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Ultrasonographic caval indices do not
significantly contribute to predicting fluid
responsiveness immediately after coronary
artery bypass grafting when compared to
passive leg raising
Dorota Sobczyk1,2*, Krzysztof Nycz2, Pawel Andruszkiewicz3, Karol Wierzbicki4 and Maciej Stapor1

Abstract

Background: Appropriate fluid management is one of the most important elements of early goal-directed therapy
after cardiothoracic surgery. Reliable determination of fluid responsivenss remains the fundamental issue in volume
therapy.
The purpose of the study was to assess the usefulness of dynamic IVC-derived parameters (collapsibility index,
distensibility index) in comparison to passive leg raising, in postoperative fluid management in mechanically
ventilated patients with left ventricular ejection fraction ≥ 30 %, immediately after elective coronary artery bypass
grafting.

Methods: Prospective observational case series study including 35 patients with LVEF ≥ 30 %, undergoingelective
coronary artery bypass grafting was conducted. Transthoracic echocardiography, passive leg raising and intravenous
administration of saline were performed in all study subjects. Dynamic parameters derived from ultrasonographic
assessment of the IVC diameter (collapsibility index–CI and distensibility index–DI), cardiac output

Results: There were 24 (68.57 %) responders in the study population. There were no statistical differences between
the groups in relation to: clinical parameters, pre- and postoperative LVEF, fluid balance and CVP. Change in cardiac
output after passive leg raising correlated significantly with that after the volume expansion (p=0.000, r=0.822).
Dynamic IVC derivatives were slightly higher in fluid responders, however this trend did not reach statistical
significance. None of the caval indices correlated with fluid responsiveness.

Conclusion: Dynamic IVC-derived parameters do not predict fluid responsiveness in mechanically ventilated
patients with preserved ejection fraction immediately after elective coronary artery bypass grafting. Passive leg
raising is not inferior to volume expansion in differentiating between fluid responders and nonresponders.
Immediate fluid challenge after CABG is safe and well tolerated.

Keywords: Ultrasound-guided fluid therapy, Coronary artery bypass grafting, Inferior vena cava, Caval index, Fluid
responsiveness, Passive leg raising, Fluid challenge
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Background
Postoperative goal-directed therapy has been shown to
substantially improve clinical outcomes in surgical patients
[1, 2]. Two important aspects of a goal-directed protocol
include definition of hemodynamic target and early initi-
ation of the therapeutic measures [3, 4]. Appropriate fluid
management is one of the most important elements of
early goal-directed therapy after cardiothoracic surgery
[5–7]. Therefore, the fundamental issue in a goal-directed
volume therapy remains determination of the potential re-
sponse to fluid challenge, e.g. fluid responsiveness [8, 9].
Among the numerous monitoring methods, ultrasono-

graphic measurement of inferior vena cava (IVC) diam-
eter respiratory variation seems to meet the criteria of
an ideal bedside tool to assess the individual fluid re-
sponsiveness. However, this method has been validated
in selected populations (e.g. hemodialysis, septic shock,
subarachnoid hemorrhage) or healthy volunteers, and its
usefulness has not been confirmed in patients after car-
diac surgery [10–15]. In our recent study, IVC-derived
dynamic indices failed to predict fluid responsiveness in
the first six hours after cardiothoracic procedures [16].
Nevertheless, heterogeneity of the study population (dif-
ferent cardiac surgery procedures, concomitant valve
disease) have accounted to the study results. Usefulness
of ultrasonographic measurement of IVC respiratory
variation in selected cardiosurgical patients (e.g. coron-
ary artery bypass grafting, preserved left ventricular sys-
tolic function) remains still an open question.
The purpose of the present study was to assess the

usefulness of dynamic IVC-derived parameters (collaps-
ibility index, distensibility index) in comparison to pas-
sive leg raising, in postoperative fluid management in
mechanically ventilated patients with left ventricular
ejection fraction ≥30 %, immediately after elective coron-
ary artery bypass grafting.

Methods
Study population and methods
The study population consisted of 35 consecutive adult
patients admitted to our hospital for elective coronary
artery bypass grafting. Exclusion criteria were: age
<18 years, preoperative left ventricular ejection fraction
(LVEF) <30 %, preoperative left ventricular dilatation
(end-diastolic dimension ≥6 cm), preoperative severe
tricuspid valve regurgitation, preoperative right ven-
tricular dysfunction (tricuspid annular plane systolic
excursion <16 mm), at least moderate aortic valve dis-
ease, at least moderate mitral valve disease and difficult
acoustic window resulting in inability to obtain inter-
pretable ultrasound images. Coronary artery bypass
grafting was performed using cardiopulmonary bypass.
In all patients full midline sternotomy was made. Medi-
astinal drainage (midline drain tubes) was placed in all

patients. Additionally, those with arterial graft with left
internal mammary artery had a drain placed in left
pleural cavity. All patients were operated in moderate
hypothermia (32–33 °C) and warmed up to 36.6 °C
within two hours following the end of the operation.
Total intravenous anesthesia with propofol, sufentanil
and pancuronium was used during the procedure. Pro-
pofol infusion was continued for 1-hour in the ICU and
morphine infusion was used for postoperative pain re-
lief. Cardiac ultrasound was performed when the pa-
tients were ventilated (SIMV-mode, tidal volume: 8 ml/
kg, PEEP: 4.5 cmH2O).
The following baseline data were recorded for each pa-

tient: age (years), gender, weight (kg), height (cm), num-
ber of bypassed vessels, aortic cross-clamping duration,
cardiopulmonary bypass duration, and preoperative
echocardiographic parameters (left ventricular ejection
fraction, presence of left ventricular hypertrophy, right
ventricular end-diastolic diameter and tricuspid regurgi-
tation grade). Pulse pressure was calculated as the differ-
ence between systolic and diastolic pressure readings
(expressed in mmHg). The use of the following vaso-
active drugs was noted: nitroglycerine, dopamine, dobu-
tamine, epinephrine, norepinephrine.
Transthoracic bedside echocardiography was per-

formed by two trained investigators, both with at least
5 years of experience in emergency ultrasound. The ex-
aminations were conducted with portable ultrasound sys-
tem equipped with a 1–5 MHz transthoracic phased-array
transducer (CX 50 Philips, Eindhoven, Netherlands). All
the studies were recorded as digital clips and reviewed in-
dependently by both sonohraphers.
Inferior vena cava was visualized longitudinally in the sub-

costal view. Maximal and minimal IVC diameters (IVCmax
and IVCmin, retrospectively) were measured using 2D
image, distally to the hepatic vein inlet, over a single respira-
tory cycle. A total of three measurements were obtained
and averaged for each IVC diameter. The IVC collapsibility
index (IVC-CI) was defined as: IVC-CI = IVCmax - IVC-
min/IVCmax. The IVC distensibility index (IVC-DI) was
calculated using the formula: IVC-DI = IVCmax - IVCmin/
IVCmin. Both indices were expressed as a percentage.

Cardiac output (CO) was calculated from the left
ventricular outflow tract (LVOT), using the previously
described equation [17]: CO = 0.785 x dLVOT2 x VTI
LVOT x HR. The left ventricular outflow tract diam-
eter (dLVOT) was measured in midsystole, in a para-
sternal long-axis view immediately adjacent to the
aortic valve. LVOT velocity time integral (LVOT VTI)
was recorded by pulsed Doppler imaging from a
three-chamber or five-chamber apical view. Left
ventricular ejection fraction (LVEF) was assessed by
visual inspection.
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Study protocol
Hemodynamic and ultrasound data were obtained at four
sequential steps per enrollment: (1) at baseline, immediately
after cardiac surgery procedure, when the patient was
transferred to intensive care unit, in the semirecumbent
position (45 °); (2) during passive leg raising (after 1 min),
when the patient’s lower limbs were raised to a 45 ° angle
while the patient’s trunk was lowered in supine position; (3)
in the semirecumbent position (as a baseline data for the
next stage); (4) after a 10-min infusion of 250 ml of saline,
in the semirecumbent position. Fluid balance immediately
after cardiac surgery was noted. The following parameters
were recorded at each study step: heart rate (HR, bmp), sys-
tolic blood pressure (SPB, mmHg), diastolic blood pressure
(DBP, mmHg), central venous pressure (CVP, mmHg),
maximal (IVCmax, mm) and minimal (IVCmin, mm) di-
ameters of inferior vena cava, left ventricular ejection frac-
tion (LVEF, %), velocity time integral in left ventricular
outflow tract (VTI LVOT, cm). Fluid responsiveness was
defined as an increase in cardiac output ≥15 % after the
fluid challenge that defined patients as responders and
non-responders. Any clinically significant findings (e.g. se-
vere left ventricular dysfunction, cardiac tamponade) were
immediately reported to the treating physician.

Statistical analysis
Statistical analysis was performed using STATISTICA v 8.0
software. The required size of the study group was deter-
mined with power analysis. Using prior estimates of ex-
pected correlation, a sample size of 9 for each subgroup
(responders and nonresponders) was determined, with α =
0.05 and β = 0.8. Numerical data were expressed as mean
values ± SD. After determining the probability distribution
with Shapiro-Wilk test, the comparisons between fluid re-
sponders and nonresponders were performed with U
Mann–Whitney test. A p-value of 0.05 was considered sig-
nificant. The correlations between different parameters
were evaluated with r-Spearman correlation analysis. Scat-
terplots for the two variables were drawn with confidence
interval 0.95. The area under the receiver operator charac-
teristics curve (AUROC) was used to determine the diag-
nostic accuracy of the methods.

Results
The study population consisted of 35 consecutive
patients (25 male, age 51–81 years, median 65 years)
who underwent elective coronary artery bypass grafting
Additional file 1. Baseline demographic and clinical data
are summarized in Table 1. There were 1–4 bypassed
vessels (median 3 bypasses), in 24 patients (80 %) left in-
ternal mammary artery was used for arterial grafts. All pa-
tients were in sinus rhythm. Fluid balance immediately
after cardiac surgery was positive in the overall study
population (150–2350 ml, median 1000 ml). Patients were

divided into fluid responders and nonresponders based on
a ≥15 % increase in cardiac output after the infusion of
250 ml of saline. There were 24 (68.57 %) responders and
11 nonresponders in the study population. Table 2 pro-
vides baseline clinical characteristics in responders and
nonresponders. Table 3 shows hemodynamic parameters
in these patients on different stages of the study protocol.
There were no statistical differences between both groups
in relation to: clinical parameters (HR, SBP, DBP, MAP,
PP), pre- and postoperative LVEF, postoperative fluid bal-
ance and CVP. Neither passive leg raising nor intravenous
fluid challenge influenced significantly heart rate, blood
pressure (SBP, DBP, MAP, PP) and IVC-derived parame-
ters. Change in cardiac output after passive leg raising
(ΔCO_1) correlated well with that induced by volume ex-
pansion (ΔCO_2) (p = 0.000, r = 0.822) (Fig. 1). A 15 %
PLR-induced increase of cardiac output predicted a 15 %
increase in cardiac output after fluid administration, with
79.17 % sensitivity and 81.82 % specificity. The diagnostic
accuracy of PLR (area under ROC curve) was 0.805. Both
dynamic IVC derivatives (IVC-CI, IVC-DI) were slightly
higher in fluid responders when compared to nonre-
sponders, however this trend did not reach statistical
significance (Fig. 2). Furthermore, none of the caval
indices correlated with change in cardiac output after
fluid challenge (p = 0.357 and r = 0.16 for IVC-CI; p =
0.358 and r = 0.16 for IVC-DI). The general diagnostic
accuracy of IVC-DI (AUROC) was 0.647. When using
the value of 18 % (according to the literature) as a cut-
off point distinguishing responders form nonre-
sponders, the AUROC increased to 0.739. IVC-DI

Table 1 Demographic and clinical characteristics of the study
population

Characteristic

Age (yrs) 66.66 ± 8.39

Male sex, n (%) 25 (71.43)

Body mass index (kg/m2) 27.91 ± 4.83

Left ventricular ejection fraction (%) 46.89 ± 11.9

Left ventricular hypertrophy, n (%) 13 (37.14)

Right ventricular end-diastolic dimension (mm) 31.74 ± 4.83

Tricuspid regurgitation, n (%) 35 (100)

Trace 23 (65.71)

Mild 8 (22.86)

Moderate 4 (11.43)

Number of bypassed coronary arteries 2.5 ± 0.66

Aortic cross-clamping time (min.) 44.89 ± 13.98

Cardiopulmonary bypass time (min.) 86.09 ± 26.66

Vasoactive drugs, n (%) 30 (85.71)

Baseline fluid balance (ml) 1200.29 ± 745.88
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of ≥18 % had sensitivity of 82.35 % and specificity of
72.72 % in predicting a 15 % increase in cardiac output
after fluid administration.

Discussion
This prospective observational case series was designed to
test the effectiveness of IVC-derived parameters in predict-
ing fluid responsiveness immediately after elective coronary
artery bypass grafting. Our previous study did not confirm
the utility of caval indices as a guiding tool for early postop-
erative fluid therapy in a heterogeneous group after cardiac
surgery [16]. The present study was limited to patients
qualified for elective coronary artery bypass surgery. To re-
duce any potential bias, severely diminished left ventricular
ejection fraction (LVEF <30 %), LV dilatation, at least mod-
erate aortic or mitral valve disease, impaired right ventricu-
lar systolic function (TAPSE <16 mm) and severe tricuspid
regurgitation were the exclusion criteria from the study. All
patients were mechanically ventilated with standard param-
eters to limit influence of spontaneous breathing on IVC
diameter. The study protocol assumed cardiac output re-
sponse (increase of ≥15 % compared to the baseline) after
intravenous administration of 250 ml of saline as a reference

to assess fluid responsiveness. Additionally, passive leg rais-
ing was used as an alternative reversible volume challenge
in all patients.
The majority of patients in our study (almost 70 %)

responded to fluid challenge with significant cardiac out-
put increase and met the criteria of fluid responsiveness.
While we excluded patients with severely impaired left
ventricular systolic function and LV dilatation, the main
contributor of stroke volume increase were preload con-
ditions. It seems that response to fluid challenge was
mainly determined by absolute (preoperative fluid re-
striction, intraoperative blood loss) and relative hypovol-
emia (increased vascular bed capacity induced by
hypothermia, vasoactive agents and anesthetic drugs, as
well as fluid shifts). In our study fluid challenge with
250 ml of saline/PLR was safe and well tolerated in all
subjects. Considering our results, we assume that imme-
diate administration of crystalloids directly after CABG
regardless hemodynamic parameters is reasonable, low-
risk profile management.
Ultrasonographic measurement of IVC respiratory

variation did not reach statistical significance in differen-
tiation between fluid responders and nonresponders. Al-
though we observed a trend towards higher values of
both IVC indices (IVC-CI and IVC-DI) in responder
group, none of them was statistically significant. In our
study material we observed high variation of recorded
measurements with overlapping series of values. Thus, it
was impossible to determine a cut-off point separating
responders and nonresponders.
Ultrasonographic assessment of the inferior vena cava

diameter has been proposed as a bedside, noninvasive
marker of fluid status [10]. The usefulness of this method
has been validated during hemodialysis and continuous
ultrafiltration or in patients with septic shock [11–14].
IVC distensibility index has been proved to predict fluid
responsiveness in mechanically ventilated patients with
septic shock and subarachnoid hemorrhage (with cut-off
value of 18 %) [10, 15]. However, conflicting results of sev-
eral prospective studies in unselected patients indicated
the need for a cautionary use of IVC ultrasound in every-
day ICU/emergency practice. Muller et al. [18] revealed
that in spontaneously breathing patients with acute circu-
latory failure, high IVC-CI values (>40 %) were usually as-
sociated with fluid responsiveness, however values <40 %
did not exclude positive response to volume expansion.
Corl et al. [19] did not confirm utility of IVC-CI in pre-
dicting fluid responsiveness in their heterogeneous sample
of adult emergency department patients. Juhl-Olsen et al.
showed no correlation between IVC-CI and magnitude of
hemodynamic response to early hemorrhage in healthy
blood donors [20].
There are multiple possible reasons contributing to

limited usefulness of dynamic IVC derivatives in early

Table 2 Baseline hemodynamic parameters in fluid responders
and nonresponders

Parameter Mean value ± SD (median)

Preoperative LVEF (%)

Responders 45.71 ± 12.79 (46)

Nonresponders 49.45 ± 9.71 (50)

Fluid balance (ml)

Responders 1227.5 ± 810.79 (1025)

Nonresponders 1140.91 ± 611.48 (1000)

Postoperative LVEF (%)

Responders 36.04 ± 11.7 (35)

Nonresponders 41.36 ± 12.47 (40)

Use of vasoactive drugs (%)

Responders 60

Nonresponders 81.82

CVP (mmHg)

Responders 5.04 ± 2.22 (5)

Nonresponders 6.72 ± 2.61 (6)

IVC-CI (%)

Responders 21.08 ± 17.9 (17.9)

Nonresponders 15.28 ± 11.04 (13.3)

IVC-DI (%)

Responders 30.85 ± 21.8 (21.8)

Nonresponders 20.35 ± 20.02 (15.4)

Abbreviations: SD standard deviations, LVEF left ventricular ejection fraction, CVP
central venous pressure, IVC-CI inferior vena cava collapsibility index, IVC-DI
inferior vena cava distensibility index
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postoperative period after CABG [21]. First of all, there
are numerous factors influencing IVC diameter, its re-
spiratory variation and vascular bed capacity, such as
cardiopulmonary bypass, intraoperative hypothermia,
anesthetics and vasoactive agents. Also surgical chest

opening and postoperative suction drainage (with nega-
tive pressure of 15–20 cmH2O) may contribute to nega-
tive results of this paper. However very attractive,
ultrasonographic definition of fluid responsiveness using
IVC respiratory variation failed in early postoperative

Table 3 Hemodynamic parameters in responders and nonresponders in different phases of the study

Parameter Baseline PLR Fluid challenge

mean ± SD (median)

HR (bpm)

Responders 80.63 ± 11.33 (80) 80.88 ± 12.28 (81) 81.5 ± 12.3 (82.5)

Nonresponders 84 ± 11.74 (82) 84.45 ± 10.54 (84) 84.91 ± 10.36 (84)

SBP (mmHg)

Responders 109.54 ± 23.99 (107) 115.75 ± 20.36 (117.5) 113.7 ± 16.76 (114)

Nonresponders 115.72 ± 20.07 (119) 123.09 ± 22.72 (128) 124.55 ± 21.94 (126)

DBP (mmHg)

Responders 59.63 ± 13.28 (60) 58.17 ± 10.45 (58.5) 57.79 ± 11.82 (59.5)

Nonresponders 58.91 ± 9.44 (60) 62.73 ± 9.96 (64) 62.27 ± 12.85 (67)

MAP (mmHg)

Responders 74.88 ± 15.59 (72.5) 77.25 ± 12 (76) 75.88 ± 12.84 (76.5)

Nonresponders 77.64 ± 12.73 (77) 83.55 ± 14.51 (83) 84.27 ± 16.22 (84)

PP (mmHg)

Responders 49.67 ± 19.57 (48.5) 57.58 ± 18.64 (58) 55.92 ± 13.95 (56)

Nonresponders 56.82 ± 15.53 (61) 60.36 ± 16.68 (65) 59.27 ± 13.68 (62)

Abbreviations: HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean blood pressure, PP pulse pressure, SD standard deviation

Fig. 1 Scatterplot showing the correlation between change in cardiac output after passive leg raising (ΔCO_1) and that induced by volume
expansion (ΔCO_2) (p = 0.000, r = 0.822)
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period after cardiothoracic surgery that was also de-
scribed in our previous work [16].
Several diagnostic approaches have been tested to de-

termine fluid responsiveness in mechanically ventilated
patients. Respiration-induced changes in arterial pulse
pressure (ΔPP), based on the variation in arterial pres-
sure associated with mechanical ventilation, have been
demonstrated to accurately predict fluid responsiveness
in mechanically ventilated patients with regular heart
rhythm, who are making no respiratory efforts [22].
However, ΔPP is of poor value to predict fluid respon-
siveness in patients triggering the ventilator or in the
presence of arrhythmias [23]. Additionally, reliable cal-
culation of ΔPP is time-consuming, requires experience
and specialized computer software. Therefore, this
method is not commonly used for navigating the fluid
therapy in the intensive care unit. Several publications
have proposed using PLR maneuver to predict preload
responsiveness [24]. Passive leg raising transfers about
300 ml of blood from the lower limbs to the intratho-
racic compartment, mimicking fluid expansion [24–26].
PLR maneuver is quick, easy to perform at the bedside
and completely reversible (with no side effects con-
nected with actual fluid challenge). Proper PLR perform-
ance is essential for its reliability. Monnet and Teboul
recently described 5-step protocol of PLR [25]. The most
important issues are: starting the test from the semire-
cumbent position (adding trunk lowering to leg raising
mobilizes venous blood from the splanchnic compartment

and magnifies the effects on cardiac preload) and direct
measurement of cardiac output at all steps. In our study,
PLR was an equivalent of intravenous administration of
250 ml of saline. Change in cardiac output after passive
leg raising correlated well with that induced by volume ex-
pansion (p = 0.000, r = 0.822). A 15 % PLR-induced in-
crease of cardiac output predicted the corresponding
increase in cardiac output after fluid administration with
79.17 % sensitivity and 81.82 % specificity. These results
are in concordance with available literature. Monnet et al.
[26] proved that transient hemodynamic changes induced
by PLR had an excellent prediction in preload responsive-
ness in mechanically ventilated ICU patients. In that
study, a > 10 % increase of aortic flow induced by PLR was
predictive of an increase of aortic flow of >15 % in re-
sponse to volume expansion. Lamia et al. [27] demon-
strated that a PLR-induced increase in stroke volume
of ≥12.5 % predicted an increase in stroke volume of ≥15 %
after fluid challenge. In the study of Maizel et al. [24],
PLR-induced increase of stroke volume/cardiac output
by >12 % was highly predictive of volume responsiveness
in spontaneously breathing patients. The meta-analysis of
21 studies conducted in 991 adult patients, published re-
cently by Monnet et al. [28], also demonstrated that the
changes in CO during a PLR test predicted fluid respon-
siveness with excellent pooled sensitivity and specificity.
The pooled area under the ROC curve in the meta-analysis
was 0.95 ± 0.01 [28]. The AUROC in our study (0.805) con-
firmed very good diagnostic accuracy of the test.

Fig. 2 Scatterplot showing the distribution of IVC-DI values in fluid responders and nonresponders
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Reliable, real time measurement of stroke volume (im-
plying accurate calculation of cardiac output) remains the
key issue in determination of fluid responsiveness [29].
The thermodilution technique has been validated in a var-
iety of experimental models and thermodilution pulmonary
artery catheters (PACs) were adopted as the clinical refer-
ence standard and subsequently used in the comparison
studies [29]. However, the thermodilution devices are inva-
sive, slow-reacting, require stable core temperatures and
cannot be used in patients with tricuspid insufficiency.
Additionally, there has been observed a decline in PACs
use due to the results of prospective, randomized con-
trolled trials assessing the efficacy of PACs in critically ill
patients [30–32]. Their results did not justify the wide-
spread use of thermodilution devices in ICU. There are nu-
merous minimally or noninvasive devices available to
measure cardiac output in the ICU setting [29]. Bioimpe-
dance, pulse contour analysis, partial rebreathing and pulse
wave velocity analysis require technical support and oper-
ator experience [29]. Doppler-based echocardiographic
techniques are less invasive (transesophageal) or noninva-
sive (transthoracic), offer real-time beat-to-beat measure-
ments and have similar accuracy as thermodilution
pulmonary artery catheters [17, 29]. Despite some tech-
nical issues (operator experience, learning curve, accurate
ultrasound beam alignment), Doppler echocardiography
seems an ideal tool for bedside cardiac output assessment.

Conclusions
We conclude that dynamic IVC-derived caval index does
not predict fluid responsiveness in mechanically ventilated
patients with preserved LVEF immediately after elective
coronary artery bypass grafting. Passive leg raising is not
inferior to intravenous volume expansion in differentiating
between fluid responders and nonresponders. Immediate
fluid challenge after CABG is safe and well tolerated.

Additional file

Additional file 1: IVC_PLR_dataset (XLSX 15 kb)

Abbreviations
AUROC, area under the receiver operator characteristics curve; CABG,
coronary artery bypass grafting; CVP, central venous pressure; DBP, diastolic
blood pressure; HR, heart rate; ICU, intensive care unit; IVC-CI, inferior vena
cava collapsibility index; IVC-DI, inferior vena cava distensibility index; IVC,
inferior vena cava; LVEF, left ventricular ejection fraction; LVOT, left ventricular
outflow tract; MAP, mean blood pressure; PAC, pulmonary artery catheter;
PLR, passive leg raising, PP-pulse pressure; SBP, systolic blood pressure; SD,
standard deviation; VTI, velocity-time integral

Acknowledgments
Assistance with the article: We would like to express our gratitude to Andrzej
Kot, PhD, from University of Science and Technology in Krakow, Faculty of
Mechanical Engineering and Robotics, Automatic Control Department, for his
help, useful comments and contribution to our study and statistical analyses.

Funding
There is no funding for this article.

Availability of data and materials
The datasets supporting the conclusions of this article are included in
additional files.

Authors’ contribution
DS: designed the study, collected the data, supervised data collection,
performed the analysis, drafted the manuscript, takes responsibility for the
paper as a whole. KN: provided statistical advise on study design, collected
the data, analyzed the data, performed the analysis, took part in manuscript
preparation, contributed substantially to the revision of the manuscript. PA:
contributed substantially to the revision of the manuscript. MS: contributed
substantially to the statistical analysis and revision of the manuscript. KW:
contributed substantially to the revision of the manuscript. All authors read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
This observational study was approved by the Ethical Committee of John
Paul II Hospital in Krakow, Poland (ref. number DW-0700-017/14, Chairperson
Prof. Krzysztof Zmudka) on 13 June 2014 and the Ethical Board by the
Regional Medical Chamber in Krakow, Poland (ref. number 110/KBL/OIL/2014,
Chairperson Dr Mariusz Janikowski) on 17 December 2014. Informed consent
was obtained from all the study participants.

Author details
1Department of Interventional Cardiology, John Paul II Hospital, Cracow,
Poland. 2Emergency and Admission Department, John Paul II Hospital,
Pradnicka 80, 31 202 Cracow, Poland. 32nd Department of Anaesthesiology
and Intensive Care, Warsaw Medical University, Warsaw, Poland.
4Cardiovascular Surgery and Transplantology Department, Medical College,
Jagiellonian University, Cracow, Poland.

Received: 16 March 2016 Accepted: 1 June 2016

References
1. Cecconi M, Corredor C, Arulkumaran N, Abuella G, Ball J, Grounds RM,

Hamilton M, Rhodes A. Clinical review: goal-directed therapy - What is the
evidence in surgical patients? The effect on different risk groups. Crit Care.
2013;17:209.

2. Brandstrup B, Tonnesen H, Beier-Holgersen R, et al. Effects of intravenous
fluid restriction on postoperative complications: comparison of two
perioperative fluid regimens: a randomized assessor-blinded multicenter
trial. Ann Surg. 2003;238:641–8.

3. Garcia X, Gruartmoner G, Mesquida J. Fluid optimization strategies in critical
care patients. Crit Care. 2013;1(1):4–8.

4. Marik PE, Monnet X, Teboul J-L. Hemodynamic parameters to guide fluid
therapy. Ann Intensive Care. 2011;21(1):1. doi:10.1186/2110-5820-1-1.

5. Morin J-F, Mistry B, Langlois Y, et al. Fluid overload after coronary artery
bypass grafting surgery increases the incidence of post-operative
complications. World J Cardiovasc Surg. 2011;1:18–23.

6. Bellomo R, Raman J, Ronco C. Intensive care unit management of the
critically ill patient with fluid overload after open-heart surgery. Cardiology.
2011;96(3–4):169–76.

7. Andre AS, DelRossi AL. Hemodynamic management of patients in the first
24 hours after cardiac surgery. Crit Care Med. 2005;33(9):2082–93.

8. Vincent JL, Rhodes A, Perel A, et al. Clinical review: Update on
hemodynamic monitoring – a consensus of 16. Crit Care. 2011;15:229.
doi:10.1186/cc10291.

9. Levitov A, Marik PE. Echocardiographic assessment of preload
responsiveness in critically ill patients. Cardiol Res Pract. 2012.
doi:10.1155/2012/819696.

10. Feissel M, Michard F, Faller JP, et al. The respiratory variation in inferior vena
cava diameter as a guide to fluid therapy. Intensive Care Med. 2004;30:1834–7.

Sobczyk et al. Cardiovascular Ultrasound  (2016) 14:23 Page 7 of 8

dx.doi.org/10.1186/s12947-016-0065-4
http://dx.doi.org/10.1186/2110-5820-1-1
http://dx.doi.org/10.1186/cc10291
http://dx.doi.org/10.1155/2012/819696


11. Cheriex EC, Leunissen KM, Janssen JH, et al. Echography of the inferior vena
cava is a simple and reliable tool for estimation of dry weight in
haemodialysis patients. Nephrol Dial Transplant. 1989;4(6):563–8.

12. Guiotto G, Masarone M, Paladino F, et al. Inferior vena cava collapsibility to
guide fluid removal in slow continuous ultrafiltration: a pilot study. Intensive
Care Med. 2010;36(4):692–6.

13. Barbier C, Loubieres Y, Schmit C, et al. Respiratory changes in inferior vena
cava diameter are helpful in predicting fluid responsiveness in ventilated
septic patients. Intensive Care Med. 2004;30(9):1740–6.

14. Kusaba T, Yamaguchi K, Oda H. Echography of the inferior vena cava for
estimating fluid removal from patients undergoing hemodialysis.
Jpn J Nephrol. 1994;36(8):914–20.

15. Moretti R, Pizzi B. Inferior vena cava distensibility index as a predictor of
fluid responsiveness in patients with subarachnoid hemorrhage. Neurocrit
Care. 2010;13(1):3–9.

16. Sobczyk D, Nycz K, Andruszkiewicz P. Bedside ultrasonographic
measurement of inferior vena cava fails to predict fluid responsiveness in
the first 6 hours after cardiac surgery: a prospective case series
observational study. J Cardiothorac Vasc Anesth. 2014.
doi:10.1053/j.jvca.2014.08.015 [Epub ahead of print].

17. Lewis JF, Kuo LC, Nelson JG, et al. Pulsed Doppler echocardiographic
determination of stroke volume and cardiac output: clinical validation of
two new methods using the apical window. Circulation. 1984;70(3):425–31.

18. Muller L, Bobbia X, Toumi M, et al. Respiratory variations of inferior vena
cava diameter to predict fluid responsiveness in spontaneously breathing
patients with acute circulatory failure: need for a cautious use. Crit Care.
2012;16:R188. http://ccforum.com/content/16/5/R188.

19. Corl K, Napoli AM, Gardiner F. Bedside sonographic measurement of the
inferior vena cava caval index is a poor predictor of fluid responsiveness in
emergency department patients. Emerg Med Australas. 2012;24:534–9.

20. Juhl-Olsen P, Vistisen ST, Christiansen LK, et al. Ultrasound of the inferior
vena cava dose not predict hemodynamic response to early hemorrhage.
J Emerg Med. 2013;45(4):592–7.

21. Godje O, Peyerl M, Seebauer T, et al. Central venous pressure, pulmonary
capillary wedge pressure and intrathoracic blood volumes as preload
indicators in cardiac surgery patients. Eur J Cardiothorac Surg. 1998;13(5):533–9.

22. Michard F, Boussat S, Chemla D, et al. Relation between respiratory changes
in arterial pulse pressure and fluid responsiveness in septic patients with
acute circulatory failure. Am J Respir Crit Care Med. 2000;162(1):134–8.

23. Michard F, Chemla D, Richard C, Wysocki M, Pinsky MR, Lecarpentier Y, Teboul
JL. Clinical use of respiratory changes in arterial pulse pressure to monitor the
hemodynamic effects of PEEP. Am J Respir Crit Care Med. 1999;159(3):935–9.

24. Maizel J, Airapetian N, Lorne E, Tribouilloy C, Massy Z, Slama M. Diagnosis of
hypovolemia by using passive leg raising. Intensive Care Med.
2007;33(7):1133–8.

25. Monnet X, Teboul J-L. Passive leg raising: five rules, not a drop of fluid! Crit
Care. 2015. doi:10.1186/s13054-014-0708-5.

26. Monnet X, Rienzo M, Osman D, Anguel N, Richard C, Pinsky MR, Teboul J-L.
Passive leg raising predicts fluid responsiveness in the critically ill. Crit Care
Med. 2006;34(5):1402–7.

27. Lamia B, Ochagavia A, Monnet X, Chemla D, Richard C, Teboul JL.
Echocardiographic prediction of volume responsiveness in critically ill
patients with spontaneously breathing activity. Intensive Care Med. 2007;
33(7):1125–32.

28. Monnet X, Marik P, Teboul J-L. Passive leg raising for predicting fluid
responsiveness: a systematic review and meta-analysis. Intensive Care Med.
2016. doi:10.1007/s00134-015-4134-1.

29. Thiele RH, Bartels K, Gan TJ. Cardiac output monitoring: a contemporary
assessment and review. Crit Care Med. 2015;43(1):177–85.

30. Sandham JD, Hull RD, Brant RF, Knox L, Pineo GF, Doig CJ, et al. Canadian
Clinical Trials Group A randomized, controlled trial of the use of pulmonary-
artery catheters in high-risk surgical patients. N Engl J Med. 2003;348(1):5–
14.

31. Richard C, Warszawski J, Anguel N, Deye N, Combes A, Barnoud D, et al. French
Pulmonary Artery Catheter Study Group. Early use of the pulmonary artery
catheter and outcomes in patients with shock and acute respiratory distress
syndrome: a randomized controlled trial. JAMA. 2003;290(20):2713–20.

32. Harvey S, Harrison DA, Singer M, Ashcroft J, Jones CM, Elbourne D, et al.
PAC-Man study collaboration. Assessment of the clinical effectiveness of
pulmonary artery catheters in management of patients in intensive care
(PAC-Man): a randomized controlled trial. Lancet. 2005;366(9484):472–7.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sobczyk et al. Cardiovascular Ultrasound  (2016) 14:23 Page 8 of 8

http://dx.doi.org/10.1053/j.jvca.2014.08.015
http://ccforum.com/content/16/5/R188
http://dx.doi.org/10.1186/s13054-014-0708-5
http://dx.doi.org/10.1007/s00134-015-4134-1

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and methods
	Study protocol
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional file
	show [a]
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contribution
	Competing interests
	Ethics approval and consent to participate
	Author details
	References

