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ABSTRACT
Background. Echocardiography is a valuable technique to assess cardiac output (CO) in trauma patients, but it
does not allow a continuous bedside monitoring. Beat-to-beat CO assessment can be obtained by other techniques,
including the pulse contour method MostCare. The aim of our study was to compare CO obtained with MostCare
(MC-CO) with CO estimated by transthoracic echocardiography (TTE-CO) in trauma patients.
Methods. Forty-nine patients with blunt trauma admitted to an intensive care unit and requiring hemodynamic
optimization within 24 hours from admission were studied. TTE-CO and MC-CO were estimated simultaneously
at baseline, after a fluid challenge and after the start of vasoactive drug therapy.
Results. One hundred sixteen paired CO values were obtained. TTE-CO values ranged from 2.9 to 7.6 L-min-,
and MC-CO ranged from 2.8 to 8.2 L-min-!. The correlation between the two methods was 0.94 (95% confidence
interval [CI]=0.89 to 0.97; P<0.001). The mean bias was -0.06 L-min-! with limits of agreements (LoA) of -0.94 to
0.82 L:min! (lower 95% CI, -1.16 to -0.72; upper 95% CI, 0.60 to 1.04) and a percentage error of 18%. Changes
in CO showed a correlation of 0.91 (95% CI=0.87 to 0.95; P<0.001), a mean bias of -0.01 L-min! with LoA of
-0.67 t0 0.65 L-min-! (lower 95% CI, -0.83 to -0.51; upper 95% CI, 0.48 to 0.81).
Conclusion. CO measured by MostCare showed good agreement with CO obtained by transthoracic echocardiog-
raphy. Pulse contour analysis can complement echocardiography in evaluating hemodynamics in trauma patients.
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n trauma patients continuous cardiac output

(CO) monitoring is crucial to detect abrupt
hemodynamic changes and to avoid low out-
put syndrome and tissue hypoperfusion.! Ther-
modiluition (ThD) by means of a pulmonary
artery catheter (PAC) is considered the gold
standard method for the measurement of CO
in clinical practice.2 However, the lack of beat-
to-beat analysis does not allow to measure any
sudden hemodynamic changes with this tech-
nique.3 Furthermore, the use of PAC has been
questioned, due to possible complications asso-
ciated with right heart catheterization.# Consid-
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ering these two major concerns, thermodilution
CO monitoring has been restricted in trauma
patients only to selected conditions.4
Echocardiography is a validated and non-
invasive technique, which has lately emerged
as a first-line CO diagnostic device in trauma
patients.l> 5 However, it is operator-dependent
and does not provide a continuous bedside
CO monitoring.® Thus, different systems have
been developed to allow beat-to-beat calcula-
tion of CO.3 In particular, pulse contour meth-
ods (PCMs) have gained popularity as they are

easy to use, less operator dependent and can
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provide CO monitoring on a beat-to-beat ba-
sis.3> MostCare (Vygon, Padua, Italy) is a PCM
that does not need any type of calibration and
that can compute CO from the analysis of the
arterial pressure wave acquired at radial or femo-
ral sites.” 8 This technology has been studied in
several clinical and experimental settings,8-11 but
its value has never been investigated in trauma
patients.

The aim of our study was to compare CO
assessed with the MostCare system (MC-CO)
with CO estimated by transthoracic echocar-
diography (TTE-CO) in trauma patients after
Intensive Care Unit (ICU) admission and hemo-
dynamic stabilization.

Materials and methods

Forty-nine trauma patients admitted to a
7-bed university hospital mixed ICU were pro-
spectively enrolled. Approval from the Institu-
tional Review Board was obtained, along with
written informed consent from patients or their
legal representative.

Inclusion criteria were: 1) trauma within 24
hours from ICU admission; 2) need for hemo-
dynamic optimization with volume loading
and/or with vasoactive drugs, according to the
attending physician’s decision. Exclusion criteria
were: less than 18 years of age, presence of car-
diac arrhythmias, aortic regurgitation or stenosis
and ascending aortic diseases documented by
echocardiography (these factors affecting the re-
liability of the PCM) and poor quality of echoca-
diographic images. All patients were monitored
with a radial artery catheter and a central venous
catheter, as a standard procedure.”

After ICU admission, therapeutic decisions
were taken by the physician in charge, according
to local guidelines for the hemodynamic treat-
ment of trauma patients.!? Briefly, the choice
of administrating fluids and/or vasoactive drugs
was established on: 1) the evidence of signs of
inadequate tissue perfusion; 2) an integrated
monitoring based on low mean arterial pressure
(MAP), low central venous oxygen saturation,
low central venuous pressure (CVP), and high
pulse pressure variation; and 3) the evaluation
of poor left ventricular function (i.e., left ven-
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tricular ejection fraction <40%) by means of
TTE (deta (Figure 1). Patients were all sedat-
ed, intubated and mechanically ventilated; the
indications for endotracheal intubation were:
head injury with Glasgow Coma Score (GCS)
less than 9; respiratory insufficiency and severe
psychomotor agitation in the unstable patient.
Heart rate (HR), MAP, CVD, temperature, diu-
resis and peripheral arterial oxygen saturation
(Sa02) were hourly recorded. Intracranial pres-
sure (ICP) was monitored by external ventricu-
lar drainage in case of traumatic brain injury

(TBI) and GCS <9.

Echocardiography measurements

Echocardiographies were performed using
a standard transthoracic probe (Phased Array
Probe, PA 240, Esaote, Italy) and a dedicated
unit (MyLab™ 70 Xvision, Esaote, Italy). All
echocardiographies were performed by the same
trained operator (V.Z.). Stroke volume was es-
timated using standard views and formula (i.c.,
the product of the aortic valve area by the veloc-
ity time integral of aortic blood flow).!3 After-
wards, TTE-CO was calculated as the product
of HR and stroke volume averaged over five con-
secutive stroke volume values. Cardiac output
calculation was performed off-line and blindly
to the MostCare results.

MostCare measurements

The MostCare system was connected via a
simple cable to the patient’s monitoring system
for the continuous recording of the radial arte-
rial pressure waveform and the computation of
CO. MostCare analyses the arterial signal using
a sampling frequency of 1,000 Hz. The high-
frequency sampling is of primary importance
for the calculation of the arterial impedance
and the correct measurement of pressures. After
zeroing the arterial pressure-transducer system
and before each CO measurement, the arterial
waveform signal fidelity was checked using a fast
flush test to assess the adequacy of the damping
of the arterial shape.'4 In case of resonance effect
of the catheter-transducer system, we adapted
the MostCare’s setting to maximise the signal-
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Figure 1.—Local guidelines for haemodynamic management of critically ill patients.

Hb: hemoglobin; SaO,: arterial oxygen saturation; MAP: mean arterial pressure; ScvO,: central venous oxygen saturation; CVP:
central venous pressure; PPV: pulse pressure variation; TTE: transthoracic echocardiography; LVEF: left ventricular ejection frac-
tion; Hes: hydroxyethilstarch.

*One of the following: systolic blood pressure, SBP<90 mmHg; heart rate, HR>100 bpm; hourly diuresis, HD<0.5 mL/kg/h for
>2 h; lactate, Lac >2 mmol/L; cerebral perfusion pressure CPP<70 mmHg (if intracranial pressure monitoring).
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to-noise ratio.” No therapeutic intervention was
based on the CO values provided by MostCare.

Study intervals and experimental procedure

After ICU admission and stabilization, TTE-
CO and MC-CO were recorded simultaneously
before the physician decided to perform one of
the therapeutic interventions aimed at hemody-
namic optimization. Thereafter measurements
were made at the end of the fluid challenge or
30 minutes after vasopressors initation, in the
presence of stable MAP (less than 10% varia-
tion over 15 minutes). For each measurement of
TTE-CO, a corresponding value from the Most-
Care monitor was obtained by averaging the in-
dividual stroke volumes over the time needed for
each TTE-CO measurement. These values were
automatically downloaded and recorded in a
computer database for off-line analysis.

Vol. 79 - No. 2

Statistical analysis

Statistical analysis was performed using Stats-
Direct version 2.5.8 (Cheshire, UK), SigmaPlot
for Windows version 11.0 (Systat Software, Inc.,
San Jose, CA) and R version 2.11.1 (2010-05-31
R Foundation for Statistical Computing, Vien-
na, Austria).!® We calculated that at least 44 pa-
tients would be required assuming to allow dif-
ferences in the average between the two methods
of 0.5 L/min and to have a standard deviation of
1 L/min; we considered a statistical significance
level of 95% (0=0.05) and a minimum power
of 90% (B=0.1). The agreement between TTE-
CO and MC-CO was assessed using the Bland-
Altman method.1” The correlation coefficient,
bias and their 95% CI (mean difference between
measurements) were calculated. Limits of agree-
ment (LoA) (as 2.2 times SD of the bias) were
computed as proposed by Ludbrook for small
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samples.’8 The 95% CI of the upper LoA and
that of the lower LoA were also calculated. The
percentage of error was calculated as the limits
of agreement (2.2 times the SD of the bias) di-
vided by the mean CO from the two methods, as
proposed by Critchley: 100x(2.2xSD of Bias)/
[(mean g co + mean ye co)/2]-1°

Changes (A) in CO were calculated for the
group of patients with two CO determinations
(baseline and after fluid challenge) and three
CO determinations (baseline, T1; after fluid
challenge, T2; after the start of norepinephrine
infusion, T3) by subtracting the first from the
second measurement (T2-T1) and the second
from the third (T3-T2) when present. We used
the method suggested by Myles and Cui to ad-
just for the effects of repeated measurements in
the Bland-Altman analysis.20 For this purpose,
and also to test changes of TTE-CO and MC-
CO at the different phases, we used the method
that was applied in previous studies.21-23

The ability of the MostCare to reliably fol-
low changes or trends in CO was assessed using
a concordance analysis.24 After excluding all the
pairs of ACO where at least one value was zero,
the direction of change between TTE-CO and
MC-CO was analyzed to assess the percentage of
concordance between the results, including and
excluding ATTE-CO <0.5 L-min-1.25 The serial
pairs of CO readings from the echocardiograph-
ic method (X-axis) and the MostCare system (Y-
axis) were converted to polar coordinates and the
resulting polar plots were used to show trending
ability.26: 27 This was based on the percentage of
data points lying within 30-degrees of the polar
axis.27 For all statistical tests, a P<0.05 was taken
to indicate significance.

Results

Patients’ characteristics are described in Table I.
All patients had blunt trauma and no patient had
diagnosis of intra-abdominal hypertension or ab-
dominal compartment syndrome. One hundred
sixteen paired CO values were obtained. TTE-
CO values ranged from 2.9 to 7.6 L-min-!, and
MC-CO ranged from 2.8 to 8.2 L-min!. For-
ty-one patients (group A) received a fluid chal-
lenge; in 18 of them (Group B), norepinephrine
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TaBLE I.—Patients’ characteristics. Data are expressed as
mean + standard deviation [range]. SAPS II, Simplified
Acute Physiological Score II; ICR intracranial pressure.

N.=49

Age (yr) 52+23 [19-79]
Gender (male/female) 30/19
Weight (kg) 7512
Height (cm) 172+13
Body surface area (kg/m?) 1.78+0.29
SAPS 11 32 [28-40]
ICP (mmHg) 30
District of trauma

Head 30

Chest 19

Pelvis 4

Limb 12

Rachis 5

Abdomen 2

infusion was started thereafter. Eight patients
with severe traumatic brain injury (Group C)
were treated with norepinephrine infusion only,
to maintain adequate cerebral perfusion pres-
sure. No patient received inotropes. Among the
various hemodynamic variables, CO and MAP
showed a significant change after fluid challenge
or norepinephrine infusion (P<0.05) (Table II).

In the group A, we found a good correlation
between TTE-CO and MostCare-CO (r=0.94,
95% CI=0.92 to 0.97, P<0.001) at baseline.
Mean bias was -0.06 L-min-! with LoA of -0.74
to 0.62 L-min-! (lower 95% CI, -0.93 to -0.56;
upper 95% CI, 0.44 to 0.81) and a relative per-
centage error (PE) of 14.1% (Table III). For
those patients in which norepinephrine infusion
was subsequently initiated (group B), similar val-
ues of r, mean bias, and PE were observed (Table
III). In the group C, the correlation at baseline
was 0.94 (95% CI=0.72 to 0.99, P<0.001), the
mean bias was -0.06 L-min-! with LoA of -0.79
to 0.67 L-min-! (lower 95% CI, -1.23 to -0.34;
upper 95% CI, 0.22 to 1.11) and a PE of 18.2%
(Table III). After the start of norepinephrine
infusion, the correlation was comparable to the
baseline results (Table III).

The mean bias for all 116 CO measure-
ments corrected for repeated measures was -0.06
L-min-! with LoA of -0.94 to 0.82 L-min-! (low-
er 95% CI, -1.16 to -0.72; upper 95% CI, 0.60
to 1.04) and a PE of 17.7% (Figure 2A). The
correlation was statistically significant (r=0.94,
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TaBLg IL.—Hemodynamic data recorded at each time-point of the study. Group A: patients who received fluid challenge only.
Group B: patients who received norepz‘njp/ﬂine after a fluid challenge. Group C: patients treated with norepinephrine only.
Data are expressed as mean (standard deviation, SD). HR: heart rate; MAP: mean arterial pressure; CVP: central venous
pressure; MC-CO: continuous cardiac output obtained by MostCare; TTE-CO: cardiac output obtained by Transthoracic
Echocardiography technique.

Group A (N.=41) Group B (N.=18) Group C (N.=8)
Variable . . R
Baseline hFﬁlld Pvalue Baseline 2* NOLEP " Pvalue Baseline NO:’P " Pvalue
challenge nephrine nephrine

HR (min-1) 83+17 81+17 0.001 86+14 88+21 0.50 81+12 78+11 0.056
MAP (mmHg) 86.3+12  89.5+12 0.001 83.0£14  88.0+8 0.27  70.6+7 85.4+6 0.01
CVP (mmHg) 7.7+3 9.5+2 0.001 8.0+2.2 9.8+3 0.09 10.6+3 11.4+2 0.06
Volume Load (mL) — 490+50 — — — — — — —
Norepinephrine (meg-kg — — —  0.19:0.12 — —  027:008 —
L.min-!)
MC-CO (L-min-!) 4.88+1.02 5.34+1.03 0.001 5.38+0.68 5.22+0.82 0.27  4.02+0.73 4.32+0.75 0.10
TTE-CO (L-min-!) 4.81+0.95 5.33+0.98 0.001 5.40+0.81 5.09+0.86 0.43  3.96+0.91 4.26+0.78 0.09

*After fluid challenge, before receiving norepinephrine.

TaBLg II.—Mean differences between TTE-CO and MC-CO (bias and 95% confidence interval, CI). Limits of agreement
(LoA) were computed as proposed by Ludbrook for small samples (i.e., 2.2 times standard deviations of the bias). Percentage er-
ror (PE) and coefficient of correlation (v) are calculated for cardiac output measurements ar different times. Data are expressed
as count, percentage, and mean * standard deviation (SD). Group A: patients who received fluid challenge. Group B: patients
who received fluid challenge plus norepinephrine. Group C: patients treated with only norepinephrine.

Group time Bias (95% CI) (L-min-!) LoA 95% CI of lower LoA 95% CI of upper LoA (I;}j) .
A plus B Baseline  -0.06 (-0.17 t0-0.05) -0.74t00.62  -0.93 to -0.56 0.44 10 0.81 141 0.94
Flui((Ii\I c.;jﬁ()mge 20.01 (-:0.12100.10) -0.71t00.69  -0.90 to -052 0.50 to 0.88 132 087
Norgzlf\)]i.:f;lirine -0.14 (-0.36 10 0.08) -1.09t00.81  -1.47 t0 -0.70 042 t0 1.19 184 0.86
C gi:ﬁfi -0.06 (03210 0.20) -0.79t00.67  -1.23 to -0.34 02210 1.11 182 0.94
Nore(gr;zei)hrine 0.06(-0.29100.17) -072t00.60  -1.12t0-0.32 0.20 t0 1.00 154 091
All data "= -0.06 (-0.19 t0 0.07)  -0.94 to 0.82 -1.16 t0 -0.72 0.60 to 1.04 17.7 0.94
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95% CI=0.89 to 0.97; P<0.001). The mean dif-
ferences between TTE-CO and MostCare-CO
together with 95% limits of agreement and their
corresponding 95% CI, and the mean percent-
age error are shown in Table III.

ACO was calculated separately for the two
methods. Data comparison showed a correlation
of 0.91 (95% CI=0.87 to 0.95; P<0.001) (Fig-
ure 2B) and a bias of -0.01 L-min-! with LoA of
-0.67 to 0.65 L-min-! (lower 95% CI, -0.83 to
-0.51; upper 95% CI, 0.48 to 0.81).

Five ACO pairs were excluded from the anal-
ysis of the direction of changes, as ACO value
was zero. The concordance of ACO observed

was 90% (56 of 62 pairs of ACO agreed); when

Vol. 79 - No. 2

only ATTE-CO >0.5 L-min-! were considered,
the concordance improved to 97% (36/37). A
polar plot was used to show the direction of CO
changes (i.e., trending ability) (Figure 3A). The
polar plot analysis confirmed good agreement
and good concordance for ACO estimated by
the two devices. Indeed, 100% of data points
lied within 30-degrees of the polar axis. The
mean polar angle was 0.3-degrees, with the radi-
al limits of agreement of 348 to 12 (Figure 3B).

Discussion

In the present study, for the first time the
MostCare system was compared to TTE during
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Figure 2.—A) Bland-Altman plots of cardiac output (CO) es-
timated by transthoracic echocardiography (TTE-CO) and by
MostCare (MC-CO) for all 116 paired data. The mean bias
was -0.06 with limits of agreement of -0.94 to 0.82 L-min-!.
Solid line, mean difference (bias); dashed black lines, limits of
agreement (bias 2.2 SD). Dashed gray lines, 95% confidence
interval of limits of agreement. B) Four-quadrant trend plot
showing the relationship between changes (A) in cardiac out-
put (CO) estimated by transthoracic echocardiography (TTE-
CO) and by MostCare (MC-CO). A in CO were calculated by
subtracting the first from the second measurement (T2-T1),
and the second from the third (T3-T2) when it was required.
Correlation coefficient (r) was equal to 0.91 (95% confidence
interval [CI]=0.89 to 0.97; P<0.001).

interventions aimed at optimizing hemodynam-
ics in trauma patients. MostCare provided good
agreement with echocardiography, showing a
percentage of error lower than 30%, which is
considered as the limit for clinical acceptance
for a new method.!® Furthermore, good agree-
ment in detecting changes in CO (ACO) was
found either after fluid challenge or vasopressor
therapy.

Our analytical approach included both Bland-
Altman and polar plot analyses. Bland-Altman
analysis has been widely used to evaluate the ac-
curacy of CO-monitoring devices; also, the di-
rection of changes and the correlation analysis
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were the only statistical methods available to as-
sess the ability of a device to detect the changes
in CO after therapeutical interventions. In this
setting, polar plots analysis is a new statistical ap-
proach to detect CO changes over time between
two monitoring techniques. The polar plot anal-
ysis quantifies CO changes (the so-called “trend-
ing ability”) by converting the serial pairs of CO
readings from the reference method (in this case,
TTE, on X-axis) and the other method (here,
MostCare system, Y-axis) to polar coordinates.
The mean change in cardiac output (ACO) is
shown by the distance from the center of the plot
and the agreement is indicated by the angle with
the horizontal axis. Thus, the better the agree-
ment between CO measurements, the closer the
data pairs will be to the horizontal axis. The dot-
ted lines represent the limits of good agreement
(£0.5 L/min); in this plot, no data-points lie
outside these limits, showing the good trending
ability of the MostCare system (Figure 3).

Due to its invasiveness and potential compli-
cations, the use of PAC is actually not recom-
mended in all trauma patients, but it is limited
to selected patient populations.4 Echocardiogra-
phy can overcome the limitations of PAC and
represents a useful diagnostic device for early
hemodynamic assessment in trauma patients.
On the other hand, it cannot eliminate the need
for continuous monitoring and for the early rec-
ognition of abrupt hemodynamic alterations.!,
5.6 PCMs may obviate the limitations of PAC
and may complement echocardiography in the
hemodynamic evaluation and management of
critically ill patients.28 Among all PCMs, the
MostCare system is a device that allows beat-
to-beat CO measurement.” 8 A number of pa-
pers confirm the reliability of MostCare during
various hemodynamic scenarios and in different
patient populations.8-11.23.29 Our results showed
similar agreement of MC-CO with CO meas-
ured with standard techniques, such as TTE and
PAC, in previous studies and suggested that this
uncalibrated PCM may be a reliable tool to as-
sess CO also in hemodynamically stable trauma
patients.

Previous studies have already compared Most-
Care with echocardiography. Romagnoli ez al.?
showed good agreement between CO measured
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Figure 3.—A) Polar plot shows the direction of CO changes (trending ability). This was obtained by converting the serial pair
of CO readings from TTE method (X-axis) and MostCare system (Y-axis) to polar coordinates.26 The dotted lines represent the
limits of good agreement (+0.5 L-min-!) and the distance from the center of the plot represents the mean change in cardiac output
(ACO). The better the agreement between CO measurements, the closer data pairs will lie along the horizontal axis. In this plot, no
data points lie outside these limits, showing the good trending ability of the MostCare system. B) Polar plot designed to include the
analysis of the mean polar angle and the radial limits of agreement. In this new polar plot, proposed by Critchley et al,2” the radial
limits of agreement are based on the 95% confidence limits of the polar angle. The mean polar angle gives insight into how well
the calibration of the two devices being compared, test and reference methods, agree. Dashed lines show polar axis (e.g. horizontal
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by MostCare and by transesophageal echocar-
diography in pigs during several hemodynamic
scenarios, including dobutamine infusion, vaso-
pressor therapy and fluid loading. Nevertheless,
a percentage of error greater than 30%, suggest-
ing poor agreement, was observed during severe
haemorrhage, defined by a reduction of blood
volume >35%. This limitation of MostCare
should be taken into account whenever such de-
vice is used to monitor CO in trauma patients
with severe bleeding. However, as no human
studies have been performed using MostCare
under these circumstances, further investigations
are needed to define the accuracy of this PCM to
measure CO in critically ill patients with con-
comitant severe blood loss.

Calamandrei ez al!! studied the MostCare
system in a pediatric population (aged between 1
month and 18 years old). They found that Most-
Care provided reliable estimation of CO when

compared with TTE. Although the authors en-

Vol. 79 - No. 2

ity is present as

rolled a large cohort of patients, no therapeutic
interventions was used to change CO and only
stable hemodynamic conditions were analyzed.

Other PCMs devices were compared with
echocardiography in critically ill patients.!3. 30-
32 The Pulse Contour Cardiac Output (PCCO)
system (Medical Systems AG, Munich, Ger-
many) was compared with echocardiography
for the evaluation of left ventricle systolic func-
tion3! and dynamic index of preload.32 The
PCCO device works differently than MostCare
because it needs a dedicated arterial catheter
with a thermistore in its tip and a calibration
with thermodilution. Several studies showed the
reliability of the PCCO system in various clini-
cal settings,3% 34 including cardiac surgery and
sepsis, however none of them was conducted in
trauma patients.

The Vigileo monitor (Edwards Lifesciences,
Irvine, CA, USA) is another widely used PCM

device that proved to be reliable in a number
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of scenarios.!? 30 Vigileo and echocardiography
were compared by Concha and colleagues,30
who didn’t find any good agreement between
the two techniques in a population of low risk
patients undergoing laparoscopic colon surgery.
The authors supposed that the variations of pa-
tient’s position (i.e., supine lithotomy position,
Trendelenburg, reverse Trendelenburg, and steep
Trendelenburg position), as well as the induced
pneumoperitoneum related to the laparoscopic
procedure, may have determined major changes
in vascular compliance and impedance which
may have contributed to the descrepancy be-
tween ecchocardiography and Vigileo.30

MostCare is powered by PRAM (Pressure
Recording Analytical Method) that has been
validated in different clinical scenarios.”-11. 23,29
With PRAM the systemic impedance is deter-
mined by the physical characteristics of the cir-
culatory system of the subject under study.” 8
Thus, changes in vascular tone should influence
to a lesser extent the reliability of MostCare in
measuring CO. This statement was recently
confirmed in a small group of septic patients in
which changes in vascular tone were induced by
norepinephrine infusion.??

Several limitations of the MostCare system
remain to be addressed. Either over- or under-
damped arterial pressure waveforms may affect
the precision of the pressure wave analysis.3> 36
Also, the adequate analysis of the blood pressure
wave at 1000 Hz is dependent from the opera-
tor, who needs to maximize the quality of the
arterial signal to obtain a reliable pressure wave
morphology.”- 9. 37

Moreover, the characteristics of the arterial
tree (such as stenosis, aortic valve and ascending
aorta pathologies, etc.) could influence the accu-
racy of CO measurements based on the analysis
of the arterial waveform.28. 36 Also, cardiac dys-
rhythmias, especially atrial fibrillation, can affect
the reliability of MostCare whenever comparing
it to PAC-derived CO or other hemodynamic
monitoring techniques.38 The presence of some
of these factors may explain why some authors
found a weak correlation between MostCare
and the thermodilution method.3 Notably, all
the aforementioned conditions were considered
as exclusion criteria in the present study and ac-
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counted for the good agreement that we found
between the two techniques.

Some limitations of the present study have to
be addressed. First, we did not compare Most-
Care with bolus thermodilution (ThD), which is
considered the gold standard method to estimate
CO in clinical practice. Actually, MostCare has
already been shown good agreement in estimat-
ing CO when compared to ThD under different
clinical conditions, including cardiac surgery,
use of intra-aortic balloon pump conterpulsation
and other mechanical assist devices, and sepsis.®
23,29, 40 Also, since echocardiography is widely
used in critically ill patients as a valued alternative
to ThD to estimate CO, it could be reasonable
to consider such a technique as a valid reference
tool for CO comparison in this setting. Second,
MostCare is one of the last devices proposed for
minimal invasive hemodynamic monitoring. It
has been developed in Italy a few years ago and
its clinical validation, even if quite convincing,
suffers the paucity of specific studies performed
outside Italian centers. Indeed, two recent ar-
ticles from other groups have raised some con-
cerns on the feasibility of this device.3 4! An
ongoing multicenter study, involving several Eu-
ropean centers, will hopefully provide more in-
formation on the value of MostCare in critically
ill patients. Third, we did not analyse other pos-
sible hemodynamic changes in addition to fluid
challenge and norepinephrine infusion (e.g., se-
vere haemorrhage, inotrope administration or
blood transfusions). Moreover, measurements
were performed only after initial resuscitation
and during stable hemodynamic conditions.
Hence, further larger studies are needed to con-
firm these data in other phases of trauma man-
agement. Finally, the decisional algorithm used
in this study to treat trauma patients with fluids
and/or vasopressors could be largely criticized.
In trauma with haemorrhagic shock, the aim
of restoring normal blood pressure during the
active bleeding phase, as well as fluid manage-
ment based on PPV, have been questionned and
there is not much agreement on hemodynamic
goals for pre-definitive care, which may vary in
relation to the injured organ. Thus, the protocol
followed in the present study may not be appli-
cable to all trauma subsets. Nevertheless, the aim
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of this study was not to propose (or to validate)
a specific management protocol to treat trauma
patients but only to evaluate the MostCare ac-
curacy in tracking CO changes before and after
therapeutical interventions.

Conclusions

Under the studied conditions MostCare
showed a good agreement with echocardiogra-
phy over a wide range of CO. Echocardiography
and pulse contour methods should be consid-
ered complementary in monitoring hemody-
namics in critically ill patients. Indeed, echocar-
diography can provide relevant “diagnostic”
information, while pulse contour methods rep-
resent useful beat-to-beat “monitoring” tools to
assess patients hemodynamic variations.42 This
is particularly important in trauma subjects, for
whom invasive hemodynamic monitoring tech-
niques are often deemed harmful or not essential
for clinical management.

Key messages

— MostCare showed good agreement
with echocardiography to measure cardiac
output in trauma patients, after initial he-
modynamic stabilization.

— In such patients, pulse contour analy-
sis by MostCare device could also accurately
detect hemodynamic changes induced by
fluids and/or vasopressors administration.

— Further studies are needed to evaluate
the accuracy of MostCare to detect hemody-
namic changes in unstable trauma patients.
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