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Introduction 
 

Septic shock is a complex hemodynamic 

failure syndromes, as it implies derangement 

of all the three mainstays of cardiovascular 

homeostasis, each one to a variable degree: 

absolute or relative reduction in central blood 

volume, peripheral vasodilatation and 

myocardial failure may coexist and variably 

overlap in different phases of septic shock 

occurs. 

 

Since 2002, the Surviving Sepsis Campaign 

(SSC) has promoted that protocolized 

delivery of 6 hours of early, goal-directed 

therapy (EGDT) to patients presenting to the 

emergency department with early septic shock 

reduced hospital mortality and hospital sta. 

This study was done to evaluate fluid resuscitation guided by stroke volume variation in 

septic shock. This prospective randomized included sixty patients presented with 

hypotension (MAP less than 65 mmHg) and hyperlactatemia (serum lactate above 2 

mmol/L) in intensive care unit (ICU). Patients were randomly classified into two groups, 

30 patients for each group; group I (Early-goal-directed-therapy group {EGDT}) and 

group II (stroke volume variation guided fluid resuscitation). In group I mortality rate was 

33.33% in comparison to 23.33% in group II with no statistically significant difference 

between two groups. As regard SOFA score, there was statistically significant decrease in 

72 hours SOFA score in group II than in group I. Comparing fluid given between two 

groups showed highly significant increase in amount of fluid in group I than group II. 

Incorporation of echocardiography early in management of septic shock patients resulted 

in decrease in the amount of fluid and decrease useless administration of inotropes, early 

administration of inotropes after assessment of cardiac function by echocardiography 

which could help in improvement of septic shock outcomes and early vasopressor 

administration. 
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Fluid responsiveness is defined by a cardiac 

preload challenge by fluid infusion resulting 

in augmented stroke volume (SV) and cardiac 

output (CO) 

 

The use of ECHO as hemodynamic 

monitoring tool has already been validated in 

populations of septic shock patients(1), so as 

have been many of the most ECHO indices of 

volume responsiveness(2). In patients already 

monitored invasively, both transthoracic 

ECHO (3) and transesophageal ECHO add 

new relevant information that leads to 

changes in therapy in more than 50% of 

cases(4, 5) the majority of which concern 

volume status and inotropy.(6) 

 

In this study, we aimed to evaluate the 

efficacy of fluid resuscitation guided by 

stroke volume variation in septic shock 

compared by early goal directed therapy as 

regard mortality 

 

Materials and Methods 

 

This study was carried out in Tanta University 

Emergency Hospital from April 2016 to April 

2017 on 60 patients presented with 

hypotension (MAP less than 65 mmHg) and 

hyperlactatemia (serum lactate above 2 

mmol/L) with suspected site of infection in 

intensive care unit (ICU). Adult patients aged 

≥18 years old who had infection and 

diagnosed as sepsis were included in the study 

when developed hypotension (MAP less than 

65 mmHg) and hyperlactatemia (serum lactate 

above 2 mmol/L). Patients aged ˃ 65 years 

old, pregnant women, survival ˂ 24 hours, 

patients presented with multiple organ failure, 

history of chronic cardiac disease were 

excluded from the study. 

 

The study was approved by the Research 

Ethics Committee of Tanta university Faculty 

of Medicine 

 

Study setting and population and protocol 

 

Patients were randomly classified into two 

groups, using closed sealed envelopes. 

Assuming mortality rate of 33% in Early-

goal-directed therapy group(EGDT) group 

(Group I), the sample size was calculated at 

60 of 80% power to detect a relative reduction 

of 11% in mortality rate in Stroke Volume 

Variation Group (SVV) group (Group II) (7, 

8). 

 

In Group I (EGDT) 

 

All patients in this group underwent timely 

insertion of central venous catheter capable of 

continuous CVP (central venous pressure) and 

ScVO2 (central venous oxygen saturation) 

monitoring.  

 

We measured lactate, mean arterial blood 

pressure (MAP), urinary output (UOP), 

central venous pressure (CVP), central venous 

oxygen saturation (ScVO2) at baseline and 

then after 1 hour, 3 hours and 6 hours 

respectively. The resuscitation followed the 

Surviving Sepsis Campaign (SSC) guidelines 

and included bundle of interventions within 

the first hour, 3 and 6 hours;  

 

The targets of these bundles were to achieve 

the Early Goal Directed  

 

Therapy (EGDT) protocol to obtain (9): 

 

- CVP of 8-12 cmH2O; Mechanical 

ventilation and increased abdominal pressure, 

require higher CVP targets of 12-15 cmH2O. 

 

Mean arterial pressure ≥65 mmHg; 

 

Mixed venous oxygen saturation ScVO2 ≥ 

70%.  

 

Urine output ≥ 0.5 ml/kg/minute.  
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In Group II (SVV) 

 

For this study group, we measured lactate, 

mean arterial blood pressure (MAP), urinary 

output (UOP), central venous pressure (CVP), 

central venous oxygen saturation (ScVO2) at 

baseline and then after 1 hour, 3 hours and 6 

hours respectively.  

 

The patients were assessed at baseline by 

echocardiography measuring stroke volume 

variation(SVV), then the patient received 

5ml/kg crystalloid then reassessed again by 

Echocardiography; if the patient's MAP <65 

mmHg, another 5ml/kg crystalloid were given 

till reaching the target of 65 mmHg, if CVP 

reached the target (8-12 cmH2O in 

spontaneously breathing patients or 12-15 

cmH2O in mechanically ventilated patients) 

and MAP still < 65 mmHg, vasopressor 

(noradrenaline (0.01-3 mcg/kg/min) IV 

infusion) was applied to maintain MAP > 

65mmHg and if there was LV dysfunction, 

inotropes [dobutamine infusion was added 

(maximum 20µg/kg/min)].  

 

In this study group, therapy was adjusted 

according to the echocardiographic findings at 

time of admission and after giving 5 ml/kg IV 

fluids. ECHO guided fluid therapy by Stroke 

volume variation of more than 12%, fluid 

boluses (5 ml/kg) were continued then 

reassessment was done SVV was less than 12 

%. 

 

When septic myocardial dysfunthction was 

present, inotropes were started (dobutamine 

infusion was added (maximum 

20µg/kg/min)).  

 

When cardiac function was normalized, 

inotrope was continued at the same dose until 

the patient became hemodynamically stable. 

Inotropes were withdrawn in hyperdynamic 

cardiac function. 

 

Transthoracic echocardiography was 

performed by using Philips Affiniti 50G at 

admission in ICU aiming to assess two 

specific parameters:  

 

Stroke volume variation (SVV) is the change 

between the maximal and minimal stroke 

volumes divided by the average value over a 

period of time(10) 

 

SVV = 100 x (SVmax - SVmin)/SVmean. 

 

SV calculated by measuring VTI (velocity 

Time Integral) of aortic blood flow and 

diameter at the same point. This was 

performed by measuring the diameter of the 

LVOT (Left Ventricular Outflow Tract) in the 

parasternal long axis (PLAX) view, then 

switched to an apical five-chamber view, the 

pulse wave (PW) Doppler sample box was 

placed at the same point at which the LVOT 

was measured in the PLAX view.  

 

The VTI was then traced. The product of VTI 

and aortic area equaled the stroke volume; 

considering that the aortic diameter was 

constant, multiplying the result by heart rate 

yielded cardiac output. Stroke volume 

variation of more than 12% accurately 

predicted that this patient was fluid 

responsive(10, 11). 

 

Outcome measures  

 

Primary outcome 

 

The primary outcome was assessment of 

mortality rate. 

 

Secondary outcomes 

 

Secondary outcomes to be assessed were; 

need and duration of mechanical ventilation, 

length of ICU stay, sequential organ failure 

assessment score (SOFA) (12)at time of 

admission (0 hr), 36 hours and after 72 hours. 
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Results and Discussion 
 

In this study, group I age of the studied 

patients ranged from 34 - 65 years with mean 

value of 58.83 ± 6.53 years, while group II 

age of the studied patients ranged from 26 - 

65 years with mean value of 54.93 ± 10.70 

years. In group I, male patients were 17 

patients (56.67%) whereas, in group II, male 

patients were 16 patients (53.33%). As regard 

patient weight, in group I, the weight had a 

mean value of 80.500 ± 7.807 kg while in 

group II, the weight mean value was 76.67 ± 

9.22 kg. 

 

There was significant increase in MAP at 3 

hours in group II than in group I (p-value 

<0.001), whereas there were insignificant 

differences between MAP mean values at 

baseline, first hour, and at 6 hours (p-value 

=0.504, 0.146, 0.204 respectively). As regard 

UOP, there was insignificant differences 

between UOP mean values at baseline, 1hour, 

3 hours and 6 hours (p-value =0.836, 1, 0.590, 

0.194 respectively) (Table 1).  

 

As regard CVP changes, there were 

significant increases in CVP mean values in 

group I compared to group II at 1 hour, 3 

hours, and 6 hours (p-value < 0.001, < 0.001, 

0.006 respectively) whereas, no significant 

difference was detected between CVP mean 

values at baseline (p-value=0.661). In 

comparison between groups, there was 

insignificant difference between ScVO2 mean 

values at baseline 1 hours 3 hours and 6 hours 

(p-value=0.310, 0.338, 0.324, 0.544 

respectively).  

 

There was significant decrease in the mean 

values of SVV assessment after vasopressor 

compared to before vasopressor (p value 

<0.001). Comparing the fluid given in both 

groups during resuscitation in 6 hours, there 

was highly significant increase in amount of 

fluid in group I than group II (p. value < 

0.001) (Table 2).  

Comparison between two studied groups, 

vasopressor timing was earlier in group II as 

compared to group I with statistically 

significant difference. (p-value < 0.001). As 

regard vasopressor maximum dose, there was 

statistically significant increase in vasopressor 

maximum dose in group I than group II (p-

value= 0.038).  

 

Ten patients died in group I with mortality 

rate (33.33%) in comparison to 7 patients in 

group II with mortality rate (23.33%). 

Mortality rate in group II was less than group 

I but statistically insignificant (p value = 

0.390). 

 

Transthoracic echocardiography (TTE) is a 

promising technique for guiding 

hemodynamic management to improve 

outcomes in septic shock. Echocardiography 

is non-invasive and available in most 

intensive care units (ICUs)(13, 14). Both fluid 

responsiveness and cardiac dysfunction 

(common in patients with septic shock) can be 

quickly identified with TTE (15).  

 

This prospective randomized study compare 

fluid resuscitation using stroke volume 

variation and ordinary early-goal directed 

therapy as end points of resuscitation in sixty 

patients presented with septic shock in 

intensive care unit (ICU)   
 

In this study, as regard mortality as a primary 

outcome, mortality rate in group II was less 

than group I but statistically insignificant. The 

overall mortality rate was 28.33%. In 

agreement with our study, Rowan et al., 

studied the early goal directed therapy 

resuscitation for septic shock in 3723 patients 

at 138 hospitals in seven countries, they 

demonstrated that mortality at 90 days as a 

primary outcome was similar for EGDT 

24.9% and usual care was 25.4% (16). 

 

Similar to our study, in a study by Lanspa et 

al., they investigated echocardiogram-guided 



Int.J.Curr.Microbiol.App.Sci (2019) 8(7): 2783-2792 

2787 

 

resuscitation versus early goal-directed 

therapy in the treatment of septic shock on 30 

patients. They divided patients into two 

groups. Overall 28-day mortality rate as a 

secondary outcome was 26% with no 

statistically significant difference between 

two groups (8) (Table 3–5). 

 

Table.1 Changes in MAP, UOP, CVP, ScVO2 in group I & group II at baseline, 1 hour, 3 hours 

& 6 hours 

 

  Group I Group II P value 
MAP Base 

line 

55.53 + 4.22 54.83 + 3.82 0.504 

1 Hour 59.63±3.76 58.33 0.146 

3 Hours 65.07 + 7.35 73.17 + 6.63 <0.001 

6 Hours 75±4.15 73.17 ± 6.63 0.204 
UOP Base 

line 

38.33±11.77 37.67±13.05 0.836 

1 Hour 80.00±12.87 80.00±12.87 1.000 

3 Hours 167.83±153.82 150.67±80.04 0.590 

6 Hours 275.00 116.52 316.67±128.88 0.194 
CVP Base 

line 

1.87±1.31 2.00±1.02 0.661 

1 Hour 8.50±1.82 4.60±1.50 <0.001* 

3 Hours 10.57±1.81 8.07±2.80 <0.001* 

6 Hours 12.00±1.26 10.47±2.69 0.006* 

ScVO
2
 Base 

line 

57.90±3.55 58.90±4.00 0.310 

1 Hour 60.13±3.35 61.03±3.85 0.338 

3 Hours 70.67±6.98 71.87±6.43 0.324 

6 Hours 76.47±3.61 75.80±4.77 0.544 

 

Table.2 Changes in SVV in group II after fluid resuscitation and after vasopressor 

 

  Before After Paired t-test 

After fluid 

resuscitation 

SVV % 

(n=30) 

26.83±8.31

  

10.63±1.01 <0.001* 

After 

vasopressors 

SVV % 

(n=30) 

19.63±9.01

  

12.69±1.86 <0.001* 

 

Table.3 Fluid given in both groups (ml) during resuscitation 

 

Fluid given 

(ml) 

Groups P-value 

Group I Group II 

Mean ±SD 2413.333 ± 220.866 1418.333 ± 360.910 <0.001* 
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Table.4 Vasopressor timing & maximum dose in both groups 

 

 Group I 

Mean ±SD 

Group II 

Mean ±SD 

P-value 

Vasopressor timing (hrs) 5.30 ± 1.291 2.57 ± 1.5 <0.001* 

Vasopressor maximum 

dose (mcg/kg/min) 

2.35 ± 0.61 1.90 ± 0.81 0.018* 

 

Table.5 Left ventricular systolic and diastolic function at baseline in group II 

 

 LV systolic function Baseline 

N (%) 

LV diastolic function 

BaselineN (%) 

Normal 18 (60) 25 (83.3) 

Dysfunction 12 (40) 5 (16.7) 

 

In Mouncey et al., study of early goal directed 

therapy resuscitation for septic shock, patients 

were randomly assigned to receive either 

EGDT (a 6-hour resuscitation protocol) or 

usual care. The primary clinical outcome was 

mortality at 90 days. overall mortality rate 

was 29.3% which is near our study results(17) 

 

Fluid administration improves organ 

perfusion up to a point. However, excess IV 

fluid administration may be associated with 

increased organ dysfunction and mortality 

(18-20). In resource-limited settings, the 

association between higher volumes of fluid 

administration and increased mortality 

appears to be causal (21, 22). 

 

As regard the amount of fluid given, in group 

I (EGDT), there was statistically highly 

significant increase in amount of fluid in 

group I compared to group II. 

 

In group II, from the 30 patients, 7 patients 

(23.33%) resuscitated after receiving 

10ml/kg, 12 patients (40%) resuscitated after 

receiving 15ml/kg, 5 patients (16.67%) 

resuscitated after receiving 20ml/kg, 3 

patients (10%) resuscitated after receiving 

25ml/kg and 3 patients (10%) resuscitated 

after receiving 30ml/kg. Most of cases were 

resuscitated after receiving 15 ml/kg. 

Against the current study, Garg et al., in their 

study on thirty-six patients of septic shock 

requiring ventilatory support 

(invasive/noninvasive). Primary endpoints 

were mean arterial pressure (MAP) of ≥ 65 

mmHg and CVP > 12 mmHg or IVC CI 

<20% in Groups I and II, respectively. 

Patients were given a fluid bolus 500 ml of 

crystalloid half‑ hourly. Patients were 

followed till achievement of end‑ points or 

maximum of 6 h. Primary end‑ point was 

reached in 31 patients (15 in Group I and 16 

in Group II). Fluid infusion, by either method, 

had increased CVP and decreased IVC CI 

with resultant negative correlation between 

them (23). There was no significant difference 

in the amount of fluid infused and time to 

reach end-point in two groups.  

 

Balk et al., study was made to predict fluid 

responsiveness in sepsis by echocardiography 

by measuring cardiac output (CO) and its 

response to fluid bolus. It demonstrated a 

decreased responsiveness to initial small fluid 

bolus as an indicator of a higher severity of 

sepsis. It also suggested an inverse 

relationship between patients’ fluid 

responsiveness as observed by change in 

velocity time integral (VTI) and severity of 

sepsis (24). 
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As regard vasopressor timing in our study, 

vasopressor timing was earlier in group II as 

compared to group I with statistically 

significant difference. As regard vasopressor 

maximum dose, there was statistically 

significant increase in vasopressor maximum 

dose in group I as compared to group II  

 

As regard inotropes, there was statistically 

insignificant difference between two groups. 

2 patients in group I developed hypotension 

and improved after cessation of inotropes 

which proved that inotropes were harmful to 

those patients and were not indicated. 

 

As regard left ventricular (LV) systolic 

function, in group II patients, 12 patients 

(40%) had left ventricular systolic 

dysfunction (LV ejection fraction <55%). 

From them; 10 patients improved (33.33%) 

and 2 patients did not improve (6.67%) in 

another Echo assessment after giving fluid 

and inotropes. 

 

Afessa et al., study included patients with 

severe sepsis and septic shock treated in ICU 

and studied the compliance with each of the 

six EGDT elements within 6 hours of severe 

sepsis or septic shock onset and hospital 

mortality. In 355 patients with septic shock 

included in the study, inotrope use was 50% 

and vasopressor use was 89%. The 

compliance with use of vasoactive drugs were 

independently associated with mortality, also 

there was no independent association between 

hospital mortality and inotrope use (25). 

 

In the study of Parker et al., 10 of the 20 

patients with septic shock exhibited global 

hypokinesia and ventricular dilation during 

the first 48 hours after admission(26). 

Contrary to common sense, the authors found 

significantly impaired LV systolic function in 

survivors compared with nonsurvivors. 

 

Subsequent studies demonstrated similar 

reversible global hypokinesia by 

echocardiography. Vieillard-Baron and 

colleagues observed global hypokinesia in 26 

of 67 patients. Moreover, LVEF was 

compromised in survivors during the first 24 

hours (27). In another study performed over a 

period of 5 years, survivors showed evidence 

of septic myocardial dysfunction, as 

suggested by compromised LVEF and higher 

LVEDV (28).  

 

LV sepsis-related myocardial dysfunction is 

nowadays a well-known entity and both 

global and regional systolic wall motion 

abnormalities can be found (29). 

Hypodynamic pattern (low cardiac index 

associated with reduced ejection fraction, EF, 

below 40–45%) is described in up to 60% of 

septic shock patients, its detection should 

prompt inotropes administration, even if 

central venous pressure values indicated by 

guidelines as target for ceasing volume 

loading have not been reached yet (further 

increase in preload on an acutely failing LV 

may not only fail to increase oxygen delivery 

but may also cause harm) (27). 

 

In our study, as regard left ventricular 

diastolic function in group II patients, 

echocardiography assessment at baseline 

showed that 25 patients 83.33% had normal 

left ventricular diastolic function while 5 

patients 16.67% had left ventricular diastolic 

dysfunction. 

 

In Brown et al., prospective, observational 

study conducted in two intensive care units at 

a tertiary care hospital, 78 patients with 

severe sepsis or septic shock underwent TTE 

within 6 h of ICU admission, after 18 to 32 h, 

and after resolution of shock. Left ventricular 

(LV) diastolic dysfunction was defined 

according to modified American Society of 

Echocardiography 2009 guidelines. Twenty-

seven patients (36.5%) had diastolic 
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dysfunction on initial echocardiogram, while 

47 patients (61.8%) had diastolic dysfunction 

on at least one echocardiogram. Total 

mortality was 16.5%. The highest mortality 

(37.5%) was observed among patients with 

grade I diastolic dysfunction(30). 

 

In the current study we found that patients in 

both groups reached the targets of end points 

of resuscitation as regard MAP, UOP, CVP 

and ScVO2 at 6 hours of resuscitation with 

less amount of fluid given in group II. We 

observed that group II had less mortality rate, 

also more improvement in SOFA score and 

lactate level values at 72 hours. Lactate 

clearance at 6 hours was higher in group II as 

compared to group I. Vasopressor maximum 

dose was lower in group II and was given 

earlier than group I and inotropes were given 

to selected patients of myocardial dysfunction 

with no side effects.  

 

The primary limitation of our study is the 

small sample size. Blinding was not feasible 

because of the nature of the interventions, 

which is another limitation of our study. 

 

It is concluded that incorporation of 

echocardiography early in management of 

septic shock patients resulted in decrease in 

the amount of fluid and decrease useless 

administration of inotropes, early 

administration of inotropes after assessment 

of cardiac function by echocardiography 

which could help in improvement of septic 

shock outcomes and early vasopressor 

administration. 
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