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Abstract
Background: Minimally invasive hemodynamic monitoring is still controversial among the methods

used to assess the hemodynamic profile of the septic shock patient. The aim of this study was to test the
level of agreement between two different devices.

Methods. We collected 385 data entries during 12-hour intervals from four critically ill patients with
septic shock and high doses of vasoactive therapy using two minimally invasive methods at the same time:
Vigileo™ device which uses the pulse contour principle, and EV1000™ monitoring platform which uses
the transpulmonary thermodilution principle. The studied parameters were Stroke Volume (SV), Cardiac
Output (CO) and Mean Arterial Pressure (MAP). We tested the agreement by performing the visual
examination of data patterns using graphs and studying the bias, limits of agreement and creating Bland-
Altman plots. For assessing the systematic, proportional and random differences, we computed a Passing-
Bablock regression with the CUSUM test for linearity.

Results. The one sample t-Test for the differences between the two methods against the null value
was statistically significant for the studied parameters (p < 0.0001). The Bland-Altman analysis found no
agreement between the data obtained using the two techniques, with calculated error percent as high as
88.28% for SV, 82.02% for CO and 42.06% for MAP. The Passing-Bablock regression analysis tested
positive for systematic differences, but this could not be accounted for.

Conclusion. We found no agreement between data obtained from the studied devices; therefore, these
cannot be used interchangeably for critically ill septic shock patients on high doses of vasoactive substances.
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Introduction
Severe sepsis and septic shock are the main cause

of mortality in critically ill patients [1]. Recognizing
the early signs of sepsis and the different stages of
this condition may lower the associated morbidity and
mortality. Due to the heterogeneity of the population

presenting with this condition and the cardiovascular
disturbances associated, a thorough examination and
evaluation of the cardiovascular function is in order [2].

Recent studies have failed to demonstrate the role
of minimally invasive monitoring in the management
of septic shock patients for assessing the cardiovas-
cular status. The conclusion reached was that focus
ultrasonography should be promptly used in each case
while the invasive hemodynamic monitoring is indicated
in selected cases [3].

Multiple minimally invasive tools for assessing the
hemodynamic profile have been developed in recent
years, with most of them using either the pulse contour
or the transpulmonary thermodilution techniques. The
former can be easily and rapidly used, but with less
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Methods
Our study was designed to fully comply with the

Declaration of Helsinki regarding ethical principles for
medical research involving human subjects and was
approved by the Ethics Committee of the University
of Medicine and Pharmacy in Cluj-Napoca. Individual
informed consents were obtained from the closest
relative of the patients prior to commencing the data
acquisition, as patients were unable to give consent.

For this study we used data recorded by the
Vigileo™ (FloTrac sensor, Edwards Lifesciences©,
software version 3.06) and EV1000™ (VolumeView
sensor, Edwards Lifesciences©, software version 1.5)
monitoring platforms. Both monitoring devices were
connected to the same patient as follows: Vigileo™/
FloTrac collected data from a cannula inserted in the
radial artery and the EV1000™/VolumeView from a
femoral artery. After performing an echography of the
arteries (both radial and femoral) we decided which
ones to be cannulated, according to the anatomy, blood
flow and pathological findings, always aiming to can-
nulate an artery with a normal flow. Every patient had
the Vigileo™ monitor set up first and the EV1000
device was added when the patient’s clinical status
would require it (no response to fluid loading and the
need to increase the vasoactive therapy in order to
maintain a MAP > 65 mmHg). No patient was subjec-
ted to unnecessary invasive maneuvers with the
purpose of collecting data. After both monitoring
devices had been in place, we started collecting data
at the same time from the two of them. We obtained
information from four critically ill patients with different
ICU admission criteria (medical and surgical) that
developed septic shock [7], and were receiving, at the
time of data acquisition, vasoactive therapy in high

accuracy, while the latter gives more accurate results
but in turn requires higher expertise and more time to
set up and interpret, as demonstrated by numerous stu-
dies carried out in patients with different hemodynamic
profiles [4, 5]. Validation studies specifically designed
for septic patients are still scarce, and we need to
carefully acknowledge and critically appraise their
benefits and limitations [6]. Furthermore, several
devices and specific software using these techniques
have been developed by different companies, each of
them with its advantages and disadvantages.

The aim of this study was to assess which of these
techniques is more appropriate to be used in septic
shock, in patients on high doses of vasoactive therapy:
the pulse contour Vigileo™, third generation software,
or the transpulmonary thermodilution principle on the
newly developed EV1000™ clinical platform by
Edwards Lifesciences.

doses (more than 0.6 mcg/kg/min of norepinephrine),
which was initiated after adequate fluid loading. The
adequacy of fluid loading was determined by assessing
the variation of the stroke volume on VigileoTM monitor,
while performing the passive leg rising (PLR); if there
was less than 15% increase in SV while performing
the PLR maneuver, we considered the patients a non-
responder to fluids.

Also, they were intubated and mechanically ven-
tilated using tidal volumes of 4-6 ml/kg, in a pressure
controlled ventilation mode (Bi-level Positive Airway
Pressure, PEEP of 5 cm H2O, Inspiratory Pressure
between 22-30 cm H2O). Analgesia and sedation were
provided with a continuous infusion of fentanyl and
propofol with a sedation score of 6 on the Ramsay
sedation scale and no ventilator dyssynchrony.

When both monitoring devices were in place, time
was synchronized between them, and data collecting
started. Vigileo™ monitor does not need calibration,
and the EV1000™ platform was calibrated every 8
hours as well as after any vasoactive infusion modifi-
cation following manufacturer recommendations. Data
from two patients were recorded every 5 minutes for
12 hours (approx. 145 data entries) and for the other
two, every 1 minute for 4 hours (approx. 240 data
entries). The parameters included in the study were
mean arterial pressure (MAP), stroke volume (SV)
and cardiac output (CO).

Statistical analysis was performed with IBM®
SPSS® Statistics ver.22 (Armonk, NY, USA). The
results were considered significant at the level alpha
less than 0.05 (α = 0.05).

Because neither of the two methods of assessing
the hemodynamic status is a “gold standard” we cannot
offer data about their accuracy. Due to the fact that a
good correlation of data was obtained when the
transpulmonary thermodilution technique was
compared with the gold standard technique (the
pulmonary artery catheter) in septic shock patients [8-
10], and EV1000™ device uses the aforementioned
transpulmonary technique, we assumed this method
to be the gold standard equivalent and considered any
deviation of the Vigileo™ monitor away from the
EV1000™ values a deviation from the real value. We
addressed the level of agreement between the two
methods by visual examination of data patterns using
graphs and studying the bias (the average deviation
from the real value; the mean difference in values
obtained with the two different methods), limits of
agreement (lower limit, LLA; upper limit, ULA) and
creating Bland-Altman plots [11, 12]. In order to do
that, two new variables (difference and mean) were
computed for each parameter.

As a measure of systematic, proportional and ran-
dom differences we computed a Passing-Bablock
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regression with the CUSUM test for linearity. These
tests were performed using MedCalc for Windows,
version 12.5 (MedCalc Software, Ostend, Belgium).

Because the Bland-Altman assumes a linear re-
lation between errors and measurements, an assump-
tion that is not defensible for measurements such as
cardiac output (where, for example, a difference of 1
L/min is more clinically relevant to low values as
opposed to high CO values), we also computed the
percentage error (proportion between the magnitude
of measurement and the error in measurement which
is calculated by dividing the confidence limit by the
mean value of the measurements obtained with the
established method – (ULA-LLA)/MeanEV1000x100).
As recommended by Critchley and Critchley [13] an
agreement between the two methods was evaluated
by taking into account the possible errors of both
methods. In clinical practice, an inaccuracy of up to 20%
is regarded as acceptable. Comparing two methods
each with an inaccuracy of 20% results in a maximum
tolerable error of 28.28% (the combined inherent
imprecision of both methods was calculated using this
approach: (CV2 method 1 + CV2 method 2)1/2; CV,
coefficient of variation) which we approximated to
30%.

It has been previously stated that inter-class corre-
lation analysis (correlation coefficient, r; coefficient
of determination, r2) and comparing means (t test)
offers insufficient and often inappropriate information
regarding method agreement and such statistical
methods were not employed [14].

Results
For a better description of the four patients included

in this study we computed a table which includes demo-
graphic data, information regarding their pathology and
basic physiological and ventilator parameters (Table 1).

For all the data sets the one sample t test of the
differences between the two methods against the null
value was statistically significant meaning that the diffe-
rences deviated from 0 (MAP, SV, CO p < 0.0001).
This is evident in the scatter plotting of the two sets of
measurements against each other. An ideal agreement
would position each dot on the x = y axis (Fig. 1, 2 and
3).

We also computed graphs of SV, CO and MAP
against time for both the methods used (Fig. 4). If we
visually examine the graphs we can observe that for
some of the time that data was collected, the trending
between the two methods remained the same. There
are periods of time in which the trending is lost, mostly
related to medical interventions such as when norepi-

Table 1. Demographic data, pathological findings and basic
physiological and ventilators parameters

nephrine or sedation infusions were changed. We
mention that during the examined period we increased
the infusion of norepinephrine in order to maintain a
mean arterial pressure (MAP) over 65 mmHg, respec-
tively 80 mmHg in hypertensive patients. Some of the
short periods of hypotension may be explained by the
additional boluses of sedation which were administered
before interventions such as tracheal suctioning to
prevent complications.

Descriptive statistics and normality tests showed
that the differences did not follow a normal distribution.
This is also evident after inspecting the distribution
graphs (Fig. 5, 6 and 7).

For this reason we computed Bland-Altman analysis
as described in the Methods section for non-parametric
data (Fig. 8, 9, 10 and Table 2).

The Passing-Bablock regression scatter diagram
with the fitted regression line (and its 95% confidence
interval) as well as the identity (x = y) line are presented
in Fig. 11, 12 and 13.

Dem ogra p h ic pa ra meter s  N (%)  
Age  
50-59 2 (50) 
60-69 1 (25) 
70-79 0 (0) 
80-89 1 (25) 
Gender  
Male 3 (75) 
Female 1 (25) 

P ath oph ys iolo gica l  f in d in gs  N (%)  
Septic shock 4 (100) 
Surgical 4 (100) 
Oncological 2 (50) 
Non-oncological 2 (50) 
Without heart failure 3 (3) 
Heart failure NYHA I 1 (25) 
Arrhythmia 0 (0) 
ARDS 1 (25) 
Anemia 4 (100) 
Diabetes mellitus 1 (25) 
Acute renal failure 3 (75) 

Ba s ic  p h ys iolog ica l  p a ra meter s  Mea n  (SD)  
Heart rate 85.96 (36.77) 
Mean arterial pressure (MAP) 73 (12.76) 
Temperature °C 38.17 (0.74) 
SpO2 95.75 (2.62) 

Basic ventilator parameters  
Tidal volume      ml/kgc 4-6 
Pressure control ventilation    N (%) 4 (100) 
Positive End Expiratory Pressure    mean (SD) 6.25 (1.82) 
Fraction of Inspired Oxygen     mean (SD) 0.45 (0.14) 
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Fig. 1. Scatter plot of the Mean Arterial Pressure (MAP) values obtained with the two methods; the x = y line is the line of equality

Fig. 2. Scatter plot of the Stroke Volume (SV) values obtained with the two methods; the x = y line is the line of equality



Minimally invasive hemodynamic measurements in septic shock patients 93

Fig. 4. Graphical comparison of Stroke Volume (SV), Cardiac Output (CO) and Mean Arterial Pressure (MAP) values obtained with
Vigileo and EV1000 methods

Fig. 3. Scatter plot of the Cardiac Output (CO) values obtained with the two methods; the x = y line is the line of equality
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Fig. 6. The distribution of Mean Arterial Pressure (MAP) differences between the Vigileo and EV1000 measurements

Fig. 5. The distribution of Stroke Volume (SV) differences between the Vigileo and EV1000 measurements
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Fig. 8. Bland-Altman graph computed for Mean Arterial Pressure (MAP)

Fig. 7. The distribution of Cardiac Output (CO) differences between the Vigileo and EV1000 measurements
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Fig. 10. Bland-Altman graph computed for Cardiac Output (CO)

Fig. 9. Bland-Altman graph computed for Stroke Volume (SV)
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Fig. 12. Passing-Bablock regression analysis for Stroke Volume. Scatter diagram with the regression line (solid line), the confidence
interval for the regression line (dashed lines) and identity line (x = y, dotted line)

Fig. 11. Passing-Bablock regression analysis for Mean Arterial Pressure. Scatter diagram with the regression line (solid line), the
confidence interval for the regression line (dashed lines) and identity line (x = y, dotted line)
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Fig. 13. Passing-Bablock regression analysis for Cardiac Output. Scatter diagram with the regression line (solid line), the confidence
interval for the regression line (dashed lines) and identity line (x = y, dotted line)

Table 2. Results from Bland-Altman analysis and Passing-Bablock regression

Bla n d -Altma n  a greemen t  P as s in g-Ba b lock  r egres s ion  

Syst e ma t ic  d i ff er e nc es  Propor t i ona l  d i ff er e nc es  Ra ndom  di ff eren ce s  P ara meter  
bias LLA ULA % error 

Intercept A 95% CI Slope B 95% CI RSD ± 1.96 RSD 

MAP [mmHg] -9 -21 6 42.06 7.4 5.45-8.81* 0.76 0.74-0.78** 5.62 11.01 
SV [ml] 3 -29 38 88.28 8.4 5.39-11.09* 0.92 0.87-0.96** 16.4 32.14 
CO [L/min] 0.3 -2.4 2.3 82.02 1.32 1.03-1.07* 0.79 0.73-0.85** 1.03 2.01 

 LLA = lower limit of agreement; ULA = upper limit of agreement; % error = percentage error; SV = stroke volume; CO = cardiac output; MAP
= mean arterial pressure; CI = confidence interval; RSD = residual standard deviation
* intercepts A CI does not contain the value 0 so we conclude that the methods might differ by at least a constant amount
** slopes B CI does not contain the value 1 so we conclude that there could be a proportional difference between the two methods

Discussion
All statistical tools that we employed were consistent

in showing that the methods studied could not be used
interchangeably. The Bland-Altman analysis revealed
that the off-set between the measurements of SV could
be as high as 67 ml (ULA-LLA) which are clinically
unacceptable. The percentage error for this amount of
disagreement is also unacceptable if we use the Crit-
chley criteria (% error < 30%) (Table 1). Not surpris-
ingly the CO measurements suffer from a similar level
of disagreement. These findings were in accordance
with most of the published literature regarding the
minimal-invasive pulse-contour analysis devices such
as the Vigileo/FloTrac monitor [15-17], but none of

these studies compared devices produced by the same
company, with similar software, in septic shock patients
on high doses of norepinephrine.

In an article published in 2015, X. Monnet and J-L
Teboul concluded that the uncalibrated devices become
less reliable in the setting of rapid changes in vasomotor
tone [18]. In 2016, in an article which was the result
of an agreement between authors belonging to the Car-
diovascular Dynamics Section of the European Society
of Intensive Care Medicine, the conclusion was that
uncalibrated systems become unreliable when major
hemodynamic changes are occurring and these systems
should be restricted to hemodynamically stable patients
or when CO monitoring is required for short periods
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Conclusion
Even though some researchers have stated that the

newer software version of the Vigileo/FloTrac is in
better agreement with reference methods, our research
which made use of the newest version to date (v3.06),
found no agreement between data obtained with the
two techniques in patients on high doses of norepi-
nephrine. Further research is required in order to
confirm these findings.
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