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Ab s t r ac t
Aim: Acute circulatory failure is commonly encountered in critically ill patients, that requires fluid administration as the first line of treatment. 
However, only 50% of patients are fluid-responsive. Identification of fluid responders is essential to avoid the harmful effects of overzealous 
fluid therapy. Electrical cardiometry (EC) is a non-invasive bedside tool and has proven to be as good as transthoracic echocardiography (TTE) 
to track changes in cardiac output. We aimed to look for an agreement between EC and TTE for tracking changes in cardiac output in adult 
patients with acute circulatory failure before and after the passive leg-raising maneuver.
Materials and methods: Prospective comparative study, conducted at a Tertiary Care Teaching Hospital. 
Results: We recruited 125 patients with acute circulatory failure and found 42.4% (53 out of 125) to be fluid-responsive. The Bland–Altman plot 
analysis showed a mean difference of 2.08 L/min between EC and TTE, with a precision of 3.8 L/min. The limits of agreement (defined as bias ±  
1.96SD), were −1.7 L/min and 5.8 L/min, respectively. The percentage of error between EC and TTE was 56% with acceptable limits of 30%.
Conclusion: The percentage error beyond the acceptable limit suggests the non-interchangeability of the two techniques. More studies with 
larger sample sizes are required to establish the interchangeability of EC with TTE for tracking changes in cardiac output in critically ill patients 
with acute circulatory failure.
Keywords: Acute circulatory failure, Bland–Altman plot, Electrical cardiometry, Fluid responsiveness, Transthoracic echocardiography. 
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Hi g h l i g h ts
•	 Sepsis with acute circulatory failure requiring ICU admission is 

common.
•	 Assessment of fluid responsiveness before administering fluids 

avoids harm due to overzealous fluid therapy.
•	 Electrical cardiometry (EC) is a non-invasive tool to assess fluid 

responsiveness.
•	 Future studies with larger sample sizes are needed to establish  

the interchangeability of EC with  transthoracic echocardiography 
(TTE).

In t r o d u c t i o n
Sepsis causing acute circulatory failure requiring admission to critical 
care units is not uncommon and fluid resuscitation is pivotal to achieve 
optimum organ perfusion and oxygen delivery.1 The Aggressive fluid 
resuscitation during the early course of therapy improves cardiac 
output in 50% of cases and leads to undesired fluid overload and 
associated poorer outcomes in the remaining 50%, mandating an 
accurate assessment of fluid responsiveness on a real-time basis.2–4 
The various hemodynamic parameters to identify fluid responders 
include central venous pressure (CVP), stroke volume variation (SVV), 
pulse pressure variation (PPV), perfusion index (PI), and positive 
pressure ventilation-induced changes in superior and inferior vena 
cava diameter.5–9 All these parameters have their merits and demerits. 
The PLR maneuver-induced change in cardiac output, with peak 
hemodynamic effect around 60 seconds; is a reliable predictor of fluid 
responsiveness in mechanically ventilated patients and patients with 
spontaneous breathing efforts.10–12 The thermodilution technique 

with a pulmonary artery catheter (PAC), being the gold standard 
technique is no longer used barring its invasive nature, associated 
complications, and poorer outcome-benefit ratio. The search for 
less invasive techniques led to the development of devices based 
on transpulmonary thermodilution, pulse contour analysis, and 
bioreactance principle.13 The echocardiography techniques offer 
an attractive alternative to PAC thermodilution for cardiac output 
measurement. Although transoesophageal echocardiography 
(TEE) is less invasive as compared to PAC, it is operator-dependent, 
requires patients to be unconscious, and its use is contraindicated 
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in patients with esophageal diseases and bleeding disorders.13 
Transthoracic echocardiography is also operator-dependent but 
is simpler and can be performed even in conscious patients in 
contrast to esophageal echocardiography and multiple studies have 
validated it as an optimal tool to assess fluid responsiveness.11–13 A 
recent meta-analysis also concludes that echocardiography is not 
significantly different from pulmonary thermodilution and now 
established as the gold standard for cardiac output measurement 
in current ICU practice.14 The EC (OSYPKA Medical, Germany) device 
is a newer addition to the queue of non-invasive continuous cardiac 
output monitoring tools and works on the bioimpedance principle 
with advanced filtering techniques (to filter noise). It measures 
the change in electrical conductivity across the thorax based on 
the changing orientation of red blood cells during cardiac systole 
and diastole and calculates stroke volume based on a predefined 
algorithm.15 The literature suggests that EC is a bedside, easy, 
portable, and operator-independent alternative to tracking a 
censorious patient’s cardiac output.15,16 Studies have also found 
EC to accurately measure cardiac output in patients undergoing 
anesthesia and surgery and even in pediatric cardiac patients.17–20 
Electrical cardiometry is comparable to echocardiography for cardiac 
output assessment in adolescents, pregnant, and neonates.19–23 
In a recent study, a change in cardiac output (≥12.5%), measured 
by EC, predicted fluid responsiveness in septic patients after fluid  
administration.23 

Electrical cardiometry has also shown good agreement with 
carotid Doppler for predicting fluid responsiveness after PLR in 
patients with septic shock.24

In addition, EC has proven as good as echocardiography 
concerning mortality prediction in septic patients.25 Although TTE is 
simple, easy to use, and portable, it requires experience and a good 
imaging window to measure cardiac output accurately. Besides, the 
patient’s movement may alter the imaging window and require a 
longer time to measure the cardiac output, especially with a novice. 
Given the scarce literature on the use of EC in adult septic patients 
and the limitations posed by TTE, we tried to estimate the suitability 
of EC against TTE for continuous cardiac output measurement. 
We primarily aimed to gauge consensus between EC and TTE for 
cardiac output pre- and post-PLR maneuver. Secondarily, we aimed 
to compare hemodynamic, and ventilatory parameters before 
and after the PLR maneuver and to compare the dose and type of 
vasoactive agents between fluid responders and non-responders.

Mat e r i a l s a n d Me t h o d s
All septic patients admitted to the ICU of a Tertiary Care Teaching 
Hospital were screened for eligibility and 125 patients were taken in 
the study. All institutional ethical clearances (IECPG-675/23.12.2020) 
were taken before initiating the study and the same was registered. 
Informed written consent was acquired from the legally authorized 
representatives of all the participants. The trial was registered at 
the Clinical Trial Registry of India (CTRI/2021/03/031921) with the 
status being regularly updated. 

All patients that were included in the study had features 
suggestive of acute circulatory failure (including SBP at least equal 
to or less than 90 mm Hg or drop of more than 50 mm Hg in patients 
with hypertension, the requirement of vasoactive support, heart 
rate >100 beats/minute, urine output less than 0.5 mL/kg/hour for 
two consecutive hours and delayed capillary refill time (>3 seconds) 
or evidence of skin mottling), requiring mechanical ventilation and, 
invasive arterial blood pressure monitoring. 

Patients with any of the following were excluded from the 
study: Ages less than 18 years and more than 65 years, pregnant 
patients, patients with arrhythmias, known cases of heart failure on 
treatment, patients with valvular heart disease, patients with lower 
limb amputation, contraindications to performing PLR (lower limb 
DVT, limb/pelvic fracture, abdominal surgeries, intra-abdominal 
hypertension, intracranial hypertension), pulmonary hypertension 
(PH) with right ventricle dysfunction, presence of wound/dressing in 
the neck, difficulty in getting an adequate echo window [morbidly 
obese (BMI≥40 kg/m2)] and chest wall trauma, were precluded 
from the study.

In a previous study, authors noted a mean difference (bias) of 
0.15 L min–1 with a standard deviation (precision) of 0.53 L min–1 
between cardiac output computed by EC (COEC) and TTE (COTTE).23 
The limits of agreement (±2 SD) at the upper and lower end were 
+1.21 and –0.91 L min–1, respectively. At a set alpha error of 0.05 
and to achieve 90% power, 125 patients were recruited to achieve 
a maximum allowable difference of 1.42 L min–1 in cardiac output 
measured by EC and TTE.

Study Protocol
Patients were included in the study within 6–12 hours of the onset 
of acute circulatory failure (either at ICU admission or during the ICU 
stay). The demographic details, comorbid illness, APACHE 2 score, 
vasoactive drugs (type and dosage), the time between the onset of 
circulatory failure and enrolment in the study (hours), cumulative 
fluid balance (in milliliters) at the time of enrolment, and parameters 
from arterial blood (PaO2, PaCO2, P/F ratio, lactate) were recorded 
for all the patients. 

Adequate sedation was provided as per ICU protocol and 
volume control mode (tidal volume-6–8 mL/kg) was used to 
maintain constant minute ventilation in all the patients before 
initiating the study procedure.

 The cardiac output was measured using two different 
techniques: Transthoracic echocardiography (using 1–5 MHz, 
phased array probe, Sonosite) and EC hemodynamic monitor (ICON® 
OSYPKA Medical, Germany). For TTE, LVOT VTI, LVOT diameter, and 
heart rate were combined to compute cardiac output, while EC 
(which works on bioimpedance principle) measures impedance due 
to the changing orientation of red blood cells in the aorta during 
cardiac systole and diastole and computes cardiac output utilizing 
Berstein OSYPKA equation.26

The patients were kept in a semi-recumbent position (45 
degrees), and electrodes were applied to the neck and the thorax. 
The cardiac output was computed by TTE and simultaneously 
another person captured a video on the EC for 10 cardiac cycles. 
The cardiac output computed by TTE and the average of 10 cardiac 
cycles on the EC monitor served as the baseline value (baseline 
1). subsequently, the standard PLR maneuver was performed by 
simultaneously bringing down the trunk and raising the lower 
limbs (with no alteration at the hip angle). The cardiac output with 
TTE was measured at one minute following the PLR maneuver, 
and simultaneously recording from the EC monitor was done as in 
the previous step. After PLR, the patient was brought back to the 
baseline position. The cardiac output by TTE was measured, and 
recording from EC (same way as during baseline 1 and PLR step) 
monitor was done again after 2 minutes of returning the patient 
to the original position (baseline 2). The baseline 2 measurements 
were done to ensure that the changes during PLR were only because 
of the PLR maneuver. 
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The hemodynamic variables including cardiac output, 
heart rate, oxygen saturation, invasive blood pressure, CVP, and 
ventilatory parameters (peak and mean pressure) were also 
recorded at various steps during the study procedure. The change 
in cardiac output>15% (with TTE) was considered a predictor of fluid 
responsiveness. Giving fluid to fluid responders or escalating the 
dose of vasopressor in non-responders was left at the discretion 
of the Intensivist on call.

Statistical Analysis
Mean standard deviation (SD) and frequency (%) were used to 
represent continuous and categorical data, respectively. The 
normality of quantitative data was checked by the Kolmogorov–
Smirnov test of normality. The hemodynamic and ventilatory 
parameters were compared using the student’s t-test while, and 
the categorical variables were scrutinized using the chi-square 
test. The Bland and Altman were applied to determine bias (ΔCO, 
mean COEC –mean COEcho), mean CO (COEC + COEcho)/2), limits of 
agreement (ΔCO ± 1.96 SD), and the error percentage (1.96 SD/
mean CO). The clinically acceptable limit of error between the two 
techniques was ±30%, based on a previous study.26 The cardiac 
output with TTE and EC was weighed up using linear regression 
analysis, and Pearson’s correlation coefficient was calculated. The 
statistical software, STATA (version 17) was used to analyze data, and 
a p-value with a cut-off of less than 0.05 was taken to differentiate 
statistically significant values from non-significant ones.

Re s u lts
A total of 145 patients were assessed for eligibility, out of which 20 
were excluded for various reasons (Fig. 1). 

Of 125 patients, 53 (42.4%) were found to be fluid responders, 
and 72 (58.6%) were fluid non-responders. The demographic, 
hemodynamic, and ventilatory parameters of all patients are shown 
in Table 1.

The groups (fluid responders and non-responders) were 
comparable for all parameters except mean MAP, which was slightly 
less in fluid responders (82 ± 10 mm Hg vs 84 ± 12 mm Hg, p = 
0.04). The mean PEEP was slightly higher in fluid responders than 
non-responders (7.1 ± 1.2 cm H2O vs 6.5 ± 1.5 cm H2O, p = 0.04). The 
fluid responder group had fewer males and females than the fluid 
non-responder group. The differences in MAP, PEEP, and unequal 
distribution of males and females between the two groups can be 
attributed to the non-randomized nature of the study.

The mean difference (bias) and precision between COEC and COTTE 
were 2.08 L/min and 3.8 L/min, respectively. The limits of agreement 
at the lower and upper ends were −1.7 L/min and 5.8 L/min,  

Fig. 1: CONSORT diagram

Table 1: Patient characteristics, hemodynamic and ventilatory parameters

Patient characteristics/parameters
All patients

(N = 125)
Fluid responders  

(N = 53)
Fluid non-responders  

(N = 72) *p-value
Age (years) 39.9 ± 15.2 38.3 ± 15.9 41.0 ± 14.7 0.24
Males (n/%) 71 (57%) 33 (63%) 38 (52%) 0.20
Females (n/%) 54 (43%) 19 (37%) 35 (48%)
Weight (kg) 65.3 ± 10.8 64 ± 10.7 66.4 ± 10.7 0.28
Height (cm) 164 ± 5.8 163 ± 6.7 164 ± 5.2 0.78
BMI (kg/m2) 24.3 ± 3.3 24 ± 3.0 24.9 ± 3.4 0.10
APACHE 2 score 14.8 ± 4.7 14.7 ± 4.8 14.8 ± 4.6 0.84
Time gap (hours) 27.2 ± 20.9 27.9 ± 20.5 26.6 ± 21.3 0.50
Cumulative fluid balance (milliliters) 1915 ± 1890 1933 ± 1909 1902 ± 1889 0.77
PF ratio 262 ± 110 263 ± 107 261 ± 112 0.92
Lactate (mmol/L) 3.1 ± 3.8 3.2 ± 3.8 3.0 ± 3.9 0.70
Tidal volume (mL) 387 ± 55 383 ± 55 392 ± 55 0.27
PEEP (cm H2O) 6.7 ± 1.8 7.1 ± 2.1 6.5 ± 1.5 0.04
Mean CVP (cm H2O) 13.7 ± 2.0 13.3 ± 1.9 13.9 ± 2.0 0.09
Mean HR (beats/min) 107 ± 24 105 ± 21 108 ± 26 0.59
Mean SBP (mm Hg) 122 ± 18 122 ± 16 122 ± 19 0.88
Mean DBP (mm Hg) 66 ± 11 64 ±10 67 ± 11 0.38
 Mean MAP (mm Hg) 84 ± 12 82 ± 10 84 ± 12 0.04
Mean PIP (cm H2O) 27.9 ± 7.9 28.3 ± 6.7 27.6 ± 8.7 0.52
Mean Paw (cm H2O) 13.6 ± 3.5 13.9 ± 3.0 13.4 ± 3.8 0.25

Numerical values are shown as mean ± SD and number (%), *for comparison between fluid responders and non-responders. The p-value cut-off of <0.05 
represents statistical significance
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respectively. The SD and mean cardiac output (mean CO) were  
1.9 L/min and 6.7 L/min, respectively. The percentage error between 
the methods was 56% [percentage error = (1.96*SD) %mean CO] 
(Fig. 2). The error between cardiac output measurement by EC and 
that by TTE is higher than acceptable limits (±30%). 

The cardiac output measurement by EC(COEC) and TTE (COTTE) 
exhibited a moderate correlation (r = 0.526, 0.538, and 0.527 at 
different time points, p = 0.001) (Table 2 and Fig. 3).

The hemodynamic and ventilatory parameters before and after 
PLR are shown in Table 3. There was an increase in all parameters 

before and after the PLR. Although no patient touching was involved 
during the PLR- maneuver, the movement of the bed itself during 
the study period might have caused some degree of sympathetic 
stimulation causing a rise in heart rate and blood pressure. After 
PLR, the decrease in cerebral venous return compared to the upright 
position may explain the rise in CVP. For ventilatory parameters, 
pushing up of the diaphragm by abdominal contents after PLR 
probably led to a rise in Paw and PIP.

Both groups’ changes at different time points are comparable 
except for peak inspiratory pressure (p = 0.02, not of clinical 
significance) (Table 4). 

The doses of different inotropes/vasopressors were comparable 
between fluid responders and non-responders (Table 5). 

Di s c u s s i o n
The EC hemodynamic monitor (ICON® OSYPKA Medical, Germany) 
is a simple, non-invasive, and portable tool for continuous cardiac 
output monitoring and remains poorly utilized in adult septic 
patients. It is based on the bioimpedance principle and uses two 
pairs of surface electrodes with one pair applied at the lower part 
of the neck on the left side and; the other at the level of the xiphoid 
process along the left mid-axillary line; the electrodes of each 
pair apart by 5 cm. A small amplitude (2 milliamperes) alternating 

Table 2: Cardiac output by EC and TTE at different time points for all 
patients

Time points
COEC

(N = 125)
COTTE

(N = 125) Correlation (r) p-value

B1 7.4 ± 2.1 5.4 ± 1.8 0.52 (0.38–0.64) 0.01

PLR 8.5 ± 2.3 6.2 ± 1.9 0.53 (0.40–0.65) 0.01

B2 7.4 ± 2.1 5.4 ± 1.8 0.52 (0.37–0.63) 0.01
The numerical values are shown as mean ± SD and mean (95% CI). The 
p-value with a cut-off of <0.05 represents statistical significance

Fig. 2: Bland–Altman plot

Figs 3A to C: Correlation between cardiac output at different time points

Table 3: The hemodynamic and ventilatory parameters before and 
after PLR

Parameters
Baseline 1 
(N = 125)

PLR
(N = 125) p-value

HR (beats/min) 106 ± 24 107 ± 24 0.001

CVP (cm H2O) 12.5 ± 2.0 15.2 ± 2.2 0.001

SBP (mm Hg) 120 ± 18 124 ± 18 0.001

DBP (mm Hg)   65 ± 11   66 ± 11 0.001

MAP (mm Hg)   83 ± 11   84 ± 12 0.001

PIP (cm H2O) 27.4 ± 8.0 27.7 ± 8.0 0.001

Paw (cm H2O)    13 ± 3.5 13.4 ± 3.5 0.001
Numerical values are shown as mean ± SD. The p-value with a cut-off of 
<0.05 represents statistical significance
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current travels from thorax electrodes toward neck electrodes. The 
changing orientation of red blood cells during the cardiac systole 
and diastole alters the conductivity of current and gives input to 
the EC device which in turn calculates Stroke volume and cardiac 
output using the Bernstein-OSYPKA equation.27

The present study compared EC with TTE for assessing fluid 
responsiveness in septic patients using a passive leg-raising 
maneuver. Of 125 patients, 53 (42.4%) were fluid responders based 
on a cut-off of 15% change in cardiac output (measured by TTE) 
pre- and post-PLR.

In the present study, the EC and TTE showed a mean difference 
of 2.08 L/min, concerning cardiac output with limits of agreement 
as −1.7 L/min and 5.8 L/min. The percentage error between the 
methods was 56% (the predefined acceptable limit was ±30%), 
with a moderate correlation (r = 0.5 – 0.6) between COEC and COTTE 
at different time points. 

As per the meta-analysis by Critchley LA and Critchley JA, the 
limits of the agreement should be ±30% for a technique of cardiac 
output measurement to substitute the gold standard or nearly gold 
standard technique of measuring cardiac output.28 In our study, the 
error between cardiac output measurement by EC and that by TTE 
is higher than the acceptable range, limiting the interchangeability 
of these two devices. 

 Effat H et  al. compared EC with carotid Doppler for fluid 
responsiveness (after PLR and Fluid challenge) in 44 critically ill adult 
septic patients. Unlike ours, they found good agreement (kappa 
> 0.6 and p < 0.01) between EC and TTE for percentage change 
in cardiac output after PLR and fluid challenge. Only half of the 
patients in their study were in septic shock requiring vasopressors 
(47.7%), and only 45.5% were on positive pressure ventilation. In 

our study, on the other hand, all patients (n = 125) were in septic 
shock, requiring vasopressors, and were on mechanical ventilation. 
The differences in inclusion criteria in both studies limit comparison 
concerning the interchangeability of EC with TTE.24

Elsayed Afandy M et  al. also analyzed 90 adult septic shock 
patients and randomized them into EC, TTE, and early goal-directed 
therapy using CVP values. Patients received fluid and vasopressor 
therapy according to the monitoring technique to which they were 
randomized. The authors primarily aimed to compare mortality at 
30 days in three groups and found both techniques comparable for 
mortality. In addition, the dosage of vasopressors, time of liberation 
from vasopressors, days of mechanical ventilation, duration of ICU 
stays, and hospital stay, either before or after treatment were similar 
in all three groups, indicating that both the monitoring techniques 
were probably interchangeable. The authors, however, did not 
use all three monitoring parameters in all the patients and did not 
analyze them statistically for interchangeability.25

Kusumastuti NP and Osaki M demonstrated a strong correlation 
between cardiac output by EC and TTE in 30 patients (<18 years) 
post-cardiac surgery (r = 0.831, p < 0.001). Also, the authors noted 
a low bias (0.08 L/min/m2) and a low percentage of error (13.19%) 
between the two techniques, when analyzed using the Bland–
Altman plot. The low percentage of error and interchangeability 
of the two devices need reconsideration that only 50% of patients 
required hemodynamic support (in ours, all patients were on 
vasopressors/inotropes). Also, the patients were much younger 
(excluded from our study) and postoperative surgical cohort against 
medical cohorts in our study.20

We found an increase in hemodynamic parameters (HR, CVP, 
SBP, DBP, MAP) from baseline to post-PLR (p < 0.001). However, 
the increase was statistically comparable in fluid responders 
and non-responders. Similarly, the various authors observed an 
increase in hemodynamic parameters before and after PLR in their 
studies.24,29–33

In line with our study, Effat H et al. also noted an increase in 
CVP and MAP from baseline to post-PLR in 50 patients with septic 
shock.24 The authors reported a statistical difference between 
fluid responders and fluid non-responders (conflicting with 
ours). However, this difference seems to be of little or no clinical 
importance.

Caille V et  al. performed PLR and studied its hemodynamic 
effects in 40 patients with shock and receiving controlled 
mechanical ventilation. Similar to ours, the authors noted an 
increase in SBP, DBP, and MAP after PLR compared to baseline. 
Moreover, the increase was more appreciable in fluid responders 
than non-responders (p < 0.05) (unlike ours), but this change does 
not seem to have a bearing on clinical outcomes.31

Dong ZZ et  al. studied 32 patients with septic shock and 
controlled mechanical ventilation for fluid responsiveness by 
performing PLR maneuver and found an increase in SBP, DBP, and 
MAP after PLR, compared to the baseline value in both groups 
(matching ours). However, only the fluid responder’s group showed 
statistically significant change (p < 0.05) but appears to have 
negligible clinical significance.32

Compared to previous studies, the absence of difference 
between fluid responders and non-responders in the present study 
[concerning hemodynamic parameters (before and after PLR)] 
could be due to the timing of collecting hemodynamic parameters 
owing to the focus on collecting cardiac output values.24,31,32 In 
some patients, it was collected at the time of peak effect of PLR 

Table 4: Changes in hemodynamic and ventilatory parameters from 
baseline to post-PLR in responders and non-responder groups

Parameters

Fluid responders  
(N = 53)

Mean ± SD, 95% CI

Fluid non-responders  
(N = 72)

Mean ± SD, 95% CI p-value

∆CVP 2.3 ± 1.0 (2.57–2.03) 2.3 ± 1.2 (2.57–2.03) 0.74

∆HR 2.0 ± 2.0 (2.5–1.5) 2.0 ± 2.0 (2.4–1.6) 0.79

∆SBP 4.2 ± 4.1 (5.3–3.1) 4.4 ± 6.0 (5.7–3.1) 0.88

∆DBP 3.0 ± 3.1 (3.8–2.2) 2.7 ± 2.3 (3.2–2.2) 0.61

∆MAP 3.0 ± 3.2 (3.8–2.2) 3.0 ± 3.0 (3.6–2.4) 0.89

∆PIP 1.5 ± 1.4 (1.8–1.2) 0.9 ± 1.0 (1.1–0.7) 0.02

∆Paw 0.7 ± 0.9 (0.9–0.5) 0.6 ± 0.6 (0.7–0.5) 0.36
∆ = Difference between PLR and baseline 1 value. The p-value with a cut-off 
of <0.05 represents statistical significance

Table 5: Type and dose of vasopressors/inotropes

Inotrope/ 
vasopressor

Fluid responders 
(N = 52)

Fluid non-responders 
(N = 73) p-value

Noradrenaline  
(µg/min)

  15 ± 11.7 15.3 ± 11.2 0.85

Vasopressin  
(units/hour)

0.6 ± 0.9 0.5 ± 0.9 0.57

Adrenaline  
(µg/min)

0.7 ± 5.4 1.7 ± 5.8 0.06

Numerical values are shown as mean ± SD. The p-value with a cut-off <0.05 
represents statistical significance
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(around 60 seconds, where the increase in CVP and blood pressure 
is expected to be maximum) and delayed in others; this could have 
neutralized the appreciable difference between fluid responders 
and non-responders.

There was an increase in peak and mean airway pressure from 
baseline to post-PLR in both fluid responders and non-responder 
groups, and the increase was statistically significant for peak 
inspiratory pressure (p = 0.02). However, the actual difference was 
0.6 cm H2O and seems to have no clinical significance. However, we 
could not find a study concerning this outcome.

There was no difference concerning doses of noradrenaline, 
adrenaline, and vasopressin between the fluid-responder and non-
responder groups. In line with our study, Effat H et al. and Elsayed 
Afandy M et al. also used EC in septic patients, but they did not 
compare fluid responders and non-responders concerning doses 
and types of inotropes/vasopressors.24,25

The present study had certain strengths and limitations. To 
mention strengths, firstly, we tried to investigate the suitability of 
EC as a simple, continuous, and operator-independent technique, 
against gold standard technique, i.e., TTE (which is operator-
dependent and provides a non-continuous measurement of 
cardiac output). Secondly, we choose a population that requires 
fluid administration at admission and various points during ICU 
stay. Thirdly, the author performing TTE had already performed 
at least 50 such examinations before the start of this study, which 
minimizes errors in echocardiographic measurements. In addition, 
we performed standard passive leg-raising maneuvers which 
include no touching the patient hence avoiding any false rise in 
cardiac output that could occur because of the patient’s stimulation.

It would be worth mentioning the limitations of our study. The 
significant deviation of EC from TTE for the percentage of error could 
be due to the following reasons. First, although, a paramedical 
staff was assigned to collect EC cardiac output, hemodynamic, and 
ventilatory parameters at the peak of PLR, the delay in collecting 
hemodynamic and ventilatory parameters in a few patients cannot 
be ruled out. Second, the impact of the thickness of subcutaneous 
tissue on electrical impedance in obese patients and females with 
thick infra-axillary fat pads needs consideration, as it may affect 
cardiac output data. Third, we did not record the temperature of 
our study participants which can affect conductivity across the 
electrodes of EC and hence the cardiac output values.34,35

Fourth, PH and increased right ventricular (RV) pressure 
decrease venous return during PLR and may lead to a false negative 
PLR-response.36 Although we excluded patients with PH and 
RV dysfunction, we did not assess pulmonary artery pressure in 
at-risk patients, (e.g., chronic obstructive pulmonary disease and 
hypoxemia).

Fourth, the patients were included at different time points during 
ICU stay with varying positive cumulative fluid balance. Whether 
cumulative positive fluid balance affects fluid responsiveness or not, 
needs evaluation in future trials. Last but not least, being a single-
center study, the generalizability of results is limited. 

Co n c lu s i o n
In the present study, EC and TTE showed poor agreement for the 
assessment of fluid responsiveness in adult patients with acute 
circulatory failure. Further studies with larger sample sizes are 
required to establish the interchangeability of these techniques 
for assessing fluid responsiveness.

Au t h o r Co n t r i b u t i o n s
SS: Methodology; data collection; formal analysis; writing-original 
draft; RR: Supervision; Writing-review and editing; AT: Supervision; 
Writing- review and editing; VR: Conceptualization; methodology; 
Supervision; Writing-review and editing

Ethical Approval
Institute ethics committee (IECPG-675/23.12.2020), All India Institute 
of Medical Sciences, New Delhi, India.

Or c i d

Shashikant Sharma  https://orcid.org/0000-0002-4994-7364
Rashmi Ramachandran  https://orcid.org/0000-0001-6083-7513
Vimi Rewari  https://orcid.org/0000-0001-9800-1367
Anjan Trikha  https://orcid.org/0000-0002-6001-8486

Re f e r e n c e s
	 1.	 Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, Rudd KE, 

Schlattmann P, et al. Incidence and mortality of hospital- and ICU-
treated sepsis: Results from an updated and expanded systematic 
review and meta-analysis. Intensive Care Med 2020;46(8):1552–1562. 
DOI: 10.1007/s00134-020-06151-x.

	 2.	 Marik PE, Linde-Zwirble WT, Bittner EA, Sahatjian J, Hansell D. Fluid 
administration in severe sepsis and septic shock, patterns and 
outcomes: An analysis of a large national database. Intensive Care 
Med 2017;43(5):625–632. DOI: 10.1007/s00134-016-4675-y. 

	 3.	 Tigabu BM, Davari M, Kebriaeezadeh A, Mojtahedzadeh M. Fluid 
volume, fluid balance and patient outcome in severe sepsis and 
septic shock: A systematic review. J Crit Care 2018;48:153–159.  
DOI: 10.1016/j.jcrc.2018.08.018. 

	 4.	 Marik PE, Monnet X, Teboul JL. Hemodynamic parameters to guide 
fluid therapy. Ann Intensive Care 2011;1(1):1. DOI: 10.1186/2110-5820-
1-1. 

	 5.	 Kastrup M, Markewitz A, Spies C, Carl M, Erb J, Grosse J, et  al. 
Current practice of hemodynamic monitoring and vasopressor 
and inotropic therapy in post-operative cardiac surgery patients 
in Germany: Results from a postal survey. Acta Anaesthesiol Scand 
2007;51(3):347–58. DOI: 10.1111/j.1399-6576.2006.01190.x. 

	 6.	 Marik PE, Baram M, Vahid B. Does central venous pressure predict fluid 
responsiveness? A systematic review of the literature and the tale of 
seven mares. Chest 2008;134(1):172–178. DOI: 10.1378/chest.07-2331. 

	 7.	 Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in arterial 
waveform derived variables and fluid responsiveness in mechanically 
ventilated patients: A systematic review of the literature. Crit Care 
Med 2009;37(9):2642–2647. DOI: 10.1097/CCM.0b013e3181a590da. 

	 8.	 Barbier C, Loubières Y, Schmit C, Hayon J, Ricôme JL, Jardin F, et al. 
Respiratory changes in inferior vena cava diameter are helpful in 
predicting fluid responsiveness in ventilated septic patients. Intensive 
Care Med 2004;30(9):1740–1746. DOI: 10.1007/s00134-004-2259-8. 

	 9.	 Vieillard-Baron A, Augarde R, Prin S, Page B, Beauchet A, Jardin F, et al. 
Influence of superior vena caval zone condition on cyclic changes in 
right ventricular outflow during respiratory support. Anesthesiology 
2001;95(5):1083–1088. DOI: 10.1097/00000542-200111000-00010.

	 10.	 Monnet X, Teboul JL. Passive leg raising: Five rules, not a drop of fluid! 
Crit Care 2015;19(1):18. DOI: 10.1186/s13054-014-0708-5. 

	 11.	 Préau S, Saulnier F, Dewavrin F, Durocher A, Chagnon JL. Passive 
leg raising is predictive of fluid responsiveness in spontaneously 
breathing patients with severe sepsis or acute pancreatitis. Crit Care 
Med 2010;38(3):819–825. DOI: 10.1097/CCM.0b013e3181c8fe7a. 

	 12.	 Maizel J, Airapetian N, Lorne E, Tribouilloy C, Massy Z, Slama M, 
et al. Diagnosis of central hypovolemia by using passive leg raising. 
Intensive Care Med 2007;33(7):1133–1138. DOI: 10.1007/s00134-007-
0642-y. 

https://orcid.org/0000-0002-4994-7364
https://orcid.org/0000-0001-6083-7513
https://orcid.org/0000-0001-9800-1367
https://orcid.org/0000-0002-6001-8486


Assessing Fluid Responsiveness: Electrical Cardiometry vs Echocardiography

Indian Journal of Critical Care Medicine, Volume 28 Issue 7 (July 2024)656

	 13.	 Lamia B, Ochagavia A, Monnet X, Chemla D, Richard C, Teboul JL, et al. 
Echocardiographic prediction of volume responsiveness in critically 
ill patients with spontaneously breathing activity. Intensive Care Med 
2007;33(7):1125–1132. DOI: 10.1007/s00134-007-0646-7. 

	 14.	 Zhang Y, Wang Y, Shi J, Hua Z, Xu J. Cardiac output measurements via 
echocardiography versus thermodilution: A systematic review and 
meta-analysis. PLoS One 2019;14(10):e0222105. DOI: 10.1371/journal.
pone.0222105. 

	 15.	 Malik V, Subramanian A, Chauhan S, Hote M. Correlation of electric 
cardiometry and continuous thermodilution cardiac output 
monitoring systems. World Journal of Cardiovascular Surgery 
2014;4(7):101–108. DOI: 10.4236/wjcs.2014.47016.

	 16.	 Zoremba N, Bickenbach J, Krauss B, Rossaint R, Kuhlen R, Schälte 
G, et al. Comparison of electrical velocimetry and thermodilution 
techniques for the measurement of cardiac output. Acta Anaesthesiol 
Scand 2007;51(10):1314–1319. DOI: 10.1111/j.1399-6576.2007.01445.x. 

	 17.	 Juri T, Suehiro K, Tsujimoto S, Kuwata S, Mukai A, Tanaka K, et  al. 
Pre-anesthetic stroke volume variation can predict cardiac output 
decrease and hypotension during induction of general anesthesia. 
J Clin Monit Comput 2018;32(3):415–422. DOI: 10.1007/s10877-017-
0038-7. 

	 18.	 Elgebaly AS, Anwar AG, Fathy SM, Sallam A, Elbarbary Y. The accuracy 
of electrical cardiometry for the noninvasive determination of cardiac 
output before and after lung surgeries compared to transthoracic 
echocardiography. Ann Card Anaesth 2020;23(3):288–292. DOI: 10.4103/ 
aca.ACA_196_18. 

	 19.	 Labib HA, Hussien RM, Salem YA. Monitoring the correlation 
between passive leg-raising maneuver and fluid challenge in 
pediatric cardiac surgery patients using impedance cardiography. 
The Egyptian Journal of Cardiothoracic Anesthesia 2016;10(1):17–22. 
DOI: 10.4103/1687-9090.183222.

	 20.	 Kusumastuti NP, Osaki M. Electric velocimetry and transthoracic 
echocardiography for non-invasive cardiac output monitoring in 
children after cardiac surgery. Crit Care 2015;18:37. Available from: 
https://www.researchgate.net/publication/305176455.

	 21.	 Altamirano-Diaz L, Welisch E, Rauch R, Miller M, Park TS, Norozi K, et al. 
Does obesity affect the non-invasive measurement of cardiac output 
performed by electrical cardiometry in children and adolescents? J 
Clin Monit Comput 2018;32(1):45–52. DOI: 10.1007/s10877-017-9994-1. 

	 22.	 Martin E, Anyikam A, Ballas J, Buono K, Mantell K, Huynh-Covey T, 
et al. validation study of electrical cardiometry in pregnant patients 
using transthoracic echocardiography as the reference standard. J 
Clin Monit Comput 2016;30(5):679–686. DOI: 10.1007/s10877-015-
9771-y. 

	 23.	 Soliman R, Zeid D, Yehya M, Nahas R. Bedside assessment of preload 
in acute circulatory failure using cardiac velocimetry. J Med Diagn 
Meth 2016;5:2. DOI: 10.4172/2168-9784.1000222.

	 24.	 Effat H, Hamed K, Hamed G, Mostafa R, El Hadidy S. Electrical 
cardiometry versus carotid doppler in assessment of f luid 
responsiveness in critically Ill septic patients. The Egyptian 

Journal of Critical Care Medicine 2021;8(4):96–113. DOI: 10.1097/
EJ9.0000000000000035.

	 25.	 Elsayed Afandy M, El Sharkawy SI, Omara AF. Transthoracic 
echocardiographic versus cardiometry derived indices in 
management of septic patients. Egyptian Journal of Anaesthesia 
2020;36(1):312–318. DOI: 10.1080/11101849.2020.1854597.

	 26.	 Bland JM, Altman DG. Statistical methods for assessing agreement 
bet ween t wo methods of cl inical measurement. Lancet 
1986;1(8476):307–310. DOI: 10.1016/S0140-6736(86)90837-8.

	 27.	 Bernstein DP, Lemmens HJ. Stroke volume equation for impedance 
cardiography. Med Biol Eng Comput 2005;43(4):443–450. DOI: 10.1007/ 
BF02344724. 

	 28.	 Critchley LA, Critchley JA. A meta-analysis of studies using bias 
and precision statistics to compare cardiac output measurement 
techniques. J Clin Monit Comput 1999;15(2):85–91. DOI: 10.1023/ 
a:1009982611386. 

	 29.	 Xiao-ting W, Hua Z, Da-wei L, Hong-min Z, Huai-wu H, Yun L, et al. 
Changes in end-tidal CO2 could predict fluid responsiveness in the 
passive leg raising test but not in the mini-fluid challenge test: A 
prospective and observational study. J Crit Care 2015;30(5):1061–1066. 
DOI: 10.1016/j.jcrc.2015.05.019. 

	 30.	 Toupin F, Clairoux A, Deschamps A, Lebon JS, Lamarche Y, Lambert 
J, et al. Assessment of fluid responsiveness with end-tidal carbon 
dioxide using a simplified passive leg raising maneuver: A prospective 
observational study. Can J Anaesth 2016;63(9):1033–1041. DOI: 10.1007/ 
s12630-016-0677-z. 

	 31.	 Caille V, Jabot J, Belliard G, Charron C, Jardin F, Vieillard-Baron A, et al. 
Hemodynamic effects of passive leg raising: An echocardiographic 
study in patients with shock. Intensive Care Med 2008;34(7):1239–
1245. DOI: 10.1007/s00134-008-1067-y. 

	 32.	 Dong ZZ, Fang Q, Zheng X, Shi H. Passive leg raising as an indicator 
of fluid responsiveness in patients with severe sepsis. World J Emerg 
Med 2012;3(3):191–196. DOI: 10.5847/wjem.j.issn.1920-8642.2012. 
03.006. 

	 33.	 Monnet X, Rienzo M, Osman D, Anguel N, Richard C, Pinsky MR, 
et  al. Passive leg raising predicts fluid responsiveness in the 
critically ill. Crit Care Med 2006;34(5):1402–1407. DOI: 10.1097/01.
CCM.0000215453.11735.06.

	 34.	 Marik PE, Pendelton JE, Smith R. A comparison of hemodynamic 
parameters derived from transthoracic electrical bioimpedance 
with those parameters obtained by thermodilution and ventricular 
angiography. Crit Care Med 1997;25(9):1545–1550. DOI: 10.1097/0000 
3246-199709000-00023. 

	 35.	 Wang DJ, Gottlieb SS. Impedance cardiography: more questions 
than answers. Curr Heart Fail Rep 2006;3(3):107–113. DOI: 10.1007/
s11897-006-0009-7. 

	 36.	 Asllanaj B, Benge E, Bae J, McWhorter Y. Fluid management in septic 
patients with pulmonary hypertension, review of the literature. 
Front Cardiovasc Med 2023;10:1096871. DOI: 10.3389/fcvm.2023.109 
6871.

https://www.researchgate.net/publication/305176455

	_Hlk168303830
	_GoBack
	page28
	_Hlk153020590
	page33
	page34
	_Hlk124432567
	_Hlk122541011
	_Hlk122457057
	_Hlk153019916

