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Abstract Purpose: To compare
cardiac output (CO) and blood vol-
umes measured by COstatus�

(Transonic Systems Inc., NY, USA)
versus PiCCO (Philips IntelliVue
MP40 with PiCCO-technology mod-
ule M3012A#10, Netherlands) in
adult ICU patients. Methods: This
was a prospective single-center study.
Each of the 30 patients studied
received a 5-Fr Pulsiocath femoral
arterial and a standard central venous
catheter. Twenty ml of iced 5% dex-
trose solution was injected for PiCCO
measurements. For COstatus mea-
surements, an extracorporeal
arteriovenous loop, with two sensors
placed on it, was connected between
the Pulsiocath femoral arterial and
central venous catheters. Blood was
circulated through this loop at
12 ml/min for 5–8 min using a pump.
Twenty ml of warm saline was
injected into the venous side for
measurements. For each method,
three injections were averaged for
comparison. Results: A good
agreement for measured CO (range
3.65–16.3 l/min) with a percentage

error of 20% was observed, with
r = 0.95, bias = -0.037 l/min. PiC-
CO’s global end-diastolic volume
(GEDV) was 2.5 times larger than the
analogous COstatus’s total end-dia-
stolic volume (TEDV)
[TEDV = 0.28 9
GEDV ? 176 ml]. PiCCO’s intra-
thoracic blood volume (ITBV) was
larger than the analogous COstatus’s
central blood volume (CBV)
[CBV = 0.73 9 (ITBV) ?78 ml].
Conclusions: CO measured by CO-
status was found to be equivalent and
hence interchangeable with PiCCO in
this study population. COstatus blood
volumes were found to be within the
expected physiological range whilst
PiCCO blood volumes were signifi-
cantly higher, which was also
observed in other studies. Future
studies using 3D echo/MRI are
required to validate these blood
volumes.

Keywords Cardiac output �
Blood volumes � Transpulmonary
thermodilution � Ultrasound dilution

Introduction

Assessment of cardiac output (CO) and blood volumes is
fundamental to the management of critically ill patients
[1–4] as CO without blood volumes or cardiac filling
pressures may not indicate the complete hemodynamic
state of the critically ill. Transpulmonary thermodilution

(TT) technology (Philips IntelliVue MP40 monitor with
PiCCO-technology module M3012A#10) has been
explored to measure CO (COTT) and preload parameters
such as global end-diastolic volume (GEDV, sum of all
end-diastolic volumes of the atria and ventricles) and
intrathoracic blood volume (ITBV, sum of GEDV and
pulmonary blood volume) [5].
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A novel minimally invasive ultrasound dilution (UD)
technology (COstatus) was recently introduced to rou-
tinely measure CO (COUD) and blood volumes in ICU
patients by using an extracorporeal arteriovenous (AV)
loop approach [6]. According to the manufacturer, CO-
status can be used with patients of any age and weight as
it works off existing standard arterial (radial, ulnar,
femoral, or pedal) and central venous catheters in the
patients and uses isotonic saline as an indicator.

COstatus measures total end-diastolic blood volume
(TEDV, blood volume in the four chambers of the heart at
the end of diastole) and central blood volume (CBV, blood
volume in the heart, lungs, and major vessels such as aorta,
pulmonary artery, and vein) [6]. A detailed description of
the procedure for using COstatus, and the theory of ultra-
sound dilution and methodology for calculation of different
volumes are presented in an in vitro study [6] published by
the manufacturers. The purpose of our study was to com-
pare CO and blood volumes (TEDV and CBV) measured by
COstatus with CO and analogous blood volumes (GEDV
and ITBV) measured by PiCCO in adult ICU patients.

Materials and methods

Patients

After obtaining approval from the local ethics committee
and informed consent from each patient, 30 patients from
the hematology ICU were evaluated prospectively. The
inclusion criteria were ICU patients with existing PiCCO
arterial catheter and a central venous catheter. The
exclusion criteria were contraindication to femoral artery
catheterization, atrial fibrillation, and allergy to heparin.
All the patients recruited had a triple-lumen central
venous catheter (Certofix Trio; BBraun Melsungen AG,
Germany) either in the internal jugular or the subclavian
vein. Patients were mechanically ventilated in a volume-
controlled mode and ventilation parameters were adjusted
as per blood gas monitoring.

All patients were sedated with midazolam (6 mg/h) and
only those with severe respiratory failure were relaxed with
atracurium besylate (50–100 mg) with proper sedation to
control ventilator asynchrony, for a short duration. Sev-
enteen patients received dopamine (6–15 lg kg-1 min-1)
and 14 patients additionally received phenylephrine
(0.5–3 lg kg-1 min-1). Infusion rates of catecholamines
were adapted according to clinical requirements. Table 1
in ‘‘Electronic supplementary material’’ lists the clinical
characteristics and patient demographics.

PiCCO measurements

A 5-F arterial catheter (Pulsiocath PV2015L20) was
placed in the descending aorta via the femoral artery by

using the Seldinger technique. The catheters were con-
nected to an IntelliVue MP40 monitor equipped with
PiCCO-technology module M3012A#10 (Phillips Medi-
cal Systems). Measurements were obtained by injecting
20 ml of iced 5% dextrose solution into the central venous
catheter.

COstatus measurements

An extracorporeal AV loop was primed (priming volume
5 ml) with heparinized saline and connected between the
Pulsiocath arterial catheter and the distal lumen of the
central venous catheter. Two reusable sensors that mea-
sure changes in blood ultrasound velocity and blood flow
in the AV loop were clamped onto the arterial and venous
limbs of the loop. To obtain measurements, a roller pump
was turned on to circulate blood from the artery to the
vein through the AV loop at a rate of 10–12 ml/min for
5–7 min. During this process, 25 ml of isotonic saline,
pre-warmed to body temperature in a bag warmer (HFW
1000, Transonic Systems Inc., NY, USA), was injected
into the venous side of the AV loop. The indicator is first
sensed by the venous sensor which records the time and
volume of injection. The indicator then travels through
the cardiopulmonary system and after passing through the
arterial catheter is recorded by the arterial sensor on the
AV loop. The arterial sensor measures the change in
concentration of saline in blood as dilution and also
records the indicator travel time through the cardiopul-
monary system. From the venous and arterial sensor
measurements, the COstatus monitor, using standard
equations [6], automatically calculates and displays CO
and blood volumes on the screen. At the conclusion of a
measurement session, the blood in the AV loop was
returned to the patient and the AV loop was filled with
heparinized saline to be ready for the next measurement
session.

For each method, three injections were performed
randomly over the respiratory cycle and the measure-
ments were averaged for comparison. An additional
injection was performed if a ‘‘repeat/error’’ message was
displayed.

Data analysis

CO and blood volume parameters were compared by
using the linear regression analysis. Bias was calculated
as per the Bland–Altman approach [7] and the percentage
error was calculated as two times the standard deviation
(2SD) of the paired differences divided by mean COTT.
As per Critchley and Critchley [8], a percentage error of
less than 30% was defined as the criterion for clinical
acceptability.
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Results

Table 1 summarizes the comparison between CO and
blood volumes measured by PiCCO and COstatus. Bland–
Altman analysis between COUD and COTT revealed a
small bias of -0.037 l/min with limits of agreement
(LOA = bias ± 1.96SD) of -1.72 and ?1.65 l/min
(Fig. 1). The percentage error was 20%, which is below
the clinically acceptable 30% threshold [8]. Table 1
shows that GEDV was 2.5 times greater than TEDV
(r = 0.75, bias = 860 ml, LOA = 290 and 1,490 ml)
and ITBV was also greater than CBV (r = 0.91,
bias = 397 ml, LOA = -34 and 829 ml).

Discussion

UD technology was introduced in 1995 and since then it
has been widely used in hemodialysis [9, 10] for mea-
suring shunt flow, recirculation, and CO. This technology
was then adapted for use in critical care settings with

COstatus [6]. COstatus CO measurements were compared
with pulmonary artery thermodilution measurements in
adult ICU patients [11] and in patients undergoing
abdominal surgery under anesthesia [12] with clinically
acceptable results.

The current study is the first clinical comparison
between COstatus and PiCCO and is of special interest
because it compares CO as well as anatomically same
blood volumes measured by two different dilution tech-
niques. The results show good agreement between CO
measurements, but not between blood volumes (Table 1).
The good agreement between CO measurements could be
due to the following factors: (1) both methods are based
on indicator dilution principles; and (2) both use the
Stewart Hamilton equation for calculation of CO, which
is independent of whether the indicator is diffusible or
not. The lack of agreement between blood volumes could
be due to the following two factors. The first factor is that
COstatus uses a non-diffusible indicator (saline) that
travels only through the intravascular space [9, 10, 13],
whilst PiCCO uses a diffusible indicator (thermal) that
travels through both intravascular and extravascular
space, during the first pass [5]. Since it is the time taken
by the indicator to travel only through intravascular space
that is used to estimate blood volumes [14], special
assumptions and adjustments will have to be made when
using a diffusible indicator [5]. The second factor is the
difference in the assumptions and mathematical models
for the calculation of blood volumes which lead to using
different formulae by the two methods (see ‘‘Theory’’
section in the ‘‘Electronic supplementary material’’).

To further understand the significant differences in
blood volume calculations, we performed a literature
review. In [15–17] authors suggest that GEDV and ITBV
measured by PiCCO could overestimate the physiological
values and also those determined by different MRI
methods. Brivet et al. [15] speculate that GEDV does not
correspond to the largest blood volume contained in the
four heart chambers, but to the end-diastolic blood vol-
ume of the heart plus aortic blood volume.

Table 1 Comparison of cardiac output and blood volumes measured by transpulmonary thermodilution (PiCCO) and ultrasound dilution
(COstatus)

Parameter, number of comparisons (n) Units Parameter by PiCCO Parameter by COstatus

Range Average (mean ± SD) Range Average (mean ± SD)

Cardiac output, n = 142; COUD versus COTTa l/min 3.65–16.3 8.61 ± 2.55 3.73–16.5 8.65 ± 2.77
Heart volumes, n = 135; GEDV versus TEDVb ml/m2 380–1,200 790 ± 190* 150–480 315 ± 65
Total blood volume in the thorax, n = 142;

ITBV versus CBVc
ml/m2 470–1,500 990 ± 240* 240–1,270 760 ± 190
ml/kg 12–45 26 ± 6.8* 8.7–33 20 ± 5.1

* p \ 0.001; comparing GEDV versus TEDV and ITBV versus
CBV
a COUD = 1.03 9 COTT - 0.24 l/min [r = 0.95, bias = -0.037
l/min, percentage error = 20%]

b TEDV = 0.28 9 GEDV ? 176 ml [r = 0.75, bias = ?860 ml]
c CBV = 0.73 9 ITBV ? 78 ml [r = 0.91, bias = ?397 ml]
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Fig. 1 Bland–Altman plot showing mean difference (bias =
-0.037 l/min) and limits of agreements (-1.72 to 1.65 l/min) for
cardiac output measured by ultrasound dilution (COUD) and
transpulmonary thermodilution (COTT) methods
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We did not find any reference data on the total blood
volume in all four heart chambers at the end of diastole.
Since there is a considerable amount of published data on
left ventricular end-diastolic volume (LVEDV), we
hypothetically assumed that the total heart blood volume
is four times the LVEDV. We found a mean of
227–379 ml/m2 in healthy volunteers and in patients with
different pathologies (over 400 patients from six publi-
cations, see Table 2 in the ‘‘Electronic supplementary
material’’). This suggests that COstatus blood volumes
were within the expected physiological range whilst
PiCCO blood volumes were significantly higher, which
was also observed in other studies [15–17]. However, this
hypothetical approach is not useful for validating the
heart blood volume, nor is it conclusive in nature, but is
presented here only to give an approximate physiological
range. Further studies using 3D echo/MRI would be
useful to evaluate the accuracy of these blood volumes.

The major advantage of the COstatus system is that it
does not require a dedicated catheter, which allows for the

measurement of CO and blood volumes in patients of any
age and size with in situ regular arterial and central
venous catheters. This observation was confirmed in prior
validation studies performed in small animal models [18,
19] and in pediatrics [20]. The limitations of this tech-
nology are: it requires the operation of a pump for
5–8 min during which the arterial pressure signal is not
available; and it does not provide continuous CO.

In summary, we found a close, clinically acceptable
agreement between CO measurements by COstatus and
PiCCO in our ICU population, suggesting that they are
interchangeable in this population. COstatus blood vol-
umes were within the expected physiological range whilst
PiCCO blood volumes were significantly higher. Further
studies using 3D Echo/MRI would be useful to evaluate
the accuracy of these blood volumes. Also, studies are
needed in which changes in both CO and preload status
are measured with COstatus and an accepted comparator.
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