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ABSTRACT
Background: Sepsis and sepsis shock are leading causes of mortality around the world. Early 
identification, proper management and close monitoring are associated with improved patient 
outcomes. Echocardiography allows proper monitoring of fluid-guided therapy and early 
identification of patients requiring vasopressors and inotropic drugs, although it requires 
special training and has some limitations. This study aims to compare echocardiography 
(echo) derived indices to cardiometry-derived indices in management of septic patients.
Methods: This prospective, randomized study was carried out on 90 patients with sepsis. The 
patients were divided into three groups: cardiometry group, which included those who under
went evaluation by the electrical cardiometry monitor; echo group, which included patients 
who underwent resting transthoracic echocardiography; and early goal-directed therapy 
(EGDT) group, which included those who received intravenous fluid. Thirty-day mortality was 
recorded, in addition to total infused fluid, total dose of vasopressor and inotrope, mechanical 
ventilation (MV) duration, and the intensive care unit (ICU) and hospital stay period.
Results: Mortality in echo and cardiometry-guided therapy was significantly lower than in the 
EGDT group. There was significantly higher norepinephrine and dobutamine doses, prolonged 
time to weaning of vasopressors, MV, longer ICU and hospital stay duration in echo and 
cardiometry groups compared to the EGDT group. On the other hand, all measurements 
were comparable in echo and cardiometry groups.
Conclusion: Evidence supports the usefulness of echocardiogram-guided treatment, similar to 
cardiometry hemodynamic management. However, cardiometry showed the advantage of 
being a simple and noninvasive technique that does not require a trained cardiologist.
Trial registration: Pan African clinical trial registry on 08/05/2019 with unique identification 
number: PACTR201911842779294.
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1. Introduction

Sepsis is considered a systemic illness that is 
a secondary consequence of body invasion by micro
organisms, associated with a storm of inflammatory 
mediators such as cytokines and interleukins. These 
markers are responsible for the systemic inflammatory 
response syndrome (SIRS) initiation [1].

Sepsis can be associated with the development of 
cardiac depression with decreased cardiac output (CO) 
and blood pressure. This state of shock stimulated 
a compensatory increase in the systemic vascular resis
tance (SVR), to maintain an adequate vital tissue perfu
sion. On the other hand, drawbacks associated with 
high SVR increase afterload, which in turn decreases 
cardiac output (CO) and leads to a narrow pulse pres
sure [1,2].

The first therapeutic modality in septic patients is 
fluid therapy [3]. But in patients not responding to 
adequate fluid resuscitation, vasopressors or inotropes 
must be administered to maintain optimal 

hemodynamic targets [4]. This created a need for per
fect predictors of fluid response and identifying 
patients requiring either vasopressors or inotropes 
early enough to optimize resuscitation and organ 
perfusion.

Echocardiography is not routinely done to patients 
with sepsis and septic shock, although it was helpful in 
the early goal-directed therapy protocol, to improve 
cardiac dysfunction, intravascular volume resuscitation 
and hypovolemia [5] and help predict outcomes in 
patients with sepsis and septic shock [6]. Despite its 
accuracy, some limitations of echocardiography still 
interfere with its use, as it requires special training 
and depends on the observer’s previous experience.

The use of echocardiography was a standard 
approach in early detection of the need for vasopres
sors or inotropes in critically ill patients, despite its 
sophistication and that it requires special training for 
proper assessment and measurements [4]. One of the 
recent non-invasive continuous CO monitoring 
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equipment used is electrical cardiometry, which is 
based on its precedent electrical impedance [7–10].

The authors suggest that depending on two- 
dimensional echocardiography or electrical cardiome
try in the guidance of fluid therapy, the use of vaso
pressors and inotropes in the resuscitation of septic 
patients can decrease the 30-day mortality, hospital 
stay, and ICU stay.

In this study, echocardiography-derived indices, car
diometry-derived indices and standard EGDT guided 
therapy were compared for management of septic 
patients. The primary outcome was the 30-day mortal
ity among patients with sepsis. Secondary outcomes 
included the hospital and intensive care unit (ICU) stay 
period.

2. Materials and methods

This prospective, randomized-controlled study was 
carried out in Tanta University Hospitals in the anaes
thesia, surgical ICU, pain medicine department and 
cardiology department, from June 2019 to 
January 2020. It was approved by the regional ethical 
committees (research ethical committee on 30/4/2019 
with unique approval number: 33,086/04/19) and 
registered in the pan African clinical trial registry on 
08/05/2019 with unique identification number: 
PACTR201911842779294. Every patient received an 
explanation of the purpose of the study and was 
assigned a secret code number, given the photos of 
only the part of the body linked to the research, to 
ensure privacy and confidentiality of data. Written 
informed consent was collected from the patients.

Ninety patients were included in this trial, aged 
18–65 years old, non-pregnant, and of both genders, 
diagnosed with sepsis and admitted to ICU. Sepsis was 
defined according to the standard Surviving Sepsis 
Campaign criteria using the Sequential (sepsis- 
related) Organ Failure Assessment (SOFA) score [11] 
(SOFA score ≥ 2 indicated organ dysfunction). 
Patients with any of the following were excluded: 
acute coronary syndrome, major cardiac dysrhythmia, 
valvular or congenital heart disease, left systolic dys
function as cardiomyopathic and another primary lung 
disease, those known to be hepatic or have renal dys
function, severe anemia and any other disease which 
affected cardiac hemodynamics or cardiac function, 
patients unable to lie supine and those who were 
pregnant.

Enrolment of patients occurred within 8 h of meet
ing the criteria for sepsis. All patients were randomized 
using the computer-generated software of randomiza
tion and sealed closed envelopes to allocate them to 
one of three groups (30 patients each).

2.1. Group I (cardiometry group)

All patients in this group with sepsis underwent eva
luation by the electrical cardiometry monitor (ICON 
Cardiotronic, Inc., La Jolla, CA92307; Osyka medical 
GmbH, Berlin, AND Germany, model C3, serial number 
1,725,303). Patients were held in supine position and 
four sensors were attached to each: the first one 
approximately 5 cm above the base of the neck on 
the left side, the second immediately on the left side of 
the base of the neck, the third at the level of the 
xiphoid process crossing the left anterior axillary line 
and the fourth approximately 5 cm below the 3rd 

electrode at the level of the left anterior axillary line. 
They were then connected to the sensor cable and the 
patient data started to feed in [12,13].

ICON was used as an indicator of contractility 
(patients below the normal range were managed by 
titrated doses of dobutamine (5–20 µg/kg/h)). Stroke 
volume variation (SVV) was used as an indicator of fluid 
responsiveness (patients diagnosed as fluid respon
ders were managed by bolus doses of fluids (4–6 ml/ 
kg)). SVR was used as an indicator for the need of 
vasopressors (patients with decreased SVR were man
aged by titrated doses of norepinephrine (0.05–1 µg/ 
kg/h)).

2.2. Group II (echo group)

All subjects in this group underwent resting transthor
acic 2-dimensional echocardiography as a baseline, 
using Philips CX50-Extreme edition USA with S5- 
1 MHz multi-frequency echo probe, according to the 
standard protocol.

Stroke volume (SV) was measured by multiplying 
the aortic valve area in the velocity-time integral of 
aortic blood flow (VTIAo) using the formula SV 
(ml) = (LVOTa) x (VTIAo). The aortic valve area was 
calculated from the measurement of the left ventricu
lar outflow tract (LVOTd) measured at the insertion of 
the aortic cusp from the left para sternal axis view. The 
aortic valve area (LVOTa) was then calculated as π 
x (LVOTd/2)2, as the diameter of the aortic orifice is 
assumed to remain constant.

Apical 5 chamber view (VTIAo) was calculated from 
the area under the envelop of pulsed wave Doppler 
signal obtained at the level of aortic annulus. The echo- 
Doppler SV and SVV were calculated from six consecu
tive beats. Initially, the patients were assessed for the 
presence of pre-existing chronic cardiac dysfunction 
that can affect the interpretation, such as significant 
valvular heart diseases, congenital heart diseases, car
diomyopathies and extensive left atrial dilation. 
Cardiac output (CO) was calculated as the product of 
the heart rate and the SV. Echo was used to measure 
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cardiac output and subsequent cardiac index, to deter
mine whether the patient responded to the used man
agement protocol.

Myocardial systolic function was then assessed by 
2D Simpsons method and classified into either good or 
impaired systolic function according to the ejection 
fraction (EF) (EF < 40% indicated impaired systolic 
function). Patients with impaired systolic function 
were managed by titrating doses of inotropes (dobu
tamine 5–20 mcg/kg/min) and then reassessed by 
echo parameters, while in those with good left ventri
cular systolic function, fluid responsiveness was 
assessed by SV and SVV through measured velocity 
time integral (VTI). The fluid responders were managed 
by a fluid bolus (4–6 ml/kg) and then reassessed, while 
non-responders were managed by titration of vaso
pressors (norepinephrine 0.05–1 µg/kg/hr) and then 
reassessed again. Echocardiographic parameters were 
repeated after each change in the management of 
fluid and administration of vasopressors or inotropes.

2.3. Group III (early goal-directed therapy (EGDT) 
group)

Patients in this group received an IV fluid bolus (4–
6 ml/kg and up to 30 ml/kg) till the target central 
venous pressure (CVP) (8–12 mmHg) was achieved. 
They then received norepinephrine 0.05–1 µg/kg/h to 
target a mean arterial pressure (MAP) of > 65 mmHg 
and dobutamine infusions (5–20 µg/kg/h) to achieve 
lactate normalization.

According to the surviving sepsis campaign (SSC) 
guidelines, before fluid administration and each hour 
for 6 hours, Acute Physiological and Chronic Health 
Evaluation (APACHE II) scoring system [14] was used 
to calculate the score for each patient. Lactate serum 
level was assessed at admission and after 3 hours of 
fluid therapy to assess tissue hypoperfusion despite 
resuscitation [15].

Discharge was based on the following criteria [16]: 
conscious, with stable hemodynamic parameters with 
no intravenous inotropic/vasopressor support, stable 
respiratory status and oxygen requirements not more 
than 60%, weaned from MV for at least 24 hours, with 
a patent airway and normal cough reflex.

3. Measurements

For all groups, the following was recorded: 30-day 
mortality among patients with sepsis (primary out
come), the hospital stay period (calculated from ICU 
discharge till discharge from the hospital) and inten
sive care unit (ICU) stay (secondary outcomes), total 
infused fluid from ICU arrival till the CVP goal is 
achieved, total dose of vasopressor and inotrope 
taken during ICU stay period, duration of mechanical 
ventilation (MV), time to weaning of vasopressors, 

APACHI II score, serum lactate, heart rate (HR) and 
mean arterial pressure and CVP during ICU stay period. 
In echo and cardiometry groups, stock volume (SV), 
stock volume index (SVI), CO, cardiac index (CI), oxygen 
saturation (SpO2) and stock volume variation (SVV) 
were recorded. Also, a comparison was made within 
the same group between parameters before and after 
therapy.

4. Statistical analysis

The primary outcome of the study was the 30-day 
mortality. Based on the results of a previous study 
(17), the 30-day mortality was found to be 33.3% in 
sepsis patients receiving early goal-directed therapy. 
The sample size was thus calculated to be 28 patients 
in each group needed to detect a significant reduction 
of 20% in 28-day mortality at α error of 0.05 and power 
of study of 80%. Thirty cases were enrolled per group 
to overcome possible dropouts. Numerical variables 
were described as mean ± SD. Data were fed to the 
computer and analyzed using IBM SPSS software pack
age version 20.0 (Armonk, NY: IBM Corp). Categorical 
variables were described as percentages. The 
Kolmogorov–Smirnov test was used to verify the nor
mal distribution of variables. Comparison between 
categorical variables between groups was assessed 
using Chi-square test, while quantitative variables 
were assessed using the student t-test for normally 
distributed variables. ANOVA was used to compare 
between more than two groups, while Post Hoc test 
was used in pairwise comparison. Comparison 
between different periods was carried out by paired 
t-test. Significance of the obtained results was judged 
at the 5% level.

5. Results

103 patients were recruited in this study. 13 were 
excluded (4 in group I, 4 in group II and 5 in group 
III): 7 patients were excluded due to major cardiac 
dysrhythmia, 3 patients had severe anemia, one 
patient was unable to lie in supine position and 2 
patients had renal dysfunction. Only 90 patients with 
severe sepsis/septic shock were analyzed, 30 patients 
in each group (Figure 1).

All groups in the study were comparable regarding 
baseline characteristics (age, sex and the causes of 
sepsis, as P = 0.497, 0.956, and 0.980, respectively) 
(Table 1).

At 30 days, the mortality rate in EGDT group was 
56.7% (17 patients), which was significantly higher 
than 23.3% (7 patients) in the echo group and 30.0% 
(9 patients) in the cardiometry group, P = 0.037 and 
0.008, respectively. On the other hand, mortality rate in 
both echo and cardiometry groups were not signifi
cantly different (P = 0.559) (Table 2).
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Norepinephrine and dobutamine doses were signif
icantly higher in echo and cardiometry groups com
pared to the EGDT group. In addition, there was 
significant prolonged time to weaning of vasopressors, 
total MV days, ICU stay duration and duration of hos
pital stay in echo and cardiometry groups compared to 
the EGDT group. On the other hand, norepinephrine 
and dobutamine doses, time to weaning of vasopres
sors, total MV days, ICU stay duration and duration of 

hospital stay were comparable in echo and cardiome
try groups (Table 3).

At baseline, APACHI II score, lactate, HR, MAP, CVP 
and SPO2 were comparable in the three groups. After 
therapy, there was significant improvement in each 
group. In addition, there was a significantly higher 
APCHI II score, lactate, HR and CVP and a significantly 
lower MAP and SPO2 in EGDT group than echo and 
cardiometry groups. On the other hand, APACHI II 
score, lactate, HR, MAP and SPO2 value after treatment 
were not significantly different between echo and car
diometry groups (Table 4).

6. Discussion

Till this day, there is no uniform diagnostic approach to 
reliably determine which patients will or will not 
increase organ perfusion in response to aggressive 
fluids [17] and which patients with impaired left ven
tricular systolic function required inotropes to support 
adequate organ perfusion [18]. Although the static 
measures to predict fluid responders were widely stu
died, it has a poor predictive value when compared 
with dynamic measures [19].

Figure 1. CONSORT flow chart.

Table 1. Comparison between the three studied groups 
according to age, sex and cause of sepsis.

Cardiometry 
(n = 30)

Echo 
(n = 30)

EGDT 
(n = 30) p

Age (year)
Mean ± SD. 38.5 ± 3.3 38.6 ± 3.3 39.4 ± 3.7 0.497
Sex
Male 17(56.7%) 17(56.7%) 16(53.3%) 0.956
Female 13(43.3%) 13(43.3%) 14(46.7%)
Causes of 

sepsis
Abscess 6(20%) 3(10%) 5(16.7%) 0.980
Bronchiectasis 5(16.7%) 5(16.7%) 4(13.3%)
Endocarditis 5(16.7%) 6(20%) 4(13.3%)
Peritonitis 7(23.3%) 7(23.3%) 7(23.3%)
Pneumonia 7(23.3%) 9(30%) 10(33.3%)

χ2: Chi square test, F: F for ANOVA test. EGDT: early goal directed therapy, 
SD: standard deviation.

Table 2. Comparison between the three studied groups according to mortality.
Cardiometry (n = 30) ECHO (n = 30) EGDT (n = 30) Test of Sig. P value

Mortality
Died 9(30.0%) 7(23.3%) 17(56.7%) χ2 = 8.038* 0.018*
Lived 21(70.0%) 23(76.7%) 13(43.3%)
P value p1 = 0.559, p2 = 0.037*,p3 = 0.008*

χ2: Chi square test, F: F for ANOVA test. EGDT: early goal directed therapy, SD: standard deviation, p: p value for comparing between the studied groups, 
p1: p value for comparing between Cardiometry and ECHO, p2: p value for comparing between Cardiometry and Fluid, p3: p value for comparing 
between ECHO and Fluid, *denote statistically significant at p ≤ 0.05
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With dramatically improved technology and establish
ment of training fellowship programs, non-cardiologists 
will be able to properly perform bedside echocardiogra
phy [20]. On the other hand, electrical velocimetry has 
been validated to monitor cardiac output non-invasively 

[7]. Surprisingly, there is no previous literature comparing 
between echocardiography and cardiometry versus con
ventional fluid therapy in sepsis treatment. In the present 
work, the authors evaluated a group of patients whose 
treatment was guided by echo and by cardiometry and 

Table 3. Comparison between the three studied groups according to hospital stay, ICU stay, vasopressor duration, mechanical 
ventilation duration, dobutamine dose and norepinephrine dose.

Cardiometry (n = 30) Echo (n = 30) EGDT (n = 30) p

Hospital stay (day) p1 = 0.887, p2 = 0.013* 
p3 = 0.019*Mean ± SD. 12.6 ± 2.1 12.1 ± 2.8 10.3 ± 3.0

ICU stay (day) p1 = 0.715, p2 = 0.003* 
p3 = 0.030*Mean ± SD. 10.0 ± 2.6 10.4 ± 3.8 8.1 ± 2.0

Vasopressor duration (hour) p1 = 0.992, p2 < 0.001* 
p3 < 0.001*Mean ± SD. 40.8 ± 11.5 41.1 ± 12.0 23.2 ± 3.7

Mechanical ventilation (day) p1 = 0.724, p2 = 0.003* 
p3 = 0.010*Mean ± SD. 6.2 ± 3.5 6.5 ± 4.7 3.7 ± 2.5

Fluid (ml) p1 = 0.883, p2 < 0.001* 
p3 < 0.001*Mean ± SD. 2569.0 ± 330.0 2517.0 ± 364.3 3583.9 ± 543.6

Median (Min. – Max.) 2545(2050–3490) 2470(2000–3400) 3615(2456–4500)
Dobutamine dose (µg/kg/h) p1 = 0.885, p2 = 0.023* 

p3 = 0.033*Mean ± SD. 6.3 ± 5.0 6.2 ± 5.5 3.6 ± 3.9
Norepinephrine dose 

(µg/kg/h)
p1 = 0.573, p2 = 0.006* 

p3 = 0.030*
Mean ± SD. 0.216 ± 0.097 0.203 ± 0.099 0.157 ± 0.122

*denote significant, p: p value for comparing between the studied groups, p1: p value for comparing between cardiometry and Echo, p2: p value for comparing between cardiometry and EGDT, p3: 

p value for comparing between Echo and EGDT. EGDT, early goal directed therapy, ICU: intensive care unit, SD: standard deviation, Min: minimum, Max: maximum.

Table 4. Comparison between the three studied groups according to APACHI II score, lactate, HR, MAP, CVP & SPO2 either between 
the three groups or within same group between before and after treatment.

Cardiometry (n = 30) Echo (n = 30) EGDT (n = 30) P value

Score Before therapy
Mean ± SD. 25.6 ± 3.5 25.4 ± 3.7 25.5 ± 3.7 –
Median (Min. – Max.) 25.5(19–32) 25.5(19–32) 25.5(20–32)
After therapy p1 = 0.900, p2 = 0.041* 

p3 = 0.013*Mean ± SD. 20.8 ± 4.7 20.3 ± 4.6 23.8 ± 4.8
Median (Min. – Max.) 20.5(12–30) 20(12–30) 25(15–30)
p0 <0.001* <0.001* <0.001*

Lactate Before therapy –
Mean ± SD. 3.0 ± 0.7 2.7 ± 0.5 2.7 ± 0.5
Median (Min. – Max.) 3(1.7–4.1) 2.8(2–3.8) 2.8(2–4)
After therapy p1 = 0.856, p2 = 0.006* 

p3 = 0.025*Mean ± SD. 2.0 ± 0.5 2.1 ± 0.5 2.5 ± 0.6
Median (Min.–Max.) 2(1–3) 2(1.3–2.9) 2.5(1.1 ± 4.0)
p0 <0.001* <0.001* <0.001*

HR Before therapy
Mean ± SD. 100.5 ± 12.8 102 ± 11.8 104.4 ± 12.5 –
Median (Min – Max.) 98(77–122) 100(79–126) 102.5(84–125)
After therapy p1 = 0.827, p2 = 0.028* 

p3 = 0.005*Mean ± SD. 92.8 ± 8.8 91.1 ± 9.2 100.0 ± 13.6
Median (Min. – Max.) 93.5(75–110) 90(75–112) 96.5(80–122)
p0 <0.001* <0.001* 0.001*

MAP Before therapy –

Mean ± SD. 63.8 ± 4.0 61.9 ± 3.9 62.1 ± 4.8
Median (Min. – Max.) 64(55.0–74.1) 62(54–68.0) 63(55–70)
After therapy p1 = 0.976, p2 < 0.001* 

p3 < 0.001*Mean ± SD. 85.3 ± 3.6 85.1 ± 3.8 73.7 ± 4.9
Median (Min. – Max.) 85.4(79–92.1) 84.1(79.8–92) 73(65–85)
p0 <0.001* <0.001* <0.001*

CVP Before therapy –
Mean ± SD. 7.8 ± 1.6 8.4 ± 1.0 7.8 ± 1.2
Median (Min.Max.) 8(5–10) 8.5(7–10) 7.4(6–10)
After therapy p1 = 0.207, p2 = 0.022* 

p3 < 0.001*Mean ± SD. 12.1 ± 1.2 11.5 ± 1.6 13.1 ± 1.2
Median (Min. – Max.) 12.2(8–14.1) 11.4(9–14.5) 12.8(11.2–15.3)
p0 <0.001* <0.001* <0.001*

SPO2 Before therapy
Mean ± SD. 90.4 ± 4.2 89.5 ± 3.2 89.5 ± 3.4 –
Median (Min. – Max.) 89(84–98) 90(84–95) 90(84–95)
After therapy p1 = 0.977, p2 < 0.001* 

p3 = 0.001*Mean ± SD. 94.2 ± 2.9 94 ± 2.7 90.9 ± 3.7
Median (Min. – Max.) 93.5(90–99) 95(85–98) 91(84–96)
p0 <0.001* <0.001* 0.014*

*denote significant, p: p value for comparing between the studied groups, p0: p value for comparing between before and after therapy, p1: p value for comparing between cardiometry and Echo, p2: 

p value for comparing between cardiometry and EGDT, p3: p value for comparing between Echo and EGDT.
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compared the results with a group of patients who 
received EGDT.

The study results regarding the mortality in both 
echo and cardiometry-guided therapy (23.3% and 
30.0%, respectively) were significantly lower than 
EGDT group (56.7%). Moreover, there was significant 
increase of norepinephrine and dobutamine doses and 
significant prolonged time to weaning of vasopressors, 
total MV days, ICU stay and hospital stay in echo and 
cardiometry groups compared to EGDT group. The 
reason for this could be CVP guidance (targeting CVP 
between 8 and 12 mm Hg), which made the fluid 
therapy relatively higher in the EGDT group. Echo 
and cardiometry groups were comparable in mortality, 
norepinephrine and dobutamine doses, time to wean
ing of vasopressors, total MV days, ICU stay and hospi
tal stay, either before or after treatment.

The study results were close to the reported incidence 
of mortality (20–30%, and up to 50%) in previous litera
ture [6,21–23]. However, they were higher than those 
reported by Chertoff et al. [24], who found 29.69% mor
tality rate in early goal-directed therapy group of patients.

In addition, in a study by Kanji et al., 28-day survival 
rate favoured patients receiving echo-guided therapy 
(66% versus 56%, respectively) over the standard man
agement group (P = 0.04). Also, Kanji et al. reported 
significantly higher utilization of dobutamine in the 
echo group than the standard management (22% 
and 12%, respectively) (P = 0.01) [25].

According to Pierrakos et al., MAP is not a reliable 
indicator of cardiac index (CI) changes after fluid chal
lenge is performed in patients with septic shock. This 
result supported the current study observation about 
limitations of early goal-directed fluid therapy [26].

Rivers et al. also reported that administration of 
sufficient intravenous fluids to achieve a CVP of 
8–12 mm Hg was unable to predict significant changes 
in cardiac output or organ perfusion [27].

Similarly, Zhang et al. found that treatment based on 
stroke volume variation and cardiac index assessed by 
Vigileo-FloTrac system was associated with increased 
PaO2/FiO2-ratio, a significant decrease in the required 
fluid volume for resuscitation and shorter intubation 
time in patients requiring thoracic surgery [28].

Consistent with our results, Timsit et al. reported 
that trans-thoracic echo (TTE) was associated with 
a higher dose of norepinephrine, early vasopressors 
weaning, higher dobutamine and less mortality com
pared to the non-TTE group [29].

On the other hand, ventilation-free days were not 
significantly different between echo group and non- 
echo groups, according to a study by Feng et al. [30]

Different results were also reported by Lanspa et al., 
who found an insignificant difference between echo- 
guided resuscitation and EGDT, regarding mortality, lac
tate clearance and ICU stay. Their explanation was that 

this could be a result of delayed echo assessment after 
initial resuscitation [31].

Overall, results of many studies indicated that echo, as 
an ideal monitoring technique in critically ill patients, was 
associated with better outcomes and significantly lower 
total fluid administration than EGDT. This study was lim
ited by the potential bias of its unblinded design, as it was 
not possible to conduct it in a blinded manner for com
paring goal-directed group with either echo or cardiome
try-guided therapy in the same ICU. Other limitations rose 
from the small sample size, short duration of action and 
limited follow-up of studied patients. The use of echo was 
also limited by low echogenicity, was not suitable for 
continuous monitoring of cardiac output or pulmonary 
artery pressure, required adequate training which is not 
available at all centers and a limited value when used for 
single monitoring for repeated bedside assessment of 
hemodynamic variables. Finally, morbid obesity and atrial 
fibrillation still represent challenges in echocardiographic 
assessments and follow up due to inconsistency of car
diac output on LVOT VTI or limited window. Patients with 
these conditions were thus excluded from this study.

We believe that further randomized trials at differ
ent centers on a larger sample size, together with 
prolonged follow up, will be needed to compare 
between echocardiography-guided resuscitation and 
cardiometry in septic shock.

This was the first study to compare the outcome 
between EGDT and the use of echocardiographic and 
cardiometry-guided therapy in management of sepsis 
and septic shock. Results of the current work seem to 
be promising as in severe sepsis and septic shock, echo or 
cardiometry-guided management is superior and is asso
ciated with additional benefits over EGDT. Both echo and 
cardiometry are non-invasive tools and were associated 
with significant lower mortality and favorable outcomes. 
The present work recommends a routine use of cardio
metry as a non-invasive bedside tool for the assessment 
and management of critically ill patients with severe 
sepsis and septic shock.
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