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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

Hemodynamics: From Developmental Physiology to Comprehensive Monitoring, Front Ped. 2018; 6: 87, Sabine L. Vrancken, Arno F. van Heijst, and Willem P. de Boode
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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.

 |f 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?

e Will it work in all patients?




Hemodynamics.. Why?

* |nformation 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.

Hemodynamics: From Developmental Physiology to Comprehensive Monitoring, Front Ped. 2018; 6: 87, Sabine L. Vrancken, Arno F. van Heijst, and Willem P. de Boode
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Getting The Full Hemodynamic Picture
BP — HR — CVP are not real hemodynamics!
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Oxygen Delivery - DO,

E Blood Pressure
Hb  CSp0O, D Cardiac Outhyt SVR

Stroke Volume

1
Preload Inotropy  Afterload

BP — HR - CO are not the real hemodynamics.. They are just nice to know



Reliable Hemodynamics Technologies

Non-Invasive
Continuous (BBB)
User Independent
Validated

Full parameters
Quick and easy

Non-lnvasive

Not Continuous
Need expert

No running cost
80% of parameters

Invasive (Not in Sepsis)

Not for Neonates

Need 20:30 min.

Cost § 200:300

Calibration — need expert

Not enough parameters (60%)

B Edwards Lifesciences™
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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 | give?
And when shall | stop?
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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.
* Obijective: 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, Hopitaux @

South Paris University, Congenital Heart Disease Surgery. Le Plessis Robinson. France. ng?fisistaigila'-




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 Hopitaux @

universitaires = ®
Paris-Sud
Antoine-Béclére Bicltre Paul-Brousse




Predicting fluid responsiveness in cardiac postoperative children,
Electrical Cardiometry Hemodynamics

 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. Hopitaux @

universitaires » ®
Boet A., Mokhfi E., Hamann M., Jbilou N., Demontoux S., Horer J. Marie Lannelongue Surgical Center, South Paris University, Congenital Heart D/seasePa rls Sud

Surgery. Le Plessis Robinson. France




Responders versus Non Responders

100 |

Responders Non Responders 80
(n=40) (n=41)

60 |

Sl (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 401 Specificity: 81,8 |

Sensitivity: 54,5 |

T R Criterion: >1 9 “ .......... , .....................

ICON (Ul) 33 (23-43) 56 (48-64) 0.021
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SVV is a reliable indicator of preload responsiveness on
control-ventilated and regularly breathing patients
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Stroke Volume Optimization

< Jfi
SV Increase > 10%

@NO
Monitor stroke Volume for Clinical Signs of Fluid Loss.

% Change in Stroke Volume (ASV) is a sensitive method
for assessing preload responsiveness on all patients.
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Corrected Flow Time

Hypovolaemia:
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Passive Leg Raisinﬂ Test for fluid responsiveness
In patient with spontaneous breathing
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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

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

* Peripheral 1V access or intraosseous infusion (I0) 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 Koya'; Manju Paul. Huggins Hospital, 2 SUNY Upstate Medical University, Last Update: November 21, 2020.



What we need to do ASAP?

|dentify 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

Evaluation
Sepsis primarily diagnosed based on —_ Cardiogenic shock @77 22%
Shock DDx. Al ith i d later b hi Uvnovolemic shock @™ 38%
ocC X. Algorithm, confirmed later by very hig Septic shock e

Lactate Anaphylactic shock | 4%




New Application — Shock DDx @

ShockDDx™

Shock Differential Diagnosis

Evaluation
Cardiogenicshock @ 85%

Hypovolemic shock 12%
Septic shock f 6%
Anaphylactic shock | 4%

Evaluation
Cardiogenic shock @ 22%

Hypovolemic shock 38%

Septic shock B 67%
Anaphylactic shock | 4%

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 Garcia, 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

42 patients with

septic shock
10ml/kg fluid bolus

Cl responder nonre(:ponder
13 (31%) 29 (69%)
MAP- MAP- MAP- MAP-
responder nonresponder responder nonresponder
7 (17%) 6 (14%) 20 (48%)

Died-0/7 Died-2/6 Died 0/9 Died 5/20




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

TABLE 2. TABLE 3.
Hemodynamic Changes According to Car- Hemodynamic Changes According to Mean
diac Index Responsiveness Arterial Pressure-Responsiveness
Post Fluid Post Fluid
Variables Baseline Bolus Variables Baseline Bolus
Cl, L/min/m? Cardiac index, L/min/m?
Cl-responders 43+ 1.1 53+1.2° MAP-responders 5.1+ 1.5 5.4+ 1.4
Cl-nonresponders 49x1.4 45+ 1.4° MAP-nonresponders 44+1.2 43+1.2
Stroke volume index, mL/m? Stroke volume index, mL/m?
Clresponders S5 10 SEEE MAP-responders 38 + 12 40+ 12
Clnonresponders s6=14 34 =13 MAP-nonresponders 34+13 33+12
c\gr, . Hj 7+3 7+3 VP, mm Hg
Heart rate, beats/min MAP-nonresponders 6+3 8+ 4°
Cl-responders 127 + 95 135 + 23 Heart rate, beats/min
Cl-nonresponders 144 + 32 139 + 28° MAP-responders 137 +£26 139£25

Systemic vascular resistance index, dynes-sec-cm=/m? MAP-nonresponders 139+34 137 +£28




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 Cl 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.
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Hemodynamic monitoring and management of
pediatric septic shock

En-Pei Lee "', Han-Ping Wu “**, Oi-Wa Chan *”, Jainn-Jim Lin *",
Shao-Hsuan Hsia “""

# Division of Pediatric Critical Care Medicine, and Pediatric Sepsis Study Group, Department of Pediatrics, Chang
Gung Memorial Hospital at Linkou, Taoyuan, Taiwan

® College of Medicine, Chang Gung University, Taoyuan, Taiwan

© Department of Pediatric Emergency Medicine, China Medical University Children Hospital, Taichung, Taiwan

4 Department of Medicine, School of Medicine, China Medical University, Taichung, Taiwan




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
(Scv02)) 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.

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

e 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 Cl, SVV and
SVRI hemodynamics.

e (linicians 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) Il 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.

20

In the VCEC group, the responders had a

VDEC
5(16.6%)

o 16

significant rise in Cl and a fall in SVRI.
While the responders in the VDEC group had | &
a significant rise in Cl and SVRI.

Cold
VCEC Warm
14(46.8%) VDEC
11(36.6%)

Number

oON O ®
g

Cold shock Warm shock
19(63.4%) 11(36.6%)

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

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:

e 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

Severity illness scores

PRISM Il scorea

Clinical and biochemical parameters
Heart rate reduction postbolus (/min)b

6.75 (1.5, 8.25) 6 (2, 8)

15.6 £4.5

MAP improvement postbolus (mm Hg)b 11.8 +9

Lactate prebolus (mmol/L)b

Electrocardiometry parameters
SVV before fluid bolus (%)

22.3+5.6

Reduction in SVV after fluid bolus (%) 8.1 + 5.1

TFC before fluid bolus (k/ohm)b

Increase in TFC after fluid bolus (k/ohm) 4.2 + 4.2

Outcome parameters

Lactate clearance at 6 hrsa (%)

VIS at 6 hrsa

Clinical resolution of shock at 6 hrsc
Clinical resolution of shock at 12 hrsc
Need for mechanical ventilation

34.2+12.9

33 (27, 60)

30 (20, 120)

18 (60)
21 (70)
8 (26.6)

Duration of mechanical ventilation (days)8 (2, 10)
Length of PICU stay in survivors (days)a 5 (3, 8)

Mortalityc

4 (13.3)

Total (n = 30) Responders (n = 16) Nonresponders (n = 14)

13.8 (2.8,16.5)

184 +4.5 14094
1358 8.7+54
42 +33 55220 4.6 £3.5
24.1+5.2 J| 18.2+3.5
10.9+2.8 6.0+4.5
+ 236 +16.5
| 2.3+1.8 8.2+3.4
55 (28.6, 58.6) 254 (6.5, 35.8)
30 (25.5, 50.5) 82.5 (20, 120)
13 (81) 5(36)
15 (93.7) 6 (42.8)
4 (25) 4 (28.4)
3.5(1.3,38) 55(1.5,7) 0.34
4 (2,5) 9.6 (7.3,17)
0 (0) 4 (28.5)

p value
0.05

0.24
0.23
0.82

<0.001
0.006
0.54
<0.001

0.03
0.043
0.01
0.01
0.87

0.35
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 umol per
liter); and albumin, 23 g per Iiter. 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 ?

- BP88/52 What fluid shall
* SVV 23 (low intravascular volume) we give 2
 Received 4 Liters of Saline

 Mechanical Ventilation 1) Saline

e HR 120

- CVP6 2) Ringers

* Temp. 35.6

* Lactate 13 3) Starch

* Urine output: 28ml/2 hours (N. 2 per kg
per hour) 4) Albumin
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How our opinions vary without hemodynamics

Poll

After an assessment showing that the patient has inadequate intravascular volume, which one of the

following options for fluid resuscitation would you choose to be administered over the next 30 minutes

to 1 hour?

A total of 1 liter of normal saline (0.9% sodium chloride).

A total of 1 liter of Ringer's lactate (Hartmann's solution).

A total of 500 ml of 6% hvdroxvethvl starch (130/0.42).

A total of 500 ml of 4% human albumin solution.




Hypotension 90/54 .. How shall we manage ?
Low intravascular volume ... congested chest = fluid.. What

type
Good contractility and heart function & Low SVR = Pressor

5
—
11631 27197




Hemodynamics Inotrope Titration & misleading stable BP

Clinical Diagnosis:
Pulmonary Hypertension

And PDA

On Dopamine + Adrenaline 0.3 Rz o P e

HR170b/m LTt~ 166

BP 70:77/55:60 (Remember this) ot 100
@ /)

Fluid: 5ml/kg/h

Urine Output 4.59 ml/kg/h

Vital Signe... All seems OK, but
Hemodynamics?




Hemodynamics Inotrope Titration & misleading stable BP

Hemodynamics?

Very High SVRI 2155

Low Cl 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

Dobutamine 8ug/kg added
5 hours later:

Better SVRI 1950 (from 2155)

Low Normal Cl (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)?




Hemodynamics Neonatal Case — misleading stable BP

Increase Dobutamine
to 12,
Adrenaline to 0.9

B 17:50till 19:06 (75
3kg  S3cm 19:06 <o minutes)
: | Notice the changes

BREE  WXE




Admission to Discharge
How easy to manage

@ 19:04 pm next day

Normal SVRI 1159 (from 2155)
Normal Cl (2.9 instead of 2.2)
Normal SVV/FTc (Normal it S
Preload)

Normal Contractility (61
instead of 44)

FTC 244

BP is still 70/55!!!
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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 (I1V) 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 hospltal 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 durlng the first hour after d|a2n05|s of
septic shock, may have a multimodal action and potential advantages, Ieadlng 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.




Septic Shock

Fluid Responder?» No ee—- Start Vasopressor Immediately

. 5 = =
Yes r—[ CVC or PVC?
-

Vasopressin
(Second Option)
Initial dose 0.01 U/min

Norepinephrine
(First option)
Initial dose 0.01 meg/kg/min

Fluid Tolerant? » No

} it = - is =" =

v Yes eI

» Need dose £ § Need dose

i - 20.25-0.5 meg/kg/min | £ § >0.04 U/min

2 Give IV Fluid No to maintain 5 g to maintain

: > ? o T ?

300-500 m! Keep monitoring MAP 2 65 mmHg: i E MAP 2 65 mmHg:
(5-10 ml/kg)

Hydrocortisone
200 mg IV / day

over 10-15 min
=" =

Hypotension Persist? » No

) (e

Corticosteroid ]

S =

Continue

Look for N Are you sure
alternative diagnosis ° is Septic Shock?

same dose,
Yes Keep monitoring -

Active Protocol for Refractory Septic Shock ‘I Yes

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.
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Noninvasive cardiac output monitoring in septic
shock patients

A retrospective study on hemodynamic status and outcomes
Yu-Jang Su, MD*t<¢*®, Sheng-Teck Tan, MD? and Yasser Nassef, MD, PhD®

-

Abstract

Septic shock is a frequent condition in emergency departments, requiring rapid hemodynamic assessment. Noninvasive cardiac |
output monitoring (NICOM) offers a convenient method for evaluating these patients. In this study, we retrospectively analyzed
50 septic shock patients (34 males, 16 females) from a cohort of 627 NICOM cases in northern Taiwan emergency department
between January 2020 and December 2021. Patients were classified into normal and high stroke volume variation percentage
groups, and survivors versus non-survivors. The high stroke volume variation percentage group had an older average age (72.1 vs
59.5, P = .004) and required more fluid resuscitation before inotropic agents (1322 mL vs 864 mL, P = .043). Non-survivors were
older (77.6 vs 64.7 years, P =.013), had higher NT-proBNP levels (655 vs 307, P = .029), and longer ICU stays (3.7 vs 1.2 days,
P =.007). The overall mortality rate was 22%. NICOM is a valuable tool for guiding fluid resuscitation in septic shock patients.
Further studies are recommended to refine its application.

Abbreviations: BNP = B-type natriuretic peptide, CHF = Congestive heart failure, CO = cardiac output, COPD = chronic
obstructive pulmonary disease, EC = electrical cardiometry, ED = emergency department, FTC = corrected flow time, HIV = human
immunodeficiency, HR = heart rate, ICON = index of contractility, NICOM = noninvasive cardiac output monitoring, NT-proBNP
= N-terminal prohormone of brain natriuretic peptide, PAC = pulmonary artery catheters, SBP = systolic blood pressure, STR =
systolic time ratio, SV = stroke volume, SvO2 = central venous oxygen saturation, SVR/SVRI = systemic vascular resistance, SVV
= stroke volume variation, TFC = thoracic fluid content, WBC = white blood cell count.

Keywords: inotropic agent, outcome, sepsis, shock



Non-invasive cardiac output monitoring
From Jan. 1, 2020 to Dec. 31, 2021

627 cases

Normal values
of SVV%
18 cases

58 cases

34 cases

7 cases

6 cases
4 cases

4 cases

2 cases

276 cases:

172 cases:

14 cases

Not infectious diseases
Missing parameters

: High values of NTproBNP
:High values of BNP

WBC not above 12000/ 12 L

: Referral from other facilities

: Young cases with normal variant hypotension

: Pancreatitis

: Transferred to other hospitals

: Against advice discharged

of SVV%
32 cases

High values




Noninvasive cardiac output monitoring in septic shock patients

Table 2 - Comparisons are made via SVW% normal and high value.

SVV normal SVV high

| Lactate (mg/dL) 23.5+21.6 28.8 + 27.5

P= .Db?). The overal mortality rate was 22%. NICOM is a valuable tool for guiding fluid resuscitation in EE['-}liE- shock patien_ts.
Further studies are recommended to refine its application.

Albumin (bottle) 1214 20:13
Time to stable (min) 560.1 + 506.2
ICU stay (d) 19£5.0 1.6 £ 4.0
LOS (d) 15.7 £12.7 1451 11.2
CO (L/min) 5.0+ 11 5.6 + 2.1
TFC (1/Z0) 20.7 £ 4.3 231:7.0
lcon 39.6 £ 15.0 £1.0£19.6
SW% 24,0 £12.0
SVRI (BSA) 17014 £ 1852.2
CHF 118 2/32




Original Article

Association between chest congestion and mortality in ICU
patients

Yasser Nassef' , Dung-Hung Chiang’’, Ming-Chih Chou'

' Nnstitute of Medicine, Chung Shan Medical University, Taichung City, Taiwan
’ Department of Critical Care Medicine, Taipei Veterans General Hospital, Taipei City, Taiwan.

Purpose: Recent years have seen significant progress in hemodynamic monitoring and management. There
has been an evolution from invasive to less invasive technologies. 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).

Methods: This retrospective case-control study assessed 373 patients admitted to the ICU of Taipe1 Veterans

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. The (TFC) thoracic fluid content was
collected by an ICON Electrical Carcllometry device in all patlents Mortallty odds ratios (ORs) and 95%

Illl Nce 1n mated L0 11 l‘ ll COTEe ll 110 e]q

Results: A total of 224 patients (84 who died in the ICU and 140 who remained alive) were included in

the final analysis. The aOR for mortality was significantly higher in patients with abnormal or high TFC
¥ an 10 [nosc wi y UK, 2.278; 9570 1210-3.208). Resulls rom the sex

stratlhed analysis model showed that the aOR for mor’tallty was significantly higher among men (aOR,

2.209; 95% CI, 1.006-4.848; P=0.0482) but not women (aOR, 2.085; 95% CI, 0.631-6.890; P=0.2284)

with TFC >50 kO compared to TFC <50 kO,

Conclusions: In this study, high TFC was associated with a higher mortality rate in critically ill lCU]

patients. The mortality risk was more pronounced in male 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% (Cl) were estimated using
multiple logistic regression models.

Yasser Nassef, Dung-Hung Chiang, Ming-Chih Chou



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 (xSD) 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

Yasser Nassef, Dung-Hung Chiang, Ming-Chih Chou



Yasser Nassef, Dung-Hung Chiang, Ming-Chih Chou

Table 2. Multiple logistic regression analysis showing the association between ICU mortality and
potential risk factors

Risk factors aOR p-value 95% ClI
TFC (ref: <50)

[ =50 2.278 0.0101* ] 1.216-4.268
Sex (ref: Female)

Male 1.459 0.3450 0.666-3.196
Age 1.007 0.4274 0.989-1.025
Height 1.026 0.3285 0.975-1.079
Weight 0.975 0.0470 0.951-1.000
DM (ref: No)

Yes 1.129 0.7655 0.509-2.504
CAD (ref: No)

Yes 0.681 0.5049 0.220-2.107

Vasopressor agent (ref: No)

Yes 1.428 0.2589 0.769-2.653




Association between Chest Congestion and ICU Mortality in ICU Patients

High Chest Congestion correlated with 3 times mortality in ICU
80 69 patients

70
60
50

40

22

30
20

/12

High Normal
B TFC mSVV H Mortality
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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

e 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

Continuous, Noninvasive Hemodynamic Monitoring
for Cost-Effective, Quality Patient Care

Establish baseline to aid

n o Determine stability for H
initial assesment and Monitor and optimize drug oo tarto lower g:uity Clinical Advantages
diagnosis titration, diuretics, volume o P e
expanders, vasodilators, g A
Identify and initiate ionotropes
target treatment /—— \
Determine Discharge Discharge

responsiveness to
treatment

Adequate

Discharge

.......... P

Presentation W%
Ce Aoi2®
Q\’ By, COtinuous Nows
%
Assessment OW@

& Diagnosis f ofilf
Treatment 00'/@

Hemodynamic Profile
Inadequate

Hemodynamic monitoring can predict survival,
length of stay, and hospital charges when

other vital signs do not J

Consider placing

a PA Catheter

Time

\J
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* All materials on this PPT are protected by United States and German
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notice.
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responsible for the information or the consequences of its practice.
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Case 1 — CSMU - HT with Hemodynamics OPD

M 2691639 74y/o
SBP DBP MAP FTC Svwv TFC ICON Cl SVR HR
(300- | = 10) | (25-35) | (40-60) | (3-5) | ‘°°% | (54-90)
500ms) 1200)
4112022 162 | 80 | 107 || 315 5 20 | 415 | 22 | 2232 | 67
5/17/2022| 133 | 62 86 328 9 21 | 456 | 27 | 1560 | 73
8/15/2022| 123 | 70 | 88 348 9 19 | 413 3 | 1319 | 79




Case 1 — CSMU — HT with Hemodynamics

Initial BP at start

180

162

160

140

120

107

100
80
80
60
40

20

11/4/2022

ESBP  DBP H MAP



Case 1 — CSMU — HT with Hemodynamics

Found High SVR

2500

2232

2000
1500
1000

500

0 ]
11/4/2022 17/5/2022 15/8/2022

ESBP mDBP mMAP ESVR



Case 1 — CSMU — HT with Hemodynamics

Add Vasodilator. SVR goes down over the visits

2500

2232

2000

1560
1500 1319

1000

500

0 - s TN B e e B s s
11/4/2022 17/5/2022 15/8/2022

ESBP mDBP B MAP ESVR



Case 1 — CSMU — HT with Hemodynamics

Changes in BP over 3 visits to OPD.. Targeted BP achieved from

2 yisit
180 162
160
140 133 123
120 107
100 30 86 88
80 62 70
60
40
20
0
11/4/2022 17/5/2022 15/8/2022

ESBP ~ DBP m MAP



Case 1 — CSMU — HT with Hemodynamics

Improvement in Cl over the 3 visits

3.5

? 2.7

2.5

N

1.5

[EEN

0.5

11/4/2022 17/5/2022 15/8/2022
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Case 1 — CSMU — HT with Hemodynamics OPD

Overall changes
180

160
140

120

162
133
123
107

100 86 88

80

60

40

| _ _

0

11/4/2022 17/5/2022 15/8/2022

mSBP  DBP EMAP EICON MEHR



Can We Predict Sudden Drop of BP 15 Min earlier?

ol 343 19cm 11:32AM

W o I
5 154

v (& :
N o~ J

37 N
300 0°

.:ON . 2
TS s

TFC L HIE I : ]
12-5 3.51

SVR 1066 ==
dynsicmS 850 1418

swW 7 — ]
% 5 157

SV 63! I 5
- 54 107

FIC 324 Y ]
Y ml

co (52 e s |

€s 773
TFC U I ]
!Pé .s]'
SVR 1014 | 1 Y
gynsiced 850 1416

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 ?

SVYR
2

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




Beauty of Hemodynamics

12.42 Inotrope started,

12.45 CO increased by 10%
and SVR decreased by 20%

BP increased by 10%

- 88/42 54) ?




CO recovered and BP Recovered 15 min. later

: ] [osnlll 7854 62) mmig  (12:42 - =
& 0 SW 10 | ]

12.42 Inotrope 1:27 PM: -
started (73/35) All back to normal 1015

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

* |nitial 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.

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

e 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 (ﬁ Mass(General Hospital
ix for Children-



Continuous noninvasive cardiac output in Neonates & children

Massachusetts G. Hospital Children, Boston, MA, USA

15:19

Caudal injection

15:23
15 : 24
15:25
15 :

15 : 28
15:29
15 : 31
15 : 34
15 : 37
15 : 40
15 : 43

This wasla 2-month-old 4-kg female undergoing bilateral inguinal hernia repair.

143
145
141
144
146
145
146
149
151
148
151
152
152
155
165
175
159

56

60

65

1.905 13.37

1.848 13.06

1.870 13.20

1.993 13.84 |

2.560 17.58 |

2.482 17.14

2380 16.42

M* M *

3.440 23.06

3.523 2367 —

3.552 2355 =

3510 2296

3537 2324 2

3723 2406 —

4.197 2501 &

4.447 2561 &

4227 2649
&
=

than 1 ml-kg' of 0.125% bupivacaine with epinephrine 1 : 200 000. ICl 1~37% within 1 min of administration] andl 1C| ~87% 4 min after

injection with minimal earlz changes in other vital signs. Similar changes in other cardiac parameters were noted. This case will be reported in

greater detall elsewherq. The error was recognized ~5 min later, but in retrospect, the monitor indicated a change several minutes before thep

error was realized.

for Children

XK



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

* 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.

Management, Mass General Hospital for Children, Massachusetts General Hospital, .
Boston, MA, USA Initial experience in 402 pediatric patients for Children-

Division of Pediatric Anesthesia, Department of Anesthesia, Crifical and Pain A M”i‘%SGE‘I’lQl"’ll HO‘;pit’il
L® P C s iC
L )
: ; :



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 ?



159!

nl 'S
! TR ""llq'* il
N

i

DO2 1173
SVR .-

SVV -
o Conflaure

Possible Sepsis with Renal Impairment ?
Lactate Clearance came later 26.3 — WBC
11700
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Hypertension Case

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

What possible diagnosis ¢
What other investigation?

Inifial suggested treatment: Diuretics
Let us see the hemodynamics




Hypertension case — Hemodynamic help

EC ICON Report

differential diagnosis:

Normal body fluid
_.ow contractility

Low CO -
_OW pre-load -

IC*ON 135!

High SVR -

Diuretic was not the
best choice
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Hypertension Case — Hemodynamic help

Started |V fluid .. And
vasodilator

18 hour later, SVR came

down from 2457 to 1463 _ ,ON 338.-5

1375 6251
1

CO becomes 4.2
(initially was 2.8)

Preload back 6 normal

BP 100/6/
Goal achieved




Hypotension.. Standard monitor .. Will It 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?



Getting Hemodynamics . Goal achieved

Case Study 3 (continued)
CcO 3.9 L/min

Cl @[‘r in/m 2
SVR ynes/sec/cm

SVV 1

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

* Dobutamine is started to the patient
* One hour after the Dobutamine, hemodynamics reveals the
following:




Titrating Medications..Goal achievdd

Case Study 3 (continued)

After and Before 1-hour treatment (Dobutamine)

CO 3.9 L/mi

Cl (2.3 L/min/m?2
SVR (1850 dynes/sec/cm
NIBP (92/63 mmHg

Pulse 92 bea’rs/mln Pulse 101 beats/min




MI with Heart Failure follow up on OPD

Titration of an ACE Inhibitor

Visit Signs/Symptoms Cl SVRI TFC
#1 SOB, Inability to sleep | HR81 | BP 112/88 2.3 3136 32.5

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 gd), diuretic (Furosemide 20 mg gd).

NIHD Interpretation High SVRI indicates vasoconsiriction.
Treatment Decision: Increase Enalapril to 20 mg bid, increase

Furosemide to 40 mg qd.

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



MI with Heart Failure follow up on OPD - Cont.

Visit Signs/Symptoms Ci SVRI TFC
SOB, Inability to sleep
#1 HR 81 2.3 3136 32.5
BP 112/88
#2 SOB resolved
(1 Week) HR97 3.5 1277 30.3
BP 98/72

NIHD Interpretation:
Up fitration 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
CA~Arn/adilAln



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

Table . Summary of Hemodynamic Stafistics (N=38)*

CHARSCTERISTIC

oc Fraal D [r=246) P Vaue

Sl mL/m?) 0.24
Cl [L/min/m’] <0001
SVRI [dyne x 5 x cm* x m? 'lel-ﬁ—ﬂ-dim <0.03
Vi1 /1000 s) 9 39.9] 427 |28 .4-47 1) <001
STR 0.52 [0.37-0.568) 0.37 [0.33-0.41 <001

Dx=diognosis; Sl=stroke index; Cl=cardioc index; 5VRl=systemic vascular resistance index; Vl=velocity index; 5TR=systolic fime rafio;
*values are expressed as mean [95% confidence interval)

Table ll. Summary Diognosis Stafistics (M=38)

METHOD SENSTVITY [Fa) SPECIFICITY [Ta) PPV (%) MNPV (%)
ICG 92 88 79 86
ED physician 83 i 63 21

Sensitivity=probability that o person with a true cardiac cauwse will test cardiac by the method; specificity=probability that a patient
with o true nencardioc cause will test noncardioc by the methed; PPV =positive predictive value, the probability that o person who

tests cardiac is truly a cardiac cause; MPV=negative predictive value, the probability that a persan who tests noncardiac is truly o
noncardiac cause

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



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.

e 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?

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 gd), ACE inhibitor (Enalapril 5

mg bid).
Exam / Symptoms Cl SVRI TFC
Rales, ronchi, Shortness 2.8 2400 23.2
of breath (2.5-4.2) (1337 — 2483) (21 = 37)

NIHD Interpretation: Normal ClI, SVRI, and TFC do not indicate decompensated
HF or pulmonary edema. Likely cause of symptoms is primary
pulmonary disease.

Treatment Decision: Initiate antibiotics, bronchodilator.
From John Strobeck, MD, PhD, FACC, Heart Lung Center, Hawthorne, NJ



Impact of NIHD on Diagnosis and Therapy of

Emergent Dyspnea: the ED-IMPACT Trial

ED-IMPACT

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



ED-IMPACT: Study Design

Setting: (Cleveland Clinic)

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?? H % change Tx ??

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



NIHD Changes Diagnosis and Therapy Decisions in Dyspnea

39%

N=89

% Change Diagnosis % Change Therapy
12 Patients 35 Patients

Peacock WF, et al. Acad. Emerg. Med. 2006; 13(4):365-371.
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Khaled A Yassen', Zahra Al Ghadeer', Fatimah AlHejji', Fatimah Alothman', Huda
Alethanl, Danah AlAlil, Lamis AlJamaanl, Dur E Shahwarl, Lien Reyinz, Yasser Nassef

ﬁDepartment of Anaesthesia Unit / Surgery, College of Medicine, King Faisal University, Al-Ahsa, Hofuf City, )
Saudi Arabia
“Department of Pediatrics, Chang Gung Memorial Hospital Linkou, Taoyuan, Taiwan

Clnstitute of Medicine, Chung Shan Medical University, Taiwan y

“Corresponding Author: Khaled A Yassen, Department of Anaesthesia Unit / Surgery, College of Medicine, King
Faisal University, Al-Ahsa, Hofuf City, Saudi Arabia

Received: 05 April 2022; Accepted: 12 April 2022; Published: 13 April 2022

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
(Cl), stroke volume index (SVI), cardiac muscle contractility (ICON), left

\(/entrigular 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 O
to 72 h (p<0.01); the postoperative SVV, SVI, ICON all increased significantly from O
to 72 h (p<0.01); the postoperative changes of MAP, Cl 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

e 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.

e 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.

e 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



CENTRAL ILLUSTRATION: The Concept of Pressure-Guided Heart Failure
Therapy

Heart Failure Hospitalization

Heart Failure Hospitalization

Symptoms
("Clinical Congestion")

Pre-Symptomatic Hemodynamic Changes
("Hemodynamic Congestion”)

-
-21 -14 -7 0 Days
|

|
Reactive

Averted Heart Failure Hospitalization

Medical Intervention

Pre-Symptomatic

I
-t L B
=21 -14 -7 0 Days

L |

B
Proactive

Abraham, W.T. et al. J Am Coll Cardiol. 2017;70(3):389-98.

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




Case Study 1.. Shock DD

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).

Low Normal High

HR 95 [N |
. 55 88

Sample Case

MAP 65 I : |

105

Patient: 84-year-old female, History: Diabe?ic, hypertensivem
Vital Signs: BP 85/50, HR 95

Exam: Low blood pressure, tachycardia

Current Therapy: Diuretics

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

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



Septic Shock DD with Hemodynamic

Hyperdynamic
circulation,

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

Bar Screen

Low Normal High
88

HR 10

[

MaP 72 [

SR ———

|
1
105
|
)

55
|

Interpretation:
With the help of EC™, we can see very high CO and very low SVR with hypotension

and normal cardiac function, which leads us to typical early Sepsis.

Treatment Decision:
Massive antibiotics, and admit to the ICU.




Cardiogenic Shock DD with Hemodynamics

Low contractility Bar Screen

Low Normal High

Low Ejection fraction.

Fluid level is almost normal

Not hyperdynamic (so w1
hypovolemic and Septic )
are excluded) L

[ ) [ ] [ ]
so Cardiogenic Shock is interpretation:
. With the help of EC™ we can see very low Cl and ICON parameters, and
high STR which reflects a low Ejection Fraction. Fluid indicators (SVV, FTC)
CO n fl r m e d \.n.ligflhin no:vmlcﬁ réigtee?Gslfothi::ehcclggfirﬁf(lioor:dicl:gl;erlwr':c Igﬁog::. e

Treatment Decision:
Add Inotrope and/or Dobutamine and transfer to CCU.




Hypovolemic Shock DD with ICON

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

Bar Screen

Normal

HR 95

MAP 65

co 37 | \

I
r
|
18

svR 1063 [N
gyn giom 0

|

ICON 51 I I
40

|
sTR 037 [T
0.3

I 1 |
NI
bt |
05
Interpretation:

Shock is due to loss of fluids, which is confirmed by high SVV, low SV, and normal
cardiac parameters.

Treatment Decision:
Hypovolemic shock, to be treated with immediate fluids.




New Application — Shock DDx

Evaluation

Cardiogenic shock @l 85%
Hypovolemic shock 7 12%
Septic shock M %
Anaphylacticshock [ 4%

Evaluation

Cardiogenicshock W7 22%
Hypovolemicshock @ 38%
Septic shock B 7%
Anaphylacticshock [ 4%

© 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 Regurg :
 Massive Chest Wall edema (PE)

e Patent Ductus Artriosus (PDA) Severe
cases

* Arrhythmia (only for SVV)




Easy (diagnostic) screen

_..I 73 kg 182 cm 02:27 FM

HR 110 —
bprn

SY

CO 9.5 _
IS mim L4_3 ?21
svR 560 N | '
dyn sfcm Cogg 15007
ICON 47
40 g0}
STR 0.43
~ 0.3 05!

T vew- W WM _crat-




Hemodynamic Status Report

KM200820 01 Jum 2020 11:50 AM (01 Jun 2020 53 A
Gender; Female Height 183 cm CVP- 3 (3) rmmHg

Ciate of Birth: 20 Sep 1830 Weaight: T30 [72.0) kg

e 30 Years BMI f BSA: AT Mame

nach Belashung (lisgend)
Parameter Description Unit Value low normal  high Hormal Rangs
How
HR Hear: Rait= Epm 142 [ o4 -8
sV Sk Yolume mi (53" 30 82 - 103
=l Sk Volurme Index BZA ar 2 J1_58
Cco Cardiac Cutput Lirmin 11.2 2B 44_T4
Cl Cardiac Indey BSA a.o 1.5 24-41
Huid
SV Siroie: Lol ure ‘Variation % &1 13 S5-15
FTC Cormected Flow Time ms 33T 189 200 - 500
TFC Thoracic Fuid Content 17 7 2E_3R
Resistance
SVR Systemic Vasmular Resishnce dym-s/cms 1085 (2617 BE3 - 1471
VA Syshemic Vasoular Resishince Indey BSA 206 [432F | 1831 -27149
Cardiac
IC0N Indey of Confract ity 302 55 ITs5-[25
STR Eystolc Time Fatio .54 0.5 0.30 - 0.50
PEP Fre £ ection Ferin ms 2 (155 ' BE— 120
Blood Pressure
hapP Mzan Arteria Fressue mimHg ar T &0 - 100
SHRP Sysinlc Areral Pressure mimiHg 108 19 100 - 140
CBF Ciasimic Arierial Freszurs mimiHg TG s 70— 88
Decision Support
LVET L= Yantricular Ejartion Time ms 214 2840 L
viC \ariation of Index of ContracHEy 5 a5 ¢ | 45




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

(988) [T ——
: L1631 2719

T T




Cardiac Contractility

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

This can occur as a result of changes in EDV or 150, ESPVR
arterial properties alone.

Inotrople Agent

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

a0+

LY Pressure {mmHg)
]
&n

P
ks

qﬁ-
It turns out that we can look towards changes f
in the ESPVR (End Systolic Pressure-Volume Relation) b® L\iﬂvﬂrjm;ﬂ(?m;zﬁ 150

to indicate changes in contractility Figure 13




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
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Online Cardiac Intensive Care
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Figure 2. Change in hemodynamic variables in cardiac index-responders (CI-R) and cardiac index-nonresponders (CI-NR). CVP = central

venous pressure, Esp = specificity, FB = fluid bolus, PP = arterial pulse pressure, SBP = systolic blood pressure, Sen = sensitivity.




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.

e 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(supp! 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
thatsECoivertihendevicent frataoffe fechriret phtsdittco iTeiote mheald Hredtme@rfiesga 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 5,b,1, Han-Ping Wu ¢,d,1, Oi-Wa Chan a,b, Jainn-Jim Lin a,b, Shao-Hsuan Hsia a,b,*
aDivision 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 Cl 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)

Non EC use compared to EC use over 12 month period (Mortality
Reduction by 8.20%)
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Internal data collected by myself 11/2012



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

Non EC use compared to EC
use over 6 month period (Reduction by 10.77%)
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Internal data collected by myself 11/2012



Hemodynamics

Definition:
* Measuring the factors that influence

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

Purpose: . 6 2 [
* To help in diagnosis, differential 0 o '
diagnosis, Monitoring, treatment and
drug titration of critically ill patients

SVV /SV

Elecfrical
Window 1

* |If we can know hemodynamics, we can ‘® e
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)

+ or —
Vascular
pluMme

+ or —
Vascular
Tone

+ or —
Inotrope



Reliable Hemodynamics Technologies

Non-lnvasive
Continuous

No need for expert
1/20 running cost
Full parameters

Good No

Not Continuous
Need expert

Non running cost
80% of parameters

Invasive (Not in Sepsis)
Need 20:30 min.
Cost S 200

Not enough parameters (60%)
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Hemodynamic parameters for assessing volume status and
fluid responsiveness

Static Parameters Dynamic parameters
Systolic pressure variation (SPV)

Arterial pulse pressure variation
(PPV)

Stoke volume variation (SVV)

cardiac output (CO)

central venous oxygen saturation
(Scv0?2)

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

Intrathoracic blood volume (ITBV) | o\ volume (SV)
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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

P

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