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ABSTRACT

Introduction. Adequate circulating blood 
volume is essential for the good outcome 
in postoperative patients. Therefore, the 
primary resuscitation question is how to 
assess the circulating volume. The aim of 
this study was to compare the central ve-
nous pressure (CVP) and dynamic LIDCO 
parameters as markers indicating preload 
in surgical patients.
Materials and Methods. This prospective 
study included 24 patients hospitalized af-
ter major surgery at the surgical intensive 
care unit of the University hospital Zagreb, 
Croatia. The patients were mechanically 
ventilated, without spontaneous breath-
ing attempts and in sinus rhythm. Patients 
were divided into 2 groups, hemodynami-
cally stable and hemodynamically unsta-
ble. The CVP was measured as a static pa-
rameter while the stroke volume variation 
(SVV) and pulse pressure variation (PPV) 
were measured as the dynamic parameters. 
Results. Study groups were comparable in 
terms of gender, age and body mass in-
dex. The difference in the CVP between 
the hemodynamically stable (13,2±3,74 
mmHg) and hemodynamically unstable 
group of patients (10,1±5,6 mmHg) was 
statistically insignificant (p=0,144). Differ-
ences in SVV (10,2±6,48% in stable com-
pared to 18,8±7,04% in unstable group) 
and PPV (11,5±6,65% in stable compared 
to 18±6,32% in unstable group) were both 
statistically significant with p values of 
0,005 and 0,022  respectively.
Conclusion. The study confirmed the in-

ability of CVP to provide valid assessment 
of the preload as a reason for hemodynam-
ic instability in comparison to dynamic 
LiDCOTMplus system parameters in me-
chanically ventilated major surgical pa-
tients.
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INTRODUCTION

The basic role of the cardiovascular system 
is to adequately supply the vital organs and 
peripheral tissues with oxygen and various 
nutrients that are both often deficient in 
patients hospitalized at the intensive care 
unit (ICU). Consequently, hemodynamic 
instability is common among these patients 
and what we are really worried about is the 
accompanying insufficient tissue perfusion 
(1). In order to prevent that from devel-
oping, quick, timely, and adequate medi-
cal interventions are required. However, 
the intervention is not possible without a 
proper assessment of the regional and pe-
ripheral tissue perfusion where adequate 
hemodynamic monitoring plays a crucial 
role. Hemodynamic optimization is a cor-
nerstone in the management of critically 
ill patients and associated with improved 
outcome in the perioperative and inten-
sive care setting (2,3). In hemodynamic 
optimization, fluid loading is considered 
the first step in the resuscitation and there-
fore the primary question is to assess the 
preload and whether the patient is volume 

responsive.
Measuring the central venous pressure 
(CVP), although being developed more 
than half a century ago, is still considered 
the procedure of choice in some intensive 
care units (ICU) (4). CVP is frequently 
used to make decisions regarding fluid 
management. Some clinical guidelines 
recommend using CVP as the end point 
of fluid resuscitation (5). Over the last dec-
ade there was a significant advancement 
in the technology of ICU monitoring with 
the introduction of many devices used for 
hemodynamic monitoring (6). In this con-
text, newer methods are expected to meas-
ure the dynamic parameters, be less inva-
sive, associated with less complications, 
easier to perform and, most importantly, to 
improve the clinical outcome of treatment.
They all operate by measuring static and 
dynamic parameters of the cardiovascular 
system. One of the non-invasive systems 
for hemodynamic monitoring is the LiD-
COTMplus system (LiDCO Ltd., Cam-
bridge, United Kingdom). Apart from 
transesophageal monitoring, it is currently 
the first choice in non-invasive cardiac 
output measuring systems (7). The system 
uses an indicator dilution method and 
software analysis to measure the cardiac 
output and dynamic preload parameters 
stroke volume variation (SVV) and pulse 
pressure variation (PPV) of the patient (8). 
The goal of this study was to compare static 
(CVP) with dynamic (SVV, PPV) param-
eters in assessment of the preload.
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MATERIALS AND METHODS

In this prospective non-randomized study 
we included 24 patients after major (ab-
dominal or trauma) surgery. The patients 
were hospitalized at the surgical intensive 
care unit of the University hospital Zagreb, 
Croatia, from January 1st to November 
15th 2014. Ethical approval was obtained 
from the institution’s Ethics committee. 
The study included patients older than 
18 years of age, mechanically ventilated 
(IPPV, Intermittent Positive Pressure Ven-
tilation), without spontaneous breathing 
attempts, and in sinus cardiac rhythm. The 
exclusion criteria were history of cardiac 
arrhythmias, positive end-expiratory pres-
sure (PEEP) >10 cmH2O, right ventricle 
dysfunction, pregnancy, BMI <15, sepsis, 
hyponatremia, anemia, hypoxemia, severe 
renal insufficiency (CrCl <30 mL/min) 
and ongoing lithium therapy. (9) We in-
cluded patients at admission to ICU after 
surgery. During the study period all pa-
tients were analgosedated with sufentanyl 
and midazolam and relaxed with rocuro-
nium bromide. All patients were mechani-
cally ventilated (tidal volume 8 ml/kg) and 
ventilator settings were kept constant dur-
ing the study period. 
At admission to ICU the following vari-
ables were measured: heart rate (HR), sys-
tolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean blood pressure 
(MAP), central venous pressure (CVP), 
pulse pressure variation (PPV), stroke vol-
ume variation (SVV), cardiac output (CO), 
cardiac index (CI), global oxygen delivery 
(DO2), oxygen consumption (VO2), oxy-
gen extraction ratio (ERO2), mixed venous 
oxygen saturation (SVO2), systemic vascu-
lar resistance index (SVRI), and lactic acid.
Patients were divided into 2 groups, hemo-
dynamically stable and hemodynamically 
unstable. Hemodynamically unstable pa-
tients were defined as those with a mean 
arterial blood pressure (MAP) ≤65 mmHg. 
After LIDCO measurement, hemodynam-
ically unstable patients were treated with 
volume and a vasoactive drug (norepi-
nephrine) to maintain MAP≥65 mmHg. 
Both groups had comparable oxygenation 
(FiO2 0,4), SpO2≥94% and hemoglobin 
parameters within normal range. 
Hemodynamic measurements were re-
corded in supine position with all trans-
ducers positioned at the level of fourth 

intercostal space in the mid-axillary line. 
Zero was measured at the atmospheric 
pressure. As with the measuring of the 
central venous pressure, dynamic param-
eters were measured with the LiDCOT-
Mplus system in patients with a central 
venous catheter via the internal jugular or 
subclavian vein. The patients also had an 
intra-arterial line via one of the 3 periph-
eral arteries (radial, cubital or femoral). 
The arterial line was via a pressure trans-
ducer and a primary monitoring system 
(Dräger, Infinity Delta XL, Germany) con-
nected to a secondary LiDCOTM monitor. 
Lithium chloride (LiCl) in the amount of 
2 mL (0,3 mmol) was administered via a 
central or peripheral venous line. After 
the administration a lithium sensor, con-
nected via a peripheral artery, we were 
able to detect changes in the concentration 
of lithium ions in the arterial blood over 
time. The LiDCOTM system then uses 
the information gathered from the arterial 
blood pressure waveform analysis, pulse 
pressure analysis, the lithium sensor, and 
the age, weight and height of the patient to 
calculate a range of hemodynamic param-
eters via software analysis. (10) The values 
of all observed parameters were compared 
to normal means and ranges for the cor-
responding hemodynamic parameters for 
adults (Table 1) (11,12). 
Analyses were done with the STATISTICA 
software package v12 (StatSoft, Inc. (2014). 
Most of the data are reported as mean ± 
SD or percentage (%). The Kolmogorov-
Smirnov test was used to assess normal-
ity of distribution and corresponding 
non-parametric (Mann-Whitney U test, 
Kruskal-Wallis ANOVA) and parametric 
(Student’s t-test, ANOVA) tests were em-
ployed in subsequent analysis. A p value 
under 0.05 was considered as statistically 
significant.

RESULTS

Demographic and clinical characteris-
tics of the hemodynamically stable and 
hemodynamically unstable groups of pa-
tients are presented in Table 2. Patients 
were comparable between hemodynami-
cally stable and unstable groups in terms 
of gender (p=0,169; chi-square test with 
Yates correction) and BMI (p=0,395; t-
test), while age difference showed bor-

derline statistical significance (p=0,079; 
t-test). The difference in the CVP between 
the hemodynamically stable (13,2±3,74 
mmHg) and hemodynamically unstable 
group of patients (10,1±5,6 mmHg) was 
statistically insignificant (p=0,144; t-test). 
The hemodynamically stable group com-
pared to hemodynamically unstable group 
showed statistically significant different  
values of the SVV (10,2±6,48%  in stable 
group compared to 18,8±7,04% in unsta-
ble group) and PPV (11,5±6,65% in stable 
group compared to 18±6,32%  in unstable 
group) with p values of 0,005 and 0,022  re-
spectively.  Furthermore, the values of the 
DO2 also showed a statistically significant 
difference in the hemodynamically stable 
group (551,7±178,92 mL/min/m2 in com-
parison to the hemodynamically unstable 
group of patients (321±105,31 mL/min/
m2) with a p value of <0,001. Similar re-
sults were obtained for the CI (4,1±1,35 L/
min/m2 for the hemodynamically stable 
and 2,3±0,71 L/min/m2 for the hemody-
namically unstable group of patients) with 
a p value of <0,001. CO values were also 
statistically significant different (7,9±2,47 
L/min for the hemodynamically stable 
and 4,8±1,46 L/min for the hemodynami-
cally unstable group of patients) with a p 
value of <0,001. Differences in the value of 
SvO2 (74,9±7,01 % for the hemodynami-
cally stable and 59±14,41 % for the hemo-
dynamically unstable group of patients) 
were also statistically significant with a p 
value of 0,003. The differences between the 
values of the blood lactates concentration 
(1,5±0,85 mmol/L for the hemodynami-
cally stable and 4,2±1,99 mmol/L for the 
hemodynamically unstable group of pa-
tients) were also statistically significantly 
different with a p value of <0,001 (Table 2).
Body mass index, (BMI); Central venous 
pressure, (CVP); Pulse pressure variation, 
(PPV); Stroke volume variation, (SVV); 
Cardiac output, (CO); Cardiac Index, (CI); 
Global oxygen delivery, (DO2); Oxygen 
extraction ratio, (ERO2); Oxygen con-
sumption, (VO2); Mixed venous oxygen 
saturation, (SvO2); Systemic vascular 
resistance index, (SVRI); Intra-thoracic 
blood volume index, (ITBVI). 
Independent Student t-test was used for 
obtaining statistical difference between 
groups, p values below 0.05 (<0,05) were 
considered statistically significant.
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Table 1. Normal means and ranges from the literature for hemodynamic parameters observed in our study. 
Parameter Normal range in this study
Hemoglobin(Hb) 120-175 g/L
Heart rate (HR) 60-100
Arterial blood pressure (BP) Systolic: 90-140 mmHg

Diastolic: 60-90 mmHg
Mean arterial pressure (MAP) 70-105 mmHg
Central venous pressure (CVP) 3-8 mmHg
Pulse pressure variation (PPV) <10% unlikely to be preload responsive

>13-15% likely to be preload responsive
Stroke volume variation (SVV) <10% unlikely to be preload responsive

>13-15% likely to be preload responsive
Cardiac output (CO) 4.0 - 8.0 l/min
Cardiac index (CI) 2.5 - 4.0 l/min/m2
Global oxygen delivery (DO2) 950-1150 ml/min
Oxygen extraction ratio (ERO2) 22 – 30 %
Oxygen consumption (VO2) 200 -250 ml/min
Mixed venous oxygen saturation (SvO2) 60 – 80 %
Lactic acid 0.5 - 2.2 mmol/L
Systemic vascular resistance index (SVRI) 1970 - 2390 dynes • sec/cm5/m2
Intra-thoracic blood volume index (ITBVI) 850 to 1000 ml/m2

 
Table 2. Demographic and clinical characteristics of the hemodynamically stable and hemodynamically unstable groups of patients.
Parameter Hemodynamically stable Hemodynamically unstable P value
Age (years) 58 (15,12) 70,2 (17,12) 0,080
BMI (kg/m2) 24,6 (1,33) 26 (5,19) 0,395
CVP (mmHg) 13,2 (3,74) 10,1 (5,6) 0,144
LiDCO: SVV (%) 10,2 (6,48) 18,8 (7,04) 0,005
LiDCO: PPV (%) 11,5 (6,65) 18 (6,32) 0,022
SvO2 (%) 74,9 (7,01) 59 (14,41) 0,003
Lactic acid (mmol/L) 1,5 (0,85) 4,2 (1,99) <0,001
DO2 (ml/min/m2) 551,7 (178,92) 321 (105,31) <0,001
ERO2 (%) 49,3 (24,59) 41,2 (14,45) 0,335
CI (l/min/m2) 4,1 (1,35) 2,3 (0,71) <0,001
CO (l/min) 7,9 (2,47) 4,8 (1,46) <0,001
SVRI (dynes ∙ sec/cm5/m2) 1557,5 (392,14) 1730,5 (707,35) 0,496
ITBVI (mL/m2) 1492,3 (461,66) 1712,1 (665,58) 0,470

DISCUSSION

The cornerstone of managing patients in 
the ICU is assessing their preload and iden-
tifying those who are more likely to benefit 
from fluid loading. The importance of this 
study lies in the fact that the major surgical 
postoperative patients are particularly at 
risk for reduced preload. Impaired preload 
occurs due to many factors such as de-

creased preoperative intravascular volume 
due to fasting, vasodilatative effect of anes-
thetics, long and extensive operations with 
fluid losses and shifts. A suboptimal supply 
of oxygen and nutrients to vital organs and 
peripheral tissues in postoperative patients 
leads to possible long-term consequences 
such as ischemic-reperfusion injury, infec-
tion and even death.
We have demonstrated that dynamic pa-

rameters (SVV, PPV) are more adequate 
than static parameters (CVP). In this study, 
CVP did not show volume deficit in hemo-
dynamic unstable patients in our group of 
postoperative major surgical patients.
Traditionally CVP is still used to guide 
fluid therapy. A survey of European inten-
sivists a few years ago reported that 90% of 
doctors still use CVP (13). The concept for 
using CVP to guide fluid therapy arrives 
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from CVP reflecting intravascular volume. 
It is still widely believed that patients with 
a low CVP are volume depleted while pa-
tients with a high CVP are volume over-
loaded. This can be misleading as shown in 
this study.
In this study the hemodynamically stable 
patients had a statistically insignificantly 
higher CVP (13,2 ± 3,74 mmHg) than 
hemodynamically unstable patients (10,1 
± 5,6 mmHg), (p=0,144). This finding is in 
agreement with a large number of studies. 
A rising number of studies claim that the 
correlation between CVP and the circulat-
ing blood volume is lower than previously 
thought. (14, 15) Additional studies also 
show weaknesses of the static hemody-
namic parameters such as CVP to assess 
not only the circulating blood volume 
but also the patient’s response to volume 
overload especially in critically ill patients 
(16,17).

The present study demonstrated that dy-
namic parameters such as SVV and PPV 
measured using the LiDCOTMplus system 
could predict decreased preload in mechan-
ically ventilated patients, which is in agree-
ment with other reports. (18, 19, 20) The 
values of the blood lactates were also dif-
ferent between the two groups which has a 
considerable predictive value for postopera-
tive patients hospitalized in the ICU, which 
is in agreement with other studies (21).
Our study had some limitations, primar-
ily the relatively low number of patients in 
the sample. The reason being that a small 
number of patients are being monitored by 
LiDCOTM  because of the need for mus-
cular relaxation and inability of patients to 
breathe on their own, which is not a com-
mon practice in our ICU. Therefore, the 
sample size is small. In the future, we will 
plan a study with a larger number of includ-
ed patients.

In conclusion, although some guidelines 
today still advice the use of CVP in as-
sessment of preload, dynamic parameters 
should be used. The study confirmed the 
inability of CVP to provide valid assess-
ment of the preload as a reason for hemo-
dynamic instability in comparison to dy-
namic LiDCOTMplus system parameters 
in mechanically ventilated major surgical 
patients. It was shown that the hemody-
namically unstable patients had signs of 
hypoperfusion resulting in a reduced DO2 
and increased lactic acid. Therefore, in pa-
tients who are postoperatively mechani-
cally ventilated and relaxed, according to 
our results, SVV and PPV monitored by 
LiDCOTM are good options to choose for 
preload assessment due its minimal inva-
siveness. 
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