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ABSTRACT 

Objective: SVV is derived from the cardiopulmonary interaction, which is used to predict the responsiveness of cardiac 
preload guiding fluid therapy in patients under general anesthesia in non-opened chest surgery. From a clinical point of 
view, it is important to know how well SVV reflects preload and fluid responsiveness during cardiac surgery. This 
study was undertaken to assess the accuracy and reliability of SVV derived from the FloTrac/Vigileo system in moni- 
toring changes in blood volume in patients undergoing off-pump coronary artery bypass grafting (OPCABG) under 
general anesthesia. Methods: After approval from the ethics committee and obtaining the permission of the patients, 
twenty-nine patients, ASA II-III and NYHA II-III, aged 44 - 77 yr, undergoing elective off-pump coronary artery by- 
pass grafting, were randomly divided into 2 groups: the control group (group C, n = 8) and volume expansion group 
(group V, n = 21). After patients entered the operating room, veins were put in line, ECG, HR, SpO2, and PETCO2 were 
continuously monitored. Left radial arterial and right internal jugular vein catheters were inserted under local anesthesia. 
The FloTracTM/VigileoTM system was connected and MAP, CO, CI, SVV, SV, SVI, SVR, SVRI, CVP were continu- 
ously monitored. BIS values were kept at 45% - 55.6% hydroxyethyl starch 130/0.4 sodium chloride solution 7 ml/kg 
was intravenously infused after completion of sternotomy and pericardiotomy at a rate of 0.25 ml/kg–1/min–1 in group V. 
MAP, HR, CVP, systemic vascular resistance (SVR), SVV, and stroke volume index (SVI) were determined 10 min 
before (T1) and after the infusion of finished (T2), and the change rate (ΔHR, ΔMAP, ΔCVP, ΔSVR, ΔSVV, ΔSVI) was 
calculated. Sodium chloride injection 3 ml/kg was infused in group C. Results: CVP, SVI, CO and CI were increased 
after volume expansion, SVRI and SVV significantly decreased in group V(P < 0.01), while MAP and HR were not 
changed. Changes in HR(r = –0.737, P < 0.05) and SVR(r = –0.480, P < 0.05) were significantly correlated to changes 
in SVI, but there was no correlation between ΔCVP, ΔMAP, ΔSVV and ΔSVI. SVV(r = 0.640, P < 0.01) and HR(r = 
0.591, P < 0.01) before volume expansion were correlated to changes in SVI，but no correlation was found between 
MAP, SVR, CVP and changes in SVI. Analysis of results of the receiver operating characteristic (ROC) curve showed 
that when the change rate of SVI ≥ 25% was used as the criteria for assessment of the changes in blood volume, the 
diagnostic threshold of SVV was 8.8%. When SVV ≥ 8.8%, the sensitivity and specificity of blood volume monitoring 
were 52.6% and 100% respectively. Conclusion: SVV derived from the FloTrac/Vigileo system cannot accurately 
monitor changes in fluid responsiveness in patients undergoing off-pump coronary artery bypass grafting under general 
anesthesia, though it is better than CVP and MAP. 
 
Keywords: Stroke Volume Variations; Heart-Lung; Sternotomy; Monitoring; Functional Hemodynamic; Cardiac  

Surgery 

1. Introduction 
Overzealous fluid therapy can increase blood volume and 
overfill the heart, while hypovolemia can lead to a reflex 
increase in heart rate. Both conditions may inevitably in- 
crease myocardial oxygen consumption and are danger- 
ous to patients with poor cardiac function or ischemic heart 

disease [1]. Therefore, it is extremely important to ac- 
curately assess and guide fluid therapy and avoid factors 
and processes that increase myocardial oxygen consump- 
tion. The key to anesthesia in off-pump coronary artery 
bypass grafting (OPCABG) is to maintain the myocardial 
oxygen supply and demand balance. Consequently it is  
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particularly important to control the heart rate, maintain 
the stability of blood pressure, and assess and regulate 
the volume. The appropriate indicators to assess OP- 
CABG patients’ blood volume changes and timely, sci- 
entific and effective treatment of volume have important 
clinical significance [2]. Traditional indicators such as 
CVP and PAWP used in the reflection of blood volume 
changes were easily influence by changes in posture, 
heart position, cardiovascular compliance and intra-tho- 
racic pressure. SVV, as a new dynamic hemodynamic in- 
dicator to reflect cardiac preload fluid responsiveness of 
mechanically ventilated patients has been clinically used 
[3-5]. During open chest surgery, whether SVV can pre- 
dict the cardiac preload fluid responsiveness and veracity 
of monitoring the blood volume change in general anes- 
thesia patients is still unknown [6-8]. Hence, this re- 
search was proposed to assess whether SVV can predict 
the fluid responsiveness of patients under general anes- 
thesia with off-pump coronary artery bypass grafting and 
how good it is in open chest surgery. 

2. Materials and Methods 

2.1. General Materials 

The Ethics Committee of Qianfoshan Hospital Affiliated 
to Shandong University approved this study, and patients 
participating in the study signed the anesthesia informed 
consent form. 

2.1.1. Case Selection and Grouping 
Twenty-nine cases of patients under general anesthesia 
who needed off-pump coronary artery bypass grafting 
(OPCABG) were selected in this study, male or female, 
aged from 44 - 77, ASA II-III and NYHA Functional 
Classification II-III, with myoglobin (Hb) ≥ 110 g/L, 
hematocrit (Hct) > 30% and left ventricular ejection frac- 
tion (LVEF > 35%), without respiratory and endocrine 
system disease history, and without obvious abnormali- 
ties such as liver, kidney, lung or blood coagulation. Also 
there was no peripheral arterial occlusive disease, intra- 
ventricular shunt, severe valvular disease and arrhythmia 
found. All patients were randomly divided into 2 groups: 
the control group (group C, n = 8) and the volume ex- 
pansion group (V group, n = 21). 

2.1.2. Test Equipment and Drugs 
Anesthesia machine (Drager Julian，Germany), Philips 
E2 multifunctional vital signs monitor (Philips Company, 
Holland), Aspect 2000 bispectral index (BIS) monitor 
(Aspect Company, America), FloTrac sensor/Vigileo 
monitor, 7F three lumen central venous catheter, pressure 
sensor (Edwards Company, USA), 6% hydroxyethyl star- 
ch 130/0.4 sodium chloride injection (Voluven, 500 ml/  

bag, Beijing Fresenius Kabi Pharmaceutical Co., Ltd.), 
and compound sodium chloride injection (500 ml/bag, 
Qingdao Huaren Pharmaceutical Co., Ltd.). 

2.2. Methods 

2.2.1. Experimental Design Grouping 
Twenty-nine patients (male or female) were selected and 
randomly divided into two groups: 

Control group: C group, n = 8, the T1 and T2 uniform 
infused 3 ml/kg compound sodium chloride injection. 

Volume expansion group: V group, n = 21, open chest 
surgery, pericardium opened, after being hemodynami- 
cally stable for 5 min (denoted as T1), 6% hydroxyethyl 
starch 130/0.4 sodium chloride injection 7 ml/kg of intra- 
venous infusion was performed at the rate of 0.25 ml/ 
kg–1/min–1 (Recorded for T2 10 min after infusion). 

2.2.2. Anesthesia Implementation 
1) Preparation of Anesthesia 
Thirty min before anesthesia 0.3 mg of intramuscular 

scopolamine and 5 mg of morphine were given. After 
opening the chest, patients were continuously monitored 
by electrocardiogram (ECG), heart rate (HR), apulse oxi- 
metry (SpO2) and end-tidal carbon dioxide partial pres- 
sure (PETCO2). The left radial artery and right internal 
jugular vein puncture catheter were conducted with local 
anesthesia, and connected to the FloTracTM sensor and 
VigileoTM monitor to continuously monitor the mean 
arterial pressure (MAP), cardiac output (CO), cardiac in- 
dex (CI), stroke volume variation (SVV) and stroke vo- 
lume (SV), stroke volume index (SVI), systemic vascular 
resistance (SVR), systemic vascular resistance index 
(SVRI) and CVP. 

2) Anesthesia Methods 
The patients of the two groups underwent general anes- 

thesia. Inductions of anesthesia were: intravenous injec- 
tion with 3 mg of midazolam, 0.2 mg/kg of etomidate, 10 
μg/kg of fentanyl, 0.6 - 0.8 mg/kg of rocuronium and 30 
mg of lidocaine; after 3 - 5 min direct vision intubation 
under the laryngoscope was conducted (50 mg of Spray 
lidocaine was given in the trachea before intubation). 
Then intermittent positive pressure ventilation (IPPV) 
was performed. Respiratory indicators were: 8 ml/kg of 
tidal volume (VT), 12 times/min of respiratory rate (RR), 
positive end expiratory pressure (PEEP) with 0, 80% of 
inhaled oxygen concentration, 3 L/min of the oxygen 
flow; maintaining airway pressure < 30 cm H2O (1 cm 
H2O = 0.098 kPa), end-expiratory carbon dioxide partial 
pressure at 35 - 45 mmHg (1 mmHg = 0.133 kPa) and 
SpO2 > 98%. Maintenance of anesthesia was: intrave- 
nous target-controlled infusion (TCI) with propofol, the 
target plasma concentration at 2 - 3 µg/ml and continu- 
ous intravenous infusion with 0.2 - 0.45 µg/kg–1/min–1 of  
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3. Results remifentanil, following inhalation of sevoflurane and in- 
termittent intravenous injection with atracurium. BIS 
values were kept at 45 - 55 during surgery. Arterial blood 
gas analysis and detection were periodically performed 
during surgery. 

3.1. General Condition 

Differences of constituent ratio of gender, age, height, 
and weight and body surface area in patients were not 
statistically significant (Table 1). BIS values were kept at 45 - 55 and 3 ml/kg of interval 

compound sodium chloride injection was infused in group 
C. 3.2. Changes in Hemodynamic Indicators 

Compared with T1, CVP, SVI and CI were raised and 
SVRI and SVV were decreased (P < 0.01) at T2 in the vo- 
lume expansion group, with no statistical significance in 
the differences of MAP and HR. There was no statistical 
significance in each indicator at T1 and T2 in control 
group (P > 0.05). The hemodynamic indicators of the 
two groups at each time point were within the normal 
range, with no statistical significance in inter-group com- 
parison (P > 0.05) (Table 2). 

2.3. The Observed Monitoring Indicators 

Six percent hydroxyethyl starch 130/0.4 sodium chloride 
solution 7 ml/kg was infused intravenously in group V. 
MAP, HR, CVP, CO, CI, systemic vascular resistance 
(SVR), SVRI, SVV and stroke volume index (SVI) were 
determined 10 min before (T1) and after the infusion of 
finished (T2), The average of the three measured data at 
each time point was taken as valid indicators. Also the 
change rates of hemodynamic indicators [value T2 – T1/ 
value T1] were calculated and recorded as ΔHR, ΔMAP, 
ΔCVP, ΔSVR, ΔSVV and ΔSVI. 

3.3. The Correlation between Hemodynamic  
Indicators and ΔSVI 

The change rates of hemodynamic indicators (MAP, 
HR, CVP, CO, CI, SVR, SVRI, SVV and SVI) were de- 
termined at T1 and T2 in group C. The average of the 
three measured data at each time point was also taken as 
valid indicators. The change rates of hemodynamic indi- 
cators (ΔMAP, ΔHR, ΔCVP, ΔSVV, ΔSVI and ΔSVR) 
were calculated. 

In group V, ΔSVI was (39 ± 16)% after infusion, which 
was ΔSVI ≥ 25%[(42 ± 15)%] in 19 patients and ΔSVI ≤ 
25%[(14 ± 4)%] in 2 patients. ΔHR(r = –0.737, P < 0.05) 
and ΔSVR(r = –0.480, P < 0.05) had significant correla- 
tion with ΔSVI while ΔCVP, ΔMAP and ΔSVV had no 
significant correlation with ΔSVI in group V. Before 
expansion, SVV(r = 0.640, P < 0.01) and HR(r = 0.591, 
P < 0.01) were correlated to ΔSVI in the volume expan- 
sion group while MAP, SVR, CVP had no significant 
correlation to ΔSVI (Table 3). 

2.4. Statistic Process 

SPSS17.0 statistic software was adopted in the data 
analysis, and measurement data expressed as mean ± 
standard deviation. Paired t test was used in intra-group 
comparison and group t test was used in inter-group com- 
parison. The receiver operator characteristic curve (ROC) 
of fluid responsiveness of CVP, MAP, HR, SVV and 
SVR was drawn. ΔSVI ≥ 25% [9] was used as the crite- 
ria of effective water treatment expansion, comparing the 
area under the curve (AUC, AUC ≤ 0.5 indicated no cli- 
nical significance of diagnostic tests; 0.5 < AUC ≤ 0.7 
suggested low diagnostic value; 0.7 < AUC ≤ 0.9 indi- 
cated the diagnostic value of the medium; while AUC > 
0.9 showed diagnosis of high value). 

3.4. ROC Curve Analysis 

During open chest surgery, ΔSVI ≥ 25% was the criteria 
to predict fluid responsiveness; the diagnostic threshold 
of SVV was 8.8%, sensitivity 52.6% and specificity 
100%. The area under the ROC curve showed SVV 
(0.579) was superior to CVP, MAP and SVR (0.053 - 
0.368), though the accuracy of the SVV in monitoring 
blood volume changes was low (Table 4). 

4. Discussions 

It is important to accurately assess the volume state of 
 

Table 1. General characteristics in the two groups  x s . 

 N 
Gender, n 

(male/female) 
Age, years Body weight, kg Height, cm Body surface area, m2 

V group 21 16/5 62 ± 9 71 ± 12 168 ± 8 1.79 ± 0.18 

C group 8 6/2 60 ± 6 67 ± 7 169 ± 8 1.73 ± 0.13 

Differences of constituent ratio of gender, age, height, and weight and body surface area in patients were not statistically significant. 
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Table 2. Comparison of hemodynamic indicators at various points in time between the two groups  x s . 

 Group n T1 T2 P 

V group 21 84 ± 8 85 ± 4 0.429 MAP 
(mm Hg) C group 8 81 ± 7 81 ± 8 0.145 

V group 21 67 ± 6 67 ± 4 0.936 HR 
(counts/min) C group 8 70 ± 2 70 ± 3 0.647 

V group 21 6.9 ± 1.1 8.8 ± 1.4 0.000 CVP 
(mm Hg) C group 8 6.5 ± 0.8 6.3 ± 0.6 0.139 

V group 21 36 ± 3 53 ± 5 0.000 SVI 
(ml/m2) C group 8 36 ± 3 35 ± 3 0.067 

V group 21 4.5 ± 0.6 6.3 ± 0.5* 0.000 CO 
(L/min–1) C group 8 4.3 ± 0.2 4.3 ± 0.2 0.342 

V group 21 2.5 ± 0.3 3.5 ± 0.3 0.000 CI 
(L/min–1/m–2) C group 8 2.5 ± 0.1 2.5 ± 0.2 0.923 

V group 21 2 434 ± 280 1 748 ± 204 0.000 SVRI 
(dyne/s/cm–5/m–2) C group 8 2 402 ± 326 2 386 ± 319 0.352 

V group 21 9.1 ± 1.7 5.1 ± 0.9 0.000 SVV 
(%) C group 8 10.1 ± 0.9 10.9 ± 1.0 0.224 

Compared with T1, CVP, SVI and CI were raised and SVRI and SVV were decreased (P < 0.01) at T2 in the volume expansion group, with no statistical sig- 
nificance in the differences of MAP and HR. There was no statistical significance in each indicator at T1 and T2 in control group (P > 0.05). The hemodynamic 
indicators of the two groups at each time point were within the normal range, with no statistical significance in inter-group comparison (P > 0.05). 

 
Table 3. The relationship between hemodynamic changes and ΔSVI at T1 and T2 in group V. 

 MAP HR SVR CVP SVV ΔMAP ΔHR ΔSVR ΔCVP ΔSVV 

r –0.244 0.591 0.265 –0.223 0.640 0.021 –0.737 –0.480 –0.302 –0.236 

P 0.287 0.005 0.246 0.331 0.002 0.930 0.000 0.028 0.184 0.304 

In group V, ΔSVI was (39 ± 16)% after infusion, which was ΔSVI ≥ 25%[(42 ± 15)%] in 19 patients and ΔSVI ≤ 25%[(14 ± 4)%] in 2 patients. ΔHR(r = 
–0.737, P < 0.05) and ΔSVR(r = –0.480, P < 0.05) had significant correlation with ΔSVI while ΔCVP, ΔMAP and ΔSVV had no significant correlation with 
ΔSVI in group V. Before expansion, SVV(r = 0.640, P < 0.01) and HR(r = 0.591, P < 0.01) were correlated to ΔSVI in the volume expansion group while 
MAP, SVR, CVP had no significant correlation to ΔSVI. 

 
Table 4. The area under ROC and 95% confidence inter- 
vals of various indicators. 

 AUC SE 95%CI 

CVP 0.368 0.235 0.000 - 1.000 

MAP 0.053 0.057 0.000 - 1.000 

HR 0.842 0.104 0.000 - 1.000 

SVR 0.211 0.136 0.000 - 1.000 

SVV 0.579 0.119 0.346 - 0.812 

During open chest surgery, ΔSVI ≥ 25% was the criteria to predict fluid 
responsiveness; the diagnostic threshold of SVV was 8.8%, sensitivity 
52.6% and specificity 100%. The area under the ROC curve showed SVV 
(0.579) was superior to CVP, MAP and SVR (0.053 - 0.368), though the 
accuracy of the SVV in monitoring blood volume changes was low. 

 
the patients and give reasonable volume therapies, and 
also to reduce unnecessary use of vasoactive drugs and 
increase cardiac output so that there is an increased per 
fusion of the heart and other various body organs and 
tissues, in order to reduce oxygen consumption while  

increasing oxygen supply and maintaining the balance of 
oxygen supply and oxygen consumption, in cardiac sur- 
gery anesthesia, especially in the OPCABG anesthesia 
process. 

CVP, PCWP, right atrial pressure (RAP), pulmonary 
artery occlusion pressure (PAOP), right ventricular end- 
diastolic volume (RVEDV) and left ventricular end-dia- 
stolic area (LVEDA) cardiac preload volume indicators 
have been used as indicators to predict fluid responsive- 
ness in critically ill patients [10,11]. In a comprehensive 
study of fluid responsiveness predictors in critically ill 
patients, Michard F. et al. stated that the indicators did 
not always accurately reflect ventricular preload [11]. 
Although volume indicators obtained by transesophageal 
echocardiography could accurately assess the cardiac fun- 
ction and volume [10], the clinical application was limi- 
ted due to expensive equipment, high operating require- 
ments, and discontinuous monitoring. 

According to prior research, SVV is a good indicator 
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for predicting cardiac preload responsiveness and guid- 
ing fluid therapy [9,12,13]. An study on SVV in coronary 
artery bypass graft surgery by Cannesson M. et al. [4] 
with the FloTrac/Vigileo system showed SVV had suffi- 
cient sensitivity and specificity to predict fluid respon- 
sivenessin mechanically ventilated patients. SVV had a 
high correlation to ΔCI (r = 0.60, P = 0.01), the thresh- 
old of SVV to distinguish between fluid responsiveness 
was 10%, the sensitivity was 82% and specificity 88%. 

SVV is derived from the interaction between the heart 
and lungs. With intermittent positive pressure ventilation, 
intra-thoracic pressure will create changesin the heart 
lung interaction. In a respiratory cycle, inspiratory SV is 
reduced and expiratory SV is increased. In a hypovolemic 
state, the vena cava and right atrium are more compliant 
and prone to collapse [14,15]. Intra-thoracic pressure 
changes are more easily transmitted to the structure of 
the vena cava and right atrium. SV declines at this time 
and the reduction range of SV increases in exhaling when 
compared to inhaling, which results in SVV increasing. 
Therefore, the high SVV prompted that SV and cardiac 
output of hypovolemic patients can be improved by sup- 
plementing liquid. Conversely, vasoactive drug treatment 
is more reasonable for hypovolemic patients with lower 
SVV. 

In most cardiac surgical procedures, pleural and peri- 
cardial cavities are opened, which have an important in- 
fluence on hemodynamics and cardiopulmonary interac- 
tion [10]. In this study, the SVV and ΔSVI during open 
chest surgery had a moderately positive correlation, sug- 
gesting that monitoring SVV could predict fluid respon- 
siveness in patients with heart preload and reflect the 
changes in blood volume. The size of the area under the 
ROC curve (the receiver operator characteristic curve) 
can reflect the diagnostic value of an indicator for a par- 
ticular disease. ROC curve analysis showed that if ΔSVI 
≥ 25% was used as a criterion for monitoring blood 
volume changes, the SVV diagnostic threshold value was 
8.8%, with a sensitivity of 52.6%, and a specificity of 
100%. In this study, the areas under the curve of the SVV, 
CVP and MAP were 0.579, 0.368, and 0.053 respectively; 
although the area under the curve of SVV was greater 
than CVP and MAP. The accuracy of monitoring blood 
volume changes of SVV was lower due to the small 
AUC. 

The results of this study showed that the open pleural 
and pericardial cavity in OPCABG relieved the limits of 
chest wall and pericardium to the heart and the large 
blood vessels in the chest cavity, following the increase 
in venous return and cardiac preload, which made the 
Frank-Starling relationship curve of the left ventricular in 
patients shift to the right, and reduced changes in pre- 
load-dependent stroke volume, which meant that the 
changes in intra-thoracic pressure were influenced. But 

in the whole open chest surgery, because various ventila- 
tion parameters remained constant, intra-thoracic pres- 
sure changes were small and the venous return change 
was reduced, causing a small change range of SVV. This 
may be the reason in this study that diagnostic threshold 
of SVV in open chest surgery was lower than that in tra- 
ditional non-open chest surgery in the prediction of fluid 
responsiveness. In addition, some studies [14] have con- 
firmed that the complete pericardium plays an important 
role in functional preload indicators to predict ventricular 
liquid responsiveness. It has been proven that a pericar- 
dial incision can change the right ventricular filling, while 
interactions between the ventricular system are reduced 
due to the release of pericardial constraint in the heart, 
because following the contribution of the right ventricu- 
lar filling to the cyclic changes of the left ventricular 
stroke volume are also weakened [16]. 

Therefore, the opened pericardium might be one of the 
reasons that caused the low accuracy of cardiac preload 
liquid responsiveness of mechanical ventilation in pa- 
tients with general anesthesia and blood volume changes. 
Consequently, although SVV could reflect the cardiopul- 
monary interaction caused by positive pressure ventila- 
tion, it was weak in the accuracy of the prediction of car- 
diac preload fluid responsiveness in general anesthetic 
patients with mechanical ventilation and the monitoring 
of blood volume changes, which would not be good for 
guidance of fluid treatment of OPCABG patients. 

5. Conclusions 

1) During open chest surgery, SVV in the basic state 
can assess the fluid responsiveness of general anesthesia 
patients with OPCABG, although the diagnostic thresh- 
old of SVV during open chest surgery is lower than that 
in traditional non-open chest surgery in predicting fluid 
responsiveness (8.8%). 

2) During open chest surgery, the accuracy of fluid re- 
sponsiveness in mechanically ventilated in patients un- 
dergoing general anesthesia as measured by the FloTracTM/ 
VigileoTM system is relatively low. 
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