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Hemodynamics 

• Achieving circulatory stability is a real challenge 
sometimes specially in critical patients due to 
the complex physiology of the cardiovascular 
system.

• The clinical assessment of systemic blood flow 
(SBF) and tissue perfusion by indirect 
parameters, such as “blood pressure, capillary 
refill time, heart rate, urine output, and CVP”.. is 
inaccurate 
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Vital Sign Monitors.. Lack of knowledge 

• Vital signs tell us end-of-equation result

• NIBP will start to show changes 10:15 minutes later than the 
actual time when the changes started within the patient’s 
cardiovascular system. 

• If BP gets high (suppose we know on time), what shall we do?

• If BP dropped (suppose we knew early enough) 

• What options are we going to use? 

• Will it work in all patients?



Hemodynamics.. Why? 

• Information on Cardiac output, Systemic vascular resistance, 
Preload and end organ perfusion should be obtained to detect 
inadequate tissue perfusion and oxygenation at early stage.. 
Why?

• To decide to initiate treatment (should every patient with 
hypotension be treated the same way?) and if so, which therapy 
is the best for this individual patient (inotropes, vasopressors 
or fluid)?

• To detect the hemodynamic response to the initiated 
treatment regularly and modify dose accordingly, as changes in 
cardiovascular function can happen quickly. 
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Getting The Full Hemodynamic Picture
BP – HR – CVP are not real hemodynamics! 
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BP – HR – CO are not the real hemodynamics.. They are just nice to know  



Reliable Hemodynamics Technologies

http://www.nhlbi.nih.gov/health/health-topics/images/transesophageal_echo.jpg

Invasive (Not in Sepsis)
Not for Neonates
Need 20:30 min.
Cost $ 200:300
Calibration – need expert
Not enough parameters (60%) 

Non-Invasive
Not Continuous
Need expert 
No running cost
80% of parameters

Non-Invasive

Continuous (BBB)

User Independent

Validated

Full parameters

Quick and easy  
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Fluid Management 

Many critical conditions need proper fluid management:

• Neonates, CoVid-19, Sepsis, Burn, Shock

• Dehydration, Pneumonia, Pancreatitis, 

 Bleeding,…etc

How do we know which patient needs fluid?

NIBP (late to show), CVP ? Weight? Urine?

What type of fluid to give?

How much shall I give? 

And when shall I stop?





Predicting fluid responsiveness in cardiac postoperative 
children, Electrical Cardiometry Hemodynamics 

• Postoperative fluid management is a milestone of post 
operative period concerning neonates with congenital heart 
disease and critical patients. 

• Electrical Cardiometry (EC), (ICON®) is a continuous 
noninvasive hemodynamic monitor used routinely in our 
unit.

• Objective: This study try to evaluate reliability stroke 
volume variation (SVV), to predict fluid responsiveness of 
our patients compared to classical parameters.

Boet A. , Mokhfi E., Hamann M., Jbilou N., Demontoux S., Horer J. Marie Lannelongue Surgical Center, 
South Paris University, Congenital Heart Disease Surgery. Le Plessis Robinson. France.



Predicting fluid responsiveness in cardiac postoperative children, 
Electrical Cardiometry Hemodynamics 

• Patients were prospectively included in postoperative period.

• Stroke volume (SV), (SVV) on EC & cardiac output, central 
venous pressure, left auricular (LA) pressure, invasive blood 
pressure, saturation, echo velocity time variation were noted by 
Echo 

• 90 patients were included (Ave. 6.5 months, 6.4 kg) 

• Responders to volume expansion (VE) had an increase in SV of 
at least 15% after Volume given.

Boet A. , Mokhfi E., Hamann M., Jbilou N., Demontoux S., Horer J. Marie Lannelongue Surgical Center, 

South Paris University, Congenital Heart Disease Surgery. Le Plessis Robinson. France



• SVV and SV were the only parameter which is significantly different with 
area under curve (19% versus 13%) between patients with or without VE 
(Volume Expansion)

• All other parameters (clinical, echo. or invasive measures) have no 
significant difference and too low AUC, including delta aortic peak flow 
velocity on echo. and delta invasive blood pressure.

• These preliminary results (of electrical cardiometry) confirms the reliability 
of SVV, which seems to be more practical and reliable than classical and 
invasive parameters

Conclusions: Noninvasive measures of SVV and SV using ICON seems to give 
reliable data to guide fluid management in postoperative period. 

Boet A. , Mokhfi E., Hamann M., Jbilou N., Demontoux S., Horer J. Marie Lannelongue Surgical Center, South Paris University, Congenital Heart Disease 
Surgery. Le Plessis Robinson. France

Predicting fluid responsiveness in cardiac postoperative children, 
Electrical Cardiometry Hemodynamics 



Responders versus Non Responders

Responders
(n=40)

Non Responders
(n=41)

p

SI (ml/kg) 0.79 (0.67-0.91) 1.15 (1.01-1.29) 0.0001

SVV (%) 19.4 (17.2-21.6) 13 (11-15) 0.0001

ICON (UI) 33 (23-43) 56 (48-64) 0.021

No Significant Difference in Other Parameters

or Tools CVP, LAP, DBP, VTus
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SVV is a reliable indicator of preload responsiveness on 
control-ventilated and regularly breathing patients

SVV > 13% →→ Fluid Challenge
                → Or PLR test



Stroke Volume Optimization

200 ml. Fluid Challenge over 5 – 10 min 

SV Increase > 10%

Monitor Stroke Volume for Clinical Signs of Fluid Loss

% Change in Stroke Volume (ΔSV) is a sensitive method 

for assessing preload responsiveness on all patients.

YES

NO





Corrected Flow Time



Baseline: semi-recumbent position

Passive leg raising: legs elevated to 45°

Recovery: semi-recumbent position

Frank Starling diagram

Passive Leg Raising Test for fluid responsiveness 
in patient with spontaneous breathing



Definition, Classification, Etiology of shock

• Shock is a life-threatening condition of circulatory failure, 
causing inadequate oxygen delivery to meet body needs, 
producing cellular and tissue hypoxia.

• The effects of shock are initially reversible, but rapidly 
become irreversible,  resulting in multi-organ failure (MOF) 
and death.

• When a patient presents with undifferentiated shock, it is 
important that we immediately initiate therapy while rapidly 
identifying the type of shock so that exact therapy can be 
administered to reverse shock and prevent MOF and death.



Treatment / Management of Shock

• Maintain airway and breathing with oxygen and oral mechanical 
ventilation when needed.

• Peripheral IV access or intraosseous infusion (IO) access should be 
obtained. 

• Central venous access may be required if there is difficulty securing 
peripheral venous access, or the patient needs prolonged vasopressor 
therapy or large-volume resuscitation.

• Immediate treatment with intravenous (IV) fluid should be initiated, 
followed by vasopressor therapy, if needed, to maintain tissue 
perfusion. Depending on the underlying etiology of shock, specific 
therapies might also be needed.

Hayas Haseer Koya1; Manju Paul2.1 Huggins Hospital, 2 SUNY Upstate Medical University, Last Update: November 21, 2020.



What we need to do ASAP?

• Identify the type of shock (Cardiogenic, Septic, 
Hypovolemic,…etc.)

• Determine and start the appropriate treatment 
before irreversible damage

• Fluid (what type, how much & response)
• Vasopressor or Inotrope? 
     which of them or both ?
     How much ? … Response ?
• Continuous follow up and do 
     drug titration
• See response and modify dose 
     when needed



A Shock case 

• 60 Years old Male
 80Kg, 170 cm, BP 100/50, 39.4C, 
 HR 116, RR 23, semi-conscious, no 
    Urine for one day

• Hemodynamics: Hyperdynamic State.
• Very Low SVR, very high CO
• Chest Congestion 

• Sepsis primarily diagnosed based on 
• Shock DDx. Algorithm, confirmed later by very high 

Lactate 



New Application – Shock DDx 

USA Patent YN/MO 2019



Variability in the Hemodynamic Response to Fluid Bolus in 
Pediatric Septic Shock

This study aims to evaluate the effect of an early fluid bolus 
administered to children with septic shock on the cardiac index and 
mean arterial pressure, as well as on the hemodynamic response and 
its relationship with outcome.

We prospectively collected hemodynamic data from children with 
septic shock presenting to the emergency department or the PICU who 
received a fluid bolus (10 mL/kg of Ringer’s Lactate over 30 min). 

A clinically significant response in cardiac index-responder and mean 
arterial pressure-responder was defined as an increase of greater than 
or equal to 10%, 10 minutes after a fluid bolus.
Suchitra Ranjit, MD, FCCM1   Rajeswari Natraj, DNB, IDPCCM1  Niranjan Kissoon, MB BS,  FRCP(C), FAAP, MCCM,
FACPE2  Ravi R. Thiagarajan, MB BS,  MPH3,4 Balasubramaniam Ramakrishnan,  MSc Biostatistics5 M. Ignacio Monge García, MD6
©  2021 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies



Variability in the Hemodynamic Response to Fluid Bolus 
in Pediatric Septic Shock

42 children with septic shock, 1 month to 16 years old, of whom 66% 
were hypotensive and received a fluid bolus within the first hour of 
shock recognition. 

Cardiac index and mean arterial pressure-responsiveness rates were 
31% and 38%, respectively. 

Cardiac function was similar in mean arterial pressure- and cardiac 
index-responders and non-responders. 

Mean arterial pressure responders increased systolic, diastolic, and 
perfusion pressures after a fluid bolus due to higher indexed systemic 
vascular resistance and arterial elastance index. 

Mean arterial pressure-non-responders required greater vasoactive-
inotrope support and had higher mortality.



Variability in the Hemodynamic Response to Fluid Bolus in 
Pediatric Septic Shock



Variability in the Hemodynamic Response to Fluid Bolus in 
Pediatric Septic Shock



Variability in the Hemodynamic Response to Fluid Bolus in 
Pediatric Septic Shock

CONCLUSIONS: The hemodynamic response to a fluid bolus in 
pediatric septic shock was variable and unpredictable. 

We failed to find a relationship between mean arterial pressure & 
CVP and cardiac index changes. 

The adverse effects of fluid bolus extended beyond fluid overload 
and, in some cases, were associated with reduced mean arterial 
pressure, perfusion pressures, and higher vasoactive support. 

Non-responders to CI and MAP had increased mortality.

The response to the initial fluid bolus may help understand each 
patient’s individualized physiologic response and guide 
continued hemodynamic management and better outcomes.





Hemodynamic monitoring and management of pediatric septic shock

• Sepsis remains a major cause of morbidity and mortality among 
children worldwide.

• Furthermore, refractory septic shock and multiple organ 
dysfunction syndrome are the most critical groups which account 
for a high mortality rate in pediatric sepsis, and their clinical 
course often deteriorates rapidly. 

• Resuscitation based on hemodynamics can provide objective 
values for identifying the severity of sepsis and monitoring the 
treatment response.



Hemodynamic monitoring and management of pediatric septic shock

• Hemodynamics in sepsis can be divided into 2 groups (basic and 
advanced hemodynamic parameters). 

• Previous therapeutic guidance of early-goal directed therapy 
(EGDT), which resuscitated based on the basic hemodynamics 
(central venous pressure and central venous oxygen saturation 
(ScvO2)) has lost its advantage compared with “usual care”. 

• Optimization of advanced hemodynamics, such as cardiac 
output, SVV, and systemic vascular resistance, has now been 
endorsed as better therapeutic guidance for sepsis.



Hemodynamic monitoring and management of pediatric septic shock

• Early recognition, resuscitation and initial management of pediatric 
septic shock can improve outcomes. 

• When septic shock is recognized, crystalloid challenge is 
recommended after a rapid evaluation of the hemodynamics, such as 
the HR, SV, CO, SVV, SVR level, and lactate level.

• Evaluation of Hemodynamics is suggested to continue beat by beat 
to manage inotrope and fluid administration.

• Assessment of fluid responsiveness should be conducted to decide 
whether or not to continue volume expansion, then vasoactive-
inotropic agents should be administered based on the CI, SVV and 
SVRI hemodynamics.

• Clinicians should monitor the dynamic changes in these 
hemodynamic parameters continuously until they are optimized. 



Hemodynamic Categorization and Assessment of Fluid 
Responsiveness in Ped. Septic Shock by E. Cardiometry

• 30 children were enrolled over 6 months with a median age of 87 
months and pediatric risk of mortality (PRISM) III score of 6.75.

• Clinically, 19 (63.3%) children had cold shock and 11(36.7%) had 
warm shock; however, 16 (53.3%) children had VDEC (including five 
with clinical cold shock) and 14 (46.7%) had VCEC using 
electrocardiometry. 

• Fluid responsiveness was seen in 16(53.3%) children, 10 in the 
VCEC group and 6 in the VDEC group. 

• In the VCEC group, the responders had a 
     significant rise in CI and a fall in SVRI.
• While the responders in the VDEC group had 
     a significant rise in CI and SVRI. 

1Department of Pediatrics, KS Hegde Medical College, Mangaluru, Karnataka, India

2,3Department of Pediatric Intensive Care, St. John’s Medical College and Hospital, Bangaluru, Karnataka, India - 2021



Hemodynamic Categorization and Assessment of Fluid 
Responsiveness in Ped. Septic Shock by E. Cardiometry

• Fluid responders, compared to non-responders, had a 
significantly higher stroke volume variation (SVV) before fluid 
bolus (24.1 ± 5.2% vs. 18.2 ± 3.5%, p < 0.001) and a higher 
reduction in SVV after fluid bolus (10.0 ± 2.8% vs. 6.0 ± 
4.5%, p = 0.006).

Conclusions and clinical significance:

• Continuous, noninvasive hemodynamic monitoring using 
electrocardiometry permits hemodynamic categorization and 
assessment of fluid responsiveness in pediatric septic shock. 

• This may provide real-time guidance for optimal interventions, 
and thus, improve the outcomes.

1Department of Pediatrics, KS Hegde Medical College, Mangaluru, Karnataka, India

2,3Department of Pediatric Intensive Care, St. John’s Medical College and Hospital, Bangaluru, Karnataka, India - 2021



Starting IV fluid to Non-Fluid responders, will lead to 
chest congestion

Table 2: Comparison between fluid responders and nonresponders 
Parameter Total (n = 30) Responders (n = 16) Nonresponders (n = 14) p value 

Severity illness scores 

PRISM III scorea 6.75 (1.5, 8.25) 6 (2, 8) 13.8 (2.8,16.5) 0.05 

Clinical and biochemical parameters 
Heart rate reduction postbolus (/min)b 15.6 ± 4.5 18.4 ± 4.5 14.0 ± 9.4   0.24 

MAP improvement postbolus (mm Hg)b 11.8 ± 9 13.5 ± 8 8.7 ± 5.4 0.23 

Lactate prebolus (mmol/L)b  4.2 ± 3.3 5.5 ± 2.0 4.6 ± 3.5  0.82 

Electrocardiometry parameters 
SVV before fluid bolus (%) 22.3 ± 5.6 24.1 ± 5.2 18.2 ± 3.5 <0.001

Reduction in SVV after fluid bolus (%) 8.1 ± 5.1 10.9 ± 2.8 6.0 ± 4.5    0.006 

TFC before fluid bolus (k/ohm)b 34.2 ± 12.9 34.2 ± 8.2 33.6 ± 16.5   0.54 

Increase in TFC after fluid bolus (k/ohm) 4.2 ± 4.2 2.3 ± 1.8 8.2 ± 3.4   <0.001 

Outcome parameters  

Lactate clearance at 6 hrsa (%) 33 (27, 60) 55 (28.6, 58.6) 25.4 (6.5, 35.8) 0.03 

VIS at 6 hrsa 30 (20, 120) 30 (25.5, 50.5) 82.5 (20, 120) 0.043 

Clinical resolution of shock at 6 hrsc 18 (60) 13 (81) 5(36)   0.01 

Clinical resolution of shock at 12 hrsc 21 (70) 15 (93.7) 6 (42.8)   0.01 

Need for mechanical ventilation 8 (26.6) 4 (25) 4 (28.4)   0.87 

Duration of mechanical ventilation (days)8 (2, 10) 3.5 (1.3, 3.8) 5.5 (1.5, 7)  0.34 

Length of PICU stay in survivors (days)a 5 (3, 8) 4 (2, 5) 9.6 (7.3, 17)   0.35 

Mortalityc 4 (13.3) 0 (0) 4 (28.5) 0.002 



Case Study – Fluid Management Challenge 

• A 77-year-old man is admitted to the ICU with septic shock BP 
is 88/52 mm Hg with marked respiratory variation (high SVV) 
which indicates low intravascular volume, on mechanical 
ventilation, received 4 liters of crystalloids the heart rate is 120 
BPM in sinus rhythm, CVP is 6 mm Hg, and the temperature is 
35.6°C. He is peripherally cool, with prolonged capillary refill. 
Arterial blood gas results with a fraction of inspired oxygen of 
0.4 are as follows: pH, 7.32; and lactate 13.0 mmol per liter. 

• Sodium, 142 mmol per liter; potassium, 4.4 mmol per liter; 
chloride, 109 mmol per liter; urea, 22.0 mg per deciliter (7.9 
mmol per liter); creatinine, 2.3 mg per deciliter (203 µmol per 
liter); and albumin, 23 g per liter. The urine output during the 
last 2 hours in the operating room was 28 ml.

• Critical Care Medicine, Simon Finfer, M.D., and Jean-Louis Vincent, M.D., Ph.D., Editors



What Fluid to Give ?

• BP 88/52

• SVV 23 (low intravascular volume)

• Received 4 Liters of Saline

• Mechanical Ventilation

•  HR 120

• CVP 6

• Temp. 35.6

• Lactate 13

• Urine output: 28ml/2 hours (N. 2 per kg 
per hour)

What fluid shall 
we give ?

1) Saline 

2) Ringers

3) Starch

4) Albumin 





How our opinions vary without hemodynamics



Hypotension 90/54 .. How shall we manage ?
Low intravascular volume … congested chest → fluid.. What 
type
Good contractility and heart function & Low SVR → Pressor 



Hemodynamics Inotrope Titration & misleading stable BP

Clinical Diagnosis:
Pulmonary Hypertension 
And PDA
 
On Dopamine + Adrenaline 0.3 
HR170b/m
BP 70:77/55:60 (Remember this)
Fluid: 5ml/kg/h

Urine Output 4.59 ml/kg/h

Vital Signe… All seems OK, but 
Hemodynamics?



Hemodynamics?

Very High SVRI 2155
Low CI 2.2
Low Contractility 43 
Normal SVV FTc (Normal Preload)
High Normal Chest Fluid

BP is Normal !!

So, you won’t see changes outside 

What about adjusting vasoactive 
drugs? Add Dobutamine? 



Hemodynamics Neonatal Case – misleading stable BP

Better SVRI 1950 (from 2155)
Low Normal CI (2.5 instead of 2.2)
Mild High SVV (Low Preload)
Improved Contractility (60 instead of 44)

BP is still Normal !!

What about adjust vasoactive drugs ?
Add Fluid (Albumin)?

Dobutamine 8ug/kg added 
5 hours later:



Hemodynamics Neonatal Case – misleading stable BP

Increase Dobutamine 
to 12，
Adrenaline to 0.9

17:50 till 19:06 (75 
minutes) 
Notice the changes 



Admission to Discharge

How easy to manage

@ 19:04 pm next day

Normal SVRI 1159 (from 2155)
Normal CI (2.9 instead of 2.2)
Normal SVV/FTc (Normal 
Preload)
Normal Contractility (61 
instead of 44)

BP is still 70/55!!!





Fluids and Early Vasopressors in the
Management of Septic Shock: Do We Have the Right Answers Yet?

Septic shock is a common condition associated with hypotension and organ 
dysfunction. 

It is associated with high mortality rates despite the best recommended 
resuscitation strategies in international guidelines. 

Patients with septic shock have hypotension which is the most important 
determinant of mortality among this group of patients. 

The extent and duration of hypotension are important.

The two initial options that we have are 

1) administration of intravenous (IV) fluids and 

2) vasopressors, 



Fluids and Early Vasopressors in the
Management of Septic Shock: Do We Have the Right Answers Yet?

The current recommendation of the Surviving Sepsis Campaign guidelines to 
administer 30 ml/kg fluid (10 ml/kg for children) cannot be applied to all patients. 
Complications of fluid over-resuscitation further delay organ recovery, prolong ICU 
and hospital length of stay, and increase mortality. 
The only reason for administering intravenous fluids in a patient with circulatory 
shock is to increase the mean systemic filling pressure in a patient who is volume-
responsive, such that cardiac output also increases. 
The use of vasopressors seems to be a more appropriate strategy, the very early 
administration of vasopressors, preferably during the first hour after diagnosis of 
septic shock, may have a multimodal action and potential advantages, leading to 
lower morbidity and mortality in the management of septic patients. 
Vasopressor therapy should be initiated as soon as possible in patients with septic 
shock while monitoring hemodynamics regularly.



Fig. 1. Rational approach and management of septic shock with intravenous fluids and early vasopressors based on current
evidence. IV: Intravenous, CVC: Central Venous Catheter, PVC: Peripheral Venous Catheter.







Noninvasive cardiac output monitoring in septic shock patients





Association between Chest Congestion and ICU Mortality in ICU Patients

• A retrospective case-control study assessed 373 patients admitted 
to the ICU of Taipei Veterans General Hospital. 

• 149 individuals (n = 149) were excluded due to incomplete or 
missing information. 

• Patients who died during the study interval were selected as the case 
group, while the surviving participants represented the control group. 

• This study evaluated the relationship between chest congestion via 
thoracic fluid content (TFC) and mortality among critically ill patients 
in the Intensive Care Unit (ICU).

• The (TFC) thoracic fluid content was collected by an ICON Electrical 
Cardiometry device in all patients. 

• Mortality odds ratios (ORs) and 95% (CI) were estimated using 
multiple logistic regression models.



Association between Chest Congestion and ICU Mortality in ICU Patients

• After exclusions, 224 critically ill patients were recruited. 
Among those selected, 84 patients who died during the study 
period constituted the study group while the rest (n = 140) 
were enrolled into the control group (Table 1). 

• The mean age (±SD) was 66.821 (19.303) years for the study 
group and 66.814 (17.421) years for the control group. 

• The TFC, SVV, weight, DM, and hypertension were significantly 
different between the two groups while other indexes remained 
similar 





Association between Chest Congestion and ICU Mortality in ICU Patients
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Non-Invasive Hemodynamic Benefits

• Do Not manage patients without Hemodynamics (EC & FE)

• Look at the whole picture, not single or couple of parameters

• Use Non-invasive, if possible, (No Complications), no Trial and Error

• Continuous (excellent guide for medication titration) is preferred

• Chose easy to use, accurate and reliable (validated from neonates to obese)

• Cost effective

• Valuable additional parameters for your daily practice: 

     Cardiac Contractility,  Pre-load (SVV, FTC), After-load (SVR), EF (STR),      

     Tissue Edema (TFC), DO2, CPI, PEP, LVET, LCW, VIC, HRV & HRC 



Cost Effective – Reduce LOS with NIHD
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Case 1 – CSMU – HT with Hemodynamics OPD

M 2691639 74y/o

SBP DBP MAP FTC SVV TFC ICON CI SVR HR

(300-

500ms)
(5-10) (25-35) (40-60) (3-5)

(900-

1200)
(54-90)

4/11/2022 162 80 107 315 5 20 41.5 2.2 2232 67

5/17/2022 133 62 86 328 9 21 45.6 2.7 1560 73

8/15/2022 123 70 88 348 9 19 41.3 3 1319 79



Case 1 – CSMU – HT with Hemodynamics 
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Case 1 – CSMU – HT with Hemodynamics 
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Case 1 – CSMU – HT with Hemodynamics 
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Case 1 – CSMU – HT with Hemodynamics 
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Case 1 – CSMU – HT with Hemodynamics 
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Case 1 – CSMU – HT with Hemodynamics OPD 
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Can We Predict Sudden Drop of BP 15 Min earlier?

11.32 AM till 12.00 

BP 110/67

BP 105/73

Nothing wrong ?

First change to 

notice: Decreased 

CO, Contractility

IV fluid is normal

So? Shall we wait ?

As per old school



Hypotension.. Fluid or Inotrope ?

12.16 PM CO and SV keep decreasing

BP suddenly drop to 73/35 !! (12:16)

20 min. after SV, CO, Contractility 

decreased, and 45 min. from the 

start 

Old school: give IV fluid immediately

But IV fluid is still normal ( FTc & 

SVV)

12.42 Inotrope started



Beauty of Hemodynamics

12.42 Inotrope started, 

12.45 CO increased by 10% 

and SVR decreased by 20%

BP increased by 10%



CO recovered and BP Recovered 15 min. later 

1:27 PM:

All back to normal

12.42 Inotrope 
started (73/35) 



Continuous noninvasive cardiac output in Neonates & children 
Massachusetts G. Hospital Children, Boston, MA, USA

• Initial experience in 402 pediatric/Neonatal patients

• Objective: To determine whether continuous cardiac output 
(CO) data provide additional information to current monitors 
that is useful to practitioners.

• Data from 374 children/Neonates were in the final cohort

•  292,012 measurements during 58,049 min. of anesthesia were 
made in these children (1 day to 19 years and 1 to 107 kg). 

Division of Pediatric Anesthesia, Department of Anesthesia, 

Critical and Pain Management, Mass General Hospital for 

Children, Massachusetts General Hospital, Boston, MA, USA



Continuous noninvasive cardiac output in Neonates & children 
Massachusetts G. Hospital Children, Boston, MA, USA

C

C



• Conclusions: EC Hemodynamics provides real-time 
cardiovascular information regarding developing hemodynamic 
events and successfully tracked the rapid response to 
interventions in children of all sizes. Intervention decisions must 
be based on the combined data from all monitors and the 
clinical situation

• Our experience suggests that this type of monitor may be an 
important addition to real-time hemodynamic monitoring.

Continuous noninvasive cardiac output in Neonates & children 
Massachusetts G. Hospital Children, Boston, MA, USA



Hemodynamics vs. Normal Monitor in Shock

Male patient admitted represented with:

39.3 C - 94 Kg - MAP 68 mmHg

HR: 118 – RR 22 – Spo2 87%

Leg swelling, drowsiness, 

shortness of breath, confusion

History of repeated renal stones & Infections

(Acute Renal Impairment)?? 

Would Hemodynamic add any value ?



Possible Sepsis with Renal Impairment ?

Lactate Clearance came later 26.3 – WBC 

11700



Thank You 
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Hypertension Case

• At admission to ER 17.00 pm, Patient adult 
65kg., height 164 cm, BP 210/100, headache, 
Tachycardia, vital signs (ECG, Temp., RR) are 
normal

• What possible diagnosis ? 

• What other investigation?

• Initial suggested treatment: Diuretics 

• Let us see the hemodynamics 



Hypertension case – Hemodynamic help
• EC ICON Report  

differential diagnosis:

• Normal body fluid

• Low contractility 

• Low CO 

• Low pre-load 

• High SVR

• Diuretic was not the 
best choice



• Started IV fluid .. And 

vasodilator 

• 18 hour later, SVR came 

down from 2457 to 1463

• CO becomes 4.2 

(initially was 2.8)

• Preload back to normal

• BP 100/67

• Goal achieved 

Hypertension Case – Hemodynamic help



Case Study 3

A 71-year-old man in the ER with sudden hypotension of 
unknown origin

He is unresponsive with a Glasgow coma scale of 4.  

Vital sigs: BP  92/63 mmHg

  Pulse  101 beats/min

  RR  26/m

Shall we start IV fluids as per the guidelines?

Can hemodynamics help in making better decisions?

Hypotension.. Standard monitor .. Will It help ?



Case Study 3 (continued)

 CO   3.9 L/min

 CI   2.3 L/min/m 2

 SVR   1850 dynes/sec/cm
      SVV    11%

CI and CO are low.  HR, and SVR are elevated.

• Dobutamine is started to the patient
• One hour after the Dobutamine, hemodynamics reveals the 

following: 

Getting Hemodynamics . Goal achieved



CO 3.9 L/mi

CI 2.3 L/min/m 2

SVR 1850 dynes/sec/cm

NIBP 92/63 mmHg

Pulse 101 beats/min

CO 4.4 L/mi

CI 2.6 L/min/m 2

SVR 1530 dynes/sec/cm

NIBP 110/74 mmHg

Pulse 92 beats/min

Case Study 3 (continued) 

After and Before 1-hour treatment (Dobutamine)

Titrating Medications..Goal achievdd



Titration of an ACE Inhibitor

Visit Signs/Symptoms CI SVRI TFC

#1 SOB, Inability to sleep  | HR 81  |  BP  112/88 2.3 3136 32.5

MI with Heart Failure follow up on OPD 

•  NIHD Interpretation: High SVRI indicates vasoconstriction.

• Treatment Decision:  Increase Enalapril to 20 mg bid, increase     

  Furosemide to 40 mg qd.

Patient:      54 year old male.

History:      Heart failure with previous CABG surgery.

Current      ACE inhibitor (Enalapril 10 mg bid), inotrope (Digoxin
Therapy:    0.125 mg qd), diuretic (Furosemide 20 mg qd).

Presented by Clyde W. Yancy MD, FACC, CME Symposium: Noninvasive Hemodynamic Monitoring in Heart Failure: Utilization 
of NIHD, September 2002.

2.3 3136 32.5



Visit Signs/Symptoms CI SVRI TFC

#1

SOB, Inability to sleep 

HR 81

BP  112/88
2.3 3136 32.5

#2 

(1 Week)

SOB resolved                

HR 97

BP  98/72 

3.5 1277 30.3

MI with Heart Failure follow up on OPD - Cont.

NIHD Interpretation:     

• Up titration of Enalapril reduced SVRI and increased CI.  

• Decrease in TFC indicates responsiveness to Furosemide. 

• Hemodynamic improvement provided objective confirmation of resolution of 

symptoms.

 Treatment Decision:  

• Re-evaluate in two weeks for consideration of initiation of beta-blocker (Metoprolol or 

Carvedilol).



Utility of ICG to determine cardiac vs. noncardiac cause of 
dyspnea in ER

Determining the correct diagnosis of patients with dyspnea can be challenging. Early and 
accurate determination of the cause of dyspnea is vital in instituting timely and 
appropriate interventions. Hemodynamic parameters may aid in the evaluation of 
dyspnea, but are difficult to assess by physical exam. The purpose of this study was to 
determine the accuracy in differentiating cardiac from noncardiac causes of dyspnea 
utilizing ICG-derived hemodynamic parameters compared with that of emergency 
department (ED) physicians after initial history, physical, and laboratory tests. The final 
diagnosis, which was made retrospectively after review of the patient's hospital record by 
a senior ED physician blinded to the ICG data, was compared with the treating ED 
physician's and the ICG diagnoses. Thirty-eight patients who presented with dyspnea to a 
community ED were included in the study.

Congest Heart Fail - 2004 Mar-Apr;10(2 Suppl 2):14-6Charles L Springfield 1, Frank Sebat, David Johnson, Steven Lengle, Christian Sebat



Heart Rate Variability Analysis is More Sensitive at Identifying 
Neonatal Sepsis than Conventional Vital Signs

• Sepsis remains the largest preventable source of neonatal mortality in the world. Heart rate 
variability (HRV) analysis and noninvasive cardiac output, have been shown to be useful in sepsis 
detection in many patient groups.

• Initial Phase: 4 septic and 6 non-septic LBW patients were enrolled. 
• Data from all patients were collected for 5 hours. 
• ECG waveform and traditional vital signs were collected, and the RR intervals were calculated, 
• (HRV) Heart rate variability analysis was performed in both the time- and frequency

• Results—HRV measurements in time-domain, HR, and SPO2 were significantly different in septic 
patients vs. non-septic controls

• Conclusion— (HRV) is more sensitive than traditionally used vital signs, such as CO alone and 
MAP, in the confirmation of sepsis in ELBW neonates. 

• HRV may allow for earlier identification of sepsis

• Fredrick J. Bohanona, Amy A. Mrazeka, Mohamed T. Shabanaa, Sarah Mimsa, Geetha L. Radhakrishnanb, George C. Kramerc, and Ravi S. Radhakrishnana,b 

• Department of Surgery, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• b Department of Pediatrics, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• c Department of Anesthesiology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA - Am J Surg. 2015 October 



Dyspnea D.D. 
 Cardiac or Pulmonary Cause?

NIHD Interpretation:    Normal CI, SVRI, and TFC do not indicate decompensated 

HF or pulmonary edema.  Likely cause of symptoms is primary 

pulmonary disease.

Treatment Decision: Initiate antibiotics, bronchodilator. 

▪ Patient:   81 year old female.

▪ History:   Hypertension, left ventricular hypertrophy, mitral regurgitation, 

                atrial fibrillation, chronic obstructive pulmonary disease.

▪ Current therapy Inotrope (Digoxin 0.125 mg qd), ACE inhibitor (Enalapril 5 

mg bid).

From John Strobeck, MD, PhD, FACC, Heart Lung Center, Hawthorne, NJ

Exam / Symptoms CI SVRI TFC

Rales, ronchi, Shortness 

of breath

2.8

(2.5 – 4.2)

2400

(1337 – 2483)

23.2

(21 – 37)



Impact of NIHD on Diagnosis and Therapy of 
Emergent Dyspnea: the ED-IMPACT Trial

• Peacock WF, Summers RF, Vogel J, Emerman C. Impact of impedance cardiography on diagnosis and therapy of 
emergent dyspnea: the ED-IMPACT trial. Acad Emerg Med. 2006; 13(4):365-371.

• Department of Emergency Medicine, Cleveland Clinic, Cleveland, OH, USA. peacocw@ccf.org



Dyspnea pts. >65 y.o. (89 Pt.)

History & Examination

Dx. and Tx. Plan

Physician review of NIHD data

New Dx and Tx Plan

% change Dx?? % change Tx ??

ED-IMPACT: Study Design

Setting: (Cleveland Clinic)

Peacock WF,  et al. Acad. Emerg. Med. 2006; 13(4):365-371.



NIHD Changes Diagnosis and Therapy Decisions in Dyspnea

Peacock WF,  et al. Acad. Emerg. Med. 2006; 13(4):365-371.

13%

39% 

% Change Diagnosis
12 Patients 

% Change Therapy
35 Patients 

N=89



Anesth Crit Care 2022; 4 (2): 73-83 



Invasive hemodynamic monitoring could be challenging among pediatrics, 
This current narrative review aims to discuss and present the published 
literature that addresses the optimal use and validity of the electrical 
cardiometry (EC) device among pediatrics. 

Literature search focused on PubMed (MEDLINE), Saudi Digital library 
(SDL), and Google Scholar database between 2010 and 2022. 

This review provided evidence that EC monitoring among the pediatrics 
age group was able to track CO changes over the time (Trend). 

The EC technology is easy to use and is an addition for future 
developments in monitoring, particularly for the pediatric age group. 



Conclusion

This review provided evidence that EC can track CO changes 
with time and warn against significant hemodynamic changes, 
but more in the future are still required to improve the 
precision of the absolute EC CO measurements as presented 
in several studies. 

In specific clinical scenarios, the EC CO was found to be of 
extreme help as during transportations of neonates and 
infants, in operating rooms during PDA ligation, and in NICU 
and PICU.



Application of Electrical Cardiometry in Postoperative Children with Total 
Anomalous Pulmonary Venous Connection 

Methods: We examined 24 radical surgical correction of TAPVC 
conducted in the Children Heart Center, Beijing between August 2015 
and January 2016. 
The median age of the patients was 3m.(2-3.75)m., and the mean body 
weight was 5.26 ±1.44kg. 
We used the EC implemented in ICON® to monitor the patients’ 
postoperative hemodynamics. Sampling time points were:
 At ICU admission At 12 hours, 24 H., -  48 H., - and  72 H. after surgery. 
We monitored heart rate (HR), mean arterial pressure (MAP), left atrial pressure 
(LAP), stroke volume variation (SVV), thoracic fluid content (TFC), cardiac index 
(CI), stroke volume index (SVI), cardiac muscle contractility (ICON), left 
ventricular systolic time ratio (STR), and systemic vascular resistance index 
(SVRI). 

He Yan, Liu Ying Long, Yasser Nassef, Su Jun Wu, Cheng Pei, Chen Yan, Zhu Yan Pediatric Intensive Care Unit, Children Heart Center, Beijing Anzhen hospital 
University of Medical Science No.2 Anzhen Road, Chaoyang District, Beijing 



Application of Electrical Cardiometry in Postoperative Children with Total 
Anomalous Pulmonary Venous Connection

Results: The postoperative HR, LAP, TFC, and STR all decreased significantly from 0 
to 72 h (p<0.01); the postoperative SVV, SVI, ICON all increased significantly from 0 
to 72 h (p<0.01); the postoperative changes of MAP, CI and SVRI did not reach 
statistical significance. 

Conclusion: TAPVC infants had the smallest systolic volume right after surgery, which 
may be related to their low cardiac contractility. The compensatory increase of HR 
could be for stabilizing and maintaining balanced blood pressure, cardiac output and 
blood vessel resistance. 

The cardiac contractility was improved within 72 h. after surgery, with the systolic 
volume gradually increasing and HR decreasing. 

EC, can provide continuous non-invasive hemodynamic monitoring. Its application in 
pediatric and neonatal congenital heart diseases during the perioperative and 
postoperative periods is promising 

He Yan, Liu Ying Long, Yasser Nassef, Su Jun Wu, Cheng Pei, Chen Yan, Zhu Yan Pediatric Intensive Care Unit, Children Heart Center, Beijing Anzhen hospital 
University of Medical Science No.2 Anzhen Road, Chaoyang District, Beijing 



Heart Rate Variability Analysis is More Sensitive at Identifying Neonatal 
Sepsis than Conventional Vital Signs

• Sepsis remains the largest preventable source of neonatal mortality in the world. Heart rate 
variability (HRV) analysis and noninvasive cardiac output, have been shown to be useful in sepsis 
detection in many patient groups.

• Initial Phase: 4 septic and 6 non-septic LBW patients were enrolled. 
• Data from all patients were collected for 5 hours. 
• ECG waveform and traditional vital signs were collected, and the RR intervals were calculated, 
• (HRV) Heart rate variability analysis was performed in both the time- and frequency

• Results—HRV measurements in time-domain, HR, and SPO2 were significantly different in septic 
patients vs. non-septic controls

• Conclusion— (HRV) is more sensitive than traditionally used vital signs, such as CO alone and 
MAP, in the confirmation of sepsis in ELBW neonates. 

• HRV may allow for earlier identification of sepsis

• Fredrick J. Bohanona, Amy A. Mrazeka, Mohamed T. Shabanaa, Sarah Mimsa, Geetha L. Radhakrishnanb, George C. Kramerc, and Ravi S. Radhakrishnana,b 

• Department of Surgery, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• b Department of Pediatrics, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• c Department of Anesthesiology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA - Am J Surg. 2015 October 



William T. Abraham MD, 2017 Departments of Medicine, Division of Cardiovascular Medicine, and the Davis Heart & Lung Research Institute, The Ohio State University, 
Cardiology Department, Rabin Medical Center, Petah Tikva, Israel, Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel
Division of Cardiovascular Medicine, Stanford University Medical Center, Stanford, California



Investigations to Differentiate.. Time Consuming 

Resuscitation should not delay while investigating the etiology of 
undifferentiated shock
1) A 12-lead electrocardiogram: ECGs might show evidence of acute 

coronary syndrome, arrhythmias, or provide diagnostic clues suggestive of 
pericardial effusion or pulmonary embolism.

2) Laboratory tests should include: 
3) CBC and differential
4) Renal and liver function tests 
5) Serum lactate level
6) Cardiac biomarkers, D-dimer level, coagulation profile 
7) Blood and urine cultures
8) Blood gas analysis
9) Initial imaging include chest x-rays or US to look for the source of 

infection such as pneumonia, or complications of shock



Intro 

Sample Case 

Patient: 84-year-old female, History: Diabetic, hypertensive
Vital Signs: BP 85/50, HR 95
Exam: Low blood pressure, tachycardia

Current Therapy: Diuretics

Shock patients need immediate action and it is a challenge to 
differentially diagnose shock. Is it Cardiogenic or non-Cardiogenic, and if 
non-Cardiogenic, is it Hypovolemic, Septic, or Obstructive? Diagnosis 
helps us easily decide the treatment (fluids, Inotropes, or Vasopressors). 

Summers R, et al.  EJEM. 1999;6:1-7

Case Study 1.. Shock DD  

PS: Sepsis (alone)cause more death than cancer colon + cancer beast together



Hyperdynamic 
circulation, 

while cardiac 
parameters are normal 
and fluid status normal, 
so early Sepsis is 
confirmed

Septic Shock DD with Hemodynamic 



Low contractility

Low Ejection fraction.

Fluid level is almost normal

Not hyperdynamic (so 
hypovolemic and Septic 
are excluded) 

so Cardiogenic Shock is 
confirmed

Cardiogenic Shock DD with Hemodynamics 



Very high SVV which 
indicates very low pre-load 
and intravascular volume, 
while cardiac parameters 
are normal and not 
Hyperdynamic status, so 
Hypovolemic shock

Hypovolemic Shock DD with ICON 



New Application – Shock DDx

©  Copyrights & Patent Nassef/Osypka 2018



Limitations for EC

We still can use it, but the accuracy drop 
by 10:20%.. So count on the trends 
over time

• Moderate to Severe Aortic Valve Regurge

• Massive Chest Wall edema (PE)

• Patent Ductus Artriosus (PDA) Severe 
cases

• Arrhythmia (only for SVV)



Easy (diagnostic) screen





Hypotension.. What fluid to give ?
Chest congested  , Low intravascular
Good contractility and heart function & Low SVR



Cardiac Contractility

Contractility changes due to changes in 
ventricular pressure and stroke volume, 

This can occur as a result of changes in EDV or 
arterial properties alone.

So, stroke volume (SV) and pressure (MAP 
&CVP) would not be reliable indices of 
contractility. 

It turns out that we can look towards changes 
in the ESPVR (End Systolic Pressure-Volume Relation) 

to indicate changes in contractility



Noninvasive hemodynamic monitoring of septic shock 
in children
Septic shock in children is associated with high mortality and morbidity. Its 
management is time-sensitive and must be aggressive and target oriented. 
The use of clinical assessment alone to differentiate between cold and warm 
shock and to select the appropriate inotropic and vasoactive medications is 
fraught with errors. 
Assessment of the preload, contractility, and afterload using non-invasive 
tools has been suggested, in conjunction with clinical and laboratory 
assessment, to direct shock management and select between vasopressors, 
vasodilators, inotropes and other drugs. 
Septic shock is a dynamic condition that changes markedly over time; frequent 
or continuous measurement of (CO), (SVR), and other hemodynamic 
parameters using EC is essential to personalize and adapt the treatment over 
time. 
The different combinations of hemodynamics serve as a pathophysiological 
framework to manage fluid therapy and titrate inotropic and vasoactive drugs.

Emad Mohamed Fathi, Department of Critical Care, Al Jalila Children’s Specialty Hospital, Dubai Hassib Narchi, Department of Pediatrics, College of Medicine 
and Health Sciences, Al Ain, United Arab Emirates









Heart Rate Variability Analysis is More Sensitive at Identifying Neonatal 
Sepsis than Conventional Vital Signs

• Sepsis remains the largest preventable source of neonatal mortality in the world. Heart rate 
variability (HRV) analysis and noninvasive cardiac output, have been shown to be useful in sepsis 
detection in many patient groups.

• Initial Phase: 4 septic and 6 non-septic LBW patients were enrolled. 
• Data from all patients were collected for 5 hours. 
• ECG waveform and traditional vital signs were collected, and the RR intervals were calculated, 
• (HRV) Heart rate variability analysis was performed in both the time- and frequency

• Results—HRV measurements in time-domain, HR, and SPO2 were significantly different in septic 
patients vs. non-septic controls

• Conclusion— (HRV) is more sensitive than traditionally used vital signs, such as CO alone and 
MAP, in the confirmation of sepsis in ELBW neonates. 

• HRV may allow for earlier identification of sepsis

• Fredrick J. Bohanona, Amy A. Mrazeka, Mohamed T. Shabanaa, Sarah Mimsa, Geetha L. Radhakrishnanb, George C. Kramerc, and Ravi S. Radhakrishnana,b 

• Department of Surgery, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• b Department of Pediatrics, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA

• c Department of Anesthesiology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX, 77555, USA - Am J Surg. 2015 October 



STR as indication of Ejection Fraction

• Systolic Time Ratio a Useful Method to Determine Left Ventricular Systolic 
Dysfunction in Heart Failure

• 52 patients of HF in ER mixed sex and race
• The overall correlation and accuracy between EF and STR was 90.4%
• demonstrated a sensitivity of 92%, specificity of 85%,
• and positive and negative predictive values of 95% and
• 79%, respectively. 
• Overall accuracy was 90.4%.

• University of Texas - Annual Scientific Meeting of the Heart Failure Society of America, September 14, 2004.
• Abstract published in the Journal of Cardiac Failure, 2004;10(suppl 4):S38.



Electrocardiometry Fluid Responsiveness in 
Pediatric Septic Shock

Hemodynamic monitoring and categorization of patients based on fluid 
responsiveness is the key to decisions prompting the use of fluids and vasoactive 
agents in septic shock. 
Distinguishing patients who are going to benefit from fluids from those who will not 
is of great importance as large amounts of fluids used conventionally based on 
surviving sepsis guidelines may be detrimental. 
Noninvasive monitoring techniques for the assessment of various cardiovascular 
parameters are increasingly accepted as the current medical practice. Electrical 
cardiometry (EC) is one such method for the determination of SV, CO, and SVR
It has been validated against gold standard methods such as thermodilution [Malik V, 
Subramanian A, Chauhan S, et al. World J 2014;4(7):101–108] and is being used 
more often as a point-of-care noninvasive technique for hemodynamic monitoring. 
EC is validated for use in neonates, children, and adults. 
A metanalysis in 2016, including 20 studies and 624 patients comparing the accuracy 
of CO measurement by using EC with other noninvasive technologies, demonstrated 
that EC was the device that offered the most correct measurements. 1Division of Pediatric Emergency and Critical Care, Department of Pediatrics, Institute of Child Health, Sir Ganga Ram Hospital, New 

Delhi, Delhi, India,  2Department of Pediatrics, Command Hospital, Chandimandir, Haryana, India - 2021



The article in the current issue of IJCCM by Rao et al. (2020) has extended the use of 
EC to categorize pediatric patients with septic shock into vasodilated and 
vasoconstricted states based on systemic vascular resistance and correlate the 
categorization clinically. 
They also studied the changes in hemodynamic parameters after an isotonic fluid 
bolus of 20 mL/kg was administered. This is a pilot prospective observational study 
of 30 patients, which has given an insight into physiological rearrangements following 
fluid administration in patients with septic shock.
This study endorses the need for continuous preferably noninvasive hemodynamic 
monitoring for initial classification of vasodilated vs. vasoconstricted states with IBP-
derived pulse pressure or SVR as the additional parameters to clinical monitoring. 
Utility of functional echocardiography in identifying
patients with SMD who may not benefit from further fluid therapy is also highlighted. 
Though EC has not been used for guiding interventions, it provides an insight into 
the physiological aspects of hemodynamic monitoring of children with septic shock.



Hemodynamic monitoring and management of 
pediatric septic shock

Sepsis remains a major cause of morbidity and mortality among 
children worldwide.

Furthermore, refractory septic shock and multiple organ 
dysfunction syndrome are the most critical groups which account 
for a high mortality rate in pediatric sepsis, and their clinical 
course often deteriorates rapidly. 

Resuscitation based on hemodynamics can provide objective values 
for identifying the severity of sepsis and monitoring the treatment 
response.

En-Pei Lee a,b,1, Han-Ping Wu c,d,1, Oi-Wa Chan a,b, Jainn-Jim Lin a,b, Shao-Hsuan Hsia a,b,*

a Division of Pediatric Critical Care Medicine, and Pediatric Sepsis Study Group, Department of Pediatrics, Chang Gung Memorial Hospital at Linkou, Taoyuan, Taiwan
b College of Medicine, Chang Gung University, Taoyuan, Taiwan, c Department of Pediatric Emergency Medicine, China Medical University Children Hospital, Taichung, Taiwan – October 2021



Initial volume expansion with 10e20 ml/kg per bolus (up to 40e60 
ml/kg within 1 h) with frequent assessment of hemodynamics (mainly 
CO) was recommended as first-line management in children with septic 
shock [7]. 
Clinical markers for considering fluid bolus included HR, BP, urine 
output, and blood lactate are not of high sensitivity.

Clinical signs of overdosed fluid included new onset acute pulmonary 
edema and hepatomegaly, which indicated that fluid bolus was no longer 
recommended.

Overdosed fluid is associated with poor prognosis
in both adult and pediatric septic shock



Conclusion 

Early recognition, resuscitation and initial management of pediatric septic shock can improve 
outcomes. 
When septic shock is recognized, crystalloid challenge is recommended after a rapid 
evaluation of the basic hemodynamics, such as the HR, SBP, SV, CO, SVR, MAP-CVP, ScvO2 
and lactate level.
Evaluation of advanced hemodynamics is suggested in critical conditions, such as persistent 
hypotension despite initial crystalloid volume expansion. Assessment of fluid responsiveness 
should be conducted to decide whether or not to continue volume expansion. 
Then vasoactive-inotropic agents should be administered based on the CI and SVRI 
hemodynamics.
Clinicians should monitor the dynamic changes in these hemodynamic parameters 
continuously until they are optimized. Because recent studies report that hemodynamic 
management based on EGDT did not lead to a better prognosis and has lost its advantage



Reduction in mortality after using EC in Tawam Hospital ICU (A 
Johns Hopkins Subsidiary) 
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Reduction in LOS after using EC in Tawam Hospital ICU (A 
Johns Hopkins Subsidiary) 
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Hemodynamics 

Definition:
• Measuring the factors that influence 

the flow of blood, Inotropy, Resistance 
and fluids in the body

Purpose: 
• To help in diagnosis, differential 

diagnosis, Monitoring, treatment and 
drug titration of critically ill patients

• If we can know hemodynamics, we can 
detect the initial changes within the 
cardiovascular system very early, 
which makes the rest easy to manage



Getting The Full Hemodynamic Picture 
Blood 

Pressure 
(MAP)

Heart Rate 
(HR)

Cardiac 
Output (CO)

Stroke 
Volume (SV)

Preload 
 (SVV, FTC)

Contractility 
(ICON, STR)

Afterload
Systemic Vascular 
Resistance (SVR)

+ or – 
Chrono-

tropy

+ or – 
Vascular 
Volume

+ or – 
Inotrope

+ or – 
Vascular 

Tone

Diuretics

Tissue 
Fluids 
(TFC)

Afterload 
(SVR)



Reliable Hemodynamics Technologies

http://www.nhlbi.nih.gov/health/health-topics/images/transesophageal_echo.jpg

Invasive (Not in Sepsis)

Need 20:30 min.

Cost $ 200

Not enough parameters (60%) 

Good Non-Invasive
Not Continuous
Need expert 
Non running cost
80% of parameters

Non-Invasive
Continuous
No need for expert 
1/20 running cost
Full parameters  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=nrrgrkD05YvaaM&tbnid=yerjQtdKlotqaM:&ved=0CAYQjRw&url=http://www.nhlbi.nih.gov/health/health-topics/topics/tee/printall-index.html&ei=Tt8lU9bMOump0QW5s4CgDg&psig=AFQjCNEL9ryVjh2peXD0tmqo-54eapvF3Q&ust=1395077170645059


Stroke Volume (SV) ---------------

Delivered Oxygen (DO2)-------------



Ejection Fraction



Index of LV contractility (ICON)

• It represent the power of left ventricular 
contraction

• It is measured based on changes in blood 
speed and acceleration in the Aorta every 
beat

• It is very good index of left ventricular 
contractility

• It is of great value to easily titrate 
Inotrope and to improve CO and 
contractility for HF patients
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