡

(17.7, 22.7)
21.6***‡‡

(18.3, 22.8)
21.2***‡

(17.6, 23.2)

Group R
17

(13, 20.5)
18

(13.5, 20.4)
18.5

(13.9, 20.3)
19.2*

(13.9, 19.9)

Time points: A – just before anesthesia induction; B – just after surgery; C – 3 h 
after surgery; and D – on the morning of postoperative day 1; * p < 0.05, ** 
p < 0.01 and *** p < 0.001 – significant differences with baseline value (ANOVA 
Friedman test and post hoc Dunn’s test with Bonferroni correction); ‡ p < 0.05 
and ‡‡ p < 0.01 – significant differences between groups L and R (ANOVA 
Kruskall-Wallis test and post hoc Dunn’s test with Bonferroni correction).
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infusion elevated IAP and increased VE, TBE, and ECW, 
whereas restrictive crystalloid infusion  only slightly af-
fected those parameters. Additionally, IAP was strongly 
correlated with ECW in patients who received liberal crys-
talloid therapy. Such a strong correlation was not observed 
in patients who received restrictive crystalloid infusion.

Fluid management is a fundamental component of peri-
operative treatment. There is increasing evidence that fluid 
infusion affects postoperative outcomes, and plays a cru-
cial role in critically ill patients.8,9,13,14 Excessive periopera-
tive fluid loading leads to extravascular fluid accumula-
tion  and weight gain, which corresponds with increased 
mortality and morbidity during the early postoperative 
period.6,8,15 Several meta-analyses have reported that goal-
oriented fluid therapy significantly reduces renal and pul-
monary postoperative complications, and accelerates the 
first bowel movement, the resumption of normal diet, and 
shortens the length of  stay in  hospital. Restrictive fluid 
administration  reduces postoperative pneumonia and 
pulmonary edema.6,15,16 An inappropriate fluid admin-
istration disturbs the liberation of  atrial natriuretic pep-
tide, and injures the endothelial glycocalix, leading to the 
damage of the vascular barrier and increased fluid shifts 
into the extravascular space.7,17 This pathology may result 

in  abnormal extravascular water content, tissue edema, 
and raised IAP. The  present study also shows that  peri-
operative liberal crystalloid infusion  disturbs the body 
water balance by increasing TBW and ECW, and that re-
strictive crystalloid therapy does not affect body water 
content. Moreover, elevated ECW corresponds with IAP, 
which is in  line with our previous observation.18 In a re-
cent study, we documented a strong correlation between 
IAP and ECW, both in critically ill patients and in patients 
undergoing extra-abdominal surgery. We also estimated 
24.9 L of ECW and 9.5 L of VE as cut-off points for the 
development of intra-abdominal hypertension (IAP higher 
than 12 mm Hg).18 In the present study, none of the partici-
pants had ECW and VE higher than the above-mentioned 
values, and intra-abdominal hypertension was not noted 
during the study, although IAP increased to 11 mm Hg 
in  3 patients from the liberal crystalloid therapy group.  
It  is worth noting that  those patients received a  higher 
volume of  crystalloids (4167  ±289  mL), and their dura-
tion of surgery was higher than others’ in group L. Based 
on this observation, we can speculate that a perioperative 
increase in IAP corresponds to the duration of surgery and 
the type of fluid therapy; however, this hypothesis should 
be confirmed by further study.

Fig. 1. Changes in intra-abdominal pressure in patients who received liberal fluid therapy (       – group L) and restrictive fluid therapy  
(       – group R) during surgery

Time points: A – just before anesthesia induction; A1 – after anesthesia induction, just before surgery; B – just after surgery; C – 3 hours after surgery;  
and D – on the morning of postoperative day 1; *** p < 0.001 – significant differences compared with baseline value in group L; † p < 0.05,  
†† p < 0.01 and ‡‡‡ p < 0.001 – significant differences compared with baseline value in group R; ‡‡‡ p < 0.001 – significant differences between  
groups L and R (Student's t-test).
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Crystalloids are electrolyte solutions which are fre-
quently used to replace extracellular volume losses fol-
lowing urination, perioperative perspiration  or anesthe-
sia-related hypotension. Research from the International 
Fluid Optimisation Group have recommended crystalloid 
solutions for routine surgeries of  short duration.19 Ad-
ditionally, they have recommended bolus therapy rather 
than continuous infusion  when the goal is to improve 
pressure, perfusion, and oxygen delivery. In  the pres-
ent study all patients received an initial bolus of  crys-
talloids following anesthesia-related hypotension, 
though the dosages were significantly greater in patients 
treated with liberal fluid infusion  (data not shown).  
We did not observe any adverse effect from intraoperative 
crystalloid infusion. It is worth noting that some authors 
observed hypercoagulation  following crystalloid infu-
sion.20,21 A rapid infusion of crystalloids increases coagula-
tive activity following hemodilution in healthy volunteers.20 
In vitro studies also document an increase in hypercoagu-
lation measured by thrombelastography following different 
types of crystalloids.21,22 Interestingly, this effect seems to 
depend on  blood magnesium concentration.20 Ruttmann 

et al. showed that a rapid infusion of crystalloids decreased 
serum magnesium concentration  to the lower limits 
of norms and increased coagulation in healthy volunteers, 
when magnesium supplementation  attenuated these dis-
turbances.20 Significant hypercoagulation  has also been 
reported in  patients receiving liberal perioperative fluid 
therapy 24 and 48 h after surgery.12 This pathology has not 
been observed in patients receiving restrictive fluid ther-
apy. Crystalloid-related hypercoagulation  increased the 
frequency of deep venous thrombosis in patients receiving 
normal saline solutions during major abdominal surgery 
compared with those who did not receive intravenous flu-
ids.23 Hip replacement and knee arthroplasty are moder-
ately complex surgical procedures. Additionally, all of our 
patients routinely received low molecular heparin during 
the early postoperative period, and we did not note any 
clinical thromboembolic complications. 

A postoperative increase in  IAP and ECW may result 
from a  surgery-related general inflammatory response. 
Indeed, a  growing data set presents an increase in  IAP 
following inflammatory-related intestine edema.9,24,25  
Surgery-related injury induces the release of  proinflam-

Fig. 2. Correlation between intra-abdominal pressure (IAP) and extracellular water content (ECW) in patients undergoing liberal crystalloid therapy during 
orthopedic surgery and the early postoperative period (p < 0.001, r = 0.62; Spearman’s rank correlation test)
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matory cytokines, such as tumor necrosis factor α (TNFα), 
vascular endothelial growth factor (VEGF), many inter-
leukins, histamine, and E-selectine, which may disturb 
vascular permeability, and increase fluid shift into the 
extravascular space.26,27 Moreover, surgery-related peri-
operative stress induces the release of  antidiuretic hor-
mone, cortisol and corticotrophins, and stimulates the 
renin-angiotensin-aldosterone system to increase salt and 
fluid retention.28,29 Therefore, a surgery-induced increase 
in  vascular permeability and hormone-dependent fluid 
retention  provoke perioperative tissue edema indepen-
dently of fluid infusion. In the present study, an increase 
in VE just after surgery and 3 h after surgery may confirm 
this pathology. A higher increase in VE in patients who 
received liberal crystalloid infusion demonstrates an un-
favourable effect of liberal fluid administration in patients 
undergoing elective surgery. Liberal crystalloid infu-
sion  also increased ECW by more than restrictive infu-
sion. An increase in ECW following intraoperative fluid 
infusion  has also been observed by Ernstbrunner et al.5 
They observed a strong correlation between the net peri-
operative fluid balance and a change in ECW in patients 
undergoing elective gynecological surgery under general 
anesthesia. This increase in ECW corresponded to TBW, 
but the authors proposed net perioperative fluid balance 
and postoperative capillary leak index as significant indi-
vidual predictors for changes in ECW. Thus, an appropri-
ate fluid therapy associated with an increased capillary 
leak index may elevate ECW and subsequently IAP.

BIA is a practical tool for measuring body fluid compo-
nents, and is easily applied to everyday practice. The clin-
ical interpretation of the data may be difficult and the es-
timation  of  volume deficits and VE may pose a  serious 
problem for the physician. It  is essential to recognize 
that the same amount of extracellular fluid leads to dif-
ferent changes in whole-body bioimpedance, depending 
on  whether this fluid is added to or removed from the 
leg, the arm, or the trunk. Generally, BIA has been sug-
gested as a much more sensitive measurement of volume 
changes in the limbs than in the trunk.30 Other authors 
have proposed BIA as a  sensitive and easy method for 
measuring perioperative fluid administration in patients 
undergoing elective surgery.5 We have also documented 
the usefulness of  BIA in  perioperative clinical practice, 
though we placed the electrodes on  the body side op-
posite to the surgery. Surgery-related tissue edema and 
wound hematoma may have significantly disturbed the 
final results of  BIA measurement. Although our mea-
surement was performed on the body site opposite to the 
surgery, the BIA findings may have also corresponded to 
intraoperative body position. Many orthopedic surger-
ies are performed in the lateral position; 87% of surger-
ies in  the present study were performed in  the lateral 
position, with the patients laid on the measurement side. 
Despite a  short duration  of  surgery, intraoperative po-
sition  might have had an impact on  postoperative BIA 

findings. Several authors have documented an unequal 
distribution of body water in various body positions.31,32 
The  corrected BIA measurement should be performed 
in  the supine position. Extracellular volume remains 
constant after a change of body position from supine to 
standing, whereas BIA findings present an apparent in-
crease in ECW. This effect may result from a higher sen-
sitivity to fluid administration  in  the limbs than in  the 
trunk.32 Similar effects have been observed during hemo-
dialysis and ultrafiltration.33 In the present study, all BIA 
measurements were performed in  the supine position. 
However, we could speculate that a lateral position dur-
ing surgery might disturb body water distribution, thus 
affecting measurement just after surgery. Therefore, this 
study should be continued in patients operated on in the 
supine position.

Finally, we demonstrate the effect of  different types 
of  perioperative crystalloid therapy on  body water dis-
tribution  in  patients undergoing elective orthopedic 
surgery. Liberal fluid infusion significantly affects body 
water content, especially ECW, VE, and TBW, whereas 
restrictive crystalloid infusion does not affect body water 
content. Moreover, liberal crystalloid infusion increases 
IAP by significantly more than restrictive infusion. We 
also show that IAP is correlated with ECW. Based on our 
findings, we suggest that  the observation  of  changes 
in IAP following fluid resuscitation can provide valuable 
information on extracellular water content.
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