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Prediction of fluid status and survival by electrical cardiometry in septic patients with acute circulatory
failure.
Background: Septic hemodynamic instability imposes challenges to critical care physician in deciding
fluid management to optimize preload dependency state.
Methods: Thirty patientswith severe sepsis and hypotension (Mean arterial pressure i.e. MAP < 65 mmHg)
and evidence of tissue hypotension i.e. lactate level �4 mmol/L were enrolled in our study. Fluid resusci-
tation (30 ml/kg) was administered. Fluid response was defined as MAP � 65 mmHg with lactate level
<4 mmol/L cardiac output (CO), measured by electrical cardiometry, in guiding fluid therapy.
Results: The study included 13 males (43.3%) with age 47.8 ± 19.7. Paired comparison showed significant
change in MAP readings (P value < 0.001). ROC curve showed cutoff 12.5% for delta CO to predict fluid
responsiveness with Area under Curve (AUC) 0.927, sensitivity 90.0%, and specificity 70.0%. ROC also
showed delta CO cutoff 12.5% to predict survival with AUC 0.756, sensitivity 66.7% and specificity 66.7%.
Conclusion: Delta change in cardiac output,measured by electric cardiometry could be used to predict fluid
response and survival in acute circulatory failure in septic critically ill patients.
� 2017 The Egyptian College of Critical Care Physicians. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Patients in severe sepsis are at risk of acute hemodynamic
instability with resultant serious sequelae upon both morbidity
and mortality measures. Sepsis results into an unopposed hetero-
gonous vasodilatation associated with cardiac contractile impair-
ment. Fluid therapy poses an important step in managing this
acute circulatory failure and reversing morbidities.

However, this created the need to predict fluid responders to
optimize fluid resuscitation and organ support therapies. Static
measures were studied extensively, but the poor predictive value
of static measures and clinical examination has led to investigation
of the dynamic measures of fluid responsiveness. In contrast to sta-
tic measures, dynamic indices rely on the changing physiology of
heart lung interactions to determine whether a patient will benefit
from increased preload. Increase in cardiac output emerged as an
acceptable surrogate for positive fluid response [1].

This has led to investigating goal-directed fluid optimization
which showed superiority over standard protocols in surgical set-
tings. A recent meta-analysis of randomized controlled studies also
showed superiority of early goal directed protocol over standard
protocol in terms of survival benefits [2]. Currently, Surviving Sep-
sis Campaign (SSC) offers clarification on the implications of the
new definition statements and guidance for hospitals [3].

Electrical velocimetry has been validated to monitor cardiac
output non-invasively [4–7].

2. Aim of study

To examine an increase in cardiac output, measured by electri-
cal cardiometry as a predictor of survival and fluid response in
management of critically ill septic patients with hemodynamic
instability.

3. Methods

This is a prospective observational study, which was conducted
on thirty patients with the diagnosis of severe sepsis, admitted to
the Critical Care department of Cairo University from June 2015
to April 2016. Sepsis was defined using the standard Surviving Sep-
sis Campaign criteria [2]. Our protocol was approved by the Ethical
Committee Review Board of the Faculty of Medicine, Cairo Univer-
sity. All patients consented to participation.
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Fig. 1. The Electrical cardiometry sensors. Table 1
Paired comparison between initial and follow-up hemodynamic readings.

Hemodynamic
parameters

Before fluid
challenge

After fluid
challenge

P
value

MAP 52.9 ± 7.9 63.8 ± 9.0 <0.001
Pulse pressure 34.0 ± 11.3 36.0 ± 10.7 0.110

Table 2
Comparison between fluid responders and non-responders for preload assessment.

Responders Non-responders P value

Baseline CO 2.4 ± 0.4 2.6 ± 0.4 0.347
Follow-up CO 2.9 ± 0.4 2.8 ± 0.4 0.882
Delta change CO 17.6 ± 3.4% 11.6 ± 3.0% <0.001

Table 3
Comparison between survivors and non-survivors for preload and volume status
assessment.

Survivors Non-survivors P value

Baseline CO 2.4 ± 0.4 2.6 ± 0.4 0.197
Follow-up CO 2.8 ± 0.5 2.9 ± 0.4 0.556
Delta change CO 15.6 ± 4.3% 11.6 ± 3.2% 0.008
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Patients who experienced hypotension (defined as
MAP < 65 mmHg) or lactate �4 mmol/L were enrolled in our study.
Exclusion criteria: Age < 18 years, history of heart disease (e.g.
valvular, myopathy, ischemic), history of hepatic or renal diseases,
evidence of pulmonary embolism or dysrhythmias. Acute Physio-
logical And Chronic Health Evaluation (APACHE II) scoring system
was calculated and lactate withdrawn on admission and 3 h later
to assess tissue hypoperfusion, as recommended by current SSC
guidelines [2].

Fluid resuscitation (30 ml/kg) was given, patients who exhib-
ited persistent hypotension were maintained on vasopressors.
Fluid response was defined as improvement in MAP after fluid
resuscitation i.e. MAP � 65 mmHg and lactate <4 mmol/L.

For volume expansion, 30 ml/kg Normal Saline 0.9% was infused
over 2 h. Measurements were taken before and after fluid adminis-
tration: cardiac output (CO) and pulse pressure by ICON � CARDI-
OTRONIC, OSYPKA MEDICAL. Patients were studied in a supine
position, measured before and after fluid administration. For this
purpose, four sensors were applied- first: approximately 5 cm
above left base of the neck, second on the left base of neck, third
on the lower left thorax at level of xiphoid and the fourth one on
the lower left thorax approximately 5 cm below the 3rd electrode
at the level of anterior axillary line Fig. 1. The Electrical cardiome-
try monitor (Electrical Cardiometry monitor, ICON Cardiotronics,
Inc., La Jolla, CA 92307; Osypka Medical GmbH, Berlin, and Ger-
many) was connected to the sensor cable and the patient data were
fed. The ICONmonitor incorporates an algorithmwhich transforms
the ohmic equivalent of mean aortic blood flow acceleration into
an equivalent of mean aortic blood flow velocity [8–9].
4. Statistical methods

Numerical variables were described as Mean ± SD. Categorical
variables were described as percentages. Comparisons were done
using Student ‘t’ test for numerical variables, paired ‘t’ test for
paired comparisons and Chi square test for categorical variables.
ROC curves were plotted to predict survival and positive fluid
response. P value was considered significant if �0.05. Statistics
were calculated using SPSS 21 package [10].
Fig. 2. ROC curve for delta CO to predict positive fluid response.
5. Results

Thirty patients were enrolled in the current study. The study
included 13 males (43.3%) with age 47.8 ± 19.7. Average length of
ICU stay (LOS) was 10.7 ± 6.2 days. Sepsis with an identified patho-
gen (proved by microbiological culture) was documented in
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twenty-five patients (83.3%). APACHE II was 16.7 ± 5.6. Lactate
was 3.5 ± 1.9 mmol/L. Mortality was 50.0%.

Paired comparisons between MAP and pulse pressure before
and after fluid challenge showed significant differences in MAP
readings after fluid challenge (P value < 0.001) while pulse pres-
sure readings did not differ significantly, (P value 0.11) as shown
in Table 1. Also paired comparisons for CO showed significant dif-
ferences in both fluid responders and non-responders, (P < 0.001
for all).

In the current study, electrical impedance was applied to mea-
sure cardiac output. Fluid response was determined in 10 patients
(33.3%). Fluid non-responders had higher length of ICU stay
(12.9 ± 6.5 vs. 6.5 ± 2.3, P 0.001), worse APACHE II score
(19.2 ± 4.1 vs. 11.7 ± 4.9, P < 0.001) and higher lactate levels on
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Fig. 3. ROC curve for delta CO to predict survival.
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admission (4.1 ± 1.9 vs. 2.6 ± 1.4, P 0.034). There were significant
differences between responders and non-responders and between
survivors and non-survivors for delta changes in CO as tabulated in
Tables 2 and 3 .

ROC curve showed cutoff 12.5% for delta CO to predict fluid
responsiveness with Area under Curve (AUC) 0.90, sensitivity
90.0%, and specificity 70.0% in Fig. 2. Positive predictive value
was 80.0% and negative predictive value was 90.0%.

Fluid non-responders showed worse outcome i.e. mortality
(70.0% vs. 10.0%, P 0.005). ROC also showed delta CO cutoff 12.5%
to predict survival with AUC 0.756, sensitivity 66.7% and specificity
66.7% in Fig. 3. Positive predictive value was 80.0% and negative
predictive value was 65.0%.
6. Discussion

Surviving sepsis campaign guidelines have incorporated both 3-
h and 6-h bundles to guide management of severe sepsis with evi-
dence of tissue hypoperfusion. Surviving sepsis campaign recom-
mended MAP < 65 mmHg and lactate �4 mmol/l as surrogates for
tissue hypoperfusion and need for further fluid resuscitation.

In current study, fluid responders had shorter length of ICU stay,
(6.5 ± 2.3 vs. 12.9 ± 6.5, P 0.001). This was in concordance with
Lopes et al. who examined the relation between maximizing stroke
volume (volume loading) during high-risk surgery and post-opera-
tive outcome. He concluded that maximizing stroke volume
improved postoperative outcome and decreased the length of stay
in hospital [11]. Our findings also showed that fluid responders had
better survival rates and optimizing cardiac output could help in
guiding fluid therapy to potential fluid responders with expected
better morbidity and mortality outcomes.

Several static measures were examined as surrogates for fluid
status. However, the poor predictive value of static measures and
clinical examination has led to investigation of the dynamic mea-
sures of fluid responsiveness. Monnet et al. showed that Pulse
pressure and systolic arterial pressure could be used for detecting
the fluid-induced changes in cardiac output. However, changes in
pulse pressure and systolic arterial pressure were unable to detect
the changes in cardiac output induced by norepinephrine [12].
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Pierrakos et al. also wrote that changes in MAP do not reliably track
changes in CI after fluid challenge in patients with septic shock
and, consequently, should be interpreted carefully when evaluat-
ing the response to fluid challenge in such patients [13].

Vincent concluded that the changes in MAP are dissociated
from the changes in cardiac output because of the sympathetic
modulation of the arterial tone, which tends to maintain MAP con-
stant while cardiac output varies. These results suggested that pre-
cise assessment of the effects of volume expansion should not rely
on simple blood pressure measurements but should rather be
based on direct measurements of cardiac output [1].

Zhang et al. demonstrated that an optimization protocol, based
on stroke volume variation and cardiac index, increased the PaO2/
FiO2-ratio and reduced the overall fluid volume, intubation time
and postoperative complications in thoracic surgery patients
requiring one-lung ventilation [14].

A recent meta-analysis of randomized controlled studies also
showed superiority of early goal directed protocol over standard
protocol in terms of survival benefits [2]. Currently, Surviving Sep-
sis Campaign (SSC) offers clarification on the implications of the
new definition statements and guidance for hospitals [3].

Electrical cardiometry has been validated to monitor non-inva-
sively cardiac output in a variety of situations, including critically
ill patients, intra-operative settings, and cardiac catheterization
and in children with congenital heart diseases [4–7]. In our study,
we utilized electrical velocimetry to predict positive fluid response
and predict survival in acute circulatory failure, frequently met in
sepsis patients. A cutoff 12.5% for delta CO to predict fluid respon-
siveness had sensitivity 90.0%, and specificity 70.0%. The same cut-
off could predict survival with sensitivity 66.7% and specificity
66.7%. To our knowledge, this is the first study to document role
of electrical velocimetry in predicting septic patients’ survival
and positive fluid response with acute circulatory failure.
7. Limitations

Small sample size and need for larger samples to confirm our
results. Also, readings of electrical velocimetry were not validated
against thermodilution techniques to assess cardiac output in sep-
tic patients.
8. Conclusion

Monitoring cardiac output, using electrical velocimetry could be
used to guide fluid therapy in critically ill patients, with beneficial
impact on morbidity and mortality.

9. Consent

We have obtained consent from the participant (or legal parent
or guardian) to report individual patient data.

Conflict of interest

The authors declare that there is no conflict of interest.
Protection of human and animal subjects. The authors declare

that the procedures followed were in accordance with the regula-
tions of the relevant clinical research ethics committee and with
those of the Code of Ethics of the World Medical Association (Dec-
laration of Helsinki).

Confidentiality of data. The authors declare that they have fol-
lowed the protocols of their work center on the publication of
patient data.

Right to privacy and informed consent. The authors have obtained
the written informed consent of the patients or subjects mentioned
ival by electrical cardiometry in septic patients with acute circulatory fail-
1

http://dx.doi.org/10.1016/j.ejccm.2017.03.001


4 R. Soliman / The Egyptian Journal of Critical Care Medicine xxx (2017) xxx–xxx
in the article. The corresponding author is in possession of this
document.

Acknowledgement

Thanks a lot for all members of Critical Care department Cairo
university.

No grants or funds received.

References

[1] Monnet X, Teboul JL. Assessment of volume responsiveness during mechanical
ventilation: recent advances. Crit Care 2013;17:217.

[2] Zhang L, Zhu G, Han L, Fu P. Early goal-directed therapy in the management of
severe sepsis or septic shock in adults: a meta-analysis of randomized
controlled trials. BMC Med. 2015;13:71.

[3] Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign:
international guidelines for the management of sepsis and septic shock:
2016. Crit Care Med 2017;45:486–552.

[4] Rajput RS, Das S, Chauhan S, Bisoi AK, Vasdev S. Comparison of cardiac output
measurement by noninvasive method with electrical cardiometry and invasive
method with thermodilution technique in patients undergoing coronary artery
bypass grafting. World J Cardiovasc Surg 2014;4:123–30.

[5] Zoremba N, Bickenbach J, Krauss B, Rossaint R, Kuhlen R, Scha GLTE.
Comparison of electrical velocimetry and thermodilution techniques for the
measurement of cardiac output. Acta Anaesthesiol Scand 2007;51:1314–9.
Please cite this article in press as: Soliman R. Prediction of fluid status and surv
ure. Egypt J Crit Care Med (2017), http://dx.doi.org/10.1016/j.ejccm.2017.03.00
[6] Schmidt C, Theilmeier G, Van Aken H, Korsmeier P, Wirtz SP, Berendes E, et al.
A Comparison of electrical velocimetry and transoesophageal Doppler
echocardiography for measuring stroke volume and cardiac output. Br J
Anaesthesia 2005;95(5):603–10.

[7] Narula J, Kiran U, Chauhan S, Ramakrishnan S, Chowdhary A. Electrical
cardiometry in patients undergoing cardiac catheterisation. Int J Perioperative
Ultrasound Appl Technol 2013;2(3):102–7.

[8] Bernstein DP, Lemmens HJ. Stroke volume equation for impedance
cardiography. Med Biol Eng Comput 2005;43(4):443–50.

[9] Bernstein DP. Bernstein-Osypka stroke volume equation for impedance
cardiography: citation correction. Intensive Care Med 2007;33(5):923.

[10] IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp.

[11] Lopes MR, Oliveira MA, Pereira VO, Lemos IP, Auler Jr JO, Michard F. Goal-
directedfluidmanagementbasedonpulsepressure variationmonitoringduring
high-risk surgery: a pilot randomized controlled trial. Crit Care 2007;11(5):
R100.

[12] Monnet X, Letierce A, Hamzaoui O, Chemla D, Anguel N, Osman D, et al. Arterial
pressure allows monitoring the changes in cardiac output induced by volume
expansion but not by norepinephrine. Crit Care Med 2011;39(6):1394–9.

[13] Pierrakos C, Velissaris D, Scolletta S, Heenen S, De Backer D, Vincent JL. Can
changes in arterial pressure be used to detect changes in cardiac index during
fluid challenge in patients with septic shock? Intensive Care Med 2012;38
(3):422–8.

[14] Zhang J, Chen CQ, Lei XZ, Feng ZY, Zhu SM. Goal-directed fluid optimization
based on stroke volume variation and cardiac index during one-lung
ventilation in patients undergoing thoracoscopy lobectomy operations: a
pilot study. Clinics (Sao Paulo) 2013;68(7):1065–70.
ival by electrical cardiometry in septic patients with acute circulatory fail-
1

http://refhub.elsevier.com/S2090-7303(17)30006-3/h0005
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0005
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0010
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0010
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0010
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0015
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0015
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0015
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0020
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0020
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0020
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0020
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0025
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0025
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0025
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0030
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0030
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0030
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0030
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0035
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0035
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0035
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0040
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0040
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0045
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0045
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0055
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0055
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0055
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0055
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0060
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0060
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0060
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0065
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0065
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0065
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0065
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0070
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0070
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0070
http://refhub.elsevier.com/S2090-7303(17)30006-3/h0070
http://dx.doi.org/10.1016/j.ejccm.2017.03.001

	Prediction of fluid status and survival by electrical cardiometry in septic patients with acute circulatory failure
	1 Background
	2 Aim of study
	3 Methods
	4 Statistical methods
	5 Results
	6 Discussion
	7 Limitations
	8 Conclusion
	9 Consent
	Conflict of interest
	Acknowledgement
	References


