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Volume Status & Preload Responsiveness Assessment
Emergency ICU, Regional Emergency Center

Jun Wan Lee, MD

Volume status & outcomes

Fig. 1 The art of Mluid management: Walking the fine line between
the dangers of fluid overload and hypovolemia

COMPLICATIONS

=

: 9“"?::: OVERLOAD

Pulmonary cedema
Interstitial cedemna
Heemodilution

|

Tissue hypoxia

VOLUME
STATUS HYPOVOLEMIA

Low cardiac cutput

l in, Ceccond
Intensive Care Med
Published online Feb 2015

Tissue hypoxia

Vincent et al. Critical Care (2015] 19:224

Volume expansion in the first 4 days of shock:
a prospective multicentre study in 19 French
intensive care units Intensive Care Med (2015) 41:248-256

Volume expansion in the first 4 days of shock:
a prospective multicentre study in 19 French
intensive care units Intensive Care Med (2015) 41:248-256
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After lusid
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d J 0 { Increase in blood pressure 2,005 (TE3 %)
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Importance of intravenous fluid dose and e i
composition in surgical ICU patients

Deesign Population xposres Outcomes
Curr Opin Crit Care 2012, 18:350-357
Rrtronpective  Pradsatin ccally i stastuog CRET % FO
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Retronpective  Prdsatric critscally i stagtug CRET % FO
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: Mortality
Fluid overload MV duration
kidney recovery

Resuscitation Fluids SPOTLIGHT REVIEW

N ENGLY MED 3651 NMORG  SCPTCMACH 26, 2013 Therapeutic strategies targeting the endothelial
glycocalyx: acute deficits, but great potentiall

Bernhard F. Becker ", Daniel Chappell?, Dirk Bruegger?, Thorsten Annecke 3,
and Matthias Jacob?

L) Vavcutar humen
* Gipaca
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Maintain high concentration of plasma prateins
Plasma albumin

Hydrocortisone and mast cell

Anti-thrombin I and protease inhibitors

Not clinically

tested...

No preparations of syndecans, hyaluronan, chodndrotin sulfate for human use
except Heparan sulfate

Does Central Venous Pressure Predict
Fluid Responsiveness?*

A Systematic Review of the Literature and the Tale
of Seven Mares

VOLUME
Paul E. Marik, MI}, FCCP: Michael Baram, MD), FCOP; and Boliwak Vahid, MDD
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Fluid status and fluid responsiveness
Sheldon Magder

Current Opinion in Critical Care 2010,

Figure 2 Bar graph of number of patients respanding to fluid
challenge with different starting central venous pressure

&

i rM'\lmrnqua e i M-r_aln\-i
socond shows those who maponded
res). There were less boks
s impressions. Thare wi
Hg. Adapted from [16].

at higher CVP valuss based
e raspondars in this seeins

Bench-to-bedside review: An approach to
hemodynamlc monitoring - Guyton at the bedside

Magder Critical Care 2012, 16:236
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Does the Central Venous Pressure Predict Fluid
Responsiveness? An Updated Meta-Analysis
and a Plea for Some Common Sense*

www.comp

Lorg
EauTE: Mank, MLy Dol s hodngs Lavalas), LY July 2013 « Viokume 41 + Number 7

Dala Synthesis: Overall 57% £ 13% of patients were fluid
ro.,pondurs The summary AUC was 0.56 (95% CI, 0.54-0.58)
with no b bet studies. The y AUC was
0.56 (85% CI, 0 52 0 60) for those studies done in |h-\ ICU and

In conclusion, there are no data to support the widespread
practice of using CVP to guide fluid therapy. This approach to
fluid resuscitation is without a scientific basis and should be

abandoned.

Inspiratory fall in Pra

Inspiratory fall in Pra

Figure 5. Inspiratory varistions in central venous pressure predict response of cardiac outpat 1o a volume infusion, Fatient

Functional haemodynamic monitoring

Michael R. Pinsky

Curr Opin Crit Care 2014, 20:288-293

Resplratery 45V
= atroks vk viriaton
= Indicator of position om Framk-Sualing curse
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ARTERIAL WAVEFORM ANALYSIS METHODS

Arterial Waveform Analysis Stroke volume variation (SVV) represents the variation
Each of the technologies analyse the arterial waveform in a different way of stroke volume (SV) over the ventifatory cycle.

SV,

max

vV,

SVV = o

SVV is: Ve

*measured over last 30-s window

=only applicable in controlled, mechanically ventilated

atients with regular heart rhythm
STROKE VOLUME P g yt

Cardiac output monitoring: an integrative

perspective Ao ot il Cae 201, 1524
R
- |
A L C—

Cattraied pusa
ek M
e e okl

Uncaioraind pulss pressurs arayss

Inaniieness

Figure 2. Integrative concept for the use of cardise sutput monitoring devices. 10 o

Cardiac qutput monitoring: an integrative Cardiac output monitoring: an integrative
perspective perspective T —

Table 2. vervie of hemodymamic monitoring techniques

[Pe————
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Betish Joumal of Ancethesis 114 (41 56
Advance Aocess pubication 16 Jenury

Noninvasive continuous cardiac output monitoring [rep—
in perioperative and intensive care medicine iy insta - o Tomisant
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Assessment of volume responsiveness during
mechanical ventilation: recent advances €« Passive Leg Raising (PLR) Test

Patient is in semi-recumbent position
START: Monitor CI

Parform PLR:
Note Cl__ (ca. after 1 min.)

Maoninet and Teboul Critical Care 2013, 17:217

- carcdas aeshythemias!

< Lo 104l bt o b g 7  sapine position

o

| e it sl s s s i

Imvv--r-v--c-n- ' ssmnirm g sy Bl ]

I =
| il chaianas L s e thaeren

Figure 2. Deciston-making process of flusd adminkstration.

Can Changes in Arterial Pressure be Used to Detect Case Scenario: Respiratory Variations in Arterial
Changes in Cardiac Output during Volume Expansion [ll |Pressure for Guiding Fluid Management in Mechanically
in the Perioperative Period? Ventilated Patients

wch, M.O., Ph.D.,* Clwistor

Vi = Vo
(SVians + Vol 12

SVV W)= =100

Puise pressure variations and stroke voluma variations
formulae. PP = puise pressure; PPV = pulse pressure vari-

% % Limitation of Dynaméc Index
£ £ Type of Error
N [
3 ; Tidal volume < 8 mikg False negative
i 88 [0.64 10 8.7 i 055 [0.6012 8.70) Heart ratef/respiratory rate False negative
e q pea.001 priurw o -_D?m"- - "‘-";" “'“W;;.:"’;""““- HPA O;Ir:uchezts False negative
;,;Tk.:ur; pressure variations, Adown adown, Aup Arthythmia False positive and/or
false negative
Respiratory effort Falsa positive and/or
fatse negative
Intraabdominal hypertension False positive

Right vantricular fallure Falsa positive
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PPV valuss interpratation
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Algorithm for the analysis of puise pressure variation
PPV) values. Asterisks denote with respect of spacific limi
tations of their usa

ClI (Vmin/n)

GEDI (mim)

ELWI imlikg)

Vi = volume loading | V- = volume reduction | Cat = catecholamine / candiovascular agerts

Monitoring: from cardiac output monitoring
to echocardiography

Ciom Opin ot Carw 2015, 31396401

Table 1, Compared onolysis of sirengths and drowbodks of hemcdynamic monitoring devices

Relicbility i Ease  Ability e monitar
Invosivensis  ICU pailents  of e €0 in reakteme

Ability te meaiere
athaer variables than €O

Pulmanary ry cothele:

Trarspubmanary hermodiubon sysems " . i o
Lith o mon ior

Ureahbrated ararial puisa cordoue anciysin . 4/ -+ i §
Noninvave orerial pulse conlow onalysis o

Esaphogeal Doppler

Bicr ne

Haemodynamic Normal Values

Hasmegiobn fygen haporter in blood)

Atorial | cagalary e SAILEMSER Fiygen koasd of arterkal bhooed)

Systamec Vancutar Flesistaros e {Fesistirce of vioul sty
Mem Artirial Prossurs

Cantas Furcton Indax (s rica:
Cnbac Prower Icdes (Uikahal carchas: prarfoemances
roR
ms

Extravascular Lung Water indax fLung oedems)
Pumonary Vascutar Parmaatity index (Parmeahiin of kng besue)

Intensive Care Medicine 2.7 (Jul 2016): 1164-1167

Patients wth shach |

| Echocandiogaphy |

s calbeter

Shach without ARDS Shock with ARDS

- Transpulmsaary thermedilution s

smary artery cathater

FIGURE 1. Algorithm io decide how io choose hemodynamic moniforing systems in patients with shock. ARDS, ocuie
respirotory disiress syndrome; RV, right veririculor
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Fluid Status Assess and Mana perative Phase

Card

Stefano Romagnoll, MD,* Alessandra Rizza, MD,® and Zaccaria Riccl, MD?

mal of Cardlotharack: and Vi

Predicting Fluid Responsiveness in Children:
A Systematic Review

CONCLUSIONS: Respiratory variation in aortic blood flow peak veloclty was the only vark
able shown to predict fluld responsiveness in chiidren. Static varlables did not predict fluid
responsiveness In children, which was consistent with evidence In adults. Dynamic varlables
based on arterial blood pressure did not predict fluid responsiveness In children, but the evi
dence for dy bles based on graphy was ing (Anesth Analg

2013;117:1380-92)

Fluid Status Assessment and Management During the Perioperative Phase in
Pediatric Cardiac Surgery Patients

Alessandra Rizza, MD,* Stefano Romagnoli, MD,1 and Zaccaria Ricci, MD*

Journal of Carfiotharacic and Vasculsr Anosthesis, Vol &, No § [Masthl, 2016 op S5-I

Pulsed Doppler over 8
Vpeak
of 3 consacutive breathy

Fespiatory v insomtic  Echocardiograply
blood flow peak velocty



Fluid, Fluid, Fluid

Seoul National University Hospital, Seoul National University, College of Medicine

Hyun Joo Lee, MD, PhD

Fluid

» Hydration
= Nutrition

s |ntravascular volume replacement, blood products

—

: Blood
(o

Contents

« |Introduction

» Fluid disposition
» Fluid types : harm / benefit
» Evidences
s Summary

Terminology

= Osmolarity : solute / solvent + solute (mol/L)
(osmoles of solute per liter of solution)
« Osmolality : solute / solvent (mol/kg)
(osmoles of solute per kilogram of solvent)

= Tonicity : relative osmolality of one solution in reference to
another

« Crystalloid : electrolytes, glucose (small solutes)
» Colloid : macromolecules suspended in electrolyte solutions
« Balanced : physiological pH/isotonic salt concent.

Terminology

» Fluid bolus: a rapid infusion to correct hypotensive shock.
at least 500 ml over a maximum of 15 min

» Fluid challenge: 100-200 ml over 5-10 min
with reassessment to optimize tissue perfusion

» Fluid infusion: continuous delivery of i.v. fluids
to maintain homeostasis, replace losses, or prevent organ injury
prehydration for contrast nephropathy

* Maintenance: fluid administration for the provision of fluids
for patients who cannot meet their needs by oral route.
no more than 1 -2 ml/ kg
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Fluids

Plasma 74 141 103 45 5 2  Bicarbonate 289

Normal Saline 57 154 154 308 Acidosis
Lactated Ringer's 64 130 109 4 3 Lactate 28mEq 273 No effect
(Hartmann)

Plasma Sol A 74 140 98 S 3 Acetate 27TmEq/ 295 Alkalosis

Gluconate 23mEq

5% albumin 69,000 Dalton 20 mmHg  0.7-13 16412+
6% Hetastarch 69,000 Dalton 30 mmHg 10-13 179

sextele H2m

Fluid Distribution

Cellular
TOkg, 451 ECF (33%, 15L) alormant
volume
|| WVE (4.4%, 2L)

\ (11%, 5L)
Plasma
=
(B.6%, L)

ICF
(66%, 30L)
Interstitial
(22%, 10L)

Starling Principle

Imtorstimial space

Ll::r_, nﬁ . wl,‘_g Endothesal call line

>3 3|

F=HC x [(PV— PI) — (=V — =l)]

* Hydrostatic Pressure
« Oncolic Pressure
* Net filtration of water

o
\é-
- and small molecules
towards the
v ;hu ack mitm. livndw oo creomn interstitial space is
ibe arrows|, which is, occoraen, the ifionol view, H
cppoted by the invordiraced oncotic rodint(grey determined by the

arrows] generated ocross the vasculor wall by a difference
in the protein [grey circles| concentrafion.

two competing forces

Curr Opin Crit Care 2013;19:262

Starling Principle

Arterioles

Prassurs net filtration) |

{relative)

Hydvastatic (outwards)

F=HC x [(PV-PI) - (wV — )]
Curr Opin Crit Care 2013;19:282

Starling Principle

Interstirial space
%ﬂglﬁ 5-‘3'5 e || 9V =Kil(PC — Pi) — a(me — i)
+ Colloid -»
.}.}) ———
-k

100% intravascular + a
- * ._)-.

* Isotonic solution ->
20% intravascular
+ Dextrose ->
6% intravascular
FIGURE 1. The vasculor system is under [blood] pressure
[white arrows], which is, occording to the troditional view,
opposed by the inwarddirected oncatic grodient |grey
arrows] generated ocross the vasculor wall by a difference
in the protein [grey circles| concentrafion.

» Resuscitation!!!
Collofd > Hartmann / NS = D5W

Curr Opin Crit Care 2013;19:282

= 391 ICU across 25 countries
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Starling Principle Fluids
e i i P 74 141 103 45 5 2  Bicarbon 289
-— - Endothebal cell line ] JV— Kf[{Pc - PI] = G(M B Tﬂ)] ‘ L) N - 2 = " N
Sl S Normal Saline 5.7 154 154 308 Acidosis
Vascutar lumen 100% intravascular + a m:t’wd ﬁ"}"g“'s 64:130 1034 3 Lactate 28mEq. 273 Nosflect
+ Isotonic solution ->
20% intravascular Plasma Sol A 74 140 98 S 3 Acetate 27TmEq/ 295 Alkalosis
. « Dextrose -> Gluconate 23mEq
3 . 6% intravascular |
FIGURE 1. The voscular sysem is under [blood) pressure 5% albumin 69,000 Dalton 20 mmHg 16A|2H
[white arrows], which is, occording to the troditional view,
oppased by the imwarddirected oncotic gradient [grey 6% Hetastarch 69,000 Dalton 30 mmHg 1794
arrows] generated ocross the vasculor wall by a difference
in the protein [grey circles| concentrafion. Z8xjols H 20
Curr Opin Crit Care 2013;19:282
Classic Starfing principle : F = (P, - P,) - G (T, T )
No Absorption Rule
Plasma P
\.i /'
i
Endothalium ;
Jv=Kf|(Pc - Pi) - a{mc - =i H
100 — = ‘ Il ) = a{me - )| }
o Normal COP i
7% | |2 Faised cop + No absorption under a 7¥\
50 dominant COP gradient Intarstitial Auid P, T, Revised Starling principle : F = (P, P, }- G (%, -7
Jvas P .
. = Much less effect of i %4
_~"J point on transvascular fluid
25| .7 exchange
10 20 mm Hg 30 40 = Revised Starling Equation!!! E
J Physiol 2004:557:89 J Physiol 2004;557:704 H
BrJ Anaesth 2012;108:384 ¥

Endothelial Glycocalyx Layer (EGL) Endothelial Glycocalyx Layer

Srunonal captlary. Non-fenextrated capifary
(wvar, splean, marnow) Inervous sysiem. muscle, connective, Lng).
® @ ® e e
2m (02-8im) T E@ﬁﬁ' TEE—
. gw;wpr?yteins + o it o, i ol o
rotecglycans
+ Over350m . . . . .
+ 700-1700ml == TR
— — . e
Encothedial cod Endomolal gheocalys lyer  Enjihocyte  Basement memhrans ssaceliular mars
o

BrJ Anaesth 2012;108:384
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Revised Starling Principle

Original Starling F i

d Starling F p

Plasma + Cellular element

Plasma — high protein
ISF — low protein
i Pl

baoth

Glycocalyx + Plasma + RBC
distribution volume

Different types of capillaries
Conlmuous capillaries exhibit ‘no

Transendothelial filtration (Jv)
depends on transendothelial pr
difference and plasma-interstitial
COP difference

Fluid is filtered from the arterial end
and absorbed form the venous end
Small portion returns as lymph

Colloid — intravascular volume

Jv depends on transendothelial pr
difference and
plasma-subglycocalyx COP
difference

Jv is much less than predicted
Major route f_or n_aturn isas Iyrn_ph

is a
and limited to 500mi
Isotonic sol also remain intravascular

Isotonic sol = volume

cap

space with subn y pr

No Absorption Rule

Jv=Kfj(Pc — Pi) — a(rc — =)

% J paint
10 20 mm Hy 30 20
Caplliary Colloid Isotonic sol
bt |
Subnormal Jv=0, intravascular Jv=0, intravascular
Normal, Jv=Pc, Jv=Pc,
Supranormal Reduce Jv with raised Increase Jv with reduced
COP COP

Plasma Protein

* TCERA (Transcapillary Escape Rate of Albumin to
the tissue) : index of vascular permeability

Index of vascular permeability

MNormal 5%, during surgery 10%, septic shock 20%

* Albumin Therapy

Hypoalbuminemia : marker of disease severity, predictor of
complications, but no clinical benefit with albumin therapy

ARDS : negative fluid balance > Albumin therapy

Fluid Issues

e Colloid vs Crystalloid
e Albumin
« HES

* Balanced vs non-balanced

Colloid vs Crystalloid
-———-

Saline versus Albumin

4% Albumin / Saline

Australia, New bilind

12004) Fluid Evaluation Zealand, 16 ICU (6997)
VISEP Volume Substitution HES 200/0.5(pentastarch)y Germany 18 ICU (500} open
{2008)  and Insulin Therapy in  Ringer's lactate

Severe Sepsis (intensive fcomventional

insulin therapy)

65 Scandinavian Starch for HES 130/0.42 in Ringer’s  Scandinavian 26 ICU  blind
(2012)  Severe Sepsis/Septic  acetate (Tetraspan) / )

Shock Ringer's acetate
CHEST Crystallnqd Vs HES 130/04 in Saline Australia, New blind
{2012) d hyl Starch Zealand 32 1CU (7000}

Trial Saline
CRISTAL Colloids Versus Colloid (gelatin, dextrans, France, Belgium, open
(2013)  Crystalioids for the HES, albumin) / North Africa, Canada

R C (N5, HE, 511CU (2857)

Critically il Ringer's lactate)
ALBIOS  Albumin Italian 20% Albumin / Traly 100 ICU (1818) open
(2014)  Outcome Sepsis Crystalloid

SAFE A% Albumin Critically il 28-day moetality {-) (20.8%/20.8%)
{2004) Saline organ failre (-}
(34973500} 1CU stay, MV, HOS RRT (-}, 1: 1.4
Savers sepsis. albumin + trand,
Traum (brain hamorrhagic injury ) albumn -
VISEP HES 200/0.5 Septic shock or 28-day mortality (-} (26 T%/24 1%)
{2008) (10°% pentastarch) SEVOre Sopsis Organ failure (<), 1. 1.32
Ringer's lactate (300,300} 90-day mortality. HES{ trend (41.0%/33 9%)
Intensive/conventional HES: AKI & RRT high, PLT low, REC transfusion high
insulin {correlation biw cumutative dose)
[y HES 130/0.42 Servere Sepis o0-day mortaity. HEST{51%M3%), 1.1
2012) (Tetragpan) within 24hr RAT HES], severs blseding trend {109/5%)
Ringer's acetate (389/400)
CHEST HES 130/04 {voluven)  Requiting fluid 90-day mortality (-} (189%/17%), less volume, more blood
(2008 Saline resuscitation Renal injury. {-)
(3315/3336) Renal failure: HES] trend
RAT HES|
Adverss | HES{pruritus, rash)
CRISTAL  Colloid {gelatin, Clinically ill pt 28-day mortality (-] (25 4%/27.0%), 20003000
(2013) dextrans, HES, albumin)  (sepshs, trauma, 0-day motality - collowd | (30.7%/34 2%)
Crystalloid (NS, 15, ic RAT (-]
Ringer's lactmte] Gy MV, vasopressor use fres. colloid|
(1414/1443)
ALBIOS  20% Albumniin + Severe 26-day mortality () (31.8%/32.0%)
(2014) Crystalloid Sepsisiwithin 24hr), 90-day mortality (-) (41.1%443.6%), (w shock)
Crystalloid 1B1E pts Alburmin : net fiuid balance kow, HR low, MBP high,

cardiovascular failure low

"
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Surviving Sepsis Campaign

H dy icS rt and Adjunctive Therapy
(Table &)
1O BE ¢OI G. Fluid Therapy of Severe Sepsis
1) Measure 1. We recommend crystalloids be used as the initial fluid of
2) Obtain b choice in the resuscitation of severe sepsis and septic shock
3; :::::E {grade 1B). )

—— 2. We recommend against the nse of hydroxyethyl starches
TO BE COI (HES) for fluid res tion of severe sepsis and septic
5) Apply va shock (grade 1B). (This recommend based on the )

tomink results of the VISEP [128], CRYSTMAS [122], 65 [123],
6] In the ev and CHEST [124] trials. The results of the recently com

ke pleted CRYSTAL trial were not considered,) }

e
7 Rema':: 3. We suggest the use of albumin in the fluid resuscitation of
severe sepsis and septic shock when patients require sub-
“Targets fo stantial amounts of crystalloids (grade 2C).
Scvo, of 27U%, and normalizaton of lactate.

Deflinger RP
Crit Care Med 2013:41.580-637

Albumin / Plasma protein fraction
vs crystall it

id or non

Pooled relative risk of death with
albumin was 1.68 (95% CI 1.26-2.23)

PR Pooled difference in the risk of death
P with albumin was 6% (95% C| 3-9%)
n“‘ 1 additional death / every 17 critically

ill pts treated with albumin

10

(LI

e

Cochrane Group
BMJ 1988,317:235-40

SAFE study

Albumin Saline
Patients Group Group Relative Risk [35% I
e of deaths frotal no.
Overall T26pATY 72934000 0.9 (0.51-1.09)
Trauma
You a1 506 50580 1395 (0.99-1.36)
No 412831 ] 055 {0.8E-1.06)
Severs sepas
Yes 18860 217613 ( +> D87 (0.74-1.00)
o s1aTH 4922730 - 108 (0.4~ 1.17)
ARDS
s 24761 2816 — o sk
Na 773065 6973154 1.00 (o
as
Alburmin
[

SAFE Study Investigators
N Engl ) Med 2004.350.2247-56

Meta-analysis (Albumin in sepsis)

. s - e No Halm.l
o o s ) No benefit to
survival

B i e

Patel A 8M/ 2014,349.94561

Balanced Salt Solution

2012 Maiched 927 pts for 0.8% Saline vs Use of balanced sall solution was
—cohort  replacement of fiuid  Plasmalyte{Ca- i with a in
observall  losses on the day of  free) the rate of major complcations
onal surgery (OR 0.79, C1 0.66-0.97)
study Lower incidence of postop, Infection,

RRT, blood transfusion, acidosis-
associated i

2012 Single 1533 pts adm in ICU  Cl-resinictive fluid  Use of Cl-restrictive fuld strategy was
center, Ca-free ignil inthe inci of
sequenti balanced solution) AKI, rate of RRT
al, vs Cl-rich fluid
observati (0.9% saline,
onal succinylated
study gelatin, 4%

albumin)

= RCT (saline vs balanced salt solution) is warranied

Cl-liberal vs Cl-restrictive

Table 2. Compasition of Trial Fluids®

Albumin
0.9% 4% Plasma-
Saline Hartmann Gelatin Lyte 148 4% 20%
Sodium 150 120 154 140 140 35100
Patassium a 5 0 5 — 0 0
109 120 a8 128 19
2 [ 0 0 0
0 0 15 | o ]
20 0 0 0 o
) 0 27 [ a
0 0 23 0 0
(S TR

JAMA 2012,308:1566-72
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Table 3. Incdence of Acute Kidney Injury Stratified by Risk, Injury, Failure, Loss, and
End-Stage (RIFLE) Serum Creatinine Criteria

No. (%) [85% CI] of Patients®
r
Control Pariod Int

ervantion Per P
in = 760) in=773) Value
RIFLE class
AR ra BTN ] AT 4ls500
I 48 (6.3 [4.65-8.1) 23 (3.0) [1.68-4.2]
Ealure BT 75 n 5.0 FFIETEN S AT
[ injury and e 105 {14) [11-16] 65 (8.4] [6.4-10.0

A Tha control ponod v
theswegh Augrust 1

TO08, an I

arvantion puiod wa

o Fabany 18 Througih Aug:
00,

g 1. vt of inge 1 tn 1 A Kby iy (ART e 1 P e Cire Pigen 2. hmal Aepiscomaret Doy S50 i e e L (L

Balanced vs non-balanced

achated (o1 308
st Pibacts (ne 100,048 |
P 1Ay Doy 3 e 356 ART)
f— 1 Visncgremsors by Dy 2 (el 367
 Evaet o Db by Doty 3 0, b
= Dy
et I3
o WAt et it i e 4 598
Ayt S
ek A8

: = Raghunathan K
JAMA 2012:308:1566-72 Crit Care Med
201442.1585-91
Balanced vs non-balanced The NEW ENGLAN D
__tnslsi;‘ iation B }NII&: Fluids and Primary and JOURNAL Of MEDICINE

D% (768 of 3365)  Fnistve risk, 056 78, 054 p = 6001

ESTARLIEHED 1M 1082 JUNE 30, 2011 VOL I84 MO 30

Monahty after Fluid Bolus in Aﬁ-lcan Children wn:h Severe Infection

5. PR.O., Sarah Kigull, M

ATA% (149 o4 2, 144) Ruluthn titk, Q953 76, 118
ARF without dabyss T50% (109 of 2655) Ralutive risk, 0.950 0784, 1.150
Haospital LOS & days. s 1137 Absciute ditiererce, Q86,034
{sunvivors] T
n b il . 15
KL 539 550 Akt difareeca, 0370 P
nacxGROuND
— The role of fluid resuscitation in the treatment of children with shock and life-
! 2o {' t $ $ i { infections whao live in lirmtired settings is not established,
{ METHODS
A i {' {- We randomly assigned childnen with severe febrile illness and impaired perfusion to 2
} [re receive boluses. of 20 w0 40 ml of 5% albumin solution Gibumin-bolus group) or 009%
waline solution deiline-bolits group) per kilogram of body weight or no bolus (ontml
i s wmﬂ an ﬂmlnmﬂ adimbssion to a hospizal in U;und.g. Kersya, ar Tanzaiia (stestum
severe assigned
e wnly isgragan 1. Al children rocehved ap
fluidds, and care, anrm\dmg idetines. Childnen with mal- 3 ol
o i Eoferral Howpaal, 1 ale He-
=y =y 0 or gastrocneritis were exclided. The primary end point was 48-hour mor- .w’::u,:“wt:,_';,:j,'::o";,
s S pac ok secondary end points included pulmonary edema, increased intracranial Sea 51 Wary's Hospitsl, Lcss (RN
e — " 2] ikl diuia bobiniokcicidi oo Erarme TsteHoupiat Mhbas, Tenin
B Martainy 4 Wesks : o
a -1 J—
s -
Wngaen . -
[
Amount and Infusion rate is also
important!l!
I A8 AR A BRI e s A A ]
.
l'l'rll -
i S 1" - Sy
e a‘,f f.j_.a/‘,(»a_,/p.a
i ol
et 11
» W50 da | 03 d4eh | ieser| ol adeil eeled| o) elad
{

FEAST Study W Engl S Med 2011,364.2483

FEAST Study W Engl J Med 2011,364.2483
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Four Phases of iv Fluid Therapy

Table 1 Ch istics of diff

g ioec Fit for purpose fluid therapy'. GOT, py; DHA, diobetic
10, il per os; AT, ocute tubular netrosis; SSC, sur

Volume
slatus

Rescue Optimization

. Coniral Principles Lifesming  Organ rescue
Gonls Gt Optimizeond mai
shock perfusion
i Time (usual) Mirastes Hours
Albumin Z
PM\MWD\T Severethock  Unstoble
Fisdtheropy ~ Ropid Titrete fluid infusic
2 boluses use of fiuid chaler :
ey Typcalciicel - Septic - Introcpertive ° Cptimizaton *  Desscalation
wprart shock - Bums Rarscin Seaeiizatn
Plasmalyte - Moo - DNA
— troumg
Ringer's Amaunt {Guidsfines, for exampe, 35C, pre-hospitol resuscitation, trouma, burs, et
Br J Anaesth 2014;113:740-7
BrJ Anaesth 2014;113:772-83
Acute Dialysis Quality Initiative Summary
e Fluid therapy is also a drug thera :
oy 9 Py ¢ Fluid Type

« Little evidence of superiority for any iv fluid (esp.
mortality)

» RRT, AKI : balanced sol > NS, albumin > HES
» Chloride content of iv fluid

* Amount and Infusion rate : Purpose

s Patient

Summary

= Colloid vs Crystalloid : controversial
HR |, mBPt, CVP 1, volume | , cardiovascular (+)

+ Albumin : mortality (=)

traumatic brain injury — harmful

septic shock — benefit (?)

deteriorated coagulation panel?
» HES : bleeding, AKI, pruritus, allergic reaction

not recommended

« Balanced > non-balanced
» Cl-restrictive > Cl-rich
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Transfusion: Strategies, Complication

AN SARSY FRAY/FEIIt
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+ Transfusion complication

- TRALI
NET NRDRE § - others
S WMA/BUM &20, PA0 AST NS/AVE SA/HD/1DA000 « Transfusion strategy
]

+ Transfusion guideline (2016)
- RBC transfusion
- FFP transfusion

- PLT transfusion
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Complication of transfusion

+ Most common adverse side effects are usually mild and
non-life-threatening.
« Two categories:
1) Infectious complications

2) Non-infectious complications

Infectious complications

Human immunedeficiency virus risk: 1:2.3 million?
Hepatitis C risk: 1:1.8 million!

Hepatitis B: 78,000 new infections annually, United States ?

- Risk of transmission through transfusion of 1 unit of blood, 1:58,000-1:149,000 *
Bacterial Contamination:
More common with platelet transfusions.

Risk is less in single donor apheresis derived units.

*In humans, confined to South and Central America and Mexico.

1. Busch MP et al. Transfusion. 2005,45:254-264

2. Centers for Disease Control and Prevention. Avallable at www.cdc.gov/vaccine/pubs/pinkbook/dow
nicads/hepb.pdf Accessed March

3, 2008; 3. Goodnough LT, et al. Lancet. 2003;361:161-169

Non-infectious Complications

» Acute (< 24hrs)

1) Immunologic

2) Non-immunologic
+ Delayed (> 24hrs)

1) Immunologic

2) Non-immunologic

Acute (< 24hrs) Immunologic

» Hemolytic

Fever/chills, non-hemolytic

Urticarial / Allergic

Anaphylactic

Hemolytic

« Etiology
1) 1:38,000 to 1:70,000
2) Clerical and other human error
3) most common causes of ABO- incompatible transfusion
4) CAP survey - 3601 institution 834 HTR over 5 year period w/ 50
(6%) fatality
5) Mortality estimated to be 1:1,000,000 transfusion
+ Can occur after infusion of as little as 10-15 mL ABO- incompatible
blood Eticlogy

+ Mortality is high when more than 200 ml has been transfused

Hemolytic

« Clinical feature
1) Pain at the infusion site and along the vein
2) Facial burning
3) Chest and back pain
4) Fever, rigor and vomiting
5) Restlessness, breathlessness, flushing and hypotension

6) Bleeding from vascular access sites and wound

16
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Hemolytic

« Treatment/Prevention
1) Stop transfusion
2) Supportive care to maintain renal function
Adequate hydration and Forced diuresis
Goal of urine output 100 mL/hr. in adults for at least 18- 24 hours
3) Low dose dopamine
4) Treatment of DIC

5) Prevention of clerical/human errors

Non hemolytic Febrile Transfusion
Reactions

+ Result of alloimmunization to leucocyte and platelet antigens ( HLA an
tigens)

+ Symptoms: Rigor followed by Fever usually within the start of 30-60 m
in of transfusion

+ Managed by cessation or slowing of the transfusion and administratio
n of an antipyretic

+ Pretreated with antipyretic in repeated transfusions and patient who h
as history

+ If above measure fail, leucocyte-depleted cell components are given.

Allergic reaction

« Symptoms: Urticarial rash and itch within

minutes
* Treatment; Antihistamines and

reduction of transfusion rate

Anaphylaxis

*+ Rare, fatal, caused by antibodies to IgA in patients wh
o have extremely low levels of this immunoglobulin in
plasma (Hereditary IgA Deficiency), who have been se
nsitized to IgA in previous transfusions.

= Treatment: Termination of blood transfusion, IV crystall
oids, Maintenance of airway, Oxygen, Adrenalin, IV ant

ihistamine and salbutamol

Acute (< 24hrs) Non-Immunologic

* Hypotension associated with ACE inhibition

» Transfusion-related acute lung injury (TRALI)

» Transfusion-associated Circulatory overload (TACO)
« Nonimmune hemolysis

+ Air embolus

+ Hypocalcemia

« Hypothermia

Transfusion-related acute lung injury (TRAL)

« Between 2001 — 2003, FDA report on causes of transfusion
related deaths
TRALI 16.3%
ABO/Hemolytic transfusion reaction 14.3%
Bacterial contamination 14.1%
+ UK SHOT Data 7 years experience (from 1996)

Total 155 cases 32 Deaths
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Transfusion-related acute lung injury (TRAL)

* UK SHOT Data 7 years experience (from 1996)

Transfusion-related acute lung injury (TRALI)

+ Non cardiogenic edema after blood transfusion was first

described by Banard (1951) & Brittingham (1957)
+ Term " transfusion related acute lung injury” by Popovsky. (1983)
+ A series of 36 TRALI patients is analyzed by Popovsky (1985)
1) Acute respiratory distress & new bilateral lung infiltrate within
6 h of blood transfusion, absence of volume overload or
cardiac dysfunction

2) Leukocyte antibodies in the blood of 89% of implicated

donors

Transfusion-related acute lung injury (TRAL)

« TRALI criteria
a. ALl (acute lung injury): onset, P/F ratio, CXR,..
b. No preexisting ALl before transfusion
¢. During or within 6 hr of transfusion
d. No temporal relationship to an alternative risk factor for ALI
« Risk factor: Aspiration, multiple trauma, pneumonia, cardiopulmonary
bypass, burn injury, toxic inhalation, lung contusion, pancreatitis,

drug overdose, near drowning, shock, severe sepsis

Transfusion-related acute lung injury (TRALI)

+ Incidence: ~8% of transfused pts.
+ Pulmonary microvascular occlusion by platelets, leucocytes and fibrin
« Clinical feature
1) Rapid onset of respiratory distress
a. symptoms appear within the first 2-6 hrs from initiation of blood
transfusion.
b. some cases occur much later, even up to 48 hrs
2) Common clinical presentation: rapid onset of severe hypoxemia,
marked hypovolemia, hypotension

3) Fever, Breathlessness, Non-productive cough, Hypoxia

Transfusion-related acute lung injury (TRAL)

« Clinical course
1) Symptoms generally resolve in 48 to 96 hours
2) Resolution of pulmonary infiltrates within 1-4 days with no long term sequelae
(80%)
3) Mortality rate : 5% to 10%
4) However, higher mortality rate in a critically ill patients population(up to 67% )

+ TRALI has been associated with all plasma-containing products
(Whole blood, PRECs, FFR, platelets, cryoprecipitate, IV IG)
High plasma volume products (FFP and platelets, esp multiparous

female donors ) are the most implicated products.

Transfusion-related acute lung injury (TRAL)

» Treatment of TRALI

1. Treatment is largely supportive.

2. Monitor Oxygen saturation, Provide supplemental oxygen
to maintain saturation above 92%

3. Hypoxemia severe enough to require Endotracheal
Intubation and PPV occurs in 70-75% of patients.

4. No evidence supports the routine use of Corticosteroids.
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Transfusion-related acute lung injury (TRAL)

+ Prevention of TRALI

1) Use plasma from male donor or female donor with negative

leukocyte screening test

- SHOT recommendation: obtain the all the FFP from male donors

and HLA-pre-screening for female donors who are giving platelets
2) Leukocyte depleted blood

- Reduce TRALI due to lekcocyte Ab in the recipient
3) Use fresh blood

- Biologically active lipids accumulate with storage

- RBC less than 14 days

- Platelet less than 2 days

Transfusion-related acute lung injury (TRALI)

Figure 1: Ty Related Fatalities by €, FY2005 through FY2009

% 40

2 30

=

5 20

i- e

E o -

= TRAL  [HTR(onABO) HTR(ABO) | ool TACO | Anaphaws | Oher
Maed »n 10 [} 8 1 0 2
e 35 [ 3 7 8 i 0
oFvo7 7] 2 3 [0 1 F] 0
|mFyoe 16 7 10 7 3 a 0
|mFyme 13 8 4 5 12 1 1

Complication

Transfusion-associated Circulatory overload (TACO)

« Definition
1) no universally agreed-upon definition

2) Serious Hazards Of Transfusion (SHOT) definition: TACO
includes any 4 of the following that occur within 6 hours of
transfusion

a. Acute respiratory distress

b. Tachycardia

c. Increased blood pressure

d. Acute or worsening pulmonary edema

e. Evidence of positive fluid balance

Transfusion-associated Circulatory overload (TACO)

= Incidence
1) One of the most common complications of transfusion
2) Young children and elderly at risk
3) Cardiac and pulmonary compromise
4) Chronic anemia with expanded plasma volume
5) Infusion of 25% albumin
Shifts large volume of extravascular fluid into the vascular space
« Signs/Symptoms: Dyspnea, cyanosis, orthopnea, severe HA,

HTN, CHF during or soon after transfusion

Transfusion-associated Circulatory overload (TACO)

= Treatment/Prevention
1) Stop transfusion
2) Supportive care
3) Phlebotomy
4) Diuretic
5) Slow transfusion
a) Usually 4 hours, can be extended to 6 hours

b) Other strategies

Transfusion-associated Circulatory overload (TACO)

= New onset ypoxemia. PaO2FI02 <300 or antenal coygen
saturation <30% on room air
* Chesl xriry. naw of worsaning biateral infilrates comsistent
will pukmanary edema .

hof

!
* Edemafplasma protein concentration >0 65"
* Pulmonary artery occlusion pressure <18 mm Hg®
= BNP < 250 or preipost transfusion BNP ratio <15
= Tha sbsance of with volk liad)

8388

+Two of the follwing
* Systoke gjection fraction 245 and o sovere vatvular heart diseass
+ Systoke EP=160
* Vascular Ped <65

Claar temporal relationship to anathar AL fisk factor

e / \ Yeu
Gapc O, ot al Tt Care Med 2006 345

o TRA
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Transfusion-associated Circulatory overload (TACO)

» TRALIL: Differentiate with TACO .

Metabolic complications

In patients with massive blood transfusion( 1 mi/kg/min or 1 unit of blood

per 5 minutes).

Metabolic consequences include

1. Hypothermia (prevented by transfusing blood through blood warmer)
2. Acidosis

3. Increased affinity of oxyhaemoglobin for oxygen( due to transfusion of 2.3
DPG depleted blood)

4. Citrate intoxication( causes temporary reductions in jonised calcium levels
- If symptomatic treated by administering calcium gluconate)

5. Hyperkalemia

Delayed (> 24hrs) Immunologic

* Allo-immunization
1) RBC antigens
2) HLA
« Hemolytic
 Graft-versus-host disease (GVHD)
+ Post-transfusion purpura

» Immuno-modulation

b

Delayed Hemolytic Transfusion Re
actions

Result of Anamnestic Response to Doner RBC antigen to which a recipient h

=

as been previously exposed.

M

Commonly involve antibodies against Kell, Kidd and Rhesus antigens.

w

. Occur within first or second week following transfusion

Symptoms include low grade fever, increased indirect bilirubin or unexpecte
d reduction in Hb concentrations,

W

It is typically mild and self limiting.

)

Treatment is supportive including Hb monitoring, hydration and provision of

compatible blood if necessary.

Graft-versus-host disease

* Rare, but fatal complication

+ Occurs mainly in immunodeficient patients

+ Caused by the T-lymphocytes from donor blood get engrafted into
the immunodeficient host's marrow and launch an immune respons
e against the host.

+ Starts 3-30 days after the transfusion

+ Patient develops high fever, diffuse erythematous skin rash, desqua
mation, GI symptoms, severe hepatic dysfunction and pancytopenia

+ Prevented by administering gamma-irradiated cellular components

Haemostatic complications

1. Dilutional Coagulopathy

- Stored blood is deficient in platelets and labile clotting factor
(factor V and VII)

- Massive transfusion induces dilution of Fibrinogen, Clotting f
actor—1II, V and VIII in addition to moderate Thrombocytopeni
a.

— Treated by administering FFP or platelets as decided on basis
of laboratory evidence of coagulopathy or by clinical suspicio
n due to rapid ongoing blood loss
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Haemostatic complications

2. Post Transfusion Purpura

— Platelet-specific alloantibodies may cause post-tr
ansfusion purpura

— It is initially treated with high dose corticosteroid
s and intravenous immunoglobulin

— If platelets needed , have to be compatible with
patient alloantibodies

Transfusion Related Immunomodulation

1. There are changes in immunity related processes such as
T-lymphocyte Helper/Suppressor ratio, function of
T-killer cells, Lymphocyte responsiveness and delayed
hypersensitivity.

2. Adverse effects on immunocompetence such as accelerated

reccurences of malignancy, increased rates of infection and

more rapid progression of HIV/AIDS.

3. Cause Unknown.

Delayed (> 24hrs) Non-Immunologic

» Iron overload

Transfusion haemosiderosis

+ Iron overload in monocyte-macrophage system

+ Especially a problem in childhood anemias (e.g. th
alassemia) and in patients with chronic refractory

anemia

- Iron chelation therapy with desferrioxamine

Transfusion strategy

Transfusion Requirements
After Cardiac Surgery
The TRACS Randomized Controlled Trial .1 20105000411550-2567

Laelimila A, Vajar, M PhIY
Jean-Laniie \

Context Perioperative red blood cell transfusion is commonly used to address ane-
mia, an independent risk factor for morbidity and mortality after cardiac operations;
however, evidence regarding optimal bood tramsfusicn practice in patients undergo.
ing cardisc surgery b lacking,

a NI, Pl
Filmena B8 B 6 Galas, M3 I

+ liberal strategy of blood transfusion (to maintain a hematocrit
30%) or to a restrictive strategy (hematocrit 24%).(n=502)

+ Among patients undergoing cardiac surgery, the use of a
restrictive perioperative transfusion strategy compared with a
more liberal strategy resulted in noninferior rates of the
combined outcome of 30-day all-cause mortality and severe
morbidity.
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Liberal versus restrictive blood transfusion strategy: 3-year @ ®
survival and cause of death results from the FOCUS ==
randomised controlled trial

Jeffrey L Carvom, Fredrick Siebes, Donald Richard Cook Bernand B Chaitmen, L Flershr, Laurrn Brapee
Wiliamn Macaulay George G Rhosels Rorbars Pasty Alekaandra Tagorin, David W Sanders, ey Takra Jay Magarieet

Summary

Rackgrounsd Blood transhision might alfect king-term martality by changing immsine losction sod thes potentially e s im0

imereasing the risk of sbsequent inlections aid cancer recarrence. l:nmpml with a restrictive transfusion stralegy, Pl ok

2 more liberal siratogy ol redue vandise ompliations by ke rdial damage, thereby redincing futine  Dmembers 684

deaths lm cardinascular disease. We aimed 1o establish the eﬁm of  liberal tranfusion strategy on long4erm e g
with 2 restrictive stratewy.

* no evidence to suggest that a liberal transfusion
strategy has a moderate adverse effect on long-

term mortality or affects cause of death.

[ EEEIORENACES Restrictive versus liberal transfusion strategy for red blood
@ cell transfusion: systematic review of randomised trials with
E—— meta-analysis and trial sequential analysis

Lars B Holst.' Marie W Petersen,! Nicolai Haase,! Anders Pemer,! Jorn Wettersles?

ABSTRACT RESULTS

ORIECTIVE W 1ral "

|mluw¢ \‘he proportion of patients recehving red

54, 95% confidence interval

transfusions. 0.47 10 0.63, BI23 patients, 24 triats) and the number

DESIGN of red blood cell units transtused (mean dfterence

Systematic review with mets-analyses and trial 143, 95% confidence Inferval - 2,01 to -0.86) were

sequential anatyses of andomised chinical trials. lower with the nestrictive companed with lberal

OATA SOURCES :nmhﬂlnn sirategies. mnnxmnumpmd with

Cachrane central Ilﬂ'l\mnfm:l'l‘:lrﬂ trals, iskod Geuh (RS, 07410100 'Unfwlnmn m":“"
e Iower risk of bias trials), overall morbidity (0.58, 085

[L."LT.‘:';Tmﬁ’:ﬂmzﬁ:ﬂfﬁ;d“ o LA, 4517 patients, six lower risk of bias triais), or

identified irials and other systematic reviews were fatat or non-fatal myocardial infarction (1.28, 0,66 to

. 249, 4730 patients, seven lower risk of bias trials).
assessed, and authors and experts in transfusion were oo L0 the inclusion of rials with

Ta compare ihe benefit and harm of restrictive versus

Compared with liberal strategies, restrictive transfusion strategies were associated with a

_transfused, but mortality, overall morbidity, and myocardial infarction seemed to be

unaltered. Restrictive transfusion strategies are safe in most clinical settings.
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Thresholds for red blood cell transfusion in adults
Condition Hgb threshold for transfusion
ic patient (eg, dial 10 g/dL=lt2]
ischemia, tachycardia)
Hospitalized patient
Presxisting coronary anery dissass 8 gL
Acute coronary syndromes 8 to 10 g/dLY3
Heart failure 7 to 8 g/dL?
care unit { i stable) | 7 gfdL=i4%
inal biseding (hemodynamicall 7 gldL=i#l
stable)
Non-cardiac surgery 8 g/dL=It
Cardiac surgery 7 to 8 gfdL=[71
Ambulatory outpatient
Oncalogy patient in traatment 7to 8 g/dLt
Palliative care setting As needed for symptoms; hospice benefits may
vary
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Various Causes of Cardiogenic Shock in the ICU:
Pulmonary HTN and RHF

Department of Thoracic and Cardiovascular Surgery,
Chungbuk National University College of Medicine, Cheongju

Hong Ju Shin

Clinical classification of PH

144 Congenvmad heart disease (Tabsle §)
145 Sehisosemasis

Gabét N et al. Eur beart J 2018; 3767118

3 el Cater |

' +
B &
Galie N et &l Eur Heart J 2016, 3757-115 Wik L

Prognosis of PAH

50% mortality at 2.5 yrs,

S-year survival rate 34%

100 if left untreated
%
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Hong Ju Shin: Various Causes of Cardiogenic Shock in the ICU: Pulmonary HTN and RHF

Historical perspectives

What is pulmonary hypertension ?

Pulmonary = Lung
Hypertension = High blood pressure

|

Pulmonary hypertension is

a disorder affecting the arteries in the lungs —
the connection between the heart and the lung

Mechanism of pulmonary hypertension

Passive transmission of LAP]

Pulmonary hypertension: Define lesion

Heart-Lung Connection

Pre-capillary PH Post-capillary PH

1.PAH
2.PH dt lung disease |

1. PH dit left heart
disease

FVH 3.CTEPH if
4.PH with iy
Elevated LA Pressure « multifactorial F -elevated PCWP
mechanism
Mitral valve Discase
VH followed Elevated LVEDP —— m
y RV dilatation I |
1 valve discase - = - -
5 o RA - Right Ventricle | | Left Atrium - Left ventricle
a o
FA pressure - CHF Harkeish
Contribute to
Assessment of:

Hemodynamic definitions of PH

Ci i Clinical group(s)®
C fi € puimonary Mean PAP All 1
ontirm ; 1
§  frpertension =125 mmHg i
" P H " G H
Pre-capillary PH Mean PAP 1. Pulmaonary arterial
=25 mmHg hypertension
PWP =15mmHg 3. PH due 1o lung diseases
CO normal or 4. Chronic
reduced” thromboembobc PH
5. PH with unclear and/or
muleifsctarial

mechanisms
(Postcapiliary PH]  Mean PAP 2 PH due to left heart
=15 mmHg disease
PWP =15 mmHg
€O normal or
reduced”
Passive TPG =12 mmHg
Reactive jout of  TPG =12 mmHg
proportion)

Gahie N ot al. Eur Heart J 2009 302403537
Gabét N et 8l Ewr Resp J 2000, 34121083

Pivotal Tests Contingent Tosts
History
Exam
CXR

Pulmenary Angicgraphy 7
Chest CT e L L g
T ooy pratte |
“Ventilatory Function
PFTs [ ABGs g s
Cvernight A -
| e | Sieop Discrder
HIV . HIV Infoction i
ANA f———{ omercTo gios_} SLERA :
LFTs | Portopuimenaryin

rEstablish Baseline

L the
Functional Test
(EMWT, CPET)
_ l _ Vasodilator Test
| RHCah é Exsicisg RH Cath
& * Wolume Loadin
Laft Hoart Cath
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Reactive PH: associated with adverse outcome
Definition Characteristics Clinical group(s)®
Pulmonary Mean PAP All VMAC trail subgroup analysis: 242 patients with ADHF
hypertension =35 mmHg 1.00
AL I . — ' NoPH (N=58)
Pre-capilary PH  Mean PAP 1. Pulmonary arterial 0.80 = m'.:'qpp:zs(;" it :',?“
=25 mmHg hypertension 2 "’“’;‘:P Sk m:an
PWP <15mmHg 3. PH due to lung diseases E PCWP > 15 mmHg
€O normal o 4. Chronic 2 060 PVR < 3WU
reduced® thromboembotic PH - Reactive PH (N =60)
5. PH with unclear and/oe £ 040 mPAP > 25 mmHg
muleifsctarial g PCWP > 16 mmHg
. mechanisms & 520 PVR > 3WU
{ Post-capillary PH - Mean PAP 2 PH due to left heart ‘I Log Rank P < 0.0001
=15 mmH| disease
i B, 1 0.001, . - . . . .
1 2P 15 mmiy 1 0 30 60 80 120 150 180
€O normal or 1 Time (Days)
l“' ----- i - wm"p:’ £ 58 55 55 =5 = 5
Passive TPG =12 mmHg PassivaPH: 124 118 107 2 100 o o
Reactive (ot of  TPG =12 mmHg Malihari: . o - » & o -
proporton)
= Atosrson et sk Circ 4.6

Pulmonary hypertensive crisis

Total Anomalous Pulmonary Venous
= ion (TAPVC) - S di

» Correction of Lt to Rt. Shunt lesion

- VSD, ASD, Truncus...

TAPVR repair
» Pulmonary vein stenosis

« Fontran with high PAP

Pulmonary hypertensive crisis Pulmonary hypertensive crisis

+ Immediate postoperative period
RV afterload

— increased pulmonary vascular reactivity Septal deviation to

— most vulnerable to a sudden or sustained increase in PVR

Pulmonary hypertensive crisis 1C.O,Isystemic BP

* Pts. with reactive pulmonary vascular beds Riperfusion
= May be triggered by stressful stimulus '
Life threatening .
: Tracheal suction, pain, anxiety m "% Sudden elevated PVR
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Postoperative Pulmonary hypertension

Management

Prevention is worthy goal of Tx.

— Pain control esp. for stressful or invasive procedure
— Avoid low alveclar Pa02

— Alkalosis

— Attention to lung volume

Nitric Oxide : most selective pulmonary vasodilator

— Consider LV vasodilators

* nitroprusside, milrinone, Prostacyclin, tolazoline,
isoproterenol

Pathophysiology

+ Major deleterious effects of CPB on lungs

— systemic inflammatory response syndrome
+ significant pul. vascular endothelial dysfx.—>
reduced intrinsic NO production
+ Leukocyte sequestration inducing tissue
impairment
» Increased capillary permeability> interstitial
edema

-'Z;?bsf;perative hiéh PVR

Postoperative pulmonary hypertension

CPB effect

Fractional Change of VR

Time after CPB(hrs)

Pathophysiology of Reactive PH

| Neurohumoral activation (anglotensin I,
[Chronic cytotoxic stenull (TNF, ET, ), and fypoxic stimull

| .
endotheilal permeability
Extracefular matrix thickening

Medial hypertrophy §

Guarsl ot i Nat Rev. Cardiol 2010,7 548-658

VMAC trail subgroup analysis: 242 patients with ADHF
1.00
MoPH (N =58}
mPAP < 25 mmHg
) 0.80 Passive PH (N =124)
2z mPAP > 25 mmHg
g g 50 PCWP > 15 mmHg
@ PVR < 3WU
- Reactive PH (N =860)
T 040 mPAP > 25 mmHg
é PCWP > 15 mmHg
PVR > 3WU
& 020
Log Rank F < 0.0001
U'w T T T T T T T
0 30 60 80 120 150 180
Mo Al Risk Time (Days)

NaPH: 7] 55 55 55 5 53

PasshaPH: 124 118 107 0 100 % 9

ReactvaPH: &) 5 4 % 2 -] 28

Aroreson et al, Ore Heart Fall 200 1;4:644-650

ORIGINAL ARTICLE - ADULT CARDIAC

B y strategy using P
ion for critical p y hyp i licated
with cardiogenic shock
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Tabie
et A Gender Pastoiogy Pudipoieg  fangint W Pitwagy P ey Pitegy Pibeay #W i X
Dty to e D iag: b fiae. oY Table2: Haemodynamic data before and after ECMO
ahay |nrundasen EW epr gt
S M hmoaybtoss Geed n ® pat gt [ " ] 1 Sorvver o= 3 Mon-wrvivor(n= 3|
_ unps oy Bekore ECMO Post ECMOD! Belore ECMO PotECMO DI
el B M W Rdovosl  topreaikal 1 Tutowt i’ Mikeore Miow  Gdesll T
’z“m Inolrope equivalents g kg min LhrES L] 2% NY 11885 14450 £70:36%
Skl 8§ bropowy  Auesa Kool X P Sl W OV {mmHg) TR0 N3 11002865 1084 1350: 77
bypertemon mimone oot SPAP {mamHg) G ur 1571058 1067 551 L TEx ]
:::‘ AP {mimHg) S400 156 b0 2330 LRkt ERrEL] TS
Mvunam! @ 7 RICTM WUk v Sl lipos D M T B FalyFi0; nn:En 57933233755 B85 2006 561232 10881
fopost e doped Sovly (W) N 5200458 NA W28
- Lacte mmolt) 0G4 25 1104 PRt
Nersaer! § B L T Teewsse boewe M) X 0 u
maptuipeh o
boen P 0044, sunviver v non-surevor before ECMO.
[ T Sltes b T Wl 00 1 4 'ne 2hor exch g,
peaf sy by, o AP [ Nkt
et ] L Ll y pressuse; P P e
sidotl
Mcomplcion e [OM0r L.
{omtent repeable
ety e et
4 Wi e
Tabled: Bridge spport for PH patients.
Table3: Co of ECMO and i
Aatten grong Age  Gender PH claficaton ECMO  ECMD Mo -inubaton o Felrm-ip Foril custeomme
B den ebubatontwhne period ser
Survivor Non-wndvor waning T ECMD dicharge
=3 (n=3) "
Sereastaa [T k3 F PAH with FFO w w0 =} 2mont Suburactnord
VINE BN 208(67%) o e
ECMO wound bleeding 1/3(333%) 1/3(33.3%) povdtar 1) a F ASDlmermerger W 1 Aments Mertaty sher 4m due e
Hypasic encephalopathy 03 (0% 1/3(33.3%) < JRRHp.
Infarcted stroke 1/3(313%) 03 (%) Selalaveh 4. W i " L Amonit Wientaty i Ao Mo
Preumonia 373(100%) 1/3(3.3%) o HPA - 1] [y Inhuongital mortality
Sepris 03(0% 23 (66.7%) a F ASD Eiserenger » 13 A e beorgenal mortabty
Gﬂmmmlﬂmir‘ 23{667%) 3/3(100%) &;:u;lhrﬁrkhm an F Vi W 11 A I bcagatal mortality.
Tracheestomy 1/3(313%) 073 (%) . z ¥ PR TGAreparet. W 5 o Timonths Sureal
Renal failure requiring dialss  1/3(313%) 2/3(66.7R) et
Hepatic failure after ECMO 23(667%)  23(67%) .’ — e . tomin. Mwslydan
(B3-T 22} T APKH-CHD w a Imonts Mertaty doe o
Hepatic falure after ECMO o/3(0%) 1/3(3.3%) preumonia
{B3-T>10) noF HEA - ow 1 whogtmatdy,
Duration of ECMO [days) 767249 19332945 -
Weaning -off rate of ECMO 3/3(100%) 13(3.3%)
A ral hyperiemson, PR e ousbe, ASDY atrial septal defect, VIO vemitrcular septal defert BPAM hereditary
VAT 5 i 81T it biliubi (il : artieg LY APAR I :
congrrital heast Sueae W wmroanierial wnous

Specific targets for PAH treatment

Endothetn pathway

Endathelal | titrs axide pattway | man

Hurmibert M et ol N Eng 1 Med. 2004,351:1425-1436

Timeline of drug approval

%\%

N
L %\

@

N
3 ldb

I |

CE Ventetuslo, JR Klinger, Prog Cardiovasc Dis 2012/55:89-103
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Available drugs in Korean market

Beraprost

(Tadalafil) Bosentan Treprostini

31200512006/ 2

(sildenafil)

Ambrisentan

Off-label Use of PDESs

Wiy i ]
iR Hol3a
[T A
HOEAAN  HuEs
T
828 oy
KMol e
= BHuE
HORUANY  HuEE00T
| IWEE opifLHE

'-"I“

Prostacyclin analogs

I T T T

Epoprostenol  PAH withFC  Sx, FC, Ex cap, Hemody, GvviaCV  Cath-related infection,
v surv in idiopathic PAH cath fatal inadvertent
Ex cap, Hemody in discontinuati
scleroderma-PAH and dilution,  headache, jaw pain,
Refrigeration flushing, nausea,
diarrhea, skin rash,
musculoskeletal pain
Treprostinil PAH with FC Sx, Ex cap, Hemody Chv or 5C, Iv ; similar to epo
IV inhaled Sc ; injec-site pain
Inhaled ; Cough,
headache, nausea,
dizziness, flushing,
throat irritation,
pharyngolaryngeal pain,
diarrhea
Inhaled PAH with FC Ex cap, FC, Hemody Inhaled Flushing, cough,
iloprost iy Long-term ‘;‘::oacr 9fday headache

Endothelin receptor antagonists

+ Block the effects of ET-1 by targeting and inhibiting its
receptors (endothelin receptor subtypes A and B, ETA, and
ETB, respectively).

[ Thwoai | e L commnse | 55 |

Bosentan  PAH with FC  Ex cap, QOL Hemody, Time to clinical Hepatotoxicity
-1V WOTsening headache, 10%
flushing,
Twice-daily ~ Long-term use -> 2-year surv rate 87~89% peripheral
oral in idiopathic PAH edema, sinus
- )
Ambrisenta  PAH with FC S, Ex cap, FC, QOL, Hemody, Time to mild anemia,  Hepatowicity
n - clinical worsening and rare %
hypotension
Once-daily  Long-term use -> 2 year surv rate 88% in teratagenic
oral idiopathic PAH and asscciated PAH as
initial T

PDE-5 inhibitors

+ Target the nitric oxide pathway

+ Effectively enhancing the effects of nitric oxide by
inhibiting the breakdown of cGMP, the intracellular
messenger of nitric oxide

Sidenafil PAH with FC Sx, Ex cap, Hemody Orally 3/day Epistaxis, flushing,
i} No surv benefit headaches, Gl
disturbance
Tadalafil PAH with FC Ex toler, Hemaody, Once daily Headache, myalgia,
m Delay clinical worsening nausea, dyspepsia,
flushing, resp tract
infection

Combination therapy

+ Basic rationale for combination Tx
: pulmonary vascular remodeling in PAH occurs via 3 main pathways

+ Several combinations of PAH-specific agents have been evaluated,
and although initial results are promising, more controlled trials are
needed to confirm the benefit and the combination of agents to use.

» Ex) Bosentan — +Sildenafil — + Iloprost — LT or iv iloprost

: 6MWD > 380m, peak O2 uptake >10.4mL/min/kg, pSBP
during exercise test > 120mmHg

Medication status in Korea

+ No PAH-specific treatment 30.9 %
« Combination treatment 16.5%

Combi No

Arterial Hypertension (KORPAH)
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Important parameters in PAH Fetal circulation

Parallel circulation

Better prognosis

. Preferential flow
1) SVC(40%)
- MPA (50~55%)
- DA (52%)

> dAo (55~60%)

2) UV (80%) /e
> FO-> LA (65%) AL [/
- ako (65%)
GOt Ntk For ) 2005, 34121555 e
Pulmonary Vascular Resistance Pulmonary Resistance

+ Regression of pulmonary arteriole
- Rapid reduction of PVR for 10~14 days

By 6~8wks after birth, PVR reaches adult values
- Thereafter slow reduction for 1 years

(20~25% of LVP)

A: Near term fetus
B: Within 24 hours after

1 * 2 I . .
Midnight sag Biventricle vs FSV
ASO for D-TGA _ Horwood for MLHS o -

% 40 r_vg 48 p —
5 as 5 35
] 3
230 2 a0
F] F _
bl s \
S, [ ” 8 2 i 8 12 1 n . /‘I_ |

ive Hi Postoperative Hour ) | R
A Postoperative Hour s \‘h_:__\}' g _ ( \’n‘___\_%

with VSD rudimentary RV)
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+ Decreased pulmonary flow
- Systemic to pulmonary
artery shunt (RMBT)

+ Increased pulmonary flow
- Pulmonary artery banding
(PAB)

FSV-shunt dependent circulation
Parallel circulation

Pulmonary overcirculation Pulmonary undercirculation

Qp>Qs Qp<Qs
Sa0z > 90% Sa0z2 < 70%
l Systemic Hypoperfusion Hypoxia

Physiologic Parallel Circulation

Proportion of ventricular output : determined by the
relative resistance to flow in the two circuit

= Assuming equal mixing, normal CO, full PV saturation

Treatment pathway for FSV

v Sa0, 80~85% & Qp/Qs =

1.0

: Optimal O, delivery in all physiology state & shunt size

Factors Increased PVR Decreased PVR
influencing Lower pH Increased pH
PVR ] High airway pr. Low airway pr.

Atelectasis/pleural effusion
Sympathetic stimulation
Alvealar hypoxia

High Het

Drug, humoral influence

1 residual

Normal function

Blunted sympathetic responsa
Increased FO;

Low Hct

Drug, humoral influence

|
I

(" Fontan
| Procedure

4 s
+ Pulmonary  + Systemic - Pulmanary
7 o
/_.-’:_ o R D
| MBTS or No Stage | (
< m'.srvenllonJ | Norwood \ PA BandJ

e
Cavopulmonary
| Anastomosis

Case 1.

3 CHUNGBUK curorssutor ontr
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22/F, dyspnea : / '

Case 2.

o CHUNGBUK curdlosascuiar Conter

Patient’s information Past Hx
- F/38Y « 1stop : 13yr (1986. 06)
« 147cm/43kg(BSA 1.33m2) — B-T shunt, Rt
+ C.C: DOE, peripheral edema . 2nd op : 36yr (2010. 12)
—-5a02 : 72%

— Bidirectional Glenn operation
NYHA class IV

Dx: FSV, Hypoplastic RV, CAVSD(Rastelli C)

— Common AV repair and annuloplasty

— Maze operation ¢ RF

5th Cath : 38yr(2013. 04. 10) Medication for PAH

Satumations| Pressurer | | Qp- | TN
5 = I STy
66

64

> 2010.12>> 20121 >> 2012.12>> 20134 >> 2013.6
Viagra Viagra Pahtension Pahtension
25m Bid 25mg Tid 25mg Tid 20mg Tid

«PS(infund. & val.) /c PV thickening /c no flow
*Pulmonary arterial hypertension{mean BP=40mmHg)

=Rt subclavian artery interruption

10
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Preoperative Chest PA Preoperative EKG

Preoperative Echocardiogram Preoperative Chest CT
5 e

Interlocular septal

' . ' thickening in both
lungs, suggesting
) pulmonary edema
probably due to AV

!

valve regurgitation

Heart transplantation POD #0-1

"
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Postoperative EKG POD#1 Postoperative Echo POD#1

.
-

POD #12 POD # 16

- % WA extubation 0|3 VT W50 redintubation A]%.
« LV apicoseptal onginS & 482t 5|04 QTc prolongation Y hypaxia®fl 2384 trigger Bl Hog FHE
«  Lidocain infusion B S

12
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POD #21~22 POD #27~29

POD#49 - Discharge Progress

> 95 > 97 D a1 D 96 D 922 ) 924 ) 108 »10/14
mmmmwmﬂ

V/S 110/70 - 94 — 20 — 36.8 — 98%

OPD F/U 1mo Later OPD F/U Chest PA

. EOl = o
50| 54 &

« V/S Stable
» Medication for pulmonary hypertension

— Pahtension 20mg Tid, Tracleer 62.5mg Bid

13
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OPD F/U Echocardiogram

Pulmonary arfery dissection: an emerging cardiovascular
complication in surviving patients with chronic pulmonary
hypertension

R § Khattar, D ] Fox, J E Alty, A Aroro

santcfion of pumonary orery
o o may o dogresn durieg e ore dixunsed

e AP 4057
Pbworory orerial dmcion & on exenely e ond

wially bthal complicntion of chromc pulmonary hyperee:

e The condibon vial c shock o

suddes decth I

fomraree hor oo

rocent cloted mports hove descrbed

Brief conmunications 1007

TCVS 2001

CaseReporit

Pulmaonary hypertension and pulmonar

artery dissection™**

Abstract

Keyword:

Resumo

14
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Potts shunt is where a side-to-side anas

descending aorta and the pulmon:

slideplayer.com

Other Palliative Shunts

Ll

Walerston Shunt Polts Shunt
\

http://image.slidesharecdn.com/5krasuski
dukeachdhf-150921154958-Ival-
app6892/95/management-of-heart-failure-
in-the-congenital-heart-disease-patient-14-

638.jpg?ch=1442850736 my.clevelandclinic.org

CHD, BPD, Endotracheal bleeding

+ 5mo/M

+ BW 5.5Kg

« Down syndrome (47, XY, +21)

« RDS

« BPD

* VSD multiple 37} O] 4(mid muscular, d=2.5mm)
« ASD 2' (d=6.4mm, L-R shunt)

en.wikipedia.org news.wgbh.org

15
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CHD, BPD, Endotracheal bleeding

CHD, BPD, Endotracheal bleeding

CHD, BPD, Endotracheal bleeding

ECMO stop
Ventilator FiO2 1.0, PEEP 6mmHg  1YR LATER
Lt. hand saturation 80%, foot saturation 50%

DORYV, Subaortic VSD

2013-2-23 Echo

« DORV {S, D, S} with subaortic VSD
(d=14mm, bid. shunt, mainly Lt to Rt shunt)

« Bicuspid aortic valve (RCC & LCC fusion)

* No AS (flow pv=1.5m/sec), No AR

+ mitral valve prolapse (inflow Vmax
=2.4m/sec, mean dp=11mmHg)

+ Severe pulmonary hypertension
+ TR(G2/4, dp=80mmHg)
» LVEF 70%

2013-2-23

16
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Preoperative EKG

et ol .! : | 1] I,r H*
"" 'HH'
HH

|||f|'|||':

2013-2-25 CT

DORYV with large subaortic VSD.

« RV and RA enlargement.

« Enlargement of main and both pulmonary
artery.

Aberrant right subclavian artery

« Patchy consolidations in both lungs with
multifocal air-trapping.

2013-2-25 CT

2013-02-26 Cath

* RVpr. 80/0/10 mmHg
* LPApr. 75/72 mmHg
LV 80/0/10 mmHg

* Ao 80/30/52 mmHg

Cath Conference

» Sp02 97%
+ General condition 33X &= dFA
fenestration VSD repair RIgist 74 ¢

2013-03-05 f/u Echo

«  DORV {5, D, 5} with subaortic V5D (d=13mm, bid. shunt, mainly Lt to Rt shunt)
+  PFO (very small}
+  MS (mitral inflow pv=2.5~2.7m/sec, peak dp=25~30mmHg / mean

dp=15mmHg)
- MV annulus: d=11mm (Z=-1.8), opening: d=6.2mm
- papillary muscle 5 7{0|L} Z}7to] 2|8,
- MV:TV annulus=11:18mm
+  Severe pulmonary hypertension
+ TR (G2/4, dp=20mmHg)
+ Pl (trivial, peak dp>44mmHg)
= MR (trivial)

17
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2013-3-7 Op.

« Total correction

« Intraventricular baffling of ventricular
septal defect with a fenestratration

« Primary closure of PFO
« Mitral papillary muscle splliting

2013-2-23 Adm.  4/5 Adm. 9/3 Adm. 9/18 Adm. 2014-1-15

3/7 V5D repair Prneumonia tx. Bronchiaglit ECMO d/t RSV Adm.

3/27 D/C Digeorge Dx. is tx. pneumonia 1/22 op.
5/25 DJC 9/7 DfC 11/21 D/C 2/15 D/C

pr, 2001 Feti 502 184

t.nﬂ main coronary trunk compression by dilated main pulmonary artery in a patient with atrial septal defect].
butcie m lapaness]

o ', Fuaea ¥, Womura T, Shimada Y

¥ Author information

bstract
12-year-chd girl with atrial septal defect combned with pulmcrary hypeniansion and 30% stencsis of the left main coronary anery caused by
§iated puimonary arery was scheduled for atral septal closwre and coronary anery bypass graft under general anesthesia. Dunng the
pchocardiographsc examnabon o evakuate the anatomscal relatonshe betwsen the puimonary artery and left main coronary trunk. bradyt arda and)
depression of ST-segment on slectrocsediogram appeared suddenly when the cperalor compressed the pulmonary antery with a probe of
fchocardiography from the oparatve fieid The crouatory colapse and ischemic change on elecirocardiogram might have been caused by a furthed
fectuction of blood ow 1o the laft main coronary lrunk namowed onginally by dilated puimonary arery. Alhaugh various ebclogs. such a8
heroscleroais, syphilis, and congenital abnomalities are widely known 1o cause stencsis of the lel main coronary trunk, exiemal compression by
iated puimonary artery s not been widely known. Malgrant amtythmas from coronary artery compression with subsequent ischemia could
pontribute to an incience of sudden death. Cornary angiography and magnesc resonance magng are uselul for the preoperatre evaluabon
aceful management is nesded 1o protect such a patient from ischeenic event in the perioperatee period

18
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ASD in Old Age

Patient Profile

e 72/M
® Chief Complain
- dyspnea on exertion

® Past History
- diagnosed with ASD and pulmonary hypertension
on July, 2012
® Medication
- Aspirin/ Herben/ Cozaar/ Dichlozid

‘Ij‘h‘ i EIP':! culis of sherratly conducied cosplean
= Vital signs Rosun 2 s :" = g
- BP 125/78 mmHg Techemesan: KAL
- HR 63 /min e
2 sp02 92% Rafewed by, CHUNG 1 9 Cosfermd v KD NG SN
= Laboratory findings ; e 2 ey v | 1, |
1 R Vi 4 g
fe
3940 (56%)/ A A
oe 139/ 171K : ) § AT |
i o t i we | 1 i
BUN/ Cr (eGFR) | 20.6/ 0.73 (=90) i | [
PT/ aPTT 142/ 347 i { I s ) AlLr 7
] T i |.)'-fr : i -'.. ol i
AST/ ALT 25 /20 | | AT ¢
CK/ CK-ME 75/ 15 2|
| A i i i i i
L

Echocardiography - Initial

| Multiple ASD 2' d= 16~25mm & 8mm & 7mm, total: d=40mm |

Echocardiography - Initial

Multiple ASD 2' d= 16~25mm & 8mm & 7mm, total: d=40mm

19
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Echocardiography - Initial

Echocardiography - Initial

LVEF 76 % (by M-mode), RVP = 2-3/5 of LVP
Pericardial effusion (LV side 13 mm, RV side 9~15 mm, RA side 7 mm)

[ Multiple ASD 2' d= 16~25mm & 8mm & 7mm, total: d=40mm_| ‘

Echocardiography - Initial

Diagnosis

- ASD, secundum
- Pulmonary hypertension, mild
- Atrial fibrillation, chronic, persistent

- Pericardial effusion

| TR G2~3/4 (dp = 54 mmHg ) |

Medication

- Cozaar 50 mg #1

- Herben SR 90 mg #1

- Dichlozid 50 mg #2

- Pahtension 60 mg #3

- Aspirin protect 100 mg #1

- Warfarin 3.5 mg #1

20
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Cardiac Catheterization (2014/04) Cardiac Catheterization (2014/04)

Sat. (%) | Pr. (mmHg) Qp A1L1L
SVC 69 Qs 337
RA 82 25/13 (19) Qp/Qs 379
Ve i Qeff 306

RV 52/5 (19)
Q(L=>R) 8.04

MPA 52/14 (30)
Q(R=2L) 031

RPA 52/14 (30)
A 86 Q net shunt 773
LA 25/16 (19) Re 162
v 91 140/2 Rs 2104
Asc. Ao 90 140/60 (90) Rp/Rs 0.08

Operation (April 3/ 2014) Operation

® Post-repair hemodynamics
- PAP 50 (30) mmHg, systemic BP 100/70 mmHg

: ® Post-repair EKG
il - 1st degree AV block, HR 70 /min

® Post-repair TEE
-TR G1/4, MR G1/4

- Patch repair of ASD with a fenestration (5.5 mm)
- Tricuspid annuloplasty, DeVega technique

- Maze procedure, bi-atrial

- RA reductoplasty

- CABG, LIMA to LAD

Chest x-ray _ immediate post-op. Echocardiography _ POD #1

[ Patent fenestration (d= 5 mm), TR (tivial) |
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Progress Medication_on discharge
Op. day:
- PAP 22/3 mmHg
- Sinus tachycardia - Cozaar 25 mg #1

- Codarone infusion

- Betaloc 50 mg #1
POD #1 :

- Extubation - Torsem 2.5 mg #1
POD #2 :

; 5 - Pahtension 60 mg #3
- Chest tube insertion,

POD #3 : - Aspirin protect 100 mg #1

- Transfer to GW

- Coumnadin 5 mg #1

POD #30 :
- Discharge

Echocardiography _ recent Echocardiography _ recent
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EEG _ recent
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Chest X-ray

Postop. 7 months
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Patient Profile

® 64/F, 20, 2683015, 2014/6/5 OP.

® s/p ASD primary closure, Maze operation
RA reduction plasty (2014. 6. 5)
® Last echo findings
TR (trivial~G1/4, dp=46mmHg)
MR (trivial<G1/4) d/t mild MVP (AML)AR (trivial),
Pl (trivial)Ao : PA=20: 30mm
® Medication
- Lasix/ Aldactone/ LipiLOU

Preop. Chest X-ray

Preop. EKG

A rrasaons o VONAE CARMOVASCULAR CENTER
R Comtarmd By 500 B
JEsp : ' o ! !
Adill S RO I el I | ¥l | i
| | I
|
[EF | il L i 1 E q it - I I t
" i vr r ’ '.'
i . | iR
e IS SRR EREE
i v va i | I i
| |
I I | I ! JEEEL | I | |
" ;!
w Ta1 uman om D3 T 130 1 4 N
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Progress

» POD #2 Extubation
» POD #5 Transfer to the GW

« POD #24 Discharge

Chest X-ray

Postop. 4 months

Patient Profile

® 61/F, 210, 7863396, 2014/7/30 OP.

® s/p ASD direct closure with fenestration (7~10mm)
TAP (MC3 ring 32mm) / MV repair, PA reuction
plasty (internal plication) d/t ASD secundum, TR,
MR, A-fib, Dilated PA, Pul.HTN

® Last echo findings

Patent ASD fenestratoin flow: d=5~6 <- 8mm (LR
shunt)*Remained pul. HTN

TR (G 1/4 - G2/4, dp=33
PI (mild, dp=30(8)mmHg)
MR (G1~2/4, dp=82mmHg) d/t MVP (AML)

TAR with MC3
annuloplasty fing 32mm
Mitral valwoplasty

ASD, secundum
aonic fm deficiency Partial chosure of ASD
with & fenestration (mm)

Chest X-ray

Preop. Postop. 4 months




Hong Ju Shin: Various Causes

of Cardiogenic Shock in the ICU: Pulmonary HTN and RHF

Postop.

Patient Profile

® 60/F, 0|OX}, 7907084, 2014/8/13 OP.

® S/P ASD patch repair c fenestration,
TAP(DeVega), Maze OP, RPA, LPA reduction plasty,
RA reduction plasty

@ Last echo findings

Patent ASD fenestration (d=7mm & 3mm & small,
Lt to Rt shunt)

Remained pulmonary hypertension
TR (trivial~G1/4, dp=35mmHg), Pl (mild)
MR (trivial~G1/4), AR (trivial)

Chest X-ray

Preop

Postop. 2months

Chest CT

Poslop.

Outcome of Surgical Closure of ASD
with PAH : Does Pulmonary Vascular
Resistance Predict Long-term Outcome?

ASD closure in adult patients

Pulmonary arterial hypertension

+ Age

The decision criteria for closure
+ PVR (Rp 4 Wood units, 8 Wood units)
-> Acute vasodilatory testing

+ Looked “inoperable™

Operability of Patients with PAH

25
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ASD with severe PAH

Treatment and Repair

VS

Repair and Treatment

123 patients of isolated ASD at Mayo clinic
Between 1956 and 1960

27 to 32 years f/u

<Independent predictors of long-term survival >
1) Age at operation

2) Systolic MPA pressure

< Conclusion>

- Those operated on before the age of 25 have an
excellent prognosis, but older patients require careful,
regular supervision

Joax W. Kk, M.D,, axp Gozpos K. Dasiersos, M.D.

Table 1. Significant Predictors of Long-Term Survival in Patients
_I: Undergoing Repair of Atrial Septal Defects, According 1o
Ui iate and iate Analy L
PaTIENTS Revamive Risct
VamanLe® Evaruaten P Varue! (95% Conmpesce INTERVAL)
Univariate analysis
Age at operation 123 <0.000]
MPA systolic pressurc 97 <0.000]
Area of defect at operation 35 0.0001
Use of Ivalon patch§ 123 0.002
Preoperative dyspnca 123 00006
Preoperative cardiomegaly 123 0.0025
Preoperative diuretic use 123 0.0001
Preoperative syncope 123 0.0016
Multivariate analysis
Age at operation <0.00001 wn
(10-yr increments) (1.05-3.0) L]
E MPA sysiolic pressure 0.0027 1.82
(25-mm Hg increments) (1.23-2.66)

Murphy JG et al, N Engl J Med 1990;323:1645-1650

UEAISE  Belgian Registry on Adult Congneital Heart Disease
Isolated ASD secundum / 295 patients
PAH after ASD closure

-> related to mortality, atrial arrhythmia, RHF (<0,05)
Age at repair

-> the most important predictor for PAH

<Conclusions>
Adiffe 1) PAH in closed ASD is not uncommon
atrial ¢ 2) PAH 1 when the defect was repaired above 55 years
Charlien 3) PAH may even develop despite normal mPAP
Marielle 4y New guidelines of PAH

* Usfveraty i

-> Whether the cutoff value for mPAP before closure
should be adjusted

PH
versus
=
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2 o1
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5
& 5 .
- - s
E] e
8, fumem curor
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zE e
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£ o el : 4
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L] i 20 i1l 40 50 60 70 80
Age at initial ASD repair (years)
Pl . PH ke e accornding o mean pulmeonary iery pressure prior 1o repair and age at initial ASD repn

Pp=0.003 p=0.001 p=0.001 p=0.003 p=0.005
604 . | .
oT
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Figure 1. Comparative changes in sysiolc pulmonary artery pressure (PAp) values. Thare ara significant differences (by

Mann-Whitney U-tast) botween te two groups at each point, Furihermore, there is a significant decrease (by Wikcoxon

signad ranks best) over time: Ages 40-58: baseling ve. 10 days (P=0.047) 10 days vs. | month (0.005), 1 month vs. &

manths (0.0032). Ages = 60: baselne vs. 10 days (P =0.004), 10 days vs. 1 month (P=0.027). The systolic pulmonary

prossure was estimatd by ransihoracic schocardography as peak TH gradient plus estimated right strial pressure.

Yalonelsky S et al, Congenit Heart Dis 2009;4:17-20
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Suceessful shunt closure and improvement of hemodynamics in an ASD patient
with severe pulmonary arterial hypertension and small shunt following a
- (Total) Rp = mean PAP f‘ Qp long-term use of bosentan

Nobwuhiro Tahara *, Minori Mizeguchi *, Akihiro Honda *, Atsuko Tahara *, Yoshikazu Nitta *,
Norihiro Kodama % Hiroshi Koiwaya *, Shigeaki Aoyagi ¥, Tsutomu maizumi

- Total R p = 200-250 dyne-sec-cm™ or 4-5 unit-M2 S P T e oty e A e P

* Qp (¢/min/M2)
Vo2 - A Tebrs of e | Itrmston s of ooy 159 201 £38-0
Tade 1
By et ety Im 1y Iy 1ma L 15y
0411 pL1) Ay bneml s Bar gy Ater ASD Cusee
o V02 > MAAHIE -> 01T A S50l el fALHIR HE E 1 i F=T o ) )
] T nae ":‘1- fﬂ\:l na [.:' rel 4‘|‘| 4
+ 02 content Miwedm i o s & t g 5 B
=Hb x 1,36 x 10 x Sp0O2 + 3 x Pa02 (100mmHg = 1) Q:‘: T‘: i:?T E’ EE :;‘: ﬁ:l I-g; E.ﬂ:
WHOT L] L ] n 1 ; 1 1 1
Drvidam ey (L] 15 4 " 4 14 2 13
LET T 1 L) 45 & L4 15 12 or
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e ot s sy

N OWER ERRT ESITD OEEuEn OCERSWS mwes Surgical Treatment of an Adult Patient
with Ventricular Septal Defect with
Pulmonary Hypertension
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Beghetti M et al, Congenit Heart Dis 2012;7:3-11

Cardiac Catheteriz Cardiopulmonary Function Tt
Sararaton e o e - VO2 peak: 23.86 ml/kg/min (6.81 METs)
Post Post
Pre| (o250 | Pre (02 5L/ Q 24 287 - VE/VCOZ slope: 49.3
Ventavis) Ventavis) Qs 281 232
SV | ool Qp/@s | 195 425 - Age predicted aerobic capacity: 54%
RA | 64| 72 | 1268
Qeff 237 195
Ve | 68 74 - peak RER: 1.02
QiL =3 R) 312 792
Rv | 81| 8 | 95003
095/35 QR>L) | 044 037 - 2EEEMR: dyspnea
MPA 92/33 (54)
(55) Q net 268 755
A [ 81| 89 2340 S . : 285 & 387/ PVC
(55) Rp 746 4,05 L =
w |88 95/0/14
95,65 i = | e - no ST change
A %0 75 | /62 074) Rp/Rs 031 014
16/13
PCW (14)
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Diagnosis Operation
- VSD, perimembranous - Patch repair of VSD with a fenestration (8 mm)
- Tricuspid regurgitation, GIII/IV - PFO enlargement (6 mm)
- severe pulmonary hypertension - Tricuspid annuloplasty (DeVega method)
Operation Progress
Perioperative Hemodynamics
Pressure (mmHg) [ Post-induction T:;E:: In the HICU
- POD #1 : Extubation
Systemic BP 102/64 (75) 95/46 (61) 115/63 (79) POD 5+ Gardioversion dise o aliial
PAP 85/39 (55) 49/28 (37) 50/30 (40) fibrillation
5 POD #4 : Transfer to GW
VT ! Li 5 POD #20 : Discharge

Current Medication

- Digoxin 0.25 mg

- Aspirin 100 mg

- Sildenafil 10 mg *3

- Bosentan 125 mg *2
- Bisoprolol 1.25 mg *2

- Warfarin 3 mg

Last Assessment (POD #30)

= Sp02 96% in room air

= Functional class
= NYHA I
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PesuorenaTive MANAGEMENT

10-year old female

+ VSD (PM)
Repair of Ventricular Septal Defect » NYHA class IlI
with Eisenmenger Syndrome After . SpO2 85%.
Bosentan Treatment
Lei H, MLD., Lin-hua Tan, MD., PhD., and Jing Ye, M. + \/SD with a bidirectional shunt

Deparmment of Surgical Intensive Care Unit, Children's Hospital Zhejiang University Schoo!
of Madeine, Hangehou, Zhajang, Ching

AasTract W report a patient with ventricels syndeome. The pasient
12 waeks, wi a3 index |PAVI) frem
18,84 to 3,63 Wood unit (WU m”, and underwent successhul comective repain of the VSD ahter 12 weels of
bosentan thesagy, doi: 10.1111focs. 1 2325 L Carg Surg 201429401402

TR with peak velocity of 4.8 m/s, with an

estimated systolic right ventricular pressure of

98.5 mmHg

* The patient was weaned from
cardiopulmonary bypass without difficulty

* PAP decreasedto 53/22 (36) mmHg while
systemic arterial pressure (SAP) was
83/56(67) mmHg

+ Bosentan was discontinued one month
following surgery

» Discharged on diuretics and bosentan
(Patheon, Inc., Toronto, Canada) 3 mg/kg,
twice daily

 After 12 weeks of bosentan treatment

» She underwent surgical repair of the VSD
(20X25mm) without significant

perioperative problems
At one year postoperation,t he patient was in

NYHA functional class |,

+ Closed using a Gortex sheet with mattress

sutures
TABLE 1
Clinical and Hemodynamic Parameters before
Operation
0 0y
Baseline (10L/min] Baseline (10 L/min}
mPAP immHgl &5 53 63 51
mSAP {mmHgl 62 52 ] 65 .
102 o o7
W Em o s/p TOF repair
370 461 458
080 142 152
18.83 9.63 6.34
1433 141 1420
4! 131 0.67 0.45
Sa0s (%) 875 n7 988
NYHA clss un 1l
BMWT 233 350
mPAP, mean pulmonary anerial pressure; mSAP, mean
systemic anerial pressure; Ps, systemic anerial pressure; Pp,
pulmonoary arterial pressure; Op, body surlace area indexed
pulmanany biood fiow; Os, body surface areaindexed systemic
blood flow icardiac index); PVRI, body surface area indexed
pulmonary vascular resistance; SVRL body surface area
indexed syst WU, Woad wnit; Sa0..
aterial axyge ass, New York Heart
Association functionsl class; BMWT, Bminute walk test.
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(=] [ =

 86.01.30 s/p TOF total correction / VSD
patch repair/infundibulectomy / RVOT

« patch enlargement

« ASD patch repair, permanant pacemaker
lead onto RV

Preoperative EKG

I— T

Operation

* PR, TR, LPA stenosis, Ventricular arrhythmia
(ventricular tachycardia, PVC), s/p TOF total
correction (1986'3), bilateral SVC

 Pulmonary valve replacement (On-X 25mm),
LPA angioplasty with bovine pericardium, TAP
(DeVega), RVOT cryoablation

POD #0 EKG

bt iy Wi BB

Remrmar e T_”:T"T“’T““"*‘VT'T"‘*
T
S0 ARE R0 EEE TR EE T_.L»LAJM

A1 RRULER WRNMER1EES 18 S HNIERR TR 1R

=T

Postop. ICU EKG
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Sepsis-Induced Cardiac Dysfunction

Team Director, CNUH ECMO Team,
Department of Thoracic and Cardiovascular Surgery,
Chonnam National University Hospital

In-Seok Jeong,

MD, PhD

Definition

- General Characteristics
— left ventricular (LV) dilatation
— depressed ejection fraction (EF)

— recovery in 7-10 days

Preload |

EF

Heart

Pt.ari‘p;l':raldriflion Soptle ahoek
R >
f Fhﬂdlnadng*
[d. Late phase |
Pmlaadl; e

—
Permeabiity1 T
Yasuyuki Ki etal. J i Care 2016;4:22
SRS Prevalence 2 R

Clinical Spectrum, Frequency, and Significance
of Myocardial Dysfunction in Severe Sepsis
and Septic Shock

Juzn M. Pulido, MD; Bekele Afessa, MDx Mitsuru Masaks, MD, PhD;
Toshinori Yuasa, MD, POy Shane Gillespie, DO; Vitaly Herasevich, MD, Phx
Danésl R Brown. MD. PhD; and Jae K Oh MD

T determune the frequency
g transthorcic echy

i
Results. 1he s

& was 4% {n—08) Lt

o she
ventricular diswolic dpdunciion was persent = 30 pataats (3TR), 1Y mystolic drdenction = 39 (278 and BV
dyshimcaion 19 33 (1K) Thers wan sgritears overien The

-ty and 1-year ssontalty rases were W% and ST,
and these with

s s Wi apaciiem

Total patients, N=10&
Normal (%) Myocardial dysfunction (%)

3836 | 68 (64) |

LY systolic dysfurction

Moderste  Sovere
RV dyshunction

Mid  Moderate Severe

Juan N. Pulido et al. Mayo Clin Proc. 2012;87:620-628
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*» Follow-up Echocardiogram
—70% : complete normalization
—26% : improved

—4% : no change

Juan N. Pulido et al. Mayo Clin Proc. 2012;87:620-628

Pathogenesis

Effect of Sepsis on Endocardium

Abnormal O,
Delivery and
Consumption

Micro-vascular
D;

Endothellum Interaction :

Feirad] ects ofsepslson endocardim.
Cardiac dysh
e by Incraasing haat rate [HR. Increasad formation of raactve ceygen spacies, alterwd leukocyte. sndotheliom intsraction,
and microcirculatony dyshunction. HEL Heart Rate; 02, Supsrcxide; ONOO, Perowymitrite.

Brittany A Potz, et al. J of Intensive and Crit Care 2016;2:1
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Edward Abraham et al. Crit Care Med 2007;35:2408-2416

Sepsis
Inflammation

Intrinsic mync‘am-
depression

/ m«\dml\) Autonomic
_Gysfuncion _ dysregulahm

Clrculatory
failure

Adrenergic
downregulation

Myofibrillar

Disturbed Ca*
vafficking _ dysfunction

[ cardiac
| dysfunction

Alain Rudiger et al. Crit Care Med 2007;35:1599-1608

Novel Consideration of Septic Shock

» Recently recognized pathophysiological
mechanisms
1) Ventricular Elastance (Ees)
2) Myocardial Depression
3) Arterial Elastance (Ea)
4) Ventricular-Arterial (V-A) Coupling

2016 Annual Update in Intensive Care and Emergency Medicine ; 2016: 165-172

« V-A coupling plays a key role in determining the
altered hemodynamic state in septic shock.

» Most septic shock patients present V-A
decoupling because of alterations of Ea, Ees
or both.

» The normalization of systemic arterial pressure is
one of the first targets of early-goal therapy in
septic shock, but exaggerated peripheral
vasoconstriction can result in an increase of
Ea and V-A decoupling in human septic shock.

2016 Annual Update in Intensive Care and Emergency Medicine ; 2016: 165-172
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Treatment

No Specific Treatment of

Septic Induced Myocardial Dysfunction

Surviving Sepsis Campaign

International Guidelines for Management of
Severe Sepsis and Septic Shock: 2012
Table of Contents

1. Optimization of hemodynamic parameter

— Early aggressive fluid resuscitation

— Vasopressors and inotropic based therapy
2. Infection control

— Broad spectrum antibictics

— Control of infection focus
Dellinger RP et al. Crit Care Med 2013;41:580-637

The HEW ENGLAND [OURNAL of MEDICINE

|| ORIGINAL ARTICLE ||

Albumin Replacement in Patients
with Severe Sepsis or Septic Shock

Prefeninary Communication | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Heart Rate Control With Esmolol on Hemodynamic
and Clinical Outcomes in Patients With Septic Shock
A Randomized Clinical Trial

COMCLUSIONS AND RELEVANCE For patients in septic shock, open-label use of esmolol vs.

secondary

affikations are ksted 2t the end of the
artcle.

i Carmesponding Author: Andea

TRIAL : NCTO1231698

JAMA. 20103, TI00EHIEEIETL Ao 100001 jama 20103 778477
a8

CONCLUSIONS

In patients with severe sepsis, albumin replacement in addition to crystalloids, as
compared with crystalloids alone, did not improve the rate of survival at 28 and 90
days. (Funded by the Iralian Medicines Agency; ALBIOS ClinicalTrials.gov number,
NCTO0707122.)

DEMGH. SETTING,

Opers L,

2000 and July 2012,

thei ICLI stay and 77
pationts to standard trestment.

e Crition! Come (2015 19339
DOF 10118641 305401510694

© CRITICAL CARE

Open Access

@c“un

COMMENTARY

To beta block or not to beta block;
that is the question

Can Ince

Fesmerh by Lacopet L agrire o al, tepedwin LR T ComERs VA1

why experimental investigations in animal models, which
provide o decper inaght into underlying mechardums,
are helphal. If novel monitoring Lechnigees which can be
translationally applied to patients are also used, such
studies ase especally rebevant for the introduction of
new treatment modalities.

In such a study, lacquet- Lagréze and colleagues inves-
tigated the possible benelicial effeat of the fastacting -
1 blocker, esmolol, in improving sublingm] and gut
microcirculation in a porcine model of sepsis (1], The
study i oppoctune becuare, even though there is & the-
aretical benefit for sdministering o f-blocker 1o reduce
heart rate (HR) and control the adverse effects of an
adrenergic sorm associsted with sepsis, there is unce-
tainty sbout which precise mechanism affected by -
blockers causes a potential therapeutic benelit. Fuelled

.

o tha chual tuich emts swith by

with sepea, reducing heaet rate by

remain conroversal This © T
tludy by Jacquet-Lagréce and colleagues,

THE LANCET Infectious Diseases
For sepsis, the drugs don't work

wwnw thelancet cominfection Vol 12 Febwuary 2012

HA-1A; Centoxin; monoclonal antibody; withdrawn 1993
Drotrecogin alfa; Xigris; activated protein C; withdrawn 2011
AZD9773; CytoFab; TNF-antibody; withdrawn 2012 (F lib)
ASEPSIS Trial; atorvastatin 40 mg; sepsis progression|? 2012

EUPHRATES Trial; polimyxinB HP endotoxine elim. 2013
QASIS Trial; talactoferrin alfa; immunmodulant protein 2014
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Pediatric Extracorporeal Life Support
in Specialized Situations

V. Ben Sivarajan, MD, M8"%; Mel C. Almodovar, MD"% Mark D, Rodefeld, MDY
Peter ¢ 1, MDY
TABLE 4, y of poreal Life Support Series for Septic Shock

Study Center Years n Typeis) Survival
Beca et al (531 Melbourme, Ausiraka 19891991 ] Cx F/N VAE 5 (56%)
Goldman ot ol (55) Multiconter 16BG-1G08 12 NR 8 (BT
Hocker et o (56) Louisvile, KY 1986-1080 15 NR 13 (F7)
Horton et al (B0)* Melbourne, Australa 18988-2007 a7 Cx FAN/C VAE 22 (47%)
MeCuna ol ol (58) Washngton, DC 19841086 15 THVAE 14 (93%)
MacLaren of al {52)* Meibourme, Australa 1888-2006 45 Cx FANAC VAE 21 (47%)
Maclaeen et al {51)* Melbourme, Austraia 2000-2008 23 Cx EVAE 17 (7486)

Recommendations and quality of evidence for VA ECMO in
septic shock: Class lla, Level C.

| Sivarajan VB et al. Pediatr Crit Care Med 2013;14;551-s61 |

Pediatric and Neonatal Sepsis Update
Joe Brierly et al. Crit Care Med 2009;37:666-688.

Clnical prastice patusmetens for hemodymamic igport of polisiric
il romnata wptic hack 307 updte irue he Aeverican Coliege
ol Crtical Cire Medicine

Surviving Sepsis Campaign

International Guidelines for Management of
Severe Sepsis and Septic Shock: 2012
Table of Contents

B I Dvllinger Surviving Sepsis C = ome Ik "

Anieen habes Guidelines for Management of Severe Sepsis
Mersig fzeriach and Septic Shock, 2012

Conclusion (1)

+ The mortality rate of patients with sepsis
induced cardiac dysfunction.

+ The Surviving Sepsis Campaign guidelines
recommend early-goal directed therapy with
fluid administration, vasopressors and
inotropes to resuscitate these patients with

Sean K. Townsend E Extracorporeal Membrane Oxvgenation

: . . :

B Yo 1. We suggest ECMO in children with refractory septic
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Cliffurd 5. Dvstichian shock or with refractory respiratory failure associated

o 1, Rbrmlebd with sepsis (grade 2C).
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severe hypotension and metabolic
disturbances due to organ hypoperfusion.

Conclusion (2)

* Understanding of the complex mechanism lead
to potential novel therapeutic targets.

* V-A decoupling is one of the most important
features of the hemodynamic impairment in
human septic shock and sepsis induced cardiac
dysfunction.

« Novel drugs and mechanical circulatory support
still have not brought break through.

Thanks

Please send your feedback to:
In Seok Jeong
Department of Thoracic and Cardiovascular Surgery
Chonnam National University Hospital

isjeong1201@gmail.com
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