
Introduction

Cardiac output (CO) is regarded one of the most impor-
tant haemodynamic variable for the assessment of cardi-
ac function and guidance of therapy in the intensive care
setting. Since the clinical introduction of the pulmonary
artery catheter (PAC) in 1970 by Swan and Ganz, the
pulmonary artery thermodilution technique has become
the gold standard for measuring CO. Most commonly, a
bolus of cold saline is injected into the right atrium and a
thermistor in the tip of the PAC is used to measure the
temperature changes. Pulmonary artery CO is calculat-
ed by the analysis of the thermodilution curve, using
the Stewart-Hamilton equation. Since the PAC is an in-

vasive device, and associated with different potentially
fatal cardiac and non-cardiac complications, alternative
techniques are being tested. With respect to user-related
errors and the influence of respiration on the pulmonary
artery CO, measurement of the aortic transpulmonary
thermodilution curve for the determination of CO has
been proposed. For this technique, a thermistor-tipped
catheter is typically placed in the descending aorta via
a femoral artery sheath. Thus, we analysed the agree-
ment in CO determinations between these two tech-
niques: pulmonary artery [CO(PA)] and aortic transpul-
monary thermodilution [CO(AORTA)] in critically ill
patients.
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Abstract Objective: We studied the
agreement between cardiac output
measurements via pulmonary artery
thermodilution [CO(PA)], regarded
as the current clinical gold standard,
and aortic transpulmonary ther-
modilution [CO(AORTA)].
Design: Prospective clinical study.
Setting: Surgical intensive care unit
of a university hospital.
Patients: 37 patients with sepsis or
septic shock (n = 34) and subarach-
noid haemorrhage (n = 3).
Measurements and results: We anal-
ysed 449 simultaneous cardiac out-
put measurements. All patients
were deeply sedated and mechani-
cally ventilated in a pressure con-
trolled mode. Each patient received
a 7.5-F five-lumen pulmonary artery
catheter and a 4-F aortic catheter
with an integrated thermistor. The
thermistors of the two different

catheters were connected to one
computer system (COLD-Z021,
Pulsion Medical Systems, Munich,
Germany). Linear regression analy-
sis revealed: CO(AORTA) = 0.96 ×
CO(PA) + 1.02 (l/min) (r = 0.97,
p < 0.0001). CO(AORTA) was con-
sistently higher than CO(PA) with a
bias of 0.68 (l/min) and a standard
deviation of 0.62 (l/min).
Conclusion: Cardiac output derived
from aortic transpulmonary ther-
modilution is suitable for measure-
ment in the intensive care unit.
Measurements of CO(AORTA) are
consistent with, but slightly higher
than, those obtained from pulmo-
nary artery thermodilution.
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Patients and methods

After approval by our institutional ethics committee, 37 patients
(25 males and 12 females) were studied. Thirty-four patients suf-
fered from sepsis or septic shock (definition according to the crite-
ria of the ACCP-SCCM consensus conference) and 3 patients from
subarachnoid haemorrhage. The demographic data for the patients
are listed in Table 1. A total number of 449 single CO measure-
ments was analysed (1±29 per patient, mean 12 ± 9). All patients
were deeply sedated with fentanyl (0.6 mg/h) and dehydroperidol
(7.5 mg/h). If necessary, midazolam was administered in a dosage
up to 15 mg/h. Patients were mechanically ventilated in a pres-
sure-controlled mode (inspiratory:expiratory ratio = 1:1) and posi-
tive end-expiratory pressure was adjusted individually according to
blood gas monitoring. Each patient received a 7.5-F five-lumen
PAC (Edwards Swan Ganz, CCO/ SvO2, Model 744H 7.5 F, Baxter
Healthcare, Irvine, Calif., USA) for the continuous measurement
of CO and a 4-F aortic catheter with an integrated thermistor (Pul-
siocath 4F PV 2024L, Pulsion Medical Systems, Munich, Germa-
ny). The tip of the catheter was placed at the infradiaphragmatic
level as assumed from individual body measurements. Bolus injec-
tions used cooled (0±6 °C) 0.9% saline (15±17 ml per bolus). Injec-
tions were done manually and randomly throughout the respirato-
ry cycle. The thermistors of the two different catheters were con-
nected to one computer system (COLD-Z021, Pulsion Medical
Systems, Munich, Germany) which, based on the respective ther-

modilution curves, calculated pulmonary artery and aortic trans-
pulmonary CO. At least two repetitive measurements were per-
formed. Blood temperature was in a range between 32.6 and
40.5�C.

All results are expressed as mean � standard deviation. The re-
lation between CO(AORTA) and CO(PA) was analysed by linear
regression and the Bland-Altman method. Statistical analysis was
performed using software SPSS for Windows, version 6.1.2. Statis-
tical significance was considered to be at p < 0.01.

Results

The CO range was 4.0 to 20.5 (l/min) for CO(PA) and
4.3 to 20.8 (l/min) for CO(AORTA). Linear regression
analysis revealed CO(AORTA) = 0.96 × CO(PA) + 1.02
(l/min) (r = 0.97, p < 0.0001) (Fig. 1). The analysis ac-
cording to Bland-Altman showed a good agreement be-
tween both techniques. CO(AORTA) was consistently
higher than CO(PA) with a bias of 0.68 (l/min) and a
standard deviation of 0.62 (l/min) (Fig.2).

Discussion

These data show that measurement of CO from
CO(AORTA) is consistent with measurements by the
current clinical gold standard, i. e. CO(PA). Previous an-
imal experiments [1, 2] and clinical studies [3, 4] report-
ed a good correlation between the two techniques.
However, aortic transpulmonary CO is most often mea-
sured higher than the corresponding pulmonary artery
CO. The reasons for this finding are thought to be, first-
ly, loss of the cold and, secondly, that the right heart CO
is lower than left heart CO due to a cold-induced reduc-
tion in heart rate. Although Lewis et al. [3] described a
9 % loss of the injected thermal indicator before reach-
ing the femoral detection, Böck et al. [2] showed in an
animal experiment that early recirculation of the cold
is responsible for the broadened thermodilution curve
in the aorta, thus, leading to about 3±4 % higher values
for CO. Since other studies did not find an indicator
loss [5, 6], the transient reduction in heart rate by the
cold injection, which has less influence on the
CO(AORTA) due to the longer appearance time, is
considered to be more responsible for the somewhat
lower values by the CO(PA) [7].

Surprisingly, there is only one very recent study, by
Gust et al. [8] in 75 intensive care patients undergoing
coronary artery bypass surgery that showed a poorer
correlation between the two techniques (r = 0.73).
They, too, found a consistently higher CO when mea-
sured in the aorta. They concluded that while in some
patients aortic transpulmonary CO does offer an attrac-
tive, reliable and safe method, in most patients it will
not replace the conventional CO(PA). However, meth-
odological limitations may be responsible for this dis-
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Fig.1 Linear regression analysis for aortic transpulmonary
CO(AORTA) and pulmonary artery CO(PA) thermodilution CO
in 37 critically ill patients. Line of identity is dashed

Table 1 Demographic data (SAPS Simplified Acute Physiology
Score, SOFA Sepsis-relate Organ Failure)

Men/women (n) 25/12
Age (years) 25±86 (62 ± 14)
Height (cm) 158±188 (172 ± 8)
Weight (kg) 60±120 (85 ± 14)
Body surface area (m2) 1.62±2.24 (1.97 ± 0.17)
SAPS II 56 ± 14
SOFA score 15 ± 3



crepancy. Firstly, Gust et al. [8] used two different CO
measuring systems. In contrast, in our study we used
the same CO computing system for the aortic transpul-
monary and the PAC measurements. Secondly, since
the SD seems to be larger in the postoperative weaning
period, including periods with positive pressure ventila-
tion and spontaneous breathing, and therefore was asso-
ciated with marked changes in intrathoracic pressure,
one could speculate that this finding is due to the partic-
ularly high sensitivity of pulmonary CO to respiratory
changes. Pulmonary artery CO is still considered to be
the clinical gold standard, though previous studies re-
vealed that it exhibits a cyclic modulation related to
ventilation [9]. In this study, the 5D was more than
15% of the mean and the values were dependent upon
the moment of injection during a single ventilatory cy-
cle.

In their discussion, Gust et al. [8] mentioned a tem-
perature drift for the aortic transpulmonary measure-
ment several hours after the extracorporeal circuit,
which in our view should also have been present in the
pulmonary artery. According to the manufacturer, the
COLD-Z021 system automatically corrects linearly for
drift of both baseline temperatures. A further reason
for the difference between the two CO measuring tech-
niques in the study by Gust et al. [8] may have been the

use of too little injection volume. In our study, we used
at least 15 ml, which has been recommended for
CO(AORTA). Most recently, Godje et al. [4] analysed
150 measurements of cardiac index in 30 patients 3 h af-
ter coronary artery bypass surgery. Also using the
COLD-Z021 system for the measurement of CO(AOR-
TA) and a second, different commercial system for the
measurement of CO(PA), they found a correlation coef-
ficient of r = 0.96 with a bias of 0.16 (l/min per m2).

In principle, CO(AORTA) requires a central venous
line for the injection of cooled saline and a femoral arte-
rial catheter. However, central venous catheterisation is
necessary in most intensive care patients due to other
reasons, and femoral artery catheterisation, which al-
lows continuous haemodynamic monitoring and blood
sampling, has been shown to be safe in critically ill pa-
tients [10]. Thus, this technique is considered less inva-
sive in comparison to pulmonary artery catheterisation.
Nevertheless, in patients with severe arteriosclerosis or
aneurysms this technique is contraindicated.

In conclusion these data support the majority of the
previous studies which have found that the measure-
ment of CO by CO(AORTA), when an appropriate in-
jection volume is used, is consistent with, but slightly
higher than, the current clinical gold standard, CO(PA).
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Fig.2 Agreement between aor-
tic transpulmonary CO(AOR-
TA) and pulmonary artery
CO(PA) thermodilution CO
according to Bland-Altman
analysis. Each dashed line indi-
cates 1 SD, mean bias was 0.68
(l/min)
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