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Abstract

Introduction

Cardiac function index (CFI) is a trans-pulmonary thermodilution (TPTD)-derived estimate of

systolic function. CFI is defined as the ratio of cardiac output divided by global end-diastolic

volume GEDV (CFI = CO/GEDV). Several studies demonstrated that the use of femoral

venous access results in a marked overestimation of GEDV, while CFI is underestimated.

One study suggested a correction formula for femoral venous access that markedly reduced

the bias for GEDVI. Therefore, the last PiCCO-algorithm requires information about the

CVC-position which suggests a correction of GEDV for femoral access. However, a recent

study demonstrated inconsistencies of the last PiCCO algorithm using incorrected GEDV to

calculate CFI despite obvious correction of GEDV. Nevertheless, this study was based on

mathematical analyses of data displayed in a total of 15 patients equipped with only a femo-

ral, but not with a jugular CVC. Therefore, this study compared CFI derived from the femoral

indicator injection TPTD to data derived from jugular indicator injection in 28 patients with

both a jugular and a femoral CVC.

Methods

28 ICU-patients with PiCCO-monitoring were included. Each dataset consisted of three

triplicate TPTDs using the jugular venous gold standard access and the femoral access

with and without information about the femoral indicator injection to evaluate, if correction

for femoral GEDV also pertains to CFI. (CFI_jug: jugular indicator injection; CFI_fem: femo-

ral indicator injection; CFI_fem_cor: femoral indicator injection with correct information

about CVC-position; CFI_fem_uncor: femoral indicator injection with uncorrect information

about CVC-position; CFI_fem_uncor_form = CFI_fem_uncor * (GEDVI_fem_uncor/

GEDVI_fem_cor)).
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Results

CFI_fem_uncor was significantly lower than CFI_jug (4.28±1.70 vs. 5.21±1.91 min-1;

p<0.001). Similarly, CFI_fem_cor was significantly lower than CFI_jug (4.24±1.62 vs. 5.21

±1.91 min-1; p<0.001). This is explained by the finding that CFI_fem_uncor was not different

to CFI_fem_cor (4.28±1.70 vs. 4.24±1.62 min-1; p = 0.611). This suggests that correction for

femoral CVC does not pertain to CFI. Calculative correction of CFI_fem_uncor by multiply-

ing CFI_fem_uncor by the ratio GEDVI_fem_uncor/GEDVI_jug resulted in CFI_fem_un-

cor_form which was slightly, but significantly different from the gold standard CFI_jug (5.51

±2.00 vs. 5.21±1.91 min-1; p = 0.024). The agreement of measurements classified in the

same category of CFI (decreased (<4.5), normal (4.5–6.5) and increased (>6.5 min-1)) was

high for CFI_jug and CFI_fem_uncor_form (identical categories in 26 of 28 comparisons; p

= 0.49). By contrast, the agreement with CFI_jug was significantly lower for CFI_fem_cor

(14 out of 28; p<0.001) and CFI_fem_uncor (15 out of 28; p<0.001).

Conclusions

While the last PiCCO algorithm obviously corrects GEDVI for femoral indicator injection, this

correction is not applied to CFI. Therefore, femoral TPTD indicator injection results in sub-

stantially lower values for CFI compared to TPTD using a jugular CVC. Necessarily, uncor-

rected CFI-values derived from femoral TPTD are misleading and have to be corrected.

Introduction

Accurate haemodynamic monitoring is essential for the diagnosis and therapeutic manage-

ment of critically ill patients with circulatory failure [1]. Different methods and techniques can

be used to estimate the left ventricle (LV, Table 1) contractile fraction and the LV ejection

function (LVEF). Doppler echocardiography is the gold standard imaging technique for mea-

suring LVEF [2, 3], but repeated measurements are often not feasible due to the lack of experi-

enced examiners on a 24/24h basis. Therefore, trans-pulmonary thermodilution (TPTD) has

been suggested to assess cardiac systolic function [4–7]. In addition to stroke volume (SV) and

cardiac output (CO) the preload parameter global end-diastolic volume (GEDV) and the

marker of pulmonary edema extravascular lung water (EVLW) as well as a number of calcu-

lated ratios have been suggested to facilitate the interpretation of numerous parameters pro-

vided by TPTD and pulse contour analysis (PCA) [5, 8, 9]. Two of these parameters have been

associated to cardiac contractility and with systolic function when compared to echocardiogra-

phy or other gold-standard techniques (see overview of studies; Table 2) [4–7, 10–12].: Cardiac

function index (CFI) and global ejection fraction (GEF). Both have been shown to accurately

assess LVEF and its response to inotropic substances, volume depletion, resuscitation and

impairment of contractility by verapamil [4, 10, 11, 13]. Previous studies also confirmed that a

low CFI identified cardiac dysfunction in both acute heart failure and septic patients [4, 7, 10].

Based on their mathematical derivation, CFI (CO/GEDV) and GEF (4�SV/GEDV) neces-

sarily depend on an accurate determination of GEDV. However, several studies demonstrated

that GEDV is markedly overestimated in case of using a femoral venous access for TPTD-indi-

cator injection instead of a jugular or subclavian access [14–16]. Consequently, CFI is underes-

timated in case of femoral indicator injection [17]. One of these studies suggested a formula to
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correct GEDVI for femoral venous access that markedly reduced the bias for GEDVI in a

small validation group [15]. Consequently, the last PiCCO-algorithm requires information

about the central venous catheter (CVC)-position that results in correction of GEDVI if the

information of a femoral access is given. However, at least two studies suggest inconsistencies

of the last PiCCO-algorithm using uncorrected GEDV to calculate CFI and pulmonary vascu-

lar permeability index (PVPI) despite obvious correction of GEDVI in case of femoral indica-

tor injection [17, 18]. Nevertheless, these studies were based on mathematical analyses of data

displayed in a total of 15 patients equipped with only a femoral, but not with a jugular CVC.

Another recent study in patients equipped with both jugular and femoral CVCs demon-

strated that the last PiCCO-algorithm corrects GEF, but not PVPI which resulted in a substan-

tial underestimation of PVPI in case of femoral indicator injection [19]. However, in the study

performed by Huber et al. the CFI was not analyzed [19].

Therefore, we have compared in the present study CFI values of 28 patients equipped with

both jugular and femoral CVCs: Two triplicate measurements with femoral indicator injection

with and without giving the information of femoral indicator injection were compared to the

gold-standard of CFI derived from jugular indicator injection.

Materials and methods

This prospective observational study was conducted in a ten-bed general ICU at a university

hospital between October 6, 2016 and March 31, 2017. The study was approved by institutional

review board approved (Ethikkommission; Fakultät für Medizin; Technische Universität

Table 1. Abbreviations and nomenclature of haemodynamic parameters.

LV left ventricle

LVEF LV ejection function

TPTD trans-pulmonary thermodilution

SV stroke volume

CO cardiac output

CI cardiac index

GEDV/GEDVI global end-diastolic volume/ global end-diastolic volume index)

EVLW/EVLWI extravascular lung water/ extravascular lung water index

PCA pulse contour analysis

CFI cardiac function index

CFI_jug CFI determination based on jugular indicator injection

CFI_fem CFI determination based on femoral indicator injection

CFI_fem_cor CFI determination based on femoral indicator injection with the correct information about

position of the CVC

CFI_fem_uncor CFI determination based on femoral indicator injection without the correct information

about position of the CVC

CFI_fem_uncor_form

GEF global ejection fraction

PVPI pulmonary vascular permeability index

CVC central venous catheter

LVFAC left ventricular fractional area of change

ICU intensive care unit

PAC pulmonary artery catheter

PE percentage error

CV coefficients of variation

BWideal ideal bodyweight

https://doi.org/10.1371/journal.pone.0200740.t001
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München 3049/11s). Written informed consent was obtained by all patients (18 years of age or

older) or their legal representatives. All patients had to be equipped with PiCCO device and

with both jugular and femoral catheter. The indication for PiCCO monitoring was made inde-

pendently from the study by the ICU physician in charge None of the patients had been

included in one of the previous studies or databases comparing TPTD-parameters derived

from jugular to femoral indicator injection [14, 15, 17–19]. After fulfilling above-mentioned

criteria no patient was excluded.

The abbreviations and nomenclature of haemodynamic parameters used in this paper are

summarized in Table 1.

28 datasets including triplicate TPTD with 15 ml cold saline solution were recorded in 28

patients equipped with both jugular and femoral CVC. The jugular venous access was used as

the gold standard TPTD_jug. Furthermore, two triplicate TPTDs were performed via the fem-

oral access with (TPTD_fem_cor) or without (TPTD_fem_uncor) the information about the

femoral indicator injection. This was done to evaluate, if correction for femoral GEDV pertains

to CFI_fem.

The three TPTDs were performed in a random order with the intention to avoid a system-

atic bias by repeated triplicate TPTDs with a total volume of 9�15 ml.

All measurements were performed in patients equipped either with conventional jugular

and femoral CVC or conventional CVC and a dialysis catheter irrespective of the study.

According to the local standard CVCs or dialysis catheters were inserted in different positions

(one in the superior vena cava and the other one in the inferior vena cava).

A 5-lumen CVC (Multicath 5, Vygon; Aachen, Germany) with a maximum intravascu-

lar length of 20 cm and a diameter of 3.15 mm (9.5 French (Fr)) or a Gambro Gam Cath

Table 2. Overview of studies on cardiac function index (CFI).

Reference Number of patients and measurements Setting Main result

Combes A.

et al. [5]

n = 33 patients; comparison of CFI and GEF to left ventricular

fractional area of change (LVFAC) derived from

transesophageal echocardiography.

Intensive care

unit (ICU)

CFI and GEF are closely associated to LVFAC except in patients

with isolated right ventricular failure. ROC-AUCs were 0.92 for

both CFI and GEF to predict a LVFAC�40%.

Jabot J. et al.

[4]

n = 39 patients; 48 measurements. Medical ICU Close association of CFI and GEF to left ventricular ejection

fraction, respectively. Comparable changes of LVEF and CEF after

dobutamine and 500mL saline (n = 24). ROC-AUC of 0.83 for CFI

to detect a LVEF�45%.

Ritter S. et al.

[7]

n = 21 patients (12 with acute heart failure AHF, 9 with sepsis).

PAC AND PiCCO. n = 84 measurements.

Medical ICU Significant differences for CFI and GEF between patients with

sepsis and AHF. Significant association of CFI and GEF with left

ventricular stroke work index derived from PAC in patients with

sepsis and AHF. Significant association of CFI with mixed venous

oxygen saturation.

Trepte et al.

[11]

16 pigs; 64 measurements before and after induction of

hypovolaemia as well as before and after verapamil.

Animal study CFI and GEF detect changes in preload independent cardiac

contractility induced by verapamil. Both reflect changes of

contractility induced by decrease of preload.

Belda et al.

[6]

35 patients; 49 measurements. Comparison of CFI and GEF to

left-ventricular ejection fraction (LVEF) derived from

transthoracic echocardiography.

ICU-patients Close association of CFI and GEF with LVEF r = 0.66 and r = 0.79;

p<0.001). ROC-AUCs of 0.879 (GEF) and 0.805 (CFI) to predict

LVEF <40%.

Mutoh et al.

[12]

46 patients with subarachnoid hemorrhage (SAH). TPTD twice

daily and transthoracic echocardiography once daily up to day

14.

Stroke ICU A CFI value <4.2 min−1 had a sensitivity of 82% and specificity of

84% to predict LVEF <40%. The ROC-AUC was 0.85 which was

superior to cardiac index.

Perny et al.

[10]

n = 35 patients with cardiogenic shock. 90 measurements.

Comparison to transthoracic echocardiography.

ICU-patients CFI is significantly correlated to LVEF (p<0.001) in cardiogenic

shock with the exception of patients with severe isolated right

ventricular dysfunction. A CFI value <3.5 min−1 had a sensitivity of

81% and specificity of 63% to predict LVEF <35%. The ROC-AUC

was 0.8.

https://doi.org/10.1371/journal.pone.0200740.t002
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Dolphin dialysis-catheter (Gambro Gam Cath Dolphin; Gambro Hospal GmbH, Gröben-

zell, Germany) was used for TPTD indicator injections. For femoral access dialysis cathe-

ters with a length of 250 mm and a diameter of 13 Fr were used. For jugular RRT access

we used catheters with a length of 150–175 mm and a diameter of 13 F. The dialysis cathe-

ters were prefilled with ice cold saline immediately before the 1st indicator injection, since

the larger volume of the dialysis catheters (up to 1.6 ml) might result in a loss of indicator

(1.6 ml of 15 ml, i.e. 11% of the indicator) and in a consecutive overestimation of volumet-

ric parameters for the 1st of TPTD-measurement. Femoral venous catheters were

completely (total length of the vascular part) inserted under ultrasound guidance. The

position of the tip was controlled (and corrected) according to X-ray for all jugular, but

not for the femoral venous catheters.

TPTD was performed as previously described [15, 20, 21] using a 5 Fr thermistor-tipped

arterial catheter (PV2015L20-A PiCCO catheter; Pulsion Medical Systems SE, Feldkirchen,

Germany) with a length of 20 cm (5 Fr) placed in the femoral artery and a PulsioFlex or

PiCCO-2-monitor (Pulsion Medical Systems SE, Feldkirchen Gemany) with the most recent

algorithm requiring information about the venous catheter site (V3.1 algorithm).

Statistical analyses

All data were controlled for input data error. Continuous variables are expressed as mean

±standard deviation. Categorical variables are expressed as percentages. Wilcoxon-test for

paired samples was used to compare continuous variables.

Bland-Altman analysis was used for the analysis of the agreement between CFI derived

from jugular vs. femoral venous catheter sites for CFI and to compute the percentage error

(PE).

The agreement of classification of CFI (decreased (<4.5 min-1), normal (4.5–6.5 min-1) and

increased (>6.5 min-1)) derived from different measurements was primarily analyzed using

Fisher´s exact test (“agreement yes or no”). Additionally, we calculated kappa-statistics and

Kendall´s coefficient of correlation.

All statistical analyses were performed using the IBM SPSS Statistics software version 23

(SPSS Inc., Chicago, IL, USA).

Sample size calculation. The sample size calculation based on the finding of the previ-

ous study by Beitz et al. with CFI-values calculated for jugular indicator-injection of 5.1

±1.8 min-1 and significantly lower values of 3.8±1.6 min-1 derived from uncorrected

femoral indicator injection, using an online statistical power calculator (https://www.

dssresearch.com/KnowledgeCenter/toolkitcalculators/statisticalpowercalculators.aspx)

Sample sizes of n = 12 and n = 16 would provide statistical powers of 80% and 90% respec-

tively [17]. However, the data by Beitz et al. were calculatorily derived from 95 datasets

from only 10 patients [17]. A larger number of patients might have resulted in a stronger

standard deviation of the CFI-value measured after femoral indicator injection. There-

fore, we assumed the same mean values for CFI, but for power calculation a higher stan-

dard deviation of 2.1 min-1 instead of 1.6 min-1 in the study by Beitz et al.. This resulted in

a sample size of n = 28 to provide a statistical power of 90% and an alpha-error of 5%

(two-tailed test).

Results

Patients characteristics

Table 3 shows the patients characteristics.
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Comparison of CFI-measurements using different indicator injection sites

(all measurements)

CFI_fem_uncor was significantly lower than CFI_jug (4.28±1.70 vs. 5.21±1.91 min-1; p<0.001;

Fig 1 and Fig 2) with a bias of -0.93±0.60 and a percentage error of 25%. The coefficients of

variation (CV) were in the same range for CFI_jug and CFI_fem_uncor (39.7% and 36.6%,

respectively).

Similarly, CFI_fem_cor was significantly lower than CFI_jug (4.24±1.62 vs. 5.21±1.91 min-1;

p<0.001; Fig 1 and Fig 3). This resulted in a bias of 0.97±0.60 and a percentage error of 25%. CV

was comparable for CFI_jug and CFI_fem_cor (39.7% and 38.2%, respectively).

This is explained by the finding that CFI_fem_uncor was not different to CFI_fem_cor

(4.28±1.70 vs. 4.24±1.62 min-1; p = 0.611; Fig 1 and Fig 4) with a bias of 0.04±0.22 min-1 and a

PE of 10%.

The relation of CFI_jug/CFI_fem_uncor (5.21 min-1/4.28 min-1; 122%) was in the same

range as the ratio of GEDVI_fem_uncor/GEDVI_fem_cor (1110 ml/m2/838 ml/m2; 132%).

Therefore, CFI_fem_form was calculated by correcting CFI_fem_uncor by multiplication

of CFI_fem_uncor with the ratio GEDVI_fem_uncor/GEDVI_fem_cor using the recently sug-

gested correction formula for GEDVI_fem based on uncorrected GEDVI and cardiac index

(CI) derived from femoral indicator injection (GEDV_fem_uncor and CI_fem_uncor) as well

as on ideal bodyweight (BWideal) [15]:

GEDVI fem cor ½ml=m2�

¼ 0:539 �GEDVI fem uncor � 15:17 þ 24:49 �CI fem uncor þ 2:311 �BWideal:

Table 3. Patients characteristics.

Patients characteristics

Sex (male : female; n (%)) 14 : 14 (50%:50%)

Age (years±SD) 65±13

Height (cm±SD) 172±10

Weight (kg±SD) 85±25

Underlying disease (n (%))

- Sepsis 8/28 (28.6%)

- ARDS 13/28 (46.4%)

- Cirrhosis/HRS 3/28 (10.7%)

- Cardiogenic shock 1/28 (3.6%)

- Severe pancreatitis 3/28 (10.7%)

SOFA (score±SD) 9.0±4.3

APACHE II (score±SD) 17±4

Tidal volume (ml/kg) 6.4±2.4

Measurements under vasopressors (norepinephrine, dobutamine and terlipressin) 22/28 (79%)

Measurements under mechanical ventilation 25/28 (89%)

Measurements under controlled ventilation 14/28 (50%)

Heart rhythm (sinus rhythm : atrial fibrillation) 25 : 3 (89% : 11%)

Measurements under sinus rhythm and controlled ventilation 14/28 (50%)

Ejection fraction (n (%)

<30% 6/24 (25%)

30–44% 2/24 (8%)

45–54% 14/24 (58%)

�55% 14/24 (58%)

https://doi.org/10.1371/journal.pone.0200740.t003

Comparison of cardiac function index derived from femoral and jugular indicator injection using a PiCCO-device

PLOS ONE | https://doi.org/10.1371/journal.pone.0200740 July 31, 2018 6 / 14

https://doi.org/10.1371/journal.pone.0200740.t003
https://doi.org/10.1371/journal.pone.0200740


Consequently, for ex-post-correction of CFI_fem_uncor we calculated CFI_fem_uncor_form

by multiplying CFI_fem_uncor with the ratio GEDVI_fem_uncor/GEDVI_fem_cor:

CFI fem uncor form ¼ CFI fem uncor � ðGEDVI fem uncor=GEDVI fem corÞ:

CFI_fem_uncor_form was slightly, but significantly different from the gold standard CFI_jug

(5.51±2.00 vs. 5.21±1.91 min-1; p = 0.024; Fig 1 and Fig 5) with a bias of 0.30±0.81 min-1 and a per-

centage error of 29.6%. The CV-values were comparable for CFI_fem_uncor_form and CFI_jug

(36.3% and 39.7%, respectively).

Fig 1. Boxplots plots comparing cardiac function index (CFI) derived from jugular indicator injection (CFI_jug), from femoral injection without activation of a

potential correction by the device (CFI_fem_uncor), from femoral injection with activation of a potential correction by the device (CFI_fem_cor) and from

femoral injection without activation of a potential correction by the device, but corrected by the previously suggested formula (CFI_fem_uncor_form).

CFI_fem_uncor_form was corrected using the formula suggested for correction of femoral indicator injection derived GEDVI: GEDVIcorrected [ml/m2] = 0.539 �

GEDVIuncorrected—15.17 + 24.49 � CIuncorrected 2.311� BWideal. CFI_fem_uncor_form was calculated by multiplying CFI_fem_uncor with the ratio GEDVuncorrected/

GEDVcorrected. GEDV(I): global end-diastolic volume (index).

https://doi.org/10.1371/journal.pone.0200740.g001
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Despite a slightly significant difference between CFI_fem_uncor_form and CFI_jug with

questionable clinical relevance, ex-post correction of CFI_uncor resulted in significantly lower

amount of the bias |CFI_fem_uncor_form–CFI_jug| vs. |CFI_fem_uncor–CFI_jug| (0.49±0.71

vs. 0.93±0.60 min-1; p = 0.005).

To further evaluate the impact on the potential clinical decision process we compared the

distribution of elevated, normal and decreased CFI-values (>6.5 min-1, 4.5–6.5 min-1,<4.5

min-1) for the “gold-standard” CFI_jug vs. the classifications according to CFI_fem_cor, CFI_-

fem_uncor and CFI_fem_uncor_form, respectively (Table 4). The agreements of CFI_fe-

m_uncor and CFI_fem_cor were 15 out of 28 (54%) and 14 out of 28 (50%), respectively. Both

comparisons were significantly different to the gold standard of CFI_jug (p<0.001; Fisher´s

exact test).

Fig 2. Bland Altman plot comparing cardiac function index CFI_fem_uncor derived from femoral injection without activation of a potential correction by the

device to the gold standard measurement CFI_jug using a jugular CVC for indicator injection.

https://doi.org/10.1371/journal.pone.0200740.g002
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The agreement of CFI_fem_uncor_form was 26/28 (92.6%), which was not significant dif-

ferent to CFI_jug (p = 0.49; Fisher´ s exact test), but significantly higher compared to CFI_fe-

m_uncor (p = 0.0019) and CFI_fem_cor (p<0.001).

Furthermore, kappa-statistics and Kendall´s coefficient tau-b confirm a markedly better agree-

ment of CFI_fem_uncor_form with CFI_jug (kappa = 0.892; p<0.001; Kendall´s coefficient tau-

b = 0.930; p<0.001) compared to CFI_fem_uncor (kappa = 0.295; p = 0.0018; Kendall´s coeffi-

cient tau-b = 0.721; p<0.001) and CFI_fem_cor (kappa = 0.234; p = 0.057; Kendall´s coefficient of

correlation = 0.717; p<0.001).

Discussion

TPTD-derived CFI is a bedside surrogate of LV systolic function. CFI is strongly associated

with echocardiography-derived LVEF and facilitates guidance of inotropic therapy and fluid

Fig 3. Bland Altman plot comparing cardiac function index CFI_fem_cor derived from femoral injection after activiation of a potential correction by the device

to the gold standard measurement CFI_jug using a jugular CVC for indicator injection.

https://doi.org/10.1371/journal.pone.0200740.g003
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management. Repeated CFI measurement is readily available and independent of the exam-

iner. Changes in CFI over time provide dynamic information that might be superior to single

measurements, particularly when interpreted in the light of a clinical situation. According

studies with their findings are summarised in Table 2.

However, the validity of CFI calculation relies on the accurate determination of CO and

GEDV. Several recent studies suggest marked overestimation of GEDV/GEDVI and CFI in

case of using a femoral CVC for indicator injection, compared to the gold standard of jugular
or subclavian injection. Interestingly, a similar phenomenon was found in case of misplace-

ment of subclavian central venous catheter tip into the jugular vein [22].

One study suggested a correction formula for GEDVI derived from femoral indicator injec-

tion. This correction is based on GEDVI and CI obtained from femoral access and on ideal

bodyweight [15]. Several studies suggest that a similar formula has been integrated to the last

Fig 4. Bland Altman plot comparing cardiac function index CFI derived from femoral indicator injection with (CFI_fem_cor) and without (CFI_fem_uncor)

activation of a potential correction by the device.

https://doi.org/10.1371/journal.pone.0200740.g004
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Fig 5. Bland Altman plot comparing cardiac function index CFI_jug derived from jugular indicator injection to cardiac function index CFI-fem_uncor_form

which was derived from femoral indicator injection without activation of a potential correction by the device, but corrected with the formula suggested for

correction of femoral indicator injection derived global end-diastolic volume index GEDVI: GEDVIcorrected [mL / m2] = 0.539 � GEDVIuncorrected—15.17 + 24.49 �

CIuncorrected 2.311� BWideal. CFI_fem_uncor_form was calculated by multiplying CFI_fem_uncor with the ratio GEDVuncorrected/GEDVcorrected. GEDV(I): global

end-diastolic volume (index). CI: Cardiac index.

https://doi.org/10.1371/journal.pone.0200740.g005

Table 4. Categories of cardiac function index (CFI) classified as decreased (CFI<4.5 min-1), normal (4.5� CFI�6.5 min-1) and increased (CFI>6.5 min-1).

CFI_fem_cor [min-1] CFI_fem_uncor [min-1] CFI_fem_uncor_form [min-1]

<4.5 4.5� CFI�6.5 <4.5 <4.5 4.5� CFI�6.5 >6.5 <4.5 4.5� CFI �6.5 >6.5

CFI_jug

[min-1]

<4.5 8

(28.6%)

0

(0.0%)

0

(0.0%)

8

(28.6%)

0

(0.0%)

0

(0.0%)

8

(28.6%)

0

(0.0%)

0

(0.0%)

4.5� CFI� 6.5 7

(25.0%)

5

(17.9%)

0

(0.0%)

7

(25.0%)

5

(17.9%)

0

(0.0%)

0

(0.0%)

10

(35.7%)

2

(7.1%)

>6.5 0

(0.0%)

7

(25.0%)

1

(3.6%)

0

(0.0%)

6

(21.4%)

2

(7.1%)

0

(0.0%)

0

(0.0%)

8

(28.6%)

https://doi.org/10.1371/journal.pone.0200740.t004
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PiCCO-2-algorithm [17, 18]. However, based on mathematical analyses of the data displayed for CFI

and GEF, one recent study suggested that CFI obviously is not corrected for femoral injection [17].

Since analyses were performed in small cohorts with only femoral CVCs, the final proof of these

results in patients equipped with both jugular and femoral catheters remained to be demonstrated.

This study demonstrates that the correction formula for femoral venous access is not

applied to correct CFI. The resulting underestimation of this value would have had a conse-

quence for around 50% of our patients as demonstrated by the wrong classification of CFI in

14 out of 28 measurements. Therefore, measurement of CFI in patients with femoral venous

access for indicator injection at present is misleading and has to be replaced by echocardiogra-

phy as long as the correction formula is not implemented in the TPTD-algorithm. This prob-

lem might also apply to the other commercially available TPTD-device EV-1000 (Edwards

Lifesciences, Irvine, USA), since at least one study suggests that this device does not correct

GEDVI, PVPI and GEF for femoral indicator injection [14].

Unless an appropriate correction is implemented in the PiCCO and the EV-1000, in

patients with femoral central venous access echocardiography should be performed to assess

left ventricular contractility. Irrespective of the central venous access, echocardiography

enables to exclude isolated right heart failure which might impede the use of CFI and GEF also

in case of a jugular or subclavian central venous access [10].

However, repeated echocardiography is time consuming and requires the continuous avail-

ability of experienced investigators. On the other hand, TPTD is straightforward and reliable

even when performed by different investigators. Furthermore, it provides additional extra-car-

diac parameters such as EVLWI and calibrates continuous measurement of CI, GEF and CFI.

Practical implication

Although a correction formula for femoral venous access markedly reducing the bias for GEDVI

has been published 7 years ago, and despite several studies gave hints for inconsistencies of the

correction of GEDVI, PVPI, GEG and CFI, our data demonstrate that the most recent algorithm

of the PICCO still does not apply this correction to CFI. Therefore, in patients with femoral
venous access CFI has to be classified as misleading and may result in wrong therapeutic interven-

tions due to substantial underestimation and wrong categorization of CFI.

From a practical viewpoint, there are two options to overcome this dilemma in addition to

the use of echocardiography:

1. As demonstrated by this study, ex post correction by the previously suggested formula to

correct GEDVI appropriately corrects CFI_fem with acceptable bias, percentage error and

categorization according to clinical thresholds.

2. Since this mathematical correction maybe cumbersome in clinical routine, GEF can be

used instead of CFI. At least two studies suggest that GEF is appropriately corrected for

femoral indicator injection by the most recent PiCCO algorithm [18, 19].

Limitations of the study

This study included a small number of patients and has been conducted as a single-centre study.

Furthermore, all measurements were performed in critically ill patients and not in healthy persons.

Conclusion

While the last PiCCO algorithm obviously corrects GEDVI for femoral indicator injection,

this correction is not applied to CFI. Therefore, femoral TPTD indicator injection results in
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substantially lower values for CFI compared to TPTD using a jugular CVC. Necessarily, uncor-

rected CFI-values derived from femoral TPTD are misleading and have to be corrected.

Author Contributions

Conceptualization: Alexander Herner, Markus Heilmaier, Roland M. Schmid, Wolfgang

Huber.

Data curation: Alexander Herner, Markus Heilmaier, Ulrich Mayr, Wolfgang Huber.

Formal analysis: Alexander Herner, Markus Heilmaier, Ulrich Mayr, Wolfgang Huber.

Investigation: Alexander Herner, Markus Heilmaier, Roland M. Schmid, Wolfgang Huber.

Methodology: Alexander Herner, Ulrich Mayr, Wolfgang Huber.

Project administration: Alexander Herner, Roland M. Schmid, Wolfgang Huber.

Resources: Wolfgang Huber.

Software: Alexander Herner, Wolfgang Huber.

Supervision: Alexander Herner, Ulrich Mayr, Roland M. Schmid, Wolfgang Huber.

Validation: Alexander Herner, Markus Heilmaier, Ulrich Mayr, Wolfgang Huber.

Visualization: Alexander Herner, Wolfgang Huber.

Writing – original draft: Alexander Herner, Wolfgang Huber.

Writing – review & editing: Alexander Herner, Markus Heilmaier, Ulrich Mayr, Roland M.

Schmid, Wolfgang Huber.

References
1. Cecconi M, De Backer D, Antonelli M, Beale R, Bakker J, Hofer C, et al. Consensus on circulatory

shock and hemodynamic monitoring. Task force of the European Society of Intensive Care Medicine.

Intensive care medicine. 2014; 40(12):1795–815. Epub 2014/11/14. https://doi.org/10.1007/s00134-

014-3525-z PMID: 25392034; PubMed Central PMCID: PMC4239778.

2. International consensus statement on training standards for advanced critical care echocardiography.

Intensive care medicine. 2014; 40(5):654–66. Epub 2014/03/13. https://doi.org/10.1007/s00134-014-

3228-5 PMID: 24615559.

3. Via G, Hussain A, Wells M, Reardon R, ElBarbary M, Noble VE, et al. International evidence-based rec-

ommendations for focused cardiac ultrasound. Journal of the American Society of Echocardiography:

official publication of the American Society of Echocardiography. 2014; 27(7):683 e1–e33. Epub 2014/

06/22. https://doi.org/10.1016/j.echo.2014.05.001 PMID: 24951446.

4. Jabot J, Monnet X, Bouchra L, Chemla D, Richard C, Teboul JL. Cardiac function index provided by

transpulmonary thermodilution behaves as an indicator of left ventricular systolic function. Critical care

medicine. 2009; 37(11):2913–8. Epub 2009/10/30. PMID: 19866507.

5. Combes A, Berneau JB, Luyt CE, Trouillet JL. Estimation of left ventricular systolic function by single

transpulmonary thermodilution. Intensive care medicine. 2004; 30(7):1377–83. Epub 2004/04/24.

https://doi.org/10.1007/s00134-004-2289-2 PMID: 15105983.

6. Belda FJ, Aguilar G, Jover JL, Ferrando C, Postigo S, Aznarez B. [Clinical validation of minimally inva-

sive evaluation of systolic function]. Revista espanola de anestesiologia y reanimacion. 2010; 57

(9):559–64. Epub 2010/12/16. PMID: 21155336.

7. Ritter S, Rudiger A, Maggiorini M. Transpulmonary thermodilution-derived cardiac function index identi-

fies cardiac dysfunction in acute heart failure and septic patients: an observational study. Crit Care.

2009; 13(4):R133. Epub 2009/08/13. https://doi.org/10.1186/cc7994 PMID: 19671146; PubMed Central

PMCID: PMCPMC2750191.

8. Huber W, Hollthaler J, Schuster T, Umgelter A, Franzen M, Saugel B, et al. Association between differ-

ent indexations of extravascular lung water (EVLW) and PaO2/FiO2: a two-center study in 231 patients.

PloS one. 2014; 9(8):e103854. Epub 2014/08/06. https://doi.org/10.1371/journal.pone.0103854 PMID:

25093821; PubMed Central PMCID: PMC4122373.

Comparison of cardiac function index derived from femoral and jugular indicator injection using a PiCCO-device

PLOS ONE | https://doi.org/10.1371/journal.pone.0200740 July 31, 2018 13 / 14

https://doi.org/10.1007/s00134-014-3525-z
https://doi.org/10.1007/s00134-014-3525-z
http://www.ncbi.nlm.nih.gov/pubmed/25392034
https://doi.org/10.1007/s00134-014-3228-5
https://doi.org/10.1007/s00134-014-3228-5
http://www.ncbi.nlm.nih.gov/pubmed/24615559
https://doi.org/10.1016/j.echo.2014.05.001
http://www.ncbi.nlm.nih.gov/pubmed/24951446
http://www.ncbi.nlm.nih.gov/pubmed/19866507
https://doi.org/10.1007/s00134-004-2289-2
http://www.ncbi.nlm.nih.gov/pubmed/15105983
http://www.ncbi.nlm.nih.gov/pubmed/21155336
https://doi.org/10.1186/cc7994
http://www.ncbi.nlm.nih.gov/pubmed/19671146
https://doi.org/10.1371/journal.pone.0103854
http://www.ncbi.nlm.nih.gov/pubmed/25093821
https://doi.org/10.1371/journal.pone.0200740


9. Huber W, Umgelter A, Reindl W, Franzen M, Schmidt C, von Delius S, et al. Volume assessment in

patients with necrotizing pancreatitis: a comparison of intrathoracic blood volume index, central venous

pressure, and hematocrit, and their correlation to cardiac index and extravascular lung water index. Crit-

ical care medicine. 2008; 36(8):2348–54. Epub 2008/07/04. https://doi.org/10.1097/CCM.

0b013e3181809928 PMID: 18596637.

10. Perny J, Kimmoun A, Perez P, Levy B. Evaluation of cardiac function index as measured by transpul-

monary thermodilution as an indicator of left ventricular ejection fraction in cardiogenic shock. Biomed

Res Int. 2014; 2014:598029. Epub 2014/07/12. https://doi.org/10.1155/2014/598029 PMID: 25013790;

PubMed Central PMCID: PMCPMC4071812.

11. Trepte CJ, Eichhorn V, Haas SA, Richter HP, Goepfert MS, Kubitz JC, et al. Thermodilution-derived

indices for assessment of left and right ventricular cardiac function in normal and impaired cardiac func-

tion. Crit Care Med. 2011; 39(9):2106–12. Epub 2011/05/17. https://doi.org/10.1097/CCM.

0b013e31821cb9ba PMID: 21572331.

12. Mutoh T, Kazumata K, Terasaka S, Taki Y, Suzuki A, Ishikawa T. Impact of transpulmonary thermodilu-

tion-based cardiac contractility and extravascular lung water measurements on clinical outcome of

patients with Takotsubo cardiomyopathy after subarachnoid hemorrhage: a retrospective observational

study. Crit Care. 2014; 18(4):482. Epub 2014/08/13. https://doi.org/10.1186/s13054-014-0482-4 PMID:

25113260; PubMed Central PMCID: PMC4243958.

13. Trof RJ, Danad I, Reilingh MW, Breukers RM, Groeneveld AB. Cardiac filling volumes versus pressures

for predicting fluid responsiveness after cardiovascular surgery: the role of systolic cardiac function. Crit

Care. 2011; 15(1):R73. Epub 2011/03/01. https://doi.org/10.1186/cc10062 PMID: 21352541; PubMed

Central PMCID: PMCPMC3222006.

14. Huber W, Phillip V, Hollthaler J, Schultheiss C, Saugel B, Schmid RM. Femoral indicator injection for

transpulmonary thermodilution using the EV1000/VolumeView((R)): do the same criteria apply as for

the PiCCO((R))? Journal of Zhejiang University Science B. 2016; 17(7):561–7. Epub 2016/07/07.

https://doi.org/10.1631/jzus.B1500244 PMID: 27381733; PubMed Central PMCID: PMC4940632.

15. Saugel B, Umgelter A, Schuster T, Phillip V, Schmid RM, Huber W. Transpulmonary thermodilution

using femoral indicator injection: a prospective trial in patients with a femoral and a jugular central

venous catheter. Crit Care. 2010; 14(3):R95. Epub 2010/05/27. https://doi.org/10.1186/cc9030 PMID:

20500825; PubMed Central PMCID: PMC2911732.

16. Schmidt S, Westhoff TH, Hofmann C, Schaefer JH, Zidek W, Compton F, et al. Effect of the venous

catheter site on transpulmonary thermodilution measurement variables. Critical care medicine. 2007;

35(3):783–6. Epub 2007/01/27. https://doi.org/10.1097/01.CCM.0000256720.11360.FB PMID:

17255873.

17. Beitz A, Berbara H, Mair S, Henschel B, Lahmer T, Rasch S, et al. Consistency of cardiac function

index and global ejection fraction with global end-diastolic volume in patients with femoral central

venous access for transpulmonary thermodilution: a prospective observational study. Journal of clinical

monitoring and computing. 2016. Epub 2016/04/23. https://doi.org/10.1007/s10877-016-9880-2 PMID:

27103253.

18. Berbara H, Mair S, Beitz A, Henschel B, Schmid RM, Huber W. Pulmonary vascular permeability index

and global end-diastolic volume: are the data consistent in patients with femoral venous access for

transpulmonary thermodilution: a prospective observational study. BMC anesthesiology. 2014; 14:81.

Epub 2014/01/01. https://doi.org/10.1186/1471-2253-14-81 PMID: 25928560; PubMed Central PMCID:

PMC4448283.

19. Huber W, Gruber A, Eckmann M, Elkmann F, Klein I, Lahmer T, et al. Comparison of pulmonary vascu-

lar permeability index PVPI and global ejection fraction GEF derived from jugular and femoral indicator

injection using the PiCCO-2 device: A prospective observational study. PloS one. 2017; 12(10):

e0178372. Epub 2017/10/19. https://doi.org/10.1371/journal.pone.0178372 PMID: 29040264.

20. Huber W, Fuchs S, Minning A, Kuchle C, Braun M, Beitz A, et al. Transpulmonary thermodilution

(TPTD) before, during and after Sustained Low Efficiency Dialysis (SLED). A Prospective Study on Fea-

sibility of TPTD and Prediction of Successful Fluid Removal. PloS one. 2016; 11(4):e0153430. Epub

2016/04/19. https://doi.org/10.1371/journal.pone.0153430 PMID: 27088612; PubMed Central PMCID:

PMC4835077.

21. Hofkens PJ, Verrijcken A, Merveille K, Neirynck S, Van Regenmortel N, De Laet I, et al. Common pitfalls

and tips and tricks to get the most out of your transpulmonary thermodilution device: results of a survey

and state-of-the-art review. Anaesthesiology intensive therapy. 2015; 47(2):89–116. Epub 2014/11/26.

https://doi.org/10.5603/AIT.a2014.0068 PMID: 25421923.

22. Yu WQ, Zhang Y, Zhang SY, Liang ZY, Fu SQ, Xu J, et al. Impact of misplaced subclavian vein catheter

into jugular vein on transpulmonary thermodilution measurement variables. Journal of Zhejiang Univer-

sity Science B. 2016; 17(1):60–6. Epub 2016/01/08. https://doi.org/10.1631/jzus.B1500167 PMID:

26739527; PubMed Central PMCID: PMC4710841.

Comparison of cardiac function index derived from femoral and jugular indicator injection using a PiCCO-device

PLOS ONE | https://doi.org/10.1371/journal.pone.0200740 July 31, 2018 14 / 14

https://doi.org/10.1097/CCM.0b013e3181809928
https://doi.org/10.1097/CCM.0b013e3181809928
http://www.ncbi.nlm.nih.gov/pubmed/18596637
https://doi.org/10.1155/2014/598029
http://www.ncbi.nlm.nih.gov/pubmed/25013790
https://doi.org/10.1097/CCM.0b013e31821cb9ba
https://doi.org/10.1097/CCM.0b013e31821cb9ba
http://www.ncbi.nlm.nih.gov/pubmed/21572331
https://doi.org/10.1186/s13054-014-0482-4
http://www.ncbi.nlm.nih.gov/pubmed/25113260
https://doi.org/10.1186/cc10062
http://www.ncbi.nlm.nih.gov/pubmed/21352541
https://doi.org/10.1631/jzus.B1500244
http://www.ncbi.nlm.nih.gov/pubmed/27381733
https://doi.org/10.1186/cc9030
http://www.ncbi.nlm.nih.gov/pubmed/20500825
https://doi.org/10.1097/01.CCM.0000256720.11360.FB
http://www.ncbi.nlm.nih.gov/pubmed/17255873
https://doi.org/10.1007/s10877-016-9880-2
http://www.ncbi.nlm.nih.gov/pubmed/27103253
https://doi.org/10.1186/1471-2253-14-81
http://www.ncbi.nlm.nih.gov/pubmed/25928560
https://doi.org/10.1371/journal.pone.0178372
http://www.ncbi.nlm.nih.gov/pubmed/29040264
https://doi.org/10.1371/journal.pone.0153430
http://www.ncbi.nlm.nih.gov/pubmed/27088612
https://doi.org/10.5603/AIT.a2014.0068
http://www.ncbi.nlm.nih.gov/pubmed/25421923
https://doi.org/10.1631/jzus.B1500167
http://www.ncbi.nlm.nih.gov/pubmed/26739527
https://doi.org/10.1371/journal.pone.0200740

