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Abstract

Purpose: Stroke volume (SV) is a parameter that is being recognized as an endpoint in fluid resuscitation algorithms. Its role is now
being realized as an important variable in hemodynamic assessment in various clinical scenarios such as septic and cardiogenic shocks.
Direct measurement of stroke volume (SV) and its novel corollary, stroke volume variation (SVV) derived by proprietary software, are
preferred over mean cardiac output (CO) measurements because they render a more accurate reflection of hemodynamic status indepen-
dent of heart rate. Flotrac-Vigileo monitor (FTV) (Edwards Lifesciences, Irvine, CA, USA) is a system that uses a complex algorithm
analyzing arterial waveform to calculate SV, SVV, and CO. We assessed the feasibility of obtaining SV measurements with a portable
echocardiogram and validated its accuracy with the FTV system in mechanically ventilated patients in our intensive care unit (ICU).
Furthermore, we emphasized the importance of hemodynamic measurements and familiarity with critical care echocardiography for the
intensivists.

Methods: Ten patients who were on mechanical ventilation were studied. A femoral arterial line was connected to the FTV system
monitoring SV and CO. A portable echocardiogram (M-Turbo; Sonosite, Bothell, WA) was used to measure SV. CO was calculated by
multiplying SV by heart rate. No patient had arrhythmia. We used biplane Simpson’s method of discs to calculate SV in which subtrac-
tion of end-systolic volume from end-diastolic volume yields the SV.

Results: The comparison of simultaneous SV and CO measurements by echocardiography with FTV showed a strong correlation
between the 2. (For SV, y = 0.9545x + 3.3, R> = 0.98 and for CO, y = 0.9104x + 7.7074, R*=0.97).

Conclusions: In our small cohort, the SV and CO measured by a portable echocardiogram (Sonosite M-Turbo) appears to be closely
correlated with their respective values measured by FTV. Portable echocardiography is a reliable noninvasive tool for the hemodynamic
assessment of the critically ill. Its results need further validation with gold standard measures in a larger cohort of patients. However,
our results suggest portable echocardiography could be an attractive tool in assessment of different hemodynamic scenarios in the criti-
cally ill.
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Introduction

Hemodynamic monitoring and fluid resuscitation
is of paramount importance in any intensive care
unit (ICU). The challenging question for a clinician
1s what method and what endpoint must be used to
assess the hemodynamic status of a patient? This has
yet to be agreed on uniformly by all clinicians taking
care of the critically ill. An ideal parameter must have
a high sensitivity and be reproducible in most clini-
cal scenarios. Another very important factor is the
invasive or noninvasiveness nature of a parameter.'
Pulmonary artery catheterization was once an ideal
tool in hemodynamic monitoring; however, through-
out the years it lost its popularity and is not being
used as frequently as it was used previously.!

Another device that was introduced recently into the
arena of hemodynamic monitoring is the Flotrac-Vigi-
leo monitor (FTV) (Edwards Lifesciences, Irvine, CA,
USA). This system requires placement of an arterial line
and uses complex software based on pressure waveform
analysis for measuring CO and SVV.? The system has
gained popularity among researchers and clinicians as
a tool that is associated with lesser complications and is
technically easier to insert and operate compared with
the pulmonary artery catheter. Its limitations are that
(1) it requires placement of an arterial line and (2) it is
mainly reliable in mechanically ventilated patients.

An underutilized alternative method in hemo-
dynamic assessment of the critically ill is portable
echocardiography, which can be reliable in both ven-
tilated and nonventilated patients. Bedside echocar-
diography has long been accepted as a reliable tool
in hemodynamic monitoring, preload assessment,
and volume appraisal by clinicians. Its noninvasive
nature makes it an ideal tool that can be used in a
wide variety of clinical scenarios. Numerous citations
have attested to its clinical efficacy.’

However, portable echocardiography has not been
well accepted by a group of clinicians who consider
invasive measurements such as pulmonary artery
catheterization and other tools such as FTV more reli-
able tools in hemodynamic monitoring in the ICU.

Portable echocardiography is not only noninvasive
but can also be used readily in places that invasive
hemodynamic monitoring is unattainable. Examples
include small nontertiary hospitals, combat field med-
ical settings, and smaller hospitals in countries where
invasive hemodynamic monitoring is still not widely

accepted or available. Sonosite(Bothell, WA, USA)
portable (M-Turbo) echocardiogram makes it an ideal
system that can be readily available in these settings.
In the present study, we sought to compare the
practicality, ease of use, and accuracy of the Sonosite
M-Turbo echocardiogram relative to the advanced
invasive hemodynamic monitoring of the FTV system.
Stroke volume and cardiac output measurement by
echocardiography and FTV system were compared.
Patient characteristics and other hemodynamic vari-
ables were also measured and compared between the
2 methods. We hypothesized that in the critical care
setting, the noninvasive assessment of SV using the
portable echocardiography system would closely track
measures obtained from the invasive FTV system.

Methods

The study protocol was reviewed and approved by the
ethics committee and institutional committee boards.
Ten critically ill patients who were all intubated and
were on positive pressure mechanical ventilation
and were receiving continuous intravenous sedation
were studied. All had a 20 guage arterial line (Arrow
International/ ARROW International-Teleflex; Cleve-
land, Ohio, USA) placed as a routine requirement for
patients on mechanical ventilation. Their characteris-
tics are elaborated in Table 1.

The FTV was set up based on the manufacturing
guidelines of the manufacturer by connecting the sen-
sors to the femoral arterial catheters of the subjects.
The arterial pressure output signal was incorporated
into the Vigileo monitor for analysis of the wave-
form by the proprietary software of the manufacturer.
Demographic data of each patient including age, gen-
der, weight, and height were entered into the system.
The sensor was zeroed and leveled at the same height
as of rightatrium for calibration. The arterial waveform
fidelity was verified and thereafter measurements

Table 1. Patient characteristics.

Number
10 (5/5)

Features

Number of patients (male/female)
Receiving lonotropic support
Septic shock

Cardiogenic shock

Patients with no shock
Arrhythmia

Age yrs (mean £ SD)

DONNOON
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were taken. The FTV system automatically measured
SVV, SV, and CO every 20 seconds.

The stroke volume was subsequently measured
using the portable Sonosite M-Turbo echocardio-
gram by a certified echocardiography technologist
with more than 20 years of experience. Only 1 echo
machine was used throughout the study. The trans-
ducer was 5-1 MHz P21x model. We used biplane
Simpson’s method of discs to calculate SV, in which
subtraction of end-systolic volume from end-dia-
stolic volume yields the SV (Fig. 3). Several acous-
tic window images were obtained and reviewed. The
values of the best acoustic windows were averaged by
the echo technologist and the supervising intensivist.
On average, 2 measurements of the windows that
had the highest contrast and resolution were made
and averaged. The measurements were done at end
expiration. Cardiac output was calculated by multi-
plying stroke volume by heart rate measured simul-
taneously at the time the stroke volume was being
measured. No patient had any arrhythmia during
the measurements. The echocardiographic measures
were obtained between 6 and 48 hours after FTV sys-
tem was placed. The echo and FTV measurements for
each subject were done simultaneously.

The Simpson’s methodology was used as follows
(Fig. 3): (1) We obtained an apical 4 chamber view.
(2) Then we traced the left ventricular cavity at ven-
tricular end-diastole (end-diastole can be defined as the
onset of the QRS complex, the frame after mitral valve
closure or the frame in the cycle in which the cardiac
chamber dimension is largest). (3) We then measured
the left ventricular end-diastolic length from the mid
mitral annulus to the cardiac apex. This yielded the left
ventricular end-diastolic volume in mL. (4) We repeated
the same steps at end-systole (end-systole is defined as
the frame preceding mitral valve opening or the time in
the cardiac cycle in which the cardiac chamber dimen-
sion is smallest to determine the end-systolic volume.
(5) We then acquired apical 2-chamber view and the
same end-diastolic and end-systolic measurements were
performed. The calculation of end-diastolic volume
minus end-systolic volume yields stroke volume.*’

Data collection and statistical analysis

Data obtained by echocardiography, and FTV mea-
surements were recorded and analyzed offsite by one
investigator blinded to the study. Descriptive statis-

tics (means and standard deviations) were computed
with comparisons made between techniques for car-
diac output and stroke volume values using Student
t tests (alpha = 0.05). In addition, Pearson correlation
coefficients were calculated to determine linearity
between systems, and Bland-Altman plots were con-
structed to assess agreement between methods.

Results

Table 1 is the summary of patients’ demographics and
characteristics. Most of the patients had shock, and
predominantly it was due to sepsis. These patients
needed a clearer evaluation of their volume status as it
was unclear if patients were hypovolemic, euvolemic,
or hypervolemic and if more ionotropic infusion, vol-
ume infusion, or both were needed. Therefore, an
arterial catheter was inserted for FTV measurements,
and values were obtained for SV and CO.

Table 2 shows the cardiac output and stroke vol-
ume comparisons between echocardiography and
FTV methods. No significant differences were noted
between the FTV and Sonosite methods for assess-
ing CO or SV (P > 0.05). The values of CO and SV
measured by FTV and the echocardiogram correlated
strongly (R? = 0.98 and 0.97, respectfully).

Figure 1 displays Bland-Altman plots for CO and
SV as measured by echocardiography and FTV and
demonstrates strong agreement between methods
with no apparent bias.

Figure 2A depicts the correlation between stroke
volume measurements with FTV and Sonosite
echocardiogram. The R? value of 0.98 shows a robust
correlation. (For SV, y =0.9545x + 3.3, R?=0.98 and
for CO, y =0.9104x + 7.7074, R* = 0.97).

Figure 2B demonstrates the cardiac output differences
between FTV and Sonosite echocardiogram with an R?
value of 0.97, again indicating a strong correlation.

Discussion
Our data show the following: (1) there is good correla-
tion between the FTV and portable bedside echocar-

Table 2. Cardiac output and stroke volume measures
(mean = SD).

Echo Vigileo P-value
CO (L/m) 499 +0.71 4.98 £ 0.62 0.97
SV (mL) 85.5+24.3 84.8+25.9 0.95
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Figure 1. The variation between cardiac output and stroke volume measured by FTV and Sonosite transthoracic echocardiogram. The 95% limits of

agreement (2SD) are shown by the broken lines.

diography in measurement of stroke volume and
cardiac output in patients who are on mechanical ven-
tilation and (2) portable bedside echocardiography can
be reliable and helpful in noninvasive measurements of
preload and thus help guide clinical decision making.
To our knowledge, there is no published study
that compares FTV with SV measurements to the
Sonosite potable echocardiogram. FTV has been
compared with conventional echocardiography in
previous studies. McLean et al® demonstrated that

there was poor comparability between echo-derived
and FTV-derived cardiac output in their patients.
However, after exclusion of atrial fibrillation and aor-
tic stenosis, the comparability became more favorable
between the two groups with a bias and percentage
error that was within the 30% limit of clinical accept-
ability as suggested by a previous study.’

Biais et al showed SVV between FTV and echocar-
diography in liver transplant patients. Their study
showed an acceptable bias and limits of agree-
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Figure 2. (A) Correlation of stroke volume between FTV and Sonosite
transthoracic echocardiogram. (B) Correlation of Cardiac output between
FTV and Sonosite transthoracic echocardiogram.

ment and similar performance when it came to fluid
responsiveness.® FTV has also been compared with
other methods for cardiac output measurement such
as thermodilution, which is considered to be gold
standard in cardiac output measurements. The cor-
relation was good and the results were comparable.’
Other studies have shown validation of FTV to ther-
modilution and another arterial pulse contour-based
cardiac output.'” Some consider the Fick rather than
the thermodilution method to be the gold standard in
cardiac output measurement. However, a controlled

head-to-head study comparing Fick with FTV is not
available as of yet."

Echocardiography is an important tool in assess-
ment of the hemodynamic state of patients in intensive
care units.'? It is noninvasive, well tolerated, and readily
available. Basic critical care echocardiography is now
being recognized as an important technique that is being
emphasized as an essential learning tool for critical care
physicians and not just in the domain of cardiologists."?

Limitations of conventional echocardiography sys-
tems include their size and lack of training for utilization
by the traditional intensivists. In an optimal scenario,
an ordered echocardiographic study is done by a cer-
tified echo technician and read by a cardiologist. This
approach has significantly dissuaded critical care phy-
sicians from ordering and utilizing this considerably
important tool in intensive care units. The lack of fun-
damental critical care echocardiography knowledge by
most of intensivists has also limited the more extensive
use of this quickly evolving method. In some countries
in Europe, an echo machine is not only utilized by car-
diologists but also by intensivists, who are better trained
than some of their counterparts in North America.'

It appears that a portable echocardiogram such as
the one manufactured by Sonosite and used in this
study will be an attractive alternative to the tradi-
tional large echo machines. The Sonosite model has
several advantages: it is light, portable, and techno-
logically not complicated like the traditional larger
echo machines. The above features make the equip-
ment very attractive for mastery by pulmonologists
and critical care physicians with an interest in bedside
assessment of hemodynamics.

The views that are important in TTE (Transtho-
racic echocardiography) for a critical care physician
are an apical 4-chamber view to detect right ventricu-
lar dilatation, and, with pulsed Doppler, it will record
left ventricular inflow for assessment of left ventricu-
lar filling pressure.'* Another view is the parasternal
short axis view used for evaluation of LV contractil-
ity and for calculation of left ventricle fractional area
contraction.'* In addition, a subcostal view can assess
the inferior vena cava (IVC). A small IVC is highly
suggestive of hypovolemia and the need for volume
replenishment, while a dilated or congestive IVC is
suggestive of heart failure and fluid overload."

Based on a literature search, Sonosite echocar-
diogram has not been compared with FTV
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Figure 3. The Simpson’s method for measurement of cardiac output. http://www.barnardhealth.info/echocardiography/a4c.html.

monitoring previously. Our study shows a strong cor-
relation between the two systems for assessment of
stroke volume with a percentage error that was rea-
sonably acceptable. This was also true for cardiac
output measurement. We used the Simpson’s method
of discs for stroke volume measurement unlike a pre-
vious study that utilized the left volume outflow tract
(LVOT) method with flow used for measurement
of cardiac output.® The FTV data validate the data
obtained from Sonosite. The LVOT has limitations
in calculating stroke volume in patients with LVOT
dynamic obstruction or patients with significant aortic
regurgitation. Calculating stroke volume with LVOT

in such patients is not valid. None of our patients had
such findings. Otherwise, both methods are consid-
ered to be valid in measurement of stroke volume.
Limitations of our study are as follows: (1) the size
of our group is small, and a larger number of subjects
is needed; (2) the patients are mechanically ventilated,
and validation of data in nonmechanically ventilated
patients is also needed, which is a limitation because
FTV is only validated in patients on mechanical ven-
tilation and may not be reliable in patients who are not
mechanically ventilated; (3) the measurements with
echocardiography were done only once, and multiple
measurements at different times and on different days
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were not made. It would have been ideal if several
echocardiographic measurements at different inter-
vals were being made and all of those were compared
with the FTV system.
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