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Abstract: Background and objectives: Stroke volume variation (SVV) and the pulse pressure variation (PPV) have 
been found to be effective in prediction fluid responsiveness especially in high risk operations. The objective of this 
study is to validate the ability of SVV obtained by FloTrac/Vigileo system and PPV obtained by IntelliVue MP System to 
predict fluid responsiveness in patients with obstructive jaundice during mechanical ventilation. Methods: Twenty-
five patients with obstructive jaundice (mean serum total bilirubin 175.0 ± 120.8 μmol/L), who accepted volume 
expansion and were hemodynamically stable after induction of anesthesia, were included in the study. SVV and 
PPV were recorded simultaneously before and after an intravascular volume expansion. Patients with a stroke 
volume index (SVI) increase of more than 10% after volume expansion were considered as responders. Results: 
The agreement (mean bias ± SD) between SVV and PPV was -0.2% ± 1.56%. Before volume expansion, SVV and 
PPV were significantly higher in responders compared to non-responders (P<0.001, P<0.001). Significant correla-
tion was observed between the baseline value of SVV and PPV and the percent change in SVI after fluid expansion 
(r=0.654, P<0.001; r=0.592, P=0.002). Area under the receiver operating characteristic curves of SVV (0.955) and 
PPV (0.875) were comparable (P=0.09). The optimal threshold values in predicting fluid responsiveness were 10% 
for SVV and 8% for PPV. Conclusion: In conclusion, SVV obtained by FloTrac/Vigileo system and PPV obtained by 
IntelliVue MP System was able to predict fluid responsiveness in patients with obstructive jaundice. 
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Introduction

The high morbidity and mortality following sur-
gical intervention in patients with obstructive 
jaundice continues to be challenge despite 
recent advances in diagnosis and treatment [1, 
2]. Major post-surgical complications include 
hypotension, acute renal failure, multiple organ 
failure and endotoxemia. Potential reasons for 
this increased susceptibility include total body 
water and extracellular water depletion, defec-
tive vascular reactivity, subclinical myocardial 
dysfunction, and exaggerated release of pro-
inflammatory cytokines [1-5]. Essential preven-
tative strategies include reversal of coagulopa-
thy by parenteral vitamin K and the replace-
ment of clotting factors, antibiotic usage and 
fluid administration to control the postopera-

tive complications and mortality in patients 
with obstructive jaundice [6].

The fundamental purpose of the fluid adminis-
tration in perioperative period is to increase the 
left ventricular stroke volume in order to avoid 
cardiopulmonary complications, and interstitial 
edema [7, 8]. Numerous studies demonstrated 
static variables of preload, such as central 
venous pressure (CVP) and pulmonary capillary 
wedge pressure (PCWP), or left ventricular end 
diastolic area (LVEDA) to be poor predictors of 
fluid responsiveness [9-11]. Therefore, an accu-
rate and reliable criterion to predict fluid respon-
siveness is required. Dynamic variables such as 
stroke volume variation (SVV) and pulse pres-
sure variation (PPV) have been shown to be reli-
able methods to indicate fluid responsiveness 
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in different patient populations in several 
recent studies [12-18].

Lately, monitoring devices that can automati-
cally calculate and continuously monitor the 
indices of SVV and PPV have been developed. 
FloTrac/Vigileo monitoring technology is a new 
type of system which is used to measure arte-
rial pressure and cardiac output (CO), and can 
accurately and continuously measure CO, 
stroke volume (SV) and SVV by analyzing and 
calculating peripheral arterial pressure wave-
form [12]. IntelliVue MP Invigilator can be used 
to an automatically and continuously monitor 
PPV [13, 18].

Previous studies have shown that the SVV 
obtained by FloTrac/Vigileo system and the PPV 
obtained by an IntelliVue MP monitor could be 
successfully used for predicting fluid respon-
siveness in surgical patients [12-15, 18-21], 
but there is limited evidence showing that 
either PPV or SVV guided fluid management 
can improve mortality.

Most of the previous studies have focused on 
patients with coronary bypass operation, septic 
shock and other high risk operative patients 
[12-15, 18, 20, 21]. The validation of SVV and 
PPV in patients with obstructive jaundice has 
not been studied so far. The main objective of 
this study is to analyze and compare the ability 
of SVV obtained by FloTrac/Vigileo system and 
PPV obtained by IntelliVue MP System to pre-
dict fluid responsiveness in patients with 
obstructive jaundice during mechanical ventila-
tion so as to apply these dynamic indexes to 

2012. All the participating patients were sched-
uled for elective surgery for the underlying dis-
eases and were characterized as physical sta-
tus I or II by the American Society of 
Anesthesiologists (ASA). Patients with body 
mass index >30 kg/m2 or <18 kg/m2, acid–
base disturbance, blood electrolyte abnormali-
ty, diabetes or sepsis, respiratory, peripheral 
vascular, renal diseases or hepatic encepha-
lopathy, arrhythmias and intra-cardiac shunts, 
heart rate (HR)/respiratory rate (RR) >3.6 and 
above the age of 65 years and below 18 years 
were excluded from the study.

It was not possible to blind this study to the 
attending anesthetist but we employed an inde-
pendent observer to measure and record the 
perioperative data.

Procedure for anesthesia

Patient were fasted overnight and given an 
intramuscular injection of 0.1 g phenobarbital 
30 min before surgery. Ringer’s lactate solution 
(RLS) 500 mL was administered to the patients 
on the ward the day of surgery. On arrival to the 
operating theatre, a baseline fluid administra-
tion of RLS 2 mL/kg/h was started.

Midazolam (0.04 to 0.05 mg/kg), fentanyl (2 to 
3 μg/kg), and propofol (1 to 1.5 mg/kg) were 
used to induce anesthesia. Orotracheal intuba-
tion was facilitated with rocuronium (0.6 to 0.9 
mg/kg). After the induction of anesthesia, a 
catheter (REFRA-04220, Arrow international 
Inc, USA) was inserted in the left radial artery 
as part of the standard monitoring and con-

Table 1. Baseline patient characteristics
Project Values
Sex, M/F 15/10
Age (yr) 54.8 ± 7.3
BMI (kg/m2) 23.0 ± 2.8
ASA physical status, I/II 9/16
Total bilirubin (μmol/L) 175.0 ± 120.8
SVRI (dyn·s·cm-5/m2) 1836.3 ± 367.1
Type of surgery (n)
Whipple’s procedure 10
Hepatic resection 6
Radical resection of hilar chlangiocarcinoma 9
M, male; F, female; BMI, body mass index; SVRI, systemic vascular 
resistance index; All values, except n, sex and ASA physical status, are 
expressed as mean ± SD.

optimize the volume management of peri-
operative jaundice patients.

Materials and methods

Study population

This prospective study was approved by 
institutional Ethics Committee of People’s 
Liberation Army General Hospital, Beijing, 
China. Informed, written consent was 
taken from the study participants. Twenty-
five consecutive patients in the age group 
18-65 years, with obstructive jaundice 
(serum total bilirubin >20 μmol/L) caused 
by tumor or stone in the bile duct or in the 
head of the pancreas were included in the 
study between January and September 
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nected additionally to the FloTrac/Vigileo sys-
tem (Edwards Life sciences, USA, version 1.14). 
Vigileo monitor system computed SV from the 
patient’s arterial pressure signal and displayed 
SV, stroke volume index (SVI), CO, cardiac index 
(CI) and SVV continuously. A two lumen French 
central venous catheter (Arrow International 
Inc, USA) was inserted in the right internal jugu-
lar vein. Pressure transducers were leveled at 
the mid axillary line and affixed to the operating 
room table and zeroed to atmospheric pres-
sure before each step of the protocol.

Anesthesia was maintained with sevoflurane 
(0.7 to 0.9 minimum alveolar concentrations, 
MAC) and a continuous infusion of remifentanil 
(0.1 to 0.15 μg/kg/min). The Bispectral index 
(BIS, Aspect 1000, Aspect Medical Systems 
Inc., Natick, MA, USA) was kept between 40 
and 60. Fentanyl (1 to 1.5 μg/kg) was adminis-
tered as bolus injection when required. 
Patients’ lungs were ventilated in a volume con-
trolled mode with a tidal volume of 8 mL/kg of 
body weight, an inspiratory/expiratory ratio of 
0.5, and ventilatory frequency between 10 and 
12 bpm to achieve an end-tidal carbon dioxide 
partial pressure between 4.66 and 5.3 kPa. 
Positive end-expiratory pressure was set at 0 
cm H2O.

Analytical measurements

The FloTrac/Vigileo system enables the contin-
uous monitoring of SV, SVI, CO, CI and SVV with-
out external calibration [22-24]. The CO was 
calculated from SV×HR and SVV using the 

equation: SVV (%)=(SVmax - SVmin)/SVmean. The 
mean, minimum and maximum SV were deter-
mined by this system over a window of 20 s. 
The parameters were set to display continu-
ously in 1-min intervals on the Vigileo monitor.

The automated PPV was displayed in real-time 
as a percentage by a Philips IntelliVue MP70 
monitor (Philips Medical Systems, Boeblingen, 
Germany) using the algorithm described by 
Aboy [25]. PPV was calculated by: PPV 
(%)=(pulse pressure max-pulse pressure min)/
pulse pressure mean. PPV was calculated and 
averaged over four cycles of 8 s.

At each step of the study protocol, mean arte-
rial blood pressure (MAP), HR, end-expiratory 
CVP, systemic vascular resistance (SVR) and 
systemic vascular resistance index (SVRI) were 
recorded simultaneously.

Study protocol

All patients were studied immediately after 
induction of anesthesia and after a 5-min peri-
od of hemodynamic stability with no changes in 
anesthetic protocol and no intravascular vol-
ume expansion. Baseline hemodynamic mea-
surements were obtained and then followed by 
an IV intravascular volume expansion with 250 
mL hydroxyethyl starch 130/0.4 6% (Voluven, 
Fresenius Kabi GmbH, Graz, Austria) for 5 to 10 
min [26]. Hemodynamic measurements were 
performed within 3 min after intravascular vol-
ume expansion [13]. Arrhythmia was not 
observed during the experiment and no vaso-
active drugs were used during the study.

Statistical analysis

Patients were divided into two groups, based 
on their response to fluids. Fluid responders 
were defined as patients demonstrating an 
increase in SVI of at least 10% after volume 
expansion [26] and non-responders as patients 
whose SVI changed less than 10%. Quantitative 
variables are presented as mean ± SD. 
Continuous variables were assessed for nor-
mal distribution (Kolmogorov-Smirnov test for 
normality) and variance determined by paired 
Student’s t-test and two-sample Student’s 
t-test when appropriate. Linear regression anal-
ysis was performed between the baseline val-
ues of SVV, PPV, CVP, MAP and CI and the per-
centage value of changes in SVI. Bland-Altman 
analysis was performed to assess agreement 

Figure 1. Relationship between PPV and SVV, and 
Bland Altman analysis for the agreement between 
PPV and SVV. PPV, pulse pressure variation; SVV, 
stroke volume variation.
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between SVV and PPV [27]. Receiver operating 
characteristic (ROC) curves were generated for 
SVV, PPV, MAP, CVP, and CI, varying the discrim-
inating threshold of each parameter. Area 
under the ROC curves were calculated and 
compared using MedCalc 12.3.0.0 (MedCalc 
Software, Mariakerke, Belgium) [28]. Power 
analysis showed that twenty-five patients were 
necessary to detect a difference of 0.15 
between SVV and PPV areas under the ROC 
curves (5% type I error rate, 80% power, two-
tailed test) [17]. P value <0.05 was considered 
as statistically significant. All statistic analyses 
were performed using SPSS 17.0 for Windows 
(SPSS, Chicago, IL, USA).

Results

The baseline characteristics of twenty -five 
patients are shown in Table 1. Agreement 
(mean bias ± SD) between SVV and PPV (Bland-
Altman analysis) was -0.2% ± 1.56% (Figure 1) 
over the fifty pairs of data.

Changes in hemodynamic variables after vol-
ume expansion

Twelve (48%) patients were found to be 
responders and thirteen patients were non- 
responders to volume expansion. Their hemo-
dynamic data is shown in Table 2. Before vol-
ume expansion, SVV and PPV was significantly 
higher in responders than in non-responders 
(P<0.001, P<0.001 respectively). No significant 
differences in HR, MAP, CVP, CI, SVI, and SVRI 
were observed between the two groups. After 
VE, there was significant changes in HR, CVP, 

CI, SVI, SVV, PPV and SVRI (P=0.004, P=0.017, 
P=0.007, P<0.001, P<0.001, P<0.001, P= 
0.002 respectively) in responders, while in non-
responders, showed significant changes of HR, 
CVP, SVV, and PPV (P<0.001, P=0.006, 
P=0.001, P=0.004 respectively).

Dynamic indices and static indices to quantify 
response to intravascular volume expansion 
(ΔSVI)

There was no significant correlation between 
baseline values of MAP, CVP and CI and the per-
cent change in SVI (ΔSVI) after fluid expansion 
(r=0.037, P=0.860; r=0.143, P=0.459; r= 
0.022, P=0.915 respectively). However, the 
baseline value of SVV and PPV demonstrated a 
significant correlation to ΔSVI (r=0.654, P< 
0.001; r=0.592, P=0.002 respectively) (Figure 
2).

Dynamic indices and static indices to predict 
fluid responsiveness

The areas under the ROC curve and thresholds 
for each variable with the highest sum of sensi-
tivity and specificity, showing the ability of the 
hemodynamic parameters to discriminate 
between responders and non-responders, are 
shown in Table 3 and Figure 3. The areas for 
SVV, PPV were significantly higher than the 
areas for MAP, CVP and CI (P<0.05). There were 
no significant differences between the areas 
for SVV and PPV (P=0.09). The optimal thresh-
old value for discrimination between respond-
ers and non-responders was 10% for SVV (sen-
sitivity 100.0% and specificity 92.3%) and 8% 

Table 2. Hemodynamic date at baseline and after intravascular volume expansio
Responders (n=12) Nonresponders (n=13)

Baseline Volume 
expansion

P 
value1 Baseline Volume 

expansion
P 

value2
P 

value3

HR (beats/min) 74.9 ± 14.3 67.5 ± 9.6 0.004 71.2 ± 11.5 68.0 ± 10.1 <0.001 0.474
MAP (mmHg) 72.2 ± 9.6 72.4 ± 9.0 0.704 74.0 ± 9.1 73.7 ± 8.1 0.746 0.629
CVP (mmHg) 7.0 ± 1.7 7.4 ± 1.7 0.017 6.9 ± 1.9 7.6 ± 2.2 0.006 0.916
CI (L/min/m2) 2.9 ± 0.6 3.1 ± 0.7 0.007 3.1 ± 0.7 3.0 ± 0.7 0.147 0.438
SVI (mL/beat/m2) 38.3 ± 6.0 45.4 ± 6.7 <0.001 44.9 ± 13.7 45.2 ± 13.4 0.584 0.138
SVV (%) 12.8 ± 2.1 8.4 ± 2.1 <0.001 8.1 ± 2.4 6.8 ± 2.4 0.001 <0.001
PPV (%) 12.9 ± 3.4 8.1 ± 2.4 <0.001 7.9 ± 2.8 6.5 ± 2.0 0.004 <0.001
SVRI (dyn·s·cm-5/m2) 1870.8 ± 360.6 1735.1 ± 358.9 0.002 1806.9 ± 382.2 1820 ± 376.5 0.726 0.665
HR, heart rate; MAP, mean arterial pressure; CVP, central venous pressure; CI, cardiac index; SVI, stroke volume index; SVV, stroke 
volume variation; PPV, pulse pressure variation; SVRI, systemic vascular resistance index; All values are expressed as mean ± 
SD. P value1, before and after volume expansion in responders. P value2, before and after volume expansion in nonresponders. P 
value3, before volume expansion in responders and nonresponders.
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for PPV (sensitivity 91.7% and specificity 
69.2%).

Discussion

Our study showed that SVV obtained by FloTrac/
Vigileo system and PPV obtained by IntelliVue 
MP system have the ability to predict fluid 
responsiveness in patients with obstructive 
jaundice during mechanical ventilation, which 
may perhaps guide volume management in the 
patients with jaundice. To the best of our knowl-
edge, this study is the first time to demonstrate 
the ability of dynamic parameters to predict 
fluid responsiveness in patients with obstruc-
tive jaundice.

In the past twenty years, the effectiveness of 
SVV and of PPV to predict fluid responsiveness 
and reduce the complications and days of hos-
pitalization has been demonstrated by several 
clinical studies [12-17, 19]. However, these 
parameters have not been found to be very 
useful in some recent studies [29-31]. While 
several confounders like decreased in SVR and 
cardiac function are known to interfere with 
these dynamic variables to predict fluid respon-
siveness, monitoring CO at low SVR by FloTrac/
Vigileo system have also been under criticism 
[32, 33].

Decrease in cardiac function has been report-
ed in animal models and patients with obstruc-
tive jaundice [2, 5]. Additionally, patients with 

obstructive jaundice usually have low SVR due 
to an increased atrial natriuretic peptide in 
blood and an attenuated response to catechol-
amine [2, 5]. All these pathophysiological char-
acteristics may have effects on the accuracy of 
dynamic indices in prediction of fluid respon-
siveness. Therefore in order to guide the vol-
ume management of jaundice patients the 
effectiveness of SVV and PPV in prediction of 
fluid responsiveness needs to be studied in this 
group.

Our results show that SVV obtained by second 
generation FloTrac/Vigileo system have ideal 
ability of prediction fluid responsiveness in 
jaundice patients with mechanical ventilation, 
the area under the AUC curve was 0.955 (95% 
CI, 0.789-0.998), the optimal threshold to 
determine fluid responsiveness was 10% (sen-
sitivity 100%, specificity 92.3%). This result are 
in concordance with previous results of predict-
ing fluid responsiveness in patients with coro-
nary artery bypass grafting, septic shock and 
other high risk surgeries [12, 14-16, 22]. Our 
results further confirm the accuracy and reli-
ability of SVV in predicting fluid responsiveness 
in different clinical environment. However, 
Lanner et al observed a decrease in SVR in 
patients undergoing abdominal operation and 
found that SVV could not predict fluid respon-
siveness in these patients [29]. In this study all 
the patients had normal range of SVR, although 
it has been reported that SVR could reduce in 
patients with obstructive jaundice. The effect 

Figure 2. Relationships between 
MAP (A), CVP (B), CI (C), SVV (D) 
and PPV (E) at baseline and ΔSVI. 
MAP, mean arterial pressure; CVP, 
central venous pressure; CI, cardiac 
index; SVV, stroke volume variation; 
PPV, pulse pressure variation; SVI, 
stroke volume index; ΔSVI, percent 
increase in SVI after volume expan-
sion.
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of SVR changes on SVV to predict fluid respon-
siveness would be interesting to explore. 

The ability of PPV to predict fluid responsive-
ness have been confirmed by many research-
ers and gradually become the gold standard to 
predict fluid responsiveness. Several methods 
are used for automatic continuous monitoring 
of PPV. The PiCCO system and LiDCO system 
require special device [34], while IntelliVue MP 
monitoring system does not need special 
device and can automatically calculate and 
monitor PPV through the arterial waveform sig-
nal [25]. Cannesson and Derichard et al proved 
that this automatic monitoring of PPV and artifi-
cial calculation results of PPV have good con-
sistency [13, 18]. PPV obtained by IntelliVue MP 
System has been reported to have good clinical 
application in patients with heart operation and 

range, in addition, unfortunately, we did not col-
lect data about cardiac function of patients. 
However, based on our present results we 
believe that PPV can guide the volume manage-
ment of patients with jaundice and improve the 
prognosis. We also observed that the predic-
tion of fluid responsiveness by static hemody-
namic indexes (MAP, CVP, CI) were inferior to 
SVV and PPV, as reported earlier [10-12, 20].

Earlier reports by Monge Garcia et al have 
shown that vascular Eadyn (dynamic arterial 
elastance) value before fluid expansion which 
is the ratio of PPV and SVV, could predict chang-
es of MAP after infusion with a sensitivity of 
93.75% and a specificity of 100% [37]. 
Unfortunately that baseline Eadyn value had no 
correlation with changes of MAP after infusion 
in our study, probably because of automatic 
monitoring of PPV in our study versus artificial 
method of PPV calculation by Monge Garcia.

Our study has some limitations. We applied 
Vigileo monitoring system to detect SVI and CI 
instead of the standard thermo dilution mea-
suring method. Vigileo system to detect CI was 
reported to be inaccurate when there is a 
decline in SVR or decrease of cardiac function 
[32, 33]. But the second generation Vigileo sys-
tem was reported to be comparable with the 
standard method by Marik et al [11]. In addi-
tion, SVV calculation does not rely on the abso-
lute value of SV but on SV changes in respira-
tion cycle. So, even if SVI and CI monitored by 
Vigileo system are inconsistence it could still 
monitor SVV to predict fluid responsiveness 
accurately [12]. The study participants were 
patients who were scheduled for operation with 
ASA I to II, and we have no data on floating cath-

Table 3. Results of receiver operating characteristics (ROC) 
curve analysis

Area (95% CI) P value Threshold 
(Sensitivity/Specificity, %)

SVV 0.955 (0.789 to 0.998) <0.001 10 (100.0/92.3)
PPV 0.875 (0.682 to 0.972) <0.001 8 (91.7/69.2)
MAP 0.545 (0.335 to 0.743) 0.712 62 (25.0/100.0)
CVP 0.519 (0.312 to 0.721) 0.871 7 (50.0/61.5)
CI 0.551(0.341 to 0.749) 0.671 2.3 (25.0/100.0)
Area (95% CI), area under the ROC curve with 95% asymptotic confidence 
interval; threshold, value with highest sum of sensitivity and specificity to 
predict a positive response to volume loading; SVV, stroke volume varia-
tion; PPV, pulse pressure variation; MAP, mean arterial pressure; CVP, 
central venous pressure; CI, cardiac index. P value, area under the curve 
compare with 0.5.

critically ill patients [35, 36]. Our study 
shows that PPV has the ability to pre-
dict fluid responsiveness in jaundice 
patients with mechanical ventilation 
with a sensitivity of 91.7%, and speci-
ficity of 69.2%, with a threshold of 8% 
slightly lower that that reported earlier 
[13, 14, 18, 20, 21]. Gouvea et al found 
that PPV failed to predict fluid respon-
siveness in liver transplantation opera-
tion which may be caused due to 
decrease in SVR, heart function, CO 
monitoring method and operation stim-
ulation [30]. 

In this study SVR of patients with 
obstructive jaundice was in the normal 

Figure 3. ROC curves comparing the ability of hemo-
dynamic indices at baseline to predict fluid respon-
siveness. ROC, receiver operating characteristics; 
SVV, stroke volume variation; PPV, pulse pressure 
variation; MAP, mean arterial pressure; CVP, central 
venous pressure; CI, cardiac index.
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eter and its related complications [38]. 
Secondly, our study only detected SVV and PPV 
to predict fluid responsiveness in steady state 
after induction but did not detect efficiency of 
these indicators during intraoperative period. 
Many studies obtained positive results that 
assessment of dynamic indexes before opera-
tion [12-14, 20, 21], but the results under con-
dition of intraoperative period are not consis-
tent [29, 30]. Further we did not study the effect 
of SVR changes and cardiac function on SVV 
and PPV to predict fluid responsiveness. Our 
future studied will be directed at addressing 
these limitations.

Conclusion

In conclusion, after induction of anesthesia 
and before operation, we found the SVV mea-
sured by FloTrac/Vigileo system and PPV 
obtained by IntelliVue MP System could predict 
fluid responsiveness in patients with obstruc-
tive jaundice. In future research we should fur-
ther explore the ability of SVV and PPV to pre-
dict the fluid responsiveness in patients with 
jaundice during intraoperative period, and fur-
ther explore whether apply dynamic indices of 
such as SVV and PPV to guide perioperative 
volume management can improve the progno-
sis of patients with obstructive jaundice.
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